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“Biothechnologies  are already challenging all major 
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prac�ces structuring tomorrow’s human rela�onship with 
the tangible and intangible world.”
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“Human dimension plays a central role in design of 
products, environments and systems for a collec�ve or 

individual use, with the aim of op�mising work, produc-
�vity, safety and wellbeing...”
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“One of the biggest challenges that Design faces today is 
the paradigm shi� from user-centred design, which has 
been advocated and taught in recent years, with great 
progress, towards a broader paradigm that focuses on 
Human but also on the community, the ecosystem and, 
ul�mately, the sustainability of life on the planet.”
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“Design can simplify our daily life, even learning from 
living systems how to waste be�er in terms of material 

resources and energy, but also in terms of func�onality, 
growth, self-repair and self-reproducibility”
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Abstract | The paper describes a method of research and project developed in collaboration 
with the well-known food company named Barilla, which involved our Department in the 
elaboration of new concepts for their products. The name of the process is “adopt a customer” 
with reference to the close cooperation of the students with the consumer throughout the 
evolution of the project, from the survey to the prototype. In the first phase, the designer 
'tutor' draws a broad overview of the person, to better understand the phase of qualitative 
collaborative research on the user's experience. The first results cross-referenced with the 
quantitative trends provided by the company, identify the needs and weak points to solve in 
the project. Everything is carried out in design for all perspective, trying to avoid exclusive 
elements and not to create too specific products. A continuous update would also ensure to 
offer a product in evolution with the needs of tomorrow's society. 
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1. Introduction 

In order to develop marketing strategies and innovative solutions for their productions, 

major food companies work with the help of statistical agencies, which provide a countless 

number of data based on surveys. The main need of these companies would be to have eyes 

in the consumers’ homes, to find out what people do and not say, how users spent time in 

real life, what are their daily habits.  

The company that has commissioned us this research is Barilla, a leading company in the 

food sector and well established worldwide, which aims to provide to the end users a 

product which satisfies their needs. The request for several years has been not only to have 

new concepts for packaging and food but rather to understand how costumers use, 

consume, transport their products and, above all, which categories of users do not buy a 

product and why. Even if the company knows and possesses all the market data related to 

the purchase and consumption of their products, the macrotrends provides only a trend of a 

phenomenon in progress. Using these analysis, they do not extrapolate the causes and do 

not prefigure evolutions, which are essential elements to remain always contemporary. 

The focus of this paper it’s not on projects, these are the final results of the process 

conducted, what is important is the method designed to pay attention to the real needs of 

the customers. In fact, companies need to continually confirm their users' trust in a 

competitive and changing market. The radical changes in lifestyles, define new consumer 

profiles, so the packaging together with the product itself, must therefore, anticipate future 

trends rather than confirm the current or past ones. One indisputable trend underlined by 

Madhu V Swamy (2018) in the website customer think is the switch towards fresher, 

healthier foods. Customers are now more aware of the health benefits of the foods they 

consume and are actively looking for high quality products as a priority.  

Forbes in 2019 shows the biggest trend driving the change in the food and beverage industry 

is transparency. Consumers want to know and understand what ingredients are going into 

their products, which is why we are seeing so many innovative products with shorter 

ingredient. Consumers are seeking for simplicity in addition to better quality foods. Before 

now, it was rare to flip to the back of a product on the shelf and read it before putting it in 

your cart. Consumers are reading the back of packages now more than ever. Clean labels 

with high ethical values are necessary, particularly to a growing segment of consumers with 

special dietary needs. Packaging has an important role to communicate all these elements: 

healthy, transportability, transparency.  

Another one, in contrast, is that cooking meals and eating it is no longer a necessity. The 

number of people purchasing food to go, eating precooked food or ordering meals at 

restaurants has dramatically increased over the past few years. This had led to several new 

trends in customer's behaviour when it comes to food shopping. 

“The novelty is these are no longer elitist choices, as happened in the past, but behaviours 

that affect a large number of people", says Montanari (2018) Professor of Medieval History 
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and Food at the University of Bologna in an article on Focus.  These macro trends and data 

speak about numbers and masses of indistinct consumers, what is interesting for companies 

are the behaviours and lifestyles that products must accompany, in this competitive market: 

details create the difference.  

The Packaging is the touchpoint between brand and customers, therefore values and 

necessities too. Packaging produces non only meanings (Ventura, 2014) as it names things, 

expresses concepts, gives information and evokes sensations, but it is also an object to use, 

hold, open and dispose of, thus suggesting gestures and habits that produce a consumption 

scene. The packaging attracts attention, informs about the past, production and content that 

generated the food and then becomes a means of future behaviours. 

When this necessity of coherence and updating with users’ trends is also associated to 

develop design solutions for the different target groups, the need to structure a design 

method emerges: the target and the brief change each time, the method doesn’t change. 

Starting from a brief, the research team developed a method called 'Adopt a costumer', a 

mixed approach of Design for all and Design Thinking, tested in five consecutive years of 

collaboration with the company and applied to different brief on food and packaging. 

The method is built on three different findings: 

• target is just a starting point, it's like the focus in the picture, there is a whole 

blurred area that creates relationships and contrasts with the selected subject 

that generates a very interesting scenario.  

• people are inconsistent, deny their statements with facts, unveiling a grey area 

between appearance and reality 

• co-research/co-creation, the initial moment dedicated to the definition of the 

problem-setting is the most intensive part close to the user, where consumer 

guides the designer in understanding the scenario of the real problem to be 

solved. 

2. Method 

2.1 Target is just a starting point  

Following to the quantitative market research, the Company every year select brief and 

target. The process of focusing on the target indicated by the Company, therefore, allows 

starting from investigating the reasons for the exclusion of other targets. We know that the 

moment of food consumption is often a convivial moment, where people interact and affect 

each other. This is an occasion to understand the shift or expansion of the selected target. 

The person who purchases the food, is not always the same person who eats, opens, 

transports and stores the packaging, and who cooks or customize it. All these components 

are elements of consideration, that lead to relate the initial target with others and combine 
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them in synergies that expand the scenarios for project. It's important to consider and 

observe who is choosing the food during purchase. There are different habits to consider: 

sometimes the consumer chooses for himself, other times for others. For examples, 

grandmothers buy for grandchildren, children shop for elderly parents, roommates sharing 

the meals. There are different habits of food consumption, frugal light and quick meals for 

some people, experimental cooking and rituals for others. It's important for the designer to 

understand when the brand chooses for the consumer.  

The designer's task is to observe all the different behaviours during these interactions, 

moments of preparation and consumption. It's crucial to understand if someone is penalized 

by deficits in the opening or transport phases, or if a user refuses a food because of health 

problems or suspicion about the origin of ingredients used, or it is considered hypercaloric or 

low-caloric, or customer prefers another one. 

 

Figure 1.   Observation phase to find in packaging exclusions elements for users. 

 
Design for all is the approach at the basis of this attitude, that avoids specialisms and focuses 

on inclusive elements. Design for All is design tailored to human diversity. The weaker 

groups of the elderly and children or those with debilitating diseases or allergies cannot 

choose some products or foods, or they are not satisfied by particular food categories that 

emphasize their diversity. They just want to choose their food as all the other people and 

they don’t want someone else chooses for them. Design for All is described by the 

Foundation as the intervention into environments, products and services which aims to 

ensure that anyone, including future generations, regardless of age, gender, capacities or 

cultural background, can participate in social, economic, cultural and leisure activities with 

equal opportunities. Design for All/Universal Design should be implemented in all areas, 

because the human beings are diverse and everyone has the wish, the need and the right of 

being independent and choosing the own lifestyle without facing physical and social barriers. 

These important requirements are investigated in the survey phase of existing products and 

then translated into new projects through the proposal of new openings, clear and readable 

1180   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



Adopt a costumer - to design new processes and packagings 

 

information, lighter and transportable formats, foods that can be customized according to 

diets and tastes, new opportunities within existing products. For project categories such as 

food and packaging the primary mission of design to improve people's lives becomes even 

more urgent. It is necessary to turn one's attention to reference targets during the project 

phase, in order to have more targeted offers, but without creating elements of exclusion 

towards other categories of users.   

Another interesting resource to observe consumer targets from another point of view is also 

the food entry in social networks with the phenomenon of the #foodporn, it is a term 

commonly defines the practice of photographing and sharing on social media images of 

food, giving a lot of pieces of information about customizations, contests, interests. This is a 

very important phenomenon and at the time, for the word “food porn”, there are 

19,500,000 results on Google, an entry on Wikipedia, a Facebook page with 2,713,143 like, 

113,135,094 posts with the hashtag #foodporn on Instagram, and for designers it becomes 

an available data pool to watch carefully.  

 

Figure 2.   Foodporn research on Instagram conducted by different keywords 

Yelena Mejova at the Qatar Computing Research Institute has analyzed the anatomy of the 

#foodporn phenomenon on Instagram for the first time in 2016. To get a global overview of 

#foodporn preferences, Mejova normalized the hashtag frequencies per country and then 

ranked the resulting foods. This list is dominated by foods with a high energy density, such as 

chocolate, cake, and so on. That allowed the team to explore the proportion of healthy to 

unhealthy dishes labeled #foodporn in each country. They did this by looking at other 
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hashtags associated with the food posts and by analyzing the sentiments they convey. By 

this reckoning, the most health-conscious country is the Netherlands, by contrast, Brazil, 

Argentina, and France have the highest rate of unhealthy tags. They  found out that the rate 

of approval—of “likes”—is higher for healthy foods than for unhealthy ones. “The 

heightened social approval of healthy tags suggests that the community is already self-

policing in promoting a healthier lifestyle,” they say. As designers, who put proposals on the 

international market, we have to start seeing social media as a very interesting data 

resource, continuously updated and referred to a specific and localized users. 

2.2 People are inconsistent  

In the various surveys carried out over the years, we realised that quantitative, not in-depth 

data can be contradicted by qualitative surveys. Every year we start our research by 

organizing shadowing in supermarket, where students take pictures to the shopping carts of 

consumers, who choose the category of the product analysed, even of different brands. 

Then a quick interview to collect a large number of generic user profiles is done. The 

moment of purchase is just a fragment of a larger story that needs to be reassembled to give 

a more realistic picture of reality. 

The quick and introductory search is followed by a slow and in-depth one that we call 'adopt 

a costumer' that varies according to the target audience. In this phase, we trace a specific 

and complete profile of the user, a sort of identity card that outlines the food, familiar and 

healthy status, with graphs and photos on the daily activities carried out to include personal 

passions and define a day in a life of character profile.  

The researcher has to conduct a passive observation, a day in a life, very useful to expand 

the focus and to understand users in ordinary life: while they go about their everyday tasks, 

constantly passing from zoom out to zoom in, before entering into specifics of the product 

investigation. This approach helps designers to understand people's behaviour and context, 

to clarify how users behave backstage (Gouillart, & Sturdivant, 1994) in their home space, in 

their intimate dimension and environment where they feel comfortable. It is from here that 

the term ‘adoption’ and not ‘interview’ is born: to build trust between users and designers. 

In this kind of approach, users cannot hid anything, and they have to entrust their intimate 

reality to the researcher (Mulder, 2018). The process involves observation before collecting, 

interpreting and analysing data, leaving room for the user unexpressed needs, often hidden 

out of embarrassment about pathological and psychological disabilities. 

Observations will be documented throughout the day using several methods such as taking 

notes, photographs, sketches or videos. These recordings often become evidence of user 

incoherence. In fact, if they are not asked anything they behave freely. On the contrary if 

targeted questions are asked, they are not always willing to tell the truth. These 

contradictions should also be considered in the analysis. 
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Figure 3.   Identity card and A day in a life of adopted customer 

Only later a specific topic is deepened through a specific and direct interview about the 

product of the investigation, packaging opening video, food experience and possible 

customizations of the product. 

This is when it’s very important to choose the right questions, so to set the problem in the 

right perspective. The 'adopted' shows the dynamics with the product to the tutor-designer, 

who knows the private dynamics and can understand the unexpressed needs and interpret 

them.  Interviews take place in an easy and informal environment, to help users not to feel 

under interrogation. Despite these attentions, however, some inconsistencies emerge in 

comparison to the observation phase. For example, it happened that people showed an 

attitude of looking at sweets and snacks shelves during their shopping, but when directly 

asked they replied that they never purchase snacks nor eat outside the meals. At this point 

in the classroom, the storyboard is put in order, collecting all the data of the quantitative 

survey with the specific qualitative interview and outlining the personas taken as a reference 

target of the project. The personas are fictitious characters, created thanks to a combination 

of data that can represent a large sample of users.  
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Figure 4.   Personas elaboration phase in classroom, as a result of realistic, specific and cross-
references data 

As they do not exist for real they are imaginary, at the same time they are very realistic 

because they are created on real data. The personas are generic, because they represent the 

average(s) of the data obtained and they are specific because they take some interesting 

details of some real people and raise them to a given meaning.This ethnographic research is 

the missing link between quantitative and quantitative data.  

There’s a reason why now, more than ever, companies are in desperate need of hiring 

anthropologists. It’s not hard to understand why explain AJ Burt in Medium in 2019; in a 

world where everything is increasingly connected, everything is measured, and 97% of 

companies are investing in big data and AI, a question emerges: How do we consume, parse, 

and contextualize these massive datasets in a way that productively advances the goals the 

data was gathered to advance?  The anthropology is an important resource, because it has 

been grappling with quantitative data and ways to make the best use of it for decades now, 

and certainly recognize the importance of context in analytical data and it can contextualize 

massive amounts of data about human behaviour.  

Ethnography, based on anthropology, is a qualitative research study looking at the social 

interaction of users in a given environment. It provides the researcher with an 

understanding of how those users see the world and how they interact with everything 

around them. These types of approaches allow us to continuously cross-reference with 

different types of data and thus get closer to a real and coherent picture. 
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2.3 Collaborative Research is the intensive part of co-creation  

The method of ‘adopt a costumer’ is based on an important phase of survey and research in 

close contact with the users, deepening and accentuating what in Design Thinking is defined 

as the phase of empathy through collaborative research. In a co-design process, the 

traditional roles change: the person who will eventually be served through the design 

process is given the position of 'experts of their experience', (Elizabeth Sanders and Pieter 

Jan Stappers, 2018) and plays a large role in knowledge development, idea and concept 

generation. Research collaboration is a deep and powerful research tradition that dates back 

beyond the recent emergence of calls for ‘co-produced’ knowledge. Co-design means that 

people come together to conceptually develop and create things that respond to certain 

matters of concern and create a better future reality, we think that the initial co-research 

phase is crucial. The project phase is still direct and managed by designer, while the research 

and post-design phase is in continuous dialogue and confrontation with the user. 

At a most fundamental level, co-research is a practice where people collaborate or connect 

their knowledge, skills and resources in order to carry out a design task.  

 

Figure 5.   Moments of interactions and interview with users  

This is the phase of the process in which an important connection with the user is 

established that allows you to observe, explore, listen, but above all to suspend any 

judgment. It is the phase in which designer and user work side by side, both on the same 

level. 
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The suspension of judgement implies a real exercise of reflection on what happens in front 

of us without elaborating solutions (Cristina Lavazza, 2018). The definition of empathy is the 

ability to be aware, understanding and sensitive to the feelings and thoughts of another 

person without necessarily having lived the same experience. Tim Brown (2009), describes 

empathy in design as a mindset, but also a fundamental cultural value that allows designers 

to develop innovative concepts, products, services, strategies and systems that respond to 

real needs and concrete desires of users. The adjective ‘empathic’ concerning design was 

introduced in the late 1990s (Battarbee & Koskinen, 2005) when companies started to 

realise that customers’ responses on questionnaires were not enough to develop successful 

products (Leonard & Rayport, 1997; Sanders and Dandavate, 1999). When empathic design 

first appeared was described as a cultural change, because of the importance of emotion not 

only as a subject of study but also as a key attitude in people research.  

Empathy offers palpable closeness to the other people, but it can also excuse experts from 

taking the broader view. As designers thinkers, we have the opportunity to step back from 

that singularity to consider the broader scope. The responsibility as designers should be not 

only to focus on the individual but to the society. Using the neuroscientific finding of “mirror 

neurons” (Rizzolatti & Craighero, 2004) as a biological evidence for the human ability of 

inner imitation, the simulation theory argues that we use ourselves as a model for the other 

person’s mental life. This toggling between the individual and the group should be an ethical 

requirement for today’s designer, and a principle introduced into the design-thinking rubric. 

A balance from individual satisfaction with system benefit, the unit with the whole, the 

happy customer with the enriched community. Empathy can help to frame the problem, but 

it takes an assertively creative mind to push ideas forward beyond today in the moment 

conceptualization.  

Empathy is not the full story, is only one language. 

While there has been significant attention paid to empathy within design literature, there 

has been little research on the nuances of lived experience or how to effectively integrate 

empathy and lived experience in co-creation. Empathy tools which involve working with 

physical objects or social techniques to get a sense of what users feel in their everyday life, 

by empathy maps, which help to visualize the experience of actors (Vink and Oertzen 2018). 

We become the link between the company and the consumer going into people's homes and 

filming them while they use and personalize the consumption of the reference product, we 

bring the company into the consumer's home and allow consumers to talk about themselves 

beyond the macro trends. Real design skill is about realizing that empathy is a small part of a 

much larger system of influences, causes, and effects on the situation at hand. Not only is 

empathy renewed and nourished throughout the process, with continuous meetings and 

comparisons on the interpretation of needs in concepts, projects and prototypes, and with 

tests and restarts for continuous improvement. 

Design thinking isn’t just about design anymore; it’s about assembly, bricolage, sampling and 

appropriation. Not just craft and creation, but the bringing together of pre-existing elements 
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to build that which is new, and yet is not. It’s important to create an open, collaborative, and 

connected process. 

From this viewpoint, the empathic experience becomes the basic condition of disclosing 

intersubjective relationships and consequently grounding the sense of sociality. 

Nevertheless, the main difference could be synthesized in a shift from design ‘with’ empathy 

to design ‘for’ empathic experiences (Wendt, 2017).   

3. Conclusions 

In the era of rapidity of data and statistics that try to represent and visualize people's needs, 

in contrast, a slow and qualitative approach emerges. This is not seen in contrast with the 

quantitative method, but as a way to complete the picture, systematizing the automated 

spontaneity of actions with the weighted rationality of responses and statistics. Thanks to an 

immersive approach it is possible to understand cultures, needs, behaviours and develop 

responses that are more calibrated to the real needs of the user at the centre of the project. 

The phase of investigation in close contact with the adopted costumers is followed by the 

design and prototyping iteration, in which the user takes part (in) of the development of the 

entire project, by continuous testing and comparisons, commenting on the effectiveness of 

the concept and the technical details of the project. The project takes into consideration the 

manifested and unexpressed needs of the users who represent sections of society. The 

designer becomes the tutor, the one who can observe carefully, dialogue, understand the 

unsaid wishes and interpret them.Every year the company asks us to redesign the packaging 

of a product and think about variations, we often put all these inputs together, and we ask 

students to reformulate the sensory experience of the user, intervening many more aspects 

related to gestures, new forms of sharing and lifestyles of the near future.  

Design becomes not only a problem-solver but a careful investigator of the problem-setting, 

to translate the real needs and to promote a systemic design that knows how to relate the 

demand to a wider context, as a glue between innovation, accessibility and inclusion. 
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Abstract | As people grow older, their dependency on various services increases. However, 
these services are being progressively mediated by digital technology. Although scholars 
believe that technology adoption could enhance older adults’ quality of life, little is known 
about seniors’ sense of autonomy while using technology. In this study, we conducted 
ethnographic research including surveys and interviews to learn about seniors’ technology 
usage in relation to their sense of autonomy. We used qualitative and statistical analysis to 
synthesize patterns and used our design research findings to inform our service ideation 
process. In the end, we proposed four major service design guidelines to help enhance the 
technology literacy of seniors: a changed mindset from singular problem-solving to pluralistic 
motivations, a meaningful learning process embedded in seniors’ everyday communication 
needs, ongoing educational support within a sustainable system, and the value of integrating 
humanity with technology. 
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1. Introduction 

With the rapid growth of the aging population around the globe, there is raising interest in 

improving the well-being of seniors by increasing their rates of technology adoption. The 

Institute of Aging predicts that adults aged 65 and older will comprise 20% of the United 

States population by 2030 (Ortman, Velkoff, & Hogan, 2014); similarly, in the Europe Union, 

the elder population is anticipated to be 25.6% (European Commission, 2014). 

As people grow older, their dependency on various services increases. Approximately 12.7 

million adults 65 and older, 40% who are 85 and older, live alone and often rely on social 

services instead of traditional family care (Klinenberg, 2013; Roberts, Ogunwole, Blakeslee, 

& Rabe, 2018). However, older adults’ access to social services is hindered by the lack of 

technology literacy. Many essential commercial and public services are increasingly 

mediated by digital technology, which is not designed with proper consideration for seniors 

(Barnard, Bradley, Hodgson, & Lloyd, 2013). For example, some medical apps contain helpful 

functions to address the needs of older adults but are extremely difficult for them to access 

or use. In addition, seniors lack trust in digital services and are hesitant to seek technology 

support due to emotional barriers concerning their sense of autonomy (Ramdin et al., 2018). 

For instance, older adults are often afraid that they may be perceived as cognitively 

declining or burdensome to other people if they seek technological help. Therefore, in order 

for older adults to seek out technological support, their self-esteem and sense of control 

must be improved. 

In this study, we conducted ethnographic research to understand the factors and patterns of 

older adults’ autonomy in relation to technology, including a survey of 94 participants and 

20 interviews. Using key insights from our research, we are designing a preliminary service 

system to support seniors’ adoption of rapidly changing technologies, while maintaining 

their sense of autonomy. The service system includes workshops with board games, self-

learning toolkits, and technology learning courses ranging from beginner to intermediate 

levels. Those tools and community-based courses will connect seniors with student 

volunteers, community centers, and local libraries. 

2 Background 

Technology literacy refers to the quality and state of educated competency in technology, 

representing a long-term exposure to learning while using. However, due to cognitive 

decline, lack of education, or discontinued updates the technology, seniors often have a 

hard time keeping up with major shifts of new technology (DiMaggio, Hargittai, Neuman, & 

Robinson, 2001; V. Hanson, 2009). Scholars in Human-Computer-Interactions investigate 

factors of seniors’ technology adoption using the Technology Acceptance Model (TAM) with 

a focus on perceived-usefulness and usability (Davis, 1989). Researchers propose that 

designing technology for seniors should focus on direct values and ease of use (V. L. Hanson, 
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2010; Pan & Jordan-Marsh, 2010). These ergonomic factors empower novice elderly users 

who are learning technology, but multiple layers of barriers, including economic 

consequences of technology usage, fear of vulnerability, and distrust of data security, still 

slow the integrity of technology in seniors’ lives (Hill, Betts, & Gardner, 2015). These 

concerns cannot be fully addressed from the perspective of TAM, because they are more 

associated with the ethical and emotional issues concerning the sense of autonomy 

(Fairweather, Shaw, & McBride, 2014; Perkins, Ball, Whittington, & Hollingsworth, 2012). 

Autonomy generally means people’s capacity to act upon free will instead of external 

pressure. Immanuel Kant (2011), representatively, describes autonomy as an active setting 

of self-imposed moral rules in contrast to passively being controlled by other people or the 

environment. Perceived usefulness of technology adoption generally refers to the worth of 

offerings (Cockton, 2005). However, if we consider the use of technology from the 

perspective of autonomy, the goal of technology is not just to attain external worth or 

reward, but to increase the possibility of actions with the support of technology. Studies 

show that the availability of alternative options influences seniors’ ability to use technology 

effectively (Engel & Curio, 2010; Peek et al., 2016). If seniors rely heavily on family assistance 

in food delivery and transportation aid, there is less perceived usefulness when learning 

mobile food ordering and ridesharing services. In conclusion, seniors lack autonomy in using 

technology not because they have fewer options, but because they are not in an 

environment where technology literacy is encouraged. 

In service design, Kim (2018) proposes a framework to understand varying notions of 

autonomy in relation to service participation, presented as layers: coproduction, 

argumentation, experience, and commitment. Coproduction refers to the cost-value benefit 

and reliable quality provided by the service. This concept highlights convenience and 

efficiency as people’s sense of autonomy. From the perspective of technology, visual 

interfaces that improve perceived usefulness and usability are key to increasing the sense of 

autonomy in coproduction. When evaluating the effectiveness of different technology, Tele-

Care, Hearing Aids, and Chat Robots have high positive effects on seniors’ daily activities 

(Khosravi, Rezvani, & Wiewiora, 2016). These technologies are easily accepted because they 

offer direct value for seniors, such as lowering the cost of visiting the doctor or improving 

micro-mobility. 

However, it should be noted that catering basic needs for seniors is not enough for 

transitioning them into an environment that cultivates technology usage. The second layer 

of argumentation demonstrates a co-creation process of service, where autonomy as a 

rhetorical power of communication and identity definition becomes important. As Web 2.0 

emerges, user-generated-content platforms, such as YouTube and Wikipedia, have become 

popular. Users are given the power to shape content and media. Thus, technology enhances 

the involvement of user participation (Van Dijck, 2009). Networked technology is not novel, 

but participatory communication allows different roles of players to be involved with site 

support, senses of free will, and other reciprocal activities. Therefore, argumentation serves 
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a pivotal point in technology literacy by redefining the role of service receiver to service 

facilitators. 

The third layer of experience refers to wholeness of service as an environment, where action 

capability is central to autonomy. People seek a causal understanding of what the service is, 

why to use it, what to get from it, and how to contribute to its development. Participation in 

experience resonates with the narrative interpretation of technology as experience. 

Interacting with the wholeness of technology is a sense-making process, comprised of 

expectations, connection to the environment by immediacy, perceiving reasons to 

understand causality, and appropriating the experience with personal meanings and sharing 

it with others (McCarthy & Wright, 2004). Only by encountering this input-output process do 

people meet their action goal with technology as a self-initiated rule. 

The last layer of commitment represents participation as belonging to a social group or 

community with shared value, emphasizing autonomy as moral conduct. Examples of 

participation as thought have already been observed when people support, or boycott tech 

companies and their products based on their moral conduct and social responsibility. For 

example, when the media reported about the problematic leadership of Uber, some citizens 

organized action to boycott Uber and support its competitor, Lyft, instead, which would 

align better with some people’s value systems. 

In this study, we apply this framework of service participation—interpreted from the 

perspective of technology literacy—to pinpoint elder autonomy and identify different 

touchpoints to nurture autonomy. Most current technology interventions for seniors are still 

situated in the first and second layers, but as implied from our literature review, holistic 

support for autonomy requires consideration from multiple layers. Based on this framework, 

we conducted ethnographic research to understand the factors and patterns of elder 

autonomy and senior’s technology usage in greater detail.  

3. Methods 

Our ethnographic research consisted of surveys and interviews with adults 65 years and 

older. The research protocol was reviewed and approved by the IRB. 120 surveys were filled 

out in 4 senior community centers in the Greater Boston Area. We excluded invalid surveys 

that contain incomplete answers and consecutive identical Likert scale answers, with 94 

valid surveys remaining. Interviews were conducted with 20 seniors selected from the 

surveys, with consideration in recruiting for diversity in economic, racial, and cultural 

backgrounds. 

In the survey, we included three sets of multiple-choice questions: demographics, lifestyle, 

and technology usage. We also included three sections using the 5-Likert scale, ranging from 

strongly disagree to strongly agree, to study the relationship between Autonomy, 

Participation, and Technology. Each session had 16 questions. Autonomy questions were 
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designed to progress from one’s sense of independence to relational respect for others. 

Participation questions were designed to cover their competency in taking care of 

themselves as well as their engagement in community activities. Finally, technology 

questions asked about their familiarity with technological devices and their dependence on 

technology in their daily living. 

After a quick reconnaissance of our survey results, 20 participants were selected for a one-

hour follow-up interview. The interview consisted of semi-structured questions focusing on 

where, what, and how they attain and use technology, problems of technology usage, 

motivations and values that might inform the design, and their visions of future technology. 

This schema helped us to understand older adults’ experiences with technology and helped 

us to construct scenarios for journey mapping.  

3. Results 

3.1 Survey analysis 

To measure seniors’ performance in three Likert scale sections, we added up answers of 16 

questions in each section up to a total score of 90. Since the score distribution did not follow 

the normal distribution, traditional nonparametric tests were used to explore the 

relationship amongst different sections. Also, as the missing data in our survey was far less 

than 20%, we imputed all missing data with a person mean to maintain survey reliability 

(Downey & King, 1998). An exploratory factor analysis accompanied by cluster analysis was 

used to find out the main factors of the responses. The categories of characteristics provided 

us data for constructing personas with varying levels of technology proficiency and 

autonomy. Most of the statistics results were operated by SPSS 25.  

All respondents were seniors over 65 years of age, with a median age of 77. There were 23 

males and 71 females. Only 28% had a higher education. 53% lived alone and 17% lived with 

a spouse. The remaining lived with their family members in a senior home. There were other 

findings of their daily behavior and the use conditions of different kinds of technology, but 

to narrow down the scope of this paper, the following section will mainly discuss the analysis 

of categories of characteristics that had direct implications on our design research. 

By comparing the median score among the three Liker scale sections, we learned that 

seniors performed highest in Participation with a median score of 70.81. Autonomy scored 

67.00, and Technology ranked last with a score of 49.50 (Table 1). From the Spearman’s rank 

test, the correlation coefficient between autonomy and participation is 0.706, while the 

correlation coefficient between Autonomy and Technology is 0.347 (Table 2). Although the 

correlation result did not provide a causal relationship between two variables, the weak 

correlation coefficient did tell us that current technology does not directly relate to seniors’ 

sense of autonomy. However, a high correlation level between Autonomy and Participation 
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demonstrated that social participation, such as community events, promotes meaningful 

values for individual identity.  

Personal autonomy is different from absolute independence. Sherwin states that for people 

who need assistance, their autonomy is more situated in the relationship with other social 

identities that support their agency of the self (Sherwin, 2011). Since technology is an 

important resource for assistant-living for seniors, we can bridge their sense of autonomy 

with technology through a high degree of social interaction, like creating a technology 

learning environment with communal support, reciprocal help, and other participatory 

activities.  

Table 1. Descriptive Statistics of Autonomy, Participation, and Technology 

Total score N 

Percentiles 

25th 50th (Median) 75th 

Autonomy  94 60.61 67.00 70.68 

Participation 94 64.00 70.81 75.00 

Technology 94 40.00 49.50 61.71 

Table 2. Spearman’s rho correlation coefficient test among Autonomy, Participation, and 
Technology 

Section  Autonomy Technology Participation 

Autonomy  Correlation Coefficient 1.000 .347 .706 

Sig. (2-tailed) . .000 .000 

 

Exploratory factor analysis (EFA) is used to find patterns underlying the relationship amongst 

different variables. Therefore, following a normal EFA analysis procedure, first, we measured 

the internal reliability and validity of the original Likert scale data. With a score of 0.920 in 

the Cronbach’s Alpha test, a KMO value of 0.680, and a significant result of Bartlett’s test 

less than 0.01, the Likert scale data assured the fundamental requirements for using factor 

analysis. Although the result does not meet a perfect requirement for academic research, it 

is acceptable for design research (Beavers et al., 2013). After several iterations of principle 

component analysis, we removed 12 questions which contributed less to the main factors 

(items of which rotated loading value < .5 were suppressed).  
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Finally, 10 main factors with which initial eigenvalues are greater than 1 were retained, 

covering a 71.9% cumulative variance (Table 3). Factors were also interpreted by finding 

conclusions in their corresponding questions. After using K-means cluster analysis, we 

concluded that there were 3 main group characteristics among our participants. To balance 

the number of respondents in each group and avoid having any groups be too small, we first 

divided all factors into 6 cluster centers. After removing the 3 clusters that had a small 

number of respondents, 3 main groups were generated (Table 4). 

• Group 1: Seniors are independent and have a lot of control over their own lives. 

They have no problems with daily activities and are quite good at using 

technology. This group of seniors performs well in all three sections. 44 people 

are in this group. 

• Group 2: Seniors lack total control over their lives, but they can conduct their 

normal daily activities. Additionally, they actively participate in community 

activities and treat others with respect. This group of seniors is willing to accept 

other people’s advice. 21 people are in this group. 

• Group 3: Seniors have difficulty dealing with their daily activities and using 

technology. Their degree of basic participation is especially low. They may have a 

physical disability that influences their well-being. This may also lead to low 

engagement in other social interactions. 20 people are in this group. 

Table 3. Main factors with corresponding questions 

Factor Item (Question index) Factor description 

F1 P6, P13, P9, P7, P16, P8, P11, P5   Seniors are leaders in their community. They 
are willing to listen to others also give 
people advice. 

F2 A14, A15, A16, A9, A13 Seniors are confident. They treat other 
people with respect while earning respect 
from others. 

F3 T3, T2, T1, T4, T10, T14 Tech-savvy seniors. They are confident and 
proficient in using technology devices. 

F4 T13, T12, T11, T14 Seniors are positive about learning new 
technology. 

F5 P4, P2, P1, P3 Independent seniors. They have no problem 
doing household chores and other daily 
activities.  
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F6 A3, A4 Seniors have significant control of their lives 
and there is little that can interfere with 
their decisions. 

F7 P14, P15 Seniors actively participate in community 
events. 

F8 T6, T8 Seniors are confident about finding accurate 
and useful information. 

F9 A2, A1 Seniors are flexible and positive throughout 
their lives. They live happily and do not 
worry much. 

F10 T16, A12 Seniors are comfortable accepting 
assistance from others. 

Table 4. Main group characteristics 

Factor Group1 Group2 Group3 

 N=44 N=21 N=20 

F1 .08850 -.12568 .32049 

F2 .11806 .35683 .18739 

F3 .35715 -.17207 -.78806 

F4 -.12242 .10601 -.06915 

F5 .48614 .30149 -1.17185 

F6 .54192 -1.29074 .14318 

F7 -.03253 .48803 -.35015 

F8 -.08553 .15604 .26698 

F9 .09591 .04766 -.25189 

F10 .13898 -.22185 .29364 
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3.2 Interview analysis 

From the 20 interviews, we summarized factors that may hinder technology adoption and 

others that facilitate learning new technologies. The layers of service participation in 

autonomy are used to categorize these factors below (Table 5).  

Table 5.Barriers and facilitators of technology adoption for seniors 

Layers of service 
participation Barriers Facilitators 

Co-production Lack of accessibility, Low-cost 
performance, Language 
barriers, Lack of simplicity 

Voice-controlled technology 
and other convenient means, 
Excitement towards learning, 
Helpful teaching 

Argumentation Lack of ongoing education 
support 

Friends and family members, 
Connection with the online 
community 

Experience Distrust, fear, 
discouragement, and other 
negative feelings 

Confidence, pride, and other 
successful feelings 

Commitment Personal stubbornness, “Old-
fashioned” ideas 

Positive attitude including open-
mindedness and eagerness to learn 

 

In co-production, lack of accessibility turned out to be the main problem. Seniors’ mobile 

devices have features such as increasing the font display size, but these settings are deeply 

hidden in the operating system, and seniors are commonly unaware of them. Additionally, 

technology terms and slang are unfamiliar to novice senior users, adding difficulty to 

learning. Seniors can often get free smart devices from social services or used devices from 

their family members, but learning the skills required to use these devices requires cognitive 

effort (Fitts, 1964). Although seniors often say that voice-controlled technology, like the 

Amazon Echo, is convenient to use, their motivation can quickly drop due to a lack of basic 

technical knowledge required to interact with voice-controlled assistants, including 

terminology, grammar, and actions. There is definitely a need to design courses that can 

teach them the fundamental basics of technology in a simple and low-cost manner. 

Since it takes time for seniors to gain autonomy in the co-production level, we should aim to 

design services for the argumentation level earlier. The main aim of designing services for 

this level is to change the mindset of senior learners and their educators away from viewing 

technology education as one-off problem-solving. Instead, a more meaningful strategy for 
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co-production is to grasp a broad understanding of what technology is and what it could be 

(Shuell, 1990). 

In particular, there is a need to design tasks for seniors that vary based on their personal 

situations. For example, it would be beneficial to make a connection between technology 

and seniors’ relational needs with family or friends in order to enhance communicational 

autonomy. Meaningful interpersonal interaction already exists, such as a technology 

learning program with local high school students in which the older adults’ relationships 

with volunteer students were a key motivation for the seniors to continue their 

participation. However, an issue here was the lack of continuity beyond sporadic 

interactions. It is noted that service for seniors must integrate a systematic plan for 

continued learning and personal connections. 

The issues in the layer of experience are negative emotions such as distrust, anxiety, and 

fear surrounding technology. One participant who was a doctor before retirement described 

the emergence of the electronic medical record (EMR) as a “nightmare for doctors”— a 

system that hindered the interactions between doctors, patients, and their environment. As 

Dewey (2005) said, having an experience is to undergo the process where the subject and 

the object mutually adapt, ending with a balanced relationship which leads to the sense of 

autonomy in action possibilities. When social interactions are replaced by data and 

machines, the agent can easily lose the causal relationship of the whole. As noted by 

McCarthy and Wright (2004), unfolding the invisibility is to create meaningful movement in 

each step to turn invisibility to visibility by the narrative structure. The implication for design 

is to break the complexity of technology into an organic flow that helps seniors’ learning 

processes with gradual steps, a clear sense of goals, and action plans that can give the 

seniors a sense of growth and positivity.  

Another observation was the seniors’ tendency of viewing technology from a moral 

perspective, which can be interpreted as a commitment to social values. Some of our 

interviewees expressed a strong unwillingness to learn technology because they believed 

technology would replace people and “take jobs away,” thus being morally problematic to 

the community. Others have a positive view of technology, less because it enhances their 

lives, but more for the greater wellbeing of the community. For example, one person 

described the future of technology as “something that enhances humanity”. Therefore, 

seniors’ commitment to learning technical skills needs to also address the aspect of value-

judgment and contribution to the larger society, which will, in turn, empower them with 

self-esteem, autonomy, and dignity.  

4 Preliminary Service Design 

Based on the outcome of our research, we are in the process of designing a service with 

multiple components, including workshops with board games, self-learning toolkits, and 

technology learning courses for beginners, intermediates, and expert level users. We 
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presented this idea to Peabody Properties, Inc., a real estate company that runs fifteen 

senior living homes in Massachusetts, for a partnership to test the design. Our community-

based courses and tools will connect seniors with themselves, students’ volunteers, 

community centers, and local libraries. In this paper, we will share the early phase of the 

design by introducing the models that we have created. 

We first synthesized the survey and interview outcomes into three personas with basic 

information, conditions of technology use, frustrations, as well as pain points in service 

participation (Figure 1). The personas reveal that the technology education service needs to 

consider different levels of users: beginners who need to learn technology from scratch, with 

low motivation and a greater need for support from their peer group; intermediate users 

who are familiar with the basics, but require a firmer connection between technology and 

their daily life, and assistance for fixing issues that come up; and lastly, advanced users who 

are highly motivated to continue self-learning and to help other seniors. With these 

personas, we developed customer journey maps that show a typical scenario of the current 

experience analyzed with the four layers of participation (Figure 2). We then mapped the 

scenarios of a proposed new experience on an applied version of a service blueprint 

addressing barriers and fears, different stakeholders of technology services, and services and 

mediums based on various motives (Figure 3).  
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Figure 1.    Personas 
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Figure 2.    Customer Journey Map 

 

Figure 3.    Service Blueprint 

After organizing our research findings and brainstorming ideas through these models, we 

came up with key service concepts for each layer of participation.  
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• Co-production: we propose “providing control affordances” and “creating a 

backdoor for seniors” as ways to teach the basics and to provide affordable 

maintenance tactics. “Control affordances” refers to intuitive interfaces that 

bridge the analog and the digital and have icons and terminology with clear 

meanings. A “backdoor” refers to learning how to find additional help, such as 

customer service or tutorials. 

• Argumentation: the strategy of “improving connections” and “promoting 

participation,” which means teaching seniors communication-oriented digital 

services through a series of entry-level tasks in order to improve their 

connections with family and friends. These tasks will be embedded in the 

participatory workshop for social engagements between the seniors. Learning 

technology as part of the tasks that older adults are likely motivated to perform 

will situate technology literacy in a contextual learning process.  

• Experience: the main goal is “relieving fear and invisibility” and “enabling self-

guided services.” We aim to use checklists to categorize different failures and 

create board games with visual manual guides to remove anxiety. We will also 

provide take-home toolkits to motivate self-guided ongoing learning.  

• Commitment: We propose “making connections with the community” and 

“contributing to other seniors,” including group activities, family or local 

volunteer engagement, and mentorship opportunities for expert-level seniors. 

Additionally, community-based drop-in services are also proposed to provide 

regular technology support. 

Our service system integrates these service concepts above into three components (figure 

4). The first is offline classes with group activities and games, which are provided by 

volunteer students and community facilitators with teaching tactics. The second is a mobile 

application and take-home toolkit which supports technology-learning resources and tasks 

and progress checking. The last is office hours as a “backdoor” for supporting seniors’ urgent 

needs regarding technology issues, as well as providing another opportunity for them to 

foster their sense of connection with the community. In developing each of these 

components, we will focus on basic affordance and control, communicational autonomy, a 

meaningful and gradual learning process with a clear sense of goals and action plans, and 

the social value of learning technology to contribute to the community. 
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Figure 4.   Service System 

5. Conclusion 

This paper outlines a design research process for a service to improve seniors’ technology 

literacy. We conducted an ethnographic study and used models of analysis and synthesis, 

using the theoretical framework of autonomy and participation. Sustainable and systematic 

technology education for seniors needs considerations from communicational, emotional, 

and communal aspects, in addition to functional support. Humane and reciprocal services 

will further empower their autonomous living. In the next phase of our research, we will 

continue to develop the components such as the content of the class, board games, apps, 

and take-home manuals. 

We conclude with three implications for designing a technology intervention for seniors. 

From the perspective of coproduction and argumentation, there is a need to shift the focus 

from one-off problem-solving and interface usability to a broader context of why seniors 

learn technology and how to motivate them. From the perspective of experience, the 

process of learning needs to be gradual, systematic, and holistic— embedded with meanings 

that are relevant to senior’s everyday life and community engagement. The final aspect is 

technology literacy’s connection to the larger society and humanity. Enhancing the humanity 

of technology use not only improves the commitment level of service participation, but also 

facilitates the pluralistic mindsets for effectiveness in learning new technologies. 
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Abstract | This paper explores the interface between culture, design and biology. It draws on 
methodologies and existing literature on Anthropology and Science and Technology Studies 
to argue that despite predictions of biotechnologies bringing about revolutionary change in 
design disciplines, there is a risk of bio-design becoming a ‘failed’ revolution, similar to that of 
personal computers. To counter this, we introduce the biomaterial probe, a methodology that 
enables designers to find potential opportunities, challenges and limitations of introducing 
living systems in the practice of design.  
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1. Introduction 

In July 2017, Stella McCartney issued a press release showcasing her collaboration with Bolt 

Threads, a biotechnology company specialised in textile materials derived from naturally-

occurring fibres. Prototypes followed a year later of a Falabella bag using Mylo, a biomaterial 

derived from mycelium, the filamentous, branching structure generated by fungi and 

bacterial colonies. A scaffold of corn starch is used to provide sustenance to mycelium, and 

once the filamentous structures have grown and depleted the starch, it is put in an oven 

resulting in a compact, dense fibre. Mycelium-derived materials have become a standard 

bearer of the biotechnical revolution in design, with designers and technologists developing 

commercial applications of the biomaterial, ranging from packaging to furniture to textiles.  

The cultural semantics of the Mycelium Falabella is worth exploring. The Falabella was 

introduced in Stella McCartney’s 2010 winter collection, modified and updated regularly 

since gaining a fashion item status among actresses, socialites and so-called ‘it-girls’. 

Mycelium-derived materials gained popularity with the inclusion of Mycotecture in the 2014 

MoMa exhibition ‘Design and Violence’ curated by Paola Antonelli. The piece, developed by 

artist and teacher Phillip Ross, is an arch assembled of bricks produced by mixing sawdust 

with Ganoderma lucidum, a fungus species that metabolises and transforms the wood into a 

fibrous material (Antonelli et al., 2015). The Mycelium Falabella was also produced to 

feature in an exhibition, this time organised by the Victoria and Albert Museum in 2018: 

Fashioned from Nature (Ehrman and Watson, 2018).  

Four years apart, the use of the material in both pieces signals an evolution in its cultural 

status: from a promising material to desirable product inscribed in a wider narrative of 

environmentalism and ethical consumption, signalling an innovation cycle that heralds a 

long-awaited revolution triggered by a design-led ‘bio-economy’. Here we argue that 

although mycelium and others offer clear technological improvement over traditional 

technologies, there is a risk that the long-heralded bio-economy and bio-design results in a 

failed revolution. We draw an historical parallel to the development and evolution of 

personal computers to suggest that the potential of biotechnologies for radical change 

depends on the capacity of designers to give them meaning: to construct frameworks of 

reference and present their artefacts in culturally meaningful ways. Doing so requires 

slowing down and detaching from explorations that begin with a logic of substitution, in 

which living systems are scoped as the ‘green’ alternatives to ‘dirty’ technologies. We 

present biomaterial, provisional strategies and tactics that enables designers to explore the 

potential opportunities of the design of living matter. We explain the use of biomaterial 

probes in an open-ended exploration, revealing the way different actors and non-humans, 

ranging from institutions to microorganisms, align to facilitate or block design. 
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2. Living matter and design of the living 

Development of mycelium and other similar materials is inscribed in a wider discourse of 

biotechnical design (Ednie & Brown, 2013). The last decade has seen a growing body of 

theoretical and creative work, a biotechnical discourse, which operates on the premise of 

using living systems as part of the design and fabrication of artefacts. The biotechnical 

discourse is prefigured by existing traditions — there is, for example, a long-standing 

tradition of biological analogy in architecture that stretches from Ancient Antiquity to the 

Renaissance, to Modernism (Steadman, 2008). Caroline Van Eck (1994) suggests there is a 

continuous theme of imitation of nature that, she proposes, can be described as an 

alchemist’s quest: a desire to transmute the products of technology — dead matter — into 

living beings. The alchemist quest can be traced throughout history, from Classical antiquity 

and the Renaissance’s use of living systems as source of eternal principles of beauty and 

order; to the way that On Growth and Form influenced the work of Mies Van Der Rohe, Alvar 

Aalto and Frank Lloyd Wright. The biotechnical discourse however stands apart in its 

aspiration to use biological systems directly, as a form of living matter (Catts & Zurr, 2014; 

Ednie & Brown, 2013; Telhan, 2016). 

To understand biotechnical design, it is important to review the evolving narrative of 

biotechnologies themselves. Contemporary discourses in biotechnologies, led by synthetic 

biology, aspire to reduce the complexity and randomness of living systems (Breithaupt, 

2006). Broadly speaking, there is an idea of reducibility connected to notions of parts, 

systems, and wholes, that are related to the modification of existing organisms and the 

creation of entirely new ones (Schyfter, 2011). In parallel, citizen and enthusiast movements 

have engaged with the tools and methods of biotechnologies, infusing them with an ethos of 

democratization. Movements like DIY-Bio have made working with living systems widely 

available to non-experts (Seyfried, Pei, and Schmidt, 2014; Meyer, 2014). The combination of 

approaches and traditions around biotechnologies has motivated the emergence of a 

biotechnical discourse in design. The development of biotechnical design has created the 

conditions to trigger substantial opportunities for innovation and for a nascent bio-economy 

sector in design. Design-led efforts are underway to produce zero-emission bricks through 

bacterial fermentation (Dosier, 2011); bacterially-augmented concrete that repairs itself 

(Jonkers, 2007; Jonkers et al., 2010); alternative industrial methods to produce dye through 

bacteria (Chieza, 2018); and faux-leather synthesised through bacterial metabolism (Bain, 

2017). These initiatives join a much-hailed ‘biological’ revolution that is often compared to 

the ‘garage movement’ of personal computing in the 1970s (Landrain et al., 2013; Peccoud, 

2016).  
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2.1 Technocentrism and substitution  

Biotechnologies make possible new materials, often integrating living and semi-living matter, 

which offer considerable advantages over existing technologies. These new technical 

possibilities, however, are also a good opportunity to reflect on whether talk of an upcoming 

revolution is warranted, and to what extent the current cultures and practices of design 

support radical change. If we accept the proposition that living matter represents a 

fundamental change from any form of material or technology ever used in design, then 

there is a risk of understanding the new using the framing of the old.  

A relevant analogy here is horseless carriage, the name given to cars when they had been 

first released to the consumer market. As a radically new form of technology, users would 

often refer to cars in reference to horse-drawn carriages, a form of technology they were 

familiar with. Cars were similar in that they fulfilled the same function, acting as a form of 

transport to get users from point A to point B. Used as an analogy, the phrase describes the 

“shifting perception of a practice as it transforms in relationship to a new technology” 

(Chastain et al., 2002, p.239)  

2.2 Bio-revolutions  

The risk of framing the new using the terms of the old is illustrated by the development of 

personal computers in the 1980s and 1990s. Bryan Pfaffenberg (1988) suggests that 

innovators are often constrained by social processes. Following a social constructivist 

understanding of technology, he rejects the notion that technological innovation is driven by 

market demand and, instead, suggests that for technologies to ‘succeed’ in the market and 

be adopted by large numbers of people, innovators need to construct meaning-frameworks: 

a narrative that present their innovation as responding to a need that didn’t exist before. 

Pfaffenberg draws on the notion of the heterogeneous engineer to suggest that innovators 

do not only manipulate technology, but also change the social world in which the innovation 

is meant to be inscribed. In doing so, they create new frameworks of social roles, meanings 

and values.  

Pfaffenberg analyses how the success of the personal computer in the 1980s was influenced 

by the meaning-framework of its creators. Early innovators hoped personal computers 

would “equalize opportunity for all races, creeds, minority groups, social classes — even help 

save endangered species” (Bunnel quoted in Pfaffenberg, 1988, 41), influenced by disparate 

movements such as phone phreaking and the hacker ethic. Phone phreakers emerged in the 

late 1960s as a subculture influenced by the counterculture movement whose members 

counted technically minded people sharing an aesthetic interest in the complexity of phone 

networks. One of the most visible members of the movement, Captain Crunch, famously 

epitomised the movement when he managed to break into the international phone network 

to connect a call, made from a phone booth in the California Livermore Valley, and that 

passed through numerous exchange centres including Tokyo, South Africa and Brazil before 

reaching the phone booth next to him. The motives of Captain Crunch coincided with those 
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of another subculture emerging in parallel to the phone-phreakers, the hacker movement. 

The Captain wasn’t so much interested, according to his own account, by the ecstasy of 

gaining control of a technical system; his motives were driven by a desire to learn about a 

system. Breaking into the system, however, was a transgressive act. He wanted to point out 

to ‘Ma Bell’, the colloquial name for the Bell Telephone Company, the many issues and weak 

points of their telephone network. He didn’t want to “screw Ma”, he wanted to “show Ma 

Bell how good I am. I don’t want to screw her, I want to work for her”. 

The motivations of Captain Crunch — a wish for recognition and approval mixed with an 

aesthetic pull to technology — would be reformulated in Computer Lib, the 1974 publication 

that came to epitomise the hacker ethics. The author, Ted Nelson, makes an argument to 

demystify computers and promote a form of computer literacy, enabling laypeople to 

familiarise themselves with the principles of hardware and software operation. For Nelson, 

the way that computers developed and were understood by the public had a highly political 

dimension, insisting on the need to decentralise computers, a technology that had been 

centralised by big corporations such as IBM. Phone phreaking and the hacker ethics were 

highly influential in the development of early personal computers. Steve Jobs and Steve 

Wozniak, co-founders of Apple, famously assembled and sold ‘blue-boxes’ from their dorm: 

electronic devices that enabled their owners to break into the telephone system in the same 

way that Captain Crunch had done a few years before.  

The meaning framework of phreaking and hacking cultures enabled early innovators to 

frame the personal computers in terms of a democratization of technology; they would 

make accessible to ‘the people’ tools that had so far been used for commercial gain and 

military purposes. Despite the hopes that the new form of technology would promote 

creativity and autonomy, market pressures and corporate interests meant that personal 

computers would end up targeting white-collar workers, professionals, and technical 

specialists, sectors which had already been benefited by older forms of computers. Later 

innovations, such as networking technologies, would consolidate this trend by making 

‘personal’ computers less so, connecting them to larger (and often corporate) mainframes 

and servers. More contemporary advances, such as the much hailed ‘cloud computing’, 

would seem anathema to Nelson’s cry to move away from centralisation and to hand control 

back to the people.   

2.3 The living and radical change  

Historical parallels are always imperfect — there is a danger to try and see forwards in the 

same way that we narrate in retrospect. It is, however, possible to argue that 

biotechnologies risks following the same path that personal computers. On a superficial 

level, both technologies involve innovations that are not fundamentally radical, but that 

instead repackage and make more efficient existing techniques and tools. There is a deeper 

connection between biotechnologies and personal computing, operating at the level of their 

design cultures. 
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The genealogy of biotechnology, and especially of synthetic biology, is often contested but 

practitioners in the field often locate the development of the personal computer and digital 

technologies in the 1980s and 1990s as a foundational point, inheriting their ideology and 

meaning-framework (Cameron et al., 2014). A good example is the name of the discipline 

itself. Drew Endy, Rob Carlson and Roger Brent, often identified as the ‘founders’ of 

synthetic biology, often referred to their initial efforts as an ‘open-source biology’, 

describing it as effort to establish a culture of sharing among developers. The design 

principles of synthetic biology — abstraction, standardisation and modularity — are often 

explained by drawing analogies to the way computer engineering isolates hardware (the 

substrate that enables computation) from software (the set of instructions that describe 

calculations, and how these should be interpreted). The aim is to generate design 

approaches that require no expert knowledge, in the same way that the personal computer 

made it possible for some people to develop software without specialised knowledge of 

computational logic at board level.  

The slippages in drawing analogies to personal computers generate also a fluid exchange of 

meaning-frameworks and conditions innovation and action of biotechnologies. A good 

example is the arsenic biodetector project developed initially by the 2006 University of 

Edinburgh iGEM team, a student-led competition that has become an unofficial conference 

for Synthetic Biology. The project aims at producing a low-cost, easy to use detector for 

areas known to be prone to groundwater well pollution in Bangladesh. It involves an 

arsenate-responsive promoter which, when inserted in bacteria, enables expression of genes 

that change the pH of growth media, providing a colour-coded signalling of arsenic presence. 

In a close parallel to the phone-phreaking and hacker culture, the narrative of the project is 

suffused with references to a ‘democratisation’ of technology and a commitment with 

marginalised communities.  

Despite good intentions, the arsenic biodetector is a good example of the risk that 

biotechnologies run of using counterculture as little more than a punchy slogan. Cristina 

Agapakis reminds us how the problem of arsenic contamination stems from humanitarian 

response efforts in the 1970s to provide water for Bangladesh. The design of the tube-wells, 

combined with political and social issues, ended up generating a public health catastrophe. 

Although the low-cost bio-detector would be, at first glimpse, a welcomed tool and a 

potential step towards solving the problem of arsenic contamination, it is also problematic in 

the way that it is framed and the ideology that animates it. Agapakis writes:  

“inexpensive diagnosis of arsenic contamination will not be able to address the 
underlying problems of water infrastructure and management in Bangladesh (…) this 
history demonstrates that looking at complex problems through a narrow, 
reductionist lens can lead to harmful designs with dangerous consequences.” 
(Agapakis 2014, p.125). 
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Just as the personal computer was intended to empower marginalised communities, 

projects like the arsenic biodetector risk becoming technologies that offer some advantages 

over existing technologies but which stop short of fulfilling their ‘revolutionary’ potential as 

they end up targeting the same users and applications than their predecessors. From an 

innovation perspective, the slippage between meaning-frameworks encourages narratives of 

substitution and remediation, in which organisms are used as enhancement in existing 

processes. It also influences a design culture driven by technical possibility, having as point 

of departure the current state of the art in the laboratory and working backwards from there 

to try and fit a context of application. The combination of a substitution logic and a 

technocentric exploration makes it more difficult to imagine a path for these new 

technologies to influence radical change in design disciplines and are the implications and 

challenges these might bring. 

3. Biomaterial probe 

The example of the arsenic biodetector suggests that are several factors that have promoted 

the slippage between meaning-frameworks and design cultures between the personal 

computer and biotechnologies. From the perspective of designers however, one main issue 

is imagination — given the fact that designers often have limited knowledge of living 

systems and the techniques to work with them, their capacity to imagine their possibilities 

are constrained to substitution and remediation of existing technologies.  

The Bio-material probe is a set of design tactics intended to provide a means of exploring a 

design space, rather than to enable a design context which, in a more traditional context, 

would entail working towards specific objectives and producing tangible outcomes. Instead, 

bio-material probes provide the setting in which it is possible to engage with biological 

systems from a design perspective. The term is inspired by the work of William Gaver, 

Antony Dunne and Pacenti (1999), and by derives, a technique promoted by the Situationist 

International to highlight the influence that geographical environment, and especially urban 

settings, have on the feelings and behaviour of people (Ford, 2005; Debord & Knabb, 2014). 

Dérive, translated literally as drifting, consists in suspending normal motivations to 

movement in cities and, instead, allowing themselves to be attracted by the terrain, 

operating as a sort of probe that is being influenced by the forces at play in urban 

environments. In the context of the Situationist movement, dérive emerges as a reaction 

against the average experience of cities, which they perceived as limited. The dérive is 

intended to throw people into the cities, allowing change to force them into situations they 

would otherwise rarely encounter (Debord, 2006).  

Likewise, bio-material probes are intended to throw designers in the context of biological 

work, generating situations where assumptions and the status quo can be challenged. As an 

active element, they give designers a reason to explore biological systems. They are not 

oriented to practical applications, but rather to exploring the context, activities and 
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economies involved in the work with biological systems. A good analogy to describe the bio-

material probe is to characterise it as a recipe for how cakes are made. It enables 

understanding the context, materials, technology and other assemblages which enable the 

cake to be made. It doesn’t, however, provide a prescriptive recipe for doing a specific cake. 

It enables a practitioner to locate themselves in the context of biological work and, as a 

methodology, provides purposefulness without being tied to a specific design outcome.  

3.1 Biomaterial probe in action: Bacterial Assemblages 

 Bacterial Assemblages is a project that explores notions of self-organisation and complex 

systems by engaging with form generation in bacterial colonies (see Figure 1). An earlier 

exploration proposed the State-Space of design, a framework to approach biological systems 

in design contexts. The term is derived from its use mathematics to describe the 

configuration of dynamic systems in terms of key variables, and a set of equations that 

describe their behaviour and interconnections. A state-space representation consists of a 

graph whose axes are the key variables, and where the state, or the possible configuration of 

the system at any point in time, can be represented as a vector.  

 

Figure 1.    One of the experiments developed as part of Bacterial Assemblages. Petri dishes 
are custom made to influence the physical ‘state-space’. Chemical conditions are altered by 
changing the composition of the growth medium. The growth patterns are developed by 
Paenibacillus dendritiformis C morphotype, Paenibacillus vorte, and Paenibacillus 
dendritiformis T morphotype  
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We defined three state-spaces which influence biological form: cellular, chemical and 

physical. The cellular state-space is defined by the boundaries of the cellular membrane, and 

it is used to define all the processes that take place within it, including, for example, DNA 

transcription and translation, as well as protein production. The chemical state-space refers 

to conditions in the environment, such as pH levels and nutrient concentration, which are 

thought to trigger specific sections of the genetic code that result in the development of 

form. Finally, the physical state-space includes the physical forces and energy within the 

environment and that are often confined by the agar plate such as the temperature of the 

growth environment, and the physical structure of the agar itself.  

Bacterial Assemblages suggested that, in addition to the original state-spaces, there are also 

contingent aspects of working with living systems which are crucial in accounting for the 

interaction between living systems and human designers and that had an important effect 

on the design outcomes that result of this exchange. The original model of three state-

spaces is expanded to include three further spaces of contingency: spaces of practice, 

cultures of crafting and social interactions. Spaces of practice refer to the way that the 

spatial configuration of workspaces and tools conditions the development of activities, in the 

way they embody a specific script that refers to different frameworks of knowledge. Cultures 

of crafting concentrate on the frameworks and techniques that enable things to be done 

within disciplinary boundaries. Social interactions refer to the governance of spaces that 

enable certain things to happen, and which depend on exchanges between individuals.  

Figures 2 to 4 show some of the diagrammatic strategies used in Bacterial Assemblages to 

reveal and analyse the spaces of contingency. The influence of institutions, epistemologies, 

spaces and social interactions are difficult to trace directly to the development of bacterial 

form, like the one shown in Figure 1. These diagrams, however, operate as a form of 

provisional cartography 
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Figure 2.   Isometric diagram of the main microbiology laboratory used in the exploration. 

 

Figure 3.   Composite diagram sketching working area. 
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Figure 4.   Photographic study of the hand choreographies involved in pouring agar into a 
plate  
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4. Conclusions 

More than a prescriptive framework for design, biomaterial probes are a suggestion than 

there are new ways of engaging living systems beyond remediation and substitution. In 

keeping with the lineage of derives, the methodology is intended to produce situations 

where prevalent assumptions and order can be questioned.  

Engaging then with biological systems from a design perspective requires a form of 

engagement that challenges and upends instrumentality. The notion suggests not only a 

more thoughtful approach when integrating living systems in the process of design — it 

suggests an entirely different form of design. Bacterial assemblages suggests that designing 

with living systems involves engaging with a thick mesh of non-humans that go beyond the 

organism itself, and that extends to a number of encounters between the designer and 

materials, physical spaces, institutions and other researchers. The extended set of 

interactions involved in designing with living systems suggests that the boundary of the 

design space — the things a designer needs to engage with in working with living systems    

— expands exponentially. The living system, and the mesh constituted by the design 

assemblage, are hyperobjects, to borrow the phrase coined by Timothy Morton (2013).  

Designing in a hypercomplex environment involves doing so without a clear idea of the 

outcome in advance. In this situation, there is a need for instruments that perform a 

cartographic function, in that they assist to navigate through an unknown design space. The 

bio-material probe performs this function. They constitute maps which are in constant 

change, drawing and redrawing their boundaries as the exploration progresses and providing 

a way of reading into an unreadable situation. At the same time, bio-material probes 

represent conversation starters — a way of developing a language to engage with non-

humans.  
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Abstract | This paper shares a collaborative research in the field of User Experience and Design 
for Healthcare. In particular, it explores methods of Cognitive Ergonomics applied to analyze 
User Interfaces in healthcare industry. Specifically, the interest lies in analyzing cognitive 
aspects of interaction and the way it impacts user experience in terms of efficiency in 
perception and decision-making. Cognitive aspects of interaction were approached via the key 
components of Cognitive Ergonomics identified through a thorough literature review and 
composed in a canvas based on the sequence of mental processes occurring during cognitive 
interaction. The analysis of the User Interface described in this paper represents one of the 
tests made to check the validity and the potential of the proposed method. The paper 
concludes with a discussion on how the method contributes to designing affordances and on 
possible future developments and design in healthcare industry.  

KEYWORDS | HEALTHCARE, COGNITIVE ERGONOMICS, ANALYSIS, INTERACTION, 

USER INTERFACE 

1222   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



M. Zolotova, A. Giambattista 

1. Introduction 

The research has started from an observation that designers should consider more and more 

often cognitive side of interaction due to an increased complexity in design projects they are 

working on, that include social, economic, and cultural contexts, affordances, technologies, 

etc. Therefore, there is a growing need in tools that would support designers in such 

scenarios. Literature and methods of Cognitive Ergonomics provide the necessary expertise 

to propose such a tool for an analysis of complex cognitive tasks (Endsley, 1995). In parallel, 

the Healthcare sector was chosen as a context of application of such methods, as the 

complexity of user experience and interaction is notably high while the need in new designs 

is rising. This observation has gained significance after conducting a User Research at a 

hospital in a Neonatal Intensive Care Unit, where babies born premature receive their first 

care. It was noticed, that doctors have to perform their job in a context that seems to be far 

away from ‘ergonomic’: multiple screens, tubes and other elements located in a manner that 

neither support naturality of gestures nor the ease of interpretation of the information. 

Medical equipment at Intensive Care units is characterized by a high quantity of symbols and 

signals, both visual and audio, and each of these symbols are crucial for patient safety. The 

reason for conducting a research on Cognitive Ergonomics and integrating its methods into 

industrial design practice was to provide such a tool that would guide designers in these 

complex contexts and to ensure that their designs satisfy the needs of their users (e.g. 

doctors and patients). After a thorough research on Cognitive Ergonomics, a set of Cognitive 

Ergonomics components was proposed (Zolotova, 2019) with a hypothesis that these 

components can constructively contribute to designing cognitive aspects of interaction by 

systemizing the analytical part of the design process and, thus, helping to achieve a 

cognitively ergonomic solution. The components and the hypothesis will be described in the 

paragraph ‘Methods’.  

A parallel part of this research work was specifically dedicated to observing the 

developments in the healthcare sector, highlighting the tendencies in user behaviors and 

design opportunities. The outcome of this research phase was the identification of four 

trends in the future healthcare (AA.VV., 2014, Tsekleves & Cooper, 2017, Giambattista, 

2017). These trends cover patients’ ability to make independent decisions related to their 

health, new ways of delivering healthcare, and novel technological achievements that 

improve medical tools. A more detailed description of the trends will be provided in the 

paragraph ‘Context’. Paragraph ‘Results’ will describe an example of analysis conducted 

using the method of Cognitive Ergonomics Components. The method was applied to 

evaluate the efficiency of user’s perception and decision-making in interaction with the 

design of a User Interface of a Neonatal Transport Incubator. The paper concludes with a 

discussion on possible contribution of this method to designing for the healthcare industry.  
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2. Context: Trends in Healthcare 

Traditionally medical equipment was seen as a tool for delivering acute care but, due to 

various influences, the medical equipment now also includes psychological aspects. In recent 

decades, the concept of health is shifting from the idea of ‘absence of disease’ towards 

physiological and mental equilibrium and wellbeing (Huber et al., 2011). Moreover, as the 

healthcare industry develops, the more definitions appear to satisfy the needs of each 

particular scenario or context (Leonardi, 2018).  

The future potential of design for health can be explored, for example, through the prism of 

traditional design disciplines such as architecture, communication, product, service, and 

interaction, while covering key areas of health, such as acute, chronic health and aging are 

good for the public (Tsekleves & Cooper, 2017). Theses authors have applied coding to the 

analysis of data and came up with a list of challenges, opportunities and new design trends 

in healthcare. According to their research, the trends are self-management healthcare, 

person-centric healthcare, holistic healthcare, community healthcare, health-

promoting/preventative care. 

Parallel to that, PSFK, a company that applies research to study user behaviors in various 

markets, has published a report on ‘Future Health’ (AA.VV., 2014) outlining four trends in 

health-related products, such as Behavioral Nudge, Empowered Patient, Orchestrated Care, 

and Augmented Treatment. By studying these two groups of trends and tendencies, it was 

possible to notice similarities between them. Particularly, both ‘health-

promoting/preventive care’ and Behavioral Nudge speak for a need in products/services that 

would shift people’s behavior towards a healthier lifestyle; ‘self-management healthcare’ 

and Empowered Patient speak about people being more informed and able to make 

decisions related to their health, and Orchestrated Care and ‘community healthcare’ 

describe products/services able to deliver new models of care. Eventually, Augmented 

Treatment intends with ‘augmented’ the new technologies that improve medical tools. In 

total, each trend provides the user with certain objectives and goals to pursue and proposes 

new user scenarios that would require new behaviors and learning to interact with new 

products and services.  

Behavioral Nudge 

‘Nudge’ is a concept in behavioral science, which uses indirect suggestions as ways to 

influence the behavior and decision making of groups or individuals (Wilk, 1999). The need 
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in ‘nudge’ lies in the fact that people tend to act against their interests (Koster & Van Der 

Heijden, 2015), and therefore nudging techniques aim at people making decisions to their 

advantage (Parkinson et al., 2014). At the PSFK, they have noticed a growing need of people 

in acting in a self-beneficial way, which would lead to a growing number of products 

satisfying this need. In the field of healthcare, self-beneficial behavior is considered the one 

that leads to both mental and physical health in the long term, which would therefore 

possibly exclude the acute care and would call for preventive methods. Tsekleves and 

Cooper (2017) also mentioned a trend in health-promoting/preventative care. Regarding 

Product Design, for Behavioral Nudge, reference is made to those tangible and intangible 

artifacts which call users to consciously manage their care, both in the prevention and 

management phases. Such devices tend to favor the characteristics that involve users’ 

emotions: embracing a holistic approach to a problem, such devices offer solutions that are 

functional but at the same time pleasant (Foqué & Lammineur, 1995). 

Empowered Patient 

Empowerment is defined as “a process through which people gain greater control over 

decisions and actions affecting their health” (Kickbusch & Nutbeam, 1998). The WHO defines 

patient empowerment as a process where patients understand their role, possess the 

knowledge and skills from their health-care provider to perform certain tasks in an 

environment that recognizes cultural differences and encourages patient participation. This 

is possible due to the use of technologies that facilitate access to information, such as the 

Internet, peer-to-peer sharing, health devices, etc. However, having ‘power’ is also a 

responsibility, that not every patient is ready to take. The phenomenon also includes the 

questions of patient’s safety. The products for Home Care have undergone a sudden 

increase both in terms of numbers and technical complexity (Tosi et al., 2016). Some of 

these medical devices are introduced on the market as consumer products that allow users 

to manage their health care in a more convenient and independent (also economically) way. 

The migration from hospitals to home is due to the increase in costs of healthcare, the lack 

of suitable facilities and qualified personnel (Chamberlain, 2015). As a result, the range and 

complexity of medical devices used outside of formal health institutions are on the rise. The 

risks associated with the malfunctioning and/or failure or incorrect understanding of the 

methods of use of the interface, of the control and adjustment elements, of the 

assembly/activation sequences, etc. intensify (Tosi & Rinaldi, 2015). This trend raises 

questions on how designers can ensure that the product is used exactly in the way it was 

supposed to be used. 

Orchestrated Care 

The scenario of this trend describes the products linked to the world of the Cloud, that use 

wearable and mobile technologies able to trace in a holistic way the people’s lifestyle. The 

healthcare sector receives more live data from apps and devices, and medical decisions will 

be likely made not according to the patient’s ‘feelings’ that might be wrongly interpreted but 
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based on real data, however, the issue will be to read it correctly. According to PSFK (AA.VV 

2014), care will be delivered based on the preferences of the patient, and the relationship 

with the physician will become more virtual. The pervasiveness of the technological 

connection, the connectivity of technological supplies, the ever-increasing bio-compatibility 

of interfaces, these are the trends allowing delivering personalized care. Examples are all the 

design experiments that exploit the Internet of Things (IoT) technologies for continuous 

tracking and dialogue with healthcare facilities and practitioners. The design focus here is to 

identify user needs to provide the personalized care (Chaudhuri & Lillrank, 2013). The tools 

allowing to conduct deep user research will be welcomed, as they would serve as a base for 

creating new niches in the market of the healthcare sector. 

Augmented Treatment 

This trend includes high-performance technological tools, such as those for visualization 

using Augmented Reality and Virtual Reality, 3D printing techniques for creating implants 

and prostheses, and also everything related to Assistive Technology. AR/VR in the medical 

field is used for the surgical training, planning of operations, for open surgery sessions, 

endoscopy, and radio-surgery (Riva, 2002). Product designers usually prefer to work with 3D 

printing, exploring the properties of the materials to design prostheses and braces, as it 

allows adjusting them to the patient’s needs, offering substantial benefits on waiting times 

and costs. It also opens opportunities for bottom-up solutions within Do-It-Yourself logic. 

The concept of parametrization and geo-localized production opens a way to new scenarios 

for the design of social innovation. To sum up, scientists, engineers, designers, makers are 

exploring the opportunities provided by the new technologies to either improve the existing 

medical tools or to solve economic issues related to healthcare. IT together with 3D printing 

technologies empower people to apply their knowledge and competence to solve the 

problems that otherwise would have remained ignored or inaccessible. 
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3. Methods: Cognitive Ergonomics Components  

Figure 1. Cognitive Ergonomics Components: Interaction (I), Subjectivity (S), Functionality (F), 
Perception (P), Decision-Making (DM), Mental Workload (MWL), Error (E). The scheme 
represents a balanced interaction where P and DM are high and MWL and E are low. 

Cognitive Ergonomics was chosen as an approach to cognitive aspects of interaction in its 

complexity. The aim was to find a way in which it could provide a valuable contribution for 

industrial designers to analyze and design complex cognitive interactions.  

The research findings are Cognitive Ergonomics components composed to describe 

sequence of cognitive interaction (Figure 1) (Zolotova, 2019. In this paragraph, brief extracts 

of the theoretical grounding will be provided that would explain the methods applied to the 

analysis of best practices in Design for Healthcare. 

Cognitive Ergonomics has three concepts that are considered of importance in this research: 

Distributed Cognition (DCog), Activity-System, and Situational Awareness (SA). DCog sees 

cognitive processes as a result of relationships between internal mental representations and 

the external environment (Hazlehurst, Gorman & McMullen, 2008, Hutchins, 1995). 

Meaning that people’s cognition is not only contained in the head but distributed in the 

environment. Activity-System is a minimal unit of analysis of human actions where an 

activity means the engagement of individuals towards a certain objective (Engeström, 1987). 

Meaning, that every interaction is significantly defined by its goal. SA describes how people 

perceive and comprehend elements in the environment and how they project them to the 

near future (Endsley, 1995, 2017, Endsley & Garland, 2000). These three concepts have 

framed the understanding of cognitive interaction processes, describing where it occurs 
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(DCog), what is the reason for individuals to engage in interaction (Activity System), and how 

people perceive the environment and act in it (SA). 

Two books gave key insights that eventually led to proposing the set of Cognitive Ergonomics 

components: "Ergonomics, project, product" (Tosi, 2005) and "Cognitive Ergonomics" (Di 

Nocera, 2011). Di Nocera focuses his attention on such concepts as interface, error, mental 

workload, automation, decision-making, situation awareness, usability, etc. While F. Tosi 

names the following components of Ergonomics: ‘physical’ ergonomics, ‘User-Centered 

Design’(user needs), and ‘New Human Factors’ (emotions and other ‘subjective’ user needs). 

Further reading on these concepts has eventually led to the definitive set of the 

‘components’. Specifically, a big contribution gave the scheme of Situation Awareness 

introduced by M. Endsley, who is one of the major authors in Cognitive Ergonomics (Figure 

2).  

  

 

Figure 2. Situation Awareness model. Endsley’s model of SA. This is a synthesis of 
versions she has given in several sources, notably Endsley (1995) and Endsley et al 
(2000). 
Source: Public Domain, https://en.wikipedia.org/w/index.php?curid=11319693 
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The identified components are subjectivity, functionality, perception, decision-making, 

mental workload, error, interaction. Figure 1 shows how the components are 

interconnected. Each of the components has its definition and its location on the scheme, 

based on the relevant books and articles in the field and mentioned above. Below, there is a 

summary of each component’s definitions. 

‘Subjectivity’ (S) describes the user, the ‘persona’ (Cooper, 1999), his/her objectives and 

desires. Subjectivity is the starting point of analysis and it describes the goal of interaction. 

Just as the Human-Centered Design approach (Norman, 2013) places a person at the center 

of the design process, this model is based on the same principle and starts from the needs 

and desires of people. Taking into consideration the Activity-System model (Vygotsky, 1980), 

the analyzed person has to be associated with his/her goal in this interaction in order to 

frame clearly the analysis. 

‘Functionality’ (F) describes the environment where interaction takes place, the 

products/elements, signifiers (Norman, 2008), functions involved in interaction that are 

significant for achieving the goal. ‘Functionality’ refers to both actual functions and those 

perceived by a person (Gibson, 1966). 'Functionality' includes issues related to the 

compatibility between the physical characteristics of users and the constraints imposed by 

the context in which they operate (Tosi, 2005). Therefore, the term ‘functionality’ describes 

all the elements/products, both physical and perceived, that serve to achieve the goal set by 

the user as well as the environment in which s/he operates. 

‘Perception’ (P) is the first among mental processes to be analyzed (Endsley, 1995, Endsley & 

Garland, 2000). Perception is the interpretation of incoming sensory information and is 

activated through vision, touch, smell, taste, sound (Schacter, 2011). Both physiological and 

psychological stimuli are taken into consideration for the analysis. The key for the 

understanding of ‘perception’ lays in Gestalt psychology that sees an object as a whole, 

through ‘patterns’ and ‘configurations’, rather than its components. The knowledge 

possessed by the user influences the way people perceive and interpret the incoming 

information (Goodwin, 1994). In total, the component ‘perception’ describes the process of 

sensory and cognitive perception and interpretation of the elements involved in the 

interaction.  

‘Decision-making’ (DM) describes the moment of choosing among alternatives (Patel, 

Kaufman & Arocha, 2002), an action. It is the second of the mental processes to be analyzed 

according to the adopted Endsley’s (1995, Endsley & Garland, 2000) scheme. A decision 

made by the user inevitably results in his/her action, and it was therefore decided to unite 

the decision-making process with the eventual actions since only actions are visible to the 

observer without any specific equipment and thus, countable. In this research, the idea of 

Kahneman and Tversky (1974) of ‘heuristics of judgments’ is adopted which implies that 

people tend to make decisions based on the available knowledge and similar examples in 

their memory. 

1229   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



Cognitive Ergonomics Components for Analysis of User Interface in Healthcare Industry 

‘Mental Workload’ (MWL) is the mental work perceived by the user, it serves to describe the 

moments of a poor performance of an operator, it includes moments of stress and of long-

focused attention (Parasuraman, 1998). ‘Mental workload’ affects all the other mental 

processes in an either effective or ineffective way (Di Nocera & Pasquali, 2011). The division 

in ‘effective’ and ‘ineffective’ mental workload serves to evaluate the quality of the overall 

interaction process. 

‘Error’ (E) describes actions that mismatch the goal of interaction and/or an ill-suited result. 

Avoiding human error is especially important in healthcare (Carayon, Xie & Kianfar, 2014). 

There is a tendency to work on error tolerance since it is assumed that error is a part of 

human nature (Patel et al., 2011): to include a possibility of error in the interaction could 

decrease psychological pressure on the user. In this research, ‘errors’ are understood as 

errors in action (by the user), in perception, communication, and selection (Di Nocera 2011). 

Accepted methods to observe and identify errors are: naturalistic (observation and noticing 

errors made in a natural way – slips and lapses) and questionnaires. 

‘Interaction’. Cognitive Ergonomics studies the interaction between human and complex 

technological systems with an aim to avoid failures (Ferlazzo, 2005). However, in the design 

field, interaction is rather seen as User Experience (Norman, 2005) that includes 

psychological, emotional aspects of interaction. ‘Interaction’ (I) stands for both physical and 

cognitive interaction occurring between the user and the product/system and includes all 

the above-mentioned components in it. 

Figure 1 represents a scheme of how the components could be unified into a formula that 

would work for the designers. It describes interaction (I) between human (S) and an 

environment (F) through ‘perception’ (P), ‘decision-making’ (DM), ‘mental workload’ (MWL), 

and ‘error’ (E). The low ability to perceive (P) would negatively impact the ability to make 

decisions (DM), that would in its turn contribute to the rise of ‘mental workload’ (MWL) and, 

eventually, to the quantity of ‘errors’ (E) (Figure 1). The steps that a designer should take to 

perform an analysis of interaction by following the scheme are: 

•  to describe the ‘subjectivity’, i.e., the user and his/her objective. 

• to identify the ‘functionality’, i.e., all the necessary elements needed to reach this 

objective. 

• to evaluate the user’s ability to perceive and make decisions while comparing it to the 

level of mental workload and the occurrence of errors. The main idea of this analysis is 

to find the misbalance within the interaction process.  

A ‘correct’ interaction is, therefore, the one that allows users to reach their objective in an 

effective, efficient, and satisfactory way, while an ‘incorrect’ interaction would result in 

actions/effects deviating from the initial objective and result in stress.  

The proposed scheme sees this set of ‘Cognitive Ergonomics components’ as a useful tool for 

designers to design complex interactions because it systemizes the analysis of interaction 
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through the components and helps designers synthesize all the inputs related to the 

interaction process in a structured way.  

4. Results: Designing User Interface of a Neonatal Transport 
Incubator 

This paragraph tells the experience of analysis of a User Interface from the point of view of a 

user, applying the set of Cognitive Ergonomics Components as a tool to identify errors in 

interaction and therefore in design. 

This research project was developed in collaboration with an Italian manufacturer of 

neonatal medical equipment, which allowed performing a test of the components applied to 

designing User Interface. Interface is becoming the key focus of research for Cognitive 

Ergonomics [Bagnara & Pozzi, 2011]. The purpose of this test was to verify if the proposed 

set of components is useful for the analysis and re-design of an already existing product – a 

digital interface of a neonatal transport incubator (Figure 3). 

 

Figure 3. Neonatal Transport Incubator by Ginevri SRl. 
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This medical equipment ensures stable environmental conditions, such as temperature and 

humidity, for the neonate in a context of its transportation, normally, between the hospitals. 

The criterium of a successful result was the improved user interaction with the incubator in 

terms of its efficiency and usability. The incubator, shown on Fig.3 is under development and 

is preparing to be launched at market. The key problem of this device was in lack of usability 

due to complexity of operations possible to perform with this device and due to 

‘engineering-based’ design. The original User Interface design was based on the engineering 

requirements, responding to the technical needs, while the user component was missing. 

This was a good case-study for analyzing errors in design and interaction. 

The company provided access to this device for this research project in order to identify 

where the interaction design problems are. The testing was done without the neonate for 

safety reasons. Together with the engineers of this device, the author has performed 

interaction with the incubator. Following, the canvas structure, the experiment started with 

setting the goal, and the engineer has suggested possible results, e.g. “to set the parameters 

for temperature”. Pursuing this goal, the author tried to identify possible actions based on 

previous observations of doctors’ actions with the similar devices at a NICU (Neonatal 

Intensive Care Unit) and according to the graphic interface of the incubator. During these 

trials and following the structure of the canvas, the author has identified the sources of 

errors in design: misleading symbols, confusion in hierarchy and logics.  

Applying the scheme of Cognitive Ergonomics Components, the analysis of the incubator’s 

User Interface can be described as follows (Figure 4). Below is the description of one step 

perception/decision-making: 

‘Subjectivity’ (S): the user is a healthcare professional, Dr/Nurse; user’s general goal of 

interaction is to maintain the baby’s temperature, whilst a specific objective (to test) is to set 

the parameters for the temperature. 

‘Functionality’ (F): transport incubator, touch screen; simulation of a real-life environment. 

1232   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



M. Zolotova, A. Giambattista 

 

Figure 4. Analysis of User Interface of a Neonatal Transport Incubator (example 

Analysis of ‘Perception’ (P): 

‘Perception’ 

(P) 

Senses involved are sight and touch; perceived elements are buttons, 

colors and texts of the digital interface (touch-screen);  

process description: Dr/Nurse is looking at the touch-screen for a 

button/indicator of Temperature (Figure 4). 

‘Mental 

Workload’ 

(MWL) 

Here the quantity of information to elaborate by the user is being 

analyzed: lack of hierarchy creates confusion and prolongates the time 

needed to find desired button/symbol. 

‘Error’ (E) Here mistakes related to perception are being observed: Dr/Nurse finds 

‘air temperature’ button and ‘temp set’ button, but the right option is 

not clear (no hierarchy). 

 

Analysis of ‘Decision-Making’ (DM): 

‘Decision-

Making’ (DM) 

Mental actions are: interpreting numbers/texts from digital interface; 

manual actions are: pressing buttons on touch-screen. 
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Process description: Dr/Nurse tries to click first ‘air temperature’ 

button, then – ‘temp set’ button 

‘Mental 

Workload’ 

(MWL) 

In reality the buttons are not ‘clickable’, pressing them several times 

trying to make them work creates anxiety. 

‘Error’ (E) None of the options (‘air temp’ / ‘temp set’) was correct – User 

Interface was totally misleading, external consultation needed to 

identify the right button for setting temperature. 

 

This analysis allowed identifying and summarizing current problems in User Interface design. 

In a similar manner, a new design can be subject to analysis. 
 

5. Discussion and Conclusions  

The test described in paragraph 4 ‘Results’ has served as an example on how Cognitive 

Ergonomics Components can be applied to the analysis of a User Interface. The analysis was 

quite detailed and laborious, and therefore is more adequate for scenarios of highly 

technological interaction characterized by informational overload on the user, such as a User 

Interface of a Neonatal Transport Incubator and other similar interfaces. The division of 

interaction into small steps (Task Analysis) allows conducting a thorough analysis whilst 

Cognitive Ergonomics Components indicate where to search for the problems in design 

based on user’s actions and feedback. Such a tool could serve also as a report format 

provided by designers to their client, where all the steps, tests and improvements are fixed. 

Could this be a useful tool for the trends in Future Health? This tool for analysis (Cognitive 

Ergonomics Components) pays a lot of attention to affordances (Gibson, 1966, Norman, 

2008) in design. Perception analysis is mainly based on the efficiency of the affordances and 

the evidence of failures in design is provided based on user’s either correct or incorrect 

actions. Therefore, this analysis allows collecting data of examples of efficient and non-

efficient symbols and other design-elements that are important affordances for a 

satisfactory interaction. This database could be seen as a collection of best-practices and 

mistakes in design to be implemented or avoided in designing future innovative healthcare 

products where users will need to confront with the unknown interactions. 

Paragraph 2 “Context: Trends in Healthcare” describes the four trends in future health: 

Behavioral Nudge, Orchestrated Care, Empowered patient and Augmented Treatment. 

Behavioral Nudge aims at supporting user behaviors through delicate suggestions and 

indications. These could be APP notifications, color codes, specific shapes based on 

ergonomics or archetypes and other incentives and affordances. Testing the correctness of 

their perception by users would be useful to ensure the efficiency of the new designs: do 

these shapes and elements nudge users in the right direction? Orchestrated Care provides 

services via cloud interconnections, which implies designing clear hierarchy and intuitive 

User Interfaces that allow users navigate through complex healthcare data. Analyzing users’ 
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perception of such systems would allow identifying the most optimal path for achieving their 

goals. Empowered Patient trend suggests that users will always need to be more and more 

informed and have power over their health. However, this implies risks in making harmful 

decisions if made uninformed or based on emotions. There is an ongoing discussion 

(Kleinpeter, 2017, Chiruvella & Gudatti, 2021) on ethical implications of exposing medical 

data to patients: to which extent the patient can be informed? Ergonomics and Human 

Factors (Carayon, 2014) is often employed in Healthcare with a purpose to ensure patient’s 

safety. Thus, integrating Cognitive Ergonomics Components at a User Research phase in 

design would provide more guaranties that patient safety is thoroughly considered. 

Observing users’ perception of medical data and their reaction to it could allow identifying 

aspects that provoke an intense emotional reaction and therefore harmful for patient’s 

psychological health and avoiding them in design. Augmented Treatment trend describes 

medical tools based on newest technologies, such as using rapid manufacturing to produce 

prosthesis and other elements of care, VR/AR technologies to simulate various scenarios or 

to create a distracting ambience for children, etc (see examples in Paragraph 2). Applying 

Cognitive Ergonomics could be beneficial for designing such ambiences, because users would 

need to feel safe and confident while exploring a new territory. Designing elements that 

would guide users to interact efficiently with such ambiences would help designers satisfying 

users’ needs. 

The limitation of this canvas is that designers would still need to be trained to perform Task 

Analysis and have enough of design expertise to identify quickly and precisely the 

affordances and the actions they provoke. Possibly, to achieve more precision, designers 

could be assisted with available technologies typically used by the ergonomists, e.g. an eye-

tracker. On the other hand, the fact that this analysis can be still performed without any 

equipment and based only on the designer’s expertise, makes this tool accessible for any 

designer in need. 
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Connect art and science for a functional 
biomimicry in design

Andrea Forges Davanzati 

Abstract | Nature provides a immense variety of visible and invisible forms trying to hide from 
our eye, strange and mysterious, in continuous movement and evolution. 
Many contemporary artists have been inspired by nature forms, mostly after the invention of 
the microscope which revealed endless worlds, extra small and definitely evocative for form 
and colour: diatoms, ciliated, protozoa and mold, paramecium and radiolaria.. Microorganism, 
in addition to having a strong scientific interest, have become source of inspiration for 
multicolor patterns and sophisticated stuctures. These forms, normally invisible, have been 
discovered and analyzed, have been approached, multiplied, magnified, overturned and 
hooked on other elements of the modern visual language in such a way that they lose their 
original concept to become a abstract work of art.  

KEYWORDS | ONE, TWO, THREE, FOUR, FIVE 
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1. Science and art: today  

1.1 The American biomimicry  

Even if the discipline of biomimicry is still little known in Italy, in the rest of the world in a 

powerful word, associated to an unceasing blossom of new applications and professions, a 

real core of a new cultural knowledge, therefore also of power, which stimulates the growth 

of a new market and a new managerial specialization. 

A brief history: during the first half of the twentieth century, a small group of American 

scientists thought of applying physics to the study of biological functions in a 

multidisciplinary way, this led to the definition of a new discipline that they called 

biophysics. 

In 1957, Otto Herbert Shmitt, American scholar and inventor, at the height of his studies on 

nerve endings and bioelectric interactions, first used the term biomimetics, from the Greek 

bios: life, and mimesis: to imitate, to better define the new field of Research. (1) 

Shmitt was part of a generation of scientists eager to get out of the narrow confines of their 

specific disciplines to embrace a new interdisciplinary way of studying and research that 

included different scientists and especially different groups of specialized technicians. 

In 1958 another American scholar, belonging to the military, Jack Steele, used the term 

Bionica for the first time to define the science of systems (processes), having functions 

copied from nature, or having similar characteristics. (2) 

Today biomimicry is a multidisciplinary approach in constant growth, active in the most 

important academic sectors such as science, technology, engineering and mathematics. This 

exponential development of study has created the exclusive Biomimicry institute in 

Montana, Janine Benyus has theorized the ten laws of Biomimicry, other research centers 

have been formed in America and in the world, in university and industrial centers. In 

England in 2013 the study of biomimicry was introduced as a subject of technology and 

design study for children aged 11 to 14, in the rest of the world the application study of this 

matter remains reserved for specialist studies of engineering and architecture. From this 

brief historical mirror, the specific interest that this theme arouses for possible investment 

developments in industrial research is evident. 

A few examples, to start with: the velcro, invented, but it is better to say patented in 1955 by 

a Swiss engineer, derives from the study of a seed of the lapola plant, very common, covered 

with tiny hooks that make it annoyingly capable of sticking to the hair and fabrics that 

naturally allow it to reproduce in distant places and thus favor a territorial diffusion. Today 

the velcro, produced in different plastic types, has become common in any object that needs 

an adjustable temporary locking system. It also represents the safest and longest coupling 

used in aerospace engineering. 
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 Likewise, from the study of the water-repellent properties of the lotus plant (the leaves) it 

was possible to derive a paint or a treatment that repels water from surfaces and fabrics, 

together creating a self-cleaning coating; from the shapes of the seeds at the mercy of the 

wind new formal schemes for efficient and revolutionary wind turbines, from the structures 

of the termite mounds and anthills new systems for efficient and extremely low energy 

consumption air conditioning. The study of natural form and function (other example from 

the gecko's paw = a new substance or super adhesive structure) now also includes the study 

of principles (the social structure of bees as a specialized social model to be applied in the 

company). The examples are now many and develop in numerous application fields, but let's 

go back to look at the historical development of the research process in general terms. 

1.2 Meanwhile in Europe: 

As I introduced, while in America the words corresponding to this natural study were 

invented, signed and patented, in the Central European cultural cradle of Freud and Piaget, 

as a natural continuation of C. Darwin's naturalistic studies in the late nineteenth century, 

the study of nature took directions less strained towards profit and immediate industrial 

application and more focused on pure research. In 1948 Karl von Frisch published in 

Germany: "Animal architecture. The scholar's attention is mainly focused on the analysis of 

the construction structures of different animal species, in particular the world of arthropods, 

insects, because with just under a million species it represents the most numerous and 

varied in absolute; just think in relation to the entire list of mammal species that only counts 

a few hundred. Immediately following, Konrad Lorenz's study lays the foundations for 

understanding animal behavior, thus founding modern ethology. 

1.3 Bioapplication: wright or wrong? 

This is to better outline the global historical landscape responsible for creating the 

foundations of natural and naturalistic research. Beyond the immediately positive and 

praiseworthy aspects regarding the study of natural elements or processes aimed at 

improving our life, it is also necessary to underline the possible risks that this passage 

competes in a global vision. I have already mentioned how the search for new products 

derived from natural examples is actually dictated by a profit logic, but the real risk is 

represented by the fact that this could lead the relationship between natural and artificial 

towards a substantial modification. On the one hand, in fact, the new biomimetic sector 

could modify the artificial to make it more efficient and morally acceptable, on the other the 

artificial could have the power to modify the natural. An example is the biocapitalist 

landscape in which, due to the need for greenery, the forestry industry creates new forms of 

nature based on industrial requests, trees become elements of a production process thanks 

to genetic modifications aimed at speeding up the growth and efficiency of the production. 

Biocapitalism offers great possibilities (just think of the creation of green species capable of 

purifying the atmosphere, but it represents serious risks for the ecosystem and especially for 

bioversity. (Can a homogeneous, controlled, serial nature be considered natural according to 
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the needs of the human being alone?). This reflection is worryingly reflected in any breeding 

or cultivation, but also, more generally, to the assumption of the term "natural" with the 

implication of an increase in market value. I am reminded of the example of the apple sold in 

the stalls of any supermarket in New York, we go from the normal apple without any further 

wording, so we can suppose that it is controlled, genetically modified to resist pests, frost or 

weather resistance, perfect in shape and color, but almost artificial, to the slightly more 

expensive "biological" apple, then to rise in price for the "organic" apple and finally to the 

"amish" apple, expensive because it is not perfect,  sometimes misshapen and often buggy, 

expensive as it totally "natural". 

It is curious to think that the use of pesticides and fertilizing elements still implies a 

production surcharge that small farmers cannot sustain. The formal camouflage of the 

natural world could be attributed, even in modern architecture, to a criticism that had 

already arisen in the analysis of some organic forms that have now become real stylistic 

features of an expanding current. Without diminishing the importance of bio-inspiration in 

many buildings, conceptually we can see the ever closer link between ecology and economy, 

in a new definition that Rhem Koolhas defines Ecolomia. In his text, Junk Space, Koolhas 

theorises "oxygen banks, chlorophyll fort knox, eco reserves such as blank checks to obtain 

further pollution" and also "stations unfold like steel butterflies, airports sparkle like 

cyclopean dew drops , bridges join shores often overlooked as grotesquely enlarged versions 

of a harp, with each stream its Calatrava "(3) This vision is pessimistic and negative, however 

the study of the natural world aimed at new organic structures and the general attention for 

the bio-inspired method can however open new horizons. Not only forms, but processes and 

systems can in fact be inspired by nature, and it is in this direction that the greatest results 

can be obtained.  

1.4 Science and art, art and science 

In parallel with the formation of the applicative and functional study of nature, the cultural 

movement Art and Science has developed since the early 1980s, aimed at uniting the two 

worlds often kept separate from institutions and by a part of scholars who are wary of 

scientists. art understood by them as chaotic and unruly. In reality, the interdisciplinary 

research of Art and Science has historical roots in the Renaissance and has always been the 

bearer of excellent examples. Nature has always been celebrated and analyzed to reveal its 

hidden laws capable of inspiring and justifying the new canons of beauty and perfection, and 

science has been the suitable means or instrument to transmit and apply it. A direct 

application of this research could for example positively transform the function and usability 

of the traditional museum, in crisis due to the low turnout of the public who increasingly 

prefer a more dynamic vision, videos, or multimedia or multi-sensorial experiences. 

Overseas, the American museum has been able to modernize by inserting sets, projections, 

objects and direct applications in games, manipulations and multimedia experiences in 

structures previously exclusively dedicated to collections. The public generally cannot stand 

the still collections of animals or natural species kept behind the glass. The artistic creation, 

1241   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



Connect Art and Science for a functional biomimicry in design 

 

intended as a formal search for celebration of nature, inserted in a museum context, could 

find the real consideration in the plants or animals on display, so as to make the point of 

origin and belonging of the research legible, at the same time inviting the viewer to imagine 

other applications and variations possible. In this way the municipal museum centers such as 

aquariums, natural, scientific and anthropological could expand their themes and their 

didactic panorama. 

Science applications in the rapid progress of interactive systems and modern media need 

art, through which they can in fact aspire to be a little more lasting, absorbing a part of 

eternity to which art tends. Art, for its part, in its most current sense, including all its forms, 

with installations, videos, its many conceptual applications, needs science to rejuvenate 

itself, renew itself, communicate and transmit, and bridge the gap cultural that otherwise 

relegates it to an elitist environment. 

Another interesting development of the relationship between Art and Science can be found 

in the structure of Arte Sella, the only example in Italy of the largest international movement 

Art in Nature. Located near Trento, it unfolds as an outdoor exhibition museum, in a forest, 

and for many years has exhibited examples of natural works, often ephemeral, made 

exclusively with natural materials such as stones, branches and leaves, or simply earth 

brought back. You can observe real sculptures, but also Land Art architectures and 

applications, stimulating for creativity and remarkable for the rigorous respect for the 

ecosystem.  

It represents a way of expressing refined artistic concepts through the construction of 

elaborate often geometric structures (tensile structures and concatenations of modules) 

derived from natural scientific study. 

A modern Biomimesis, or Organic Design, or Nature Design Thinking  should reunite and 

merge with Art and Science, where the main task of artistic research intended as a subtle 

search for pleasure is to provide an un-utilitarian vision of natural forms and functions, of 

pure celebration and praise of beings, in the vision of social progress certainly even less 

expensive in terms of energy and consumerism. 

1.5 Organic Design Thinking 

I also believe that in teaching disciplines as design thinking linked to natural study, with its 

current issues related to climate problems, species conservation and resource management, 

can also be directed towards a type of speculative research, pure, less focused on the frantic 

achievement of immediately applicable results and unique solutions. 

The fuel of research is passion, this must gratify study in its perhaps most tedious and 

compiling moments; therefore also pleasure, fun and irony, upsetting and overturning the 

pre-established data and patterns. 
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Without a doubt, it is useful to consider the analyzed topic by changing perspective and 

perspective, or to change the points of view, also from a conceptual point of view.In this 

sense, the application of an artistic "system" helps to unleash creativity beyond the 

boundaries of utilitarian and finalized research. 

I give an example. Recently some students (the formation of heterogeneous study groups is 

always advocated), have proposed the adhesive as a research theme, analyzing it towards 

the design of an innovative cellular glue; a very ambitious undertaking in itself since it 

requires a lot of data belonging to chemistry, anatomy, medicine and physics not easily 

available in a design study facility nor within the reach of a single student. 

The theme is certainly very current, recently we have witnessed the spread of modern and 

innovative inventions in this sector, cyanoacrylates, silicones, various adhesives, reactants to 

catalysts, grape rays, white light, oxygen heat and so on.  However, the general and 

speculative study of this topic could also include its conceptual meanings, linked for example 

to a perfume or a smell that adheres to it, or a nickname that remains stuck, or even the 

persistent memory, the repeated gesture and the follow one another and take root in the 

same pattern.  

Spamming is adhesive. The irony and cultural deregulation like that of Bruno Munari who 

not only invents, as a designer, a chair completely distorting the ergonomic rules and 

creating a strongly inclined seat that makes it impossible to sit down, but even gives it the 

name of "chair for visits very short ", helps, stimulates and frees the boundaries of design 

thinking. 
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Abstract | Medical care is one of the most important and urgent areas to obtain insights and 
better understanding of the workflow of the caregivers using a human-centred approach, 
particularly in departments where caregivers’ activities are crucial to human lives, such as the 
intensive care unit (ICU). Within this paper, we used a combination of quantitative and 
qualitative approaches to investigate role stress on ICU-caregivers. The aim of this preliminary 
study is to develop a test setup as preparation towards the development and validation of an 
instrument to monitor cognitive states, namely a Cognitive Assessment Platform (CAP). This 
resulted in (1) a task analysis, which we translated into an app for easy task registration, (2) a 
selection of sensors to measure cognitive states at caregivers of an ICU and (3) a questionnaire 
based on the Stress Questionnaire for Health Professional (SQHP).  

KEYWORDS | COGNITIVE STATE, PHYSIOLOGICAL MEASUREMENTS, WEARABLE SENSORS 
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1. Introduction 

The basic principle of human-centred design is that products and services result from a 

thorough understanding of the physical, cognitive and emotional needs of users. This 

approach enhances effectiveness and efficiency, and improves human well-being (ISO, 

2010). To understand human functioning in highly stressful and complex environments, a 

human-centred approach can provide a better comprehension of the needs of the different 

kinds of people who interact with each other in such an environment. Moreover, it 

counteracts possible adverse effects in human health, safety and performance (Van Zyl and 

De La Harpe, 2014). 

Safety critical environments, such as medicine and healthcare, are very important and 

urgent areas to obtain insights and better understanding of the workflow of the staff using a 

human-centred approach. Particularly in departments where performed activities are crucial 

to human lives, such as the intensive care unit (ICU) (Ohmura et al., 2006). Adverse events, 

defined as injuries or complications that are provoked by a medical human error rather than 

the patient’s underlying disease, occur in about one-third of cases in adult ICU patients and 

the risk of error is cumulative (Baker et al., 2004; Orgeas et al., 2008; Seynaeve et al., 2011; 

Molina et al., 2018). The risk factors of adverse events include high nursing workload, 

caregivers’ sleep deprivation or fatigue, communication failure, a high patient-to-nurse ratio 

and poor management (Valentin et al., 2006; Bucknall and Tracey, 2010; Ksouri et al., 2010; 

Pagnamenta et al., 2012; Steyrer et al., 2013; Faisy et al., 2016). Cognitive limitations such as 

fatigue, mental workload, arousal or stress, may result in errors during task intensive 

activities and deteriorated performance.  

Figure 1. Illustration of the Yerkes-Dodson law (Dodson and Yerkes, 1908) 
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The principle which states that performance and the mental state of arousal or stress are 

directly related, was proposed by psychologists Yerkes and Dodson (Dodson and Yerkes, 

1908). They indicated that behavioural performance increases with physiological or mental 

arousal, but only up to a certain point. This means that if the arousal-level is too high, people 

not only experience psychological discomfort such as stress and/or anxiety, but can no 

longer function optimally due to a reduced level of attention, memory and cognitive 

processes. In conclusion, the Yerkes-Dodson law (see Figure 1) is a well-cited century-old 

principle, which shows that the relationship between arousal and behavioural performance 

can be linear or curvilinear, depending on the difficulty of the task.  

Physiological parameters allow monitoring of cognitive states such as stress or arousal by 

quantifying responses from the brain and nervous system, cardiovascular system and visual 

system. For example, heart rate variability (RR-interval) allow gaining insight in stress levels 

(McDonald and Soussou, 2011), while EEG’s allow quantifying arousal levels through analysis 

of brain waves, see figure 2 (Berka et al., 2007; Stikic et al., 2014; Liu et al., 2016; Webster et 

al., 2017). Through wearable computing it is possible to monitor these physiological 

parameters in real-time. Additionally, wearable computing is rapidly becoming a major 

research direction due to new developments in smart technologies, which may hold 

promises for enhancing product intelligence. In conclusion, workload intensive tasks, smart 

technologies and interpersonal variations in cognitive capacities induce a need to better 

understand human cognition and adjust care products and interfaces accordingly.  

Several review papers regarding wearable sensor-based system (Pantelopoulos and 

Bourbakis, 2010; Banaee, Ahmed and Loutfi, 2013; Lakudzode and Rajbhoj, 2016) provide 

inventories of the most commonly used physiological parameters for health monitoring in 

literature and are summarised in Table 1.  

Table 1. Summarisation of the most commonly used biosensors used for health monitoring 
according to current literature. 

Type of signal  Type of sensor  Description of measured data 

Electrocardiogram (ECG) Chest electrodes  Electrical activity of the heart  

Blood pressure - systolic 

and diastolic (BP) 

Arm cuff-based monitor Refers to the force exerted by 

circulating blood on the walls of blood 

vessels 

Body (skin) temperature  Temperature probe or skin 

patch  

A measure of the body’s ability to 

generate and get rid of heat  

Respiration rate (RR) Piezoelectric sensor band 

around chest 

Number of movement indicative of 

inspiration and expiration per minute 

Oxygen saturation (SpO2) Pulse oximeter on finger Indicates the amount of oxygen that is 

being transported in the blood 

Heart rate (HR)  Pulse oximeter on finger or 

skin electrodes  

Frequency of the cardiac cycle  
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Photoplethysmogram - 

Skin conductivity (PPG) 

Galvanic skin response 

sensor 

Electrical conductance of the skin 

(activity of the sweat glands)  

Blood glucose (BG) Strip-based glucose meter Measurement of the amount of glucose 

in blood  

Electromyogram (EMG) Skin electrodes Electrical activity of the skeletal muscles  

Electroencephalogram 

(EEG) 

Scalp-placed electrodes  Measurement of brain activity  

Body movements  Accelerometer  Measurement of acceleration in 3D 

spaces 

 

The aim of this preliminary study is to develop a test setup as preparation towards the 

validation of an instrument, namely a Cognitive Assessment Platform (CAP), which consists 

of a set of sensors that allow synchronous data acquisition of the different physiological 

measurements. The caregivers will also be questioned to verify whether the subjective 

results match the objective measurements. In a follow-up study, the CAP will also enable 

identifying stressful situations that require excessive workload or may degrade performance, 

and allow a synchronisation between the physiological data of its wearer and specific care 

tasks. Ultimately, this research shall contribute to the development of a full operational CAP 

to gain fundamental insights in and a better understanding of the workflow of the 

caregivers, which in turn could provide rich opportunities for further examination and 

discovery. For this research, we closely cooperate with the ICU department at the Antwerp 

University Hospital (UZA). This precursory study is an initial exploration regarding different 

aspects of the follow-up study and consists following research activities:     

1. A task analysis based on therapeutic intervention scoring system (TISS-28) and 

observations. We translated this task analysis into an app for easy task 

registration, which will enable linking the performed task with the 

physiological data of the caregiver; 

2. A selection of sensors to measure cognitive states – fatigue, workload and 

stress – at caregivers of the ICU of UZA. This based on literature reviews and 

on observations on their current working conditions (required for ethical 

approval); 

3. Lastly, a questionnaire, which will provide a general qualitative overview of 

stress and fatigue levels specifically within the ICU of UZA (required for ethical 

approval). 

2. Method 

2.1 Task analysis and app development 

Within this study, we performed a task analysis to analyse main cognitive activities of the 

ICU-caregivers at UZA and to set up a task inventory, which was crucial for the development 
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of the app. In a later study, the caregivers will use the app as a system to register the tasks 

that they are performing at that moment. This way, we can synchronize the monitored 

physiological data with the performed tasks and explore possible continuities.  

We conducted the task analysis based on observations within the ICU of UZA and on the 

Therapeutic Intervention Scoring System-28 (TISS-28). TISS-28 is a tool used to assign scores 

to patients according to severity of illness and is used as an indicator of nursing workload in 

ICU TISS-28 (Miranda, de Rijk and Schaufeli, 1996).  

2.2 Selection of wearable sensors  

A selection of wearable sensors to measure cognitive states at caregivers within the ICU of 

UZA was made based on current state-of-the art according to the literature (see table 1) and 

on observations regarding the conditions within the environment of the ICU. This selection 

of sensors will be used in a later follow-up study. 

2.3 Questionnaire 

The questionnaire was set up in consultation with head nurse and confirmed by head of the 

ICU at UZA and the ICU team. The aim of this questionnaire is to obtain qualitative insights in 

the stress and fatigue levels of caregivers and to capture the professional experiences of 

nurses in aspects related to occupational stress. Therefore, we used the six sources of 

occupational stress according to the Stress Questionnaire for Health Professionals (SQHP) 

(Gomes and Teixeira, 2016). These six sources that we took into account consider aspects 

related to work and family affairs (managing clients, relationships at work and home-work 

interface), aspects related to specific nursing tasks and the time available to achieve them 

(leading training activities and work overload) and also aspects related to career progression 

and salary. The questionnaire was set up using Qualtrics software since it provides an 

extensive variety of types of questions (other than multiple choice or open questions), and 

since it is possible to combine it with SPSS software for analysing the data. 

3. Results 

3.1 Task analysis and app development  

The task analysis resulted in a task inventory of all key activities within the ICU of UZA. 

Additionally, all key activities were classified in thirteen main categories to make task 

registration easier for caregivers, which are shown in Table 2.  

Table 2. Task inventory based on TISS-28 and on observations. 

1. Register parameters  
o General registration 

(every two hours) 
o Record an ECG 

2. Hygienic care  
o Body care (hair, brushing teeth, 

shaving, etc.) 
o Change bed 
o Corpse care 

3. Medication  
o Prepare 

medication  
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o Intimate toilet  
o Ostomy care  
o Offer bed pan  
o Offer kidney dish  
o Wound care 

o Via 
Intravenous 
infusion 

o Via syringe  
o Orally  

 

4. Respiratory care   
o Oral care  
o Clean endotracheal 

tube 
o Aspiration  
o Intubation   
o Install non-invasive 

ventilation 

5. Administrative task  
o Receive briefing  
o Write patient report  
o Prescribe medication  
o Order material  
o Fill out the Electronic Patient 

Dossier (EPD)  
o Fill out score form  
o Meeting  

6. Nutrition  
o Offer food  
o Offer a drink  
o Feed the 

patient  

 

7. Communication and 
support  

o With patient  
o With visitors  
o With doctor  
o With external staff  

8. Mobility patient  
o Install patient  
o Transport patient  
o Turn and position patient in bed  
o Move patient to another bed  

9. Acute care  
o CPR  
o Intubation  

 

10. Logistics  
o Collect medication 
o Collect equipment  
o Call technical service   
o Unload medication  
o Order material  
o Refill carts  
o Refill boxes  
o Clean devices  

11. Technical skills   
o Insert probe  
o Assist doctor (place catheter, 

bronchoscopy, …)  
o Place Intravenous infusion 
o Take blood  
o Take samples  
o Continuous veno-venous 

hemofiltration (CVVH) 

12. Breaks 
o Short break 

(toilet, 
coffee)  

o Dinner break 

 

13. Other  
o Supervise student 
o Educate a colleague 
o Other: … 
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Further, we translated the results of the task analysis into an app, which will enable easy 

task registration for the ICU-caregivers. The main interface of the app is shown in Figure 2. 

Figure 2. Illustration of the interface of the app, showing the thirteen categories of the tasks. 
 

Every category has a list of tasks (see Figure 3a) that can be selected by the caregiver. By 

selecting a task, a timer starts recording the time (see Figure 3b) such that the monitored 

physiological data can be synchronised with the performed tasks and possible continuities 

can be explored (e.g. how does recovery occur, what is the importance of breaks, which 

tasks are most demanding, do the results correlate with the results of the questionnaire, 

etc.). Anytime, the user can go back to the previous page. 
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Figure 3. (a) Illustration of the interface after selecting a random category and (b) after 

selecting a specific task (in this case: “wound care”).  

3.2 Selection of wearable sensors 

Figure 4. Placement of the selected sensors. 
 

Based on field research, we encountered that the ICU-caregivers need to keep their hands 

and forearms sterile during their work, which means that we cannot place any sensors on 

these locations. Consequently, BP, HR and SpO2 could not be measured within this research 

(see Table 1). Further, body movements and EMG would not provide significant results 

within this context because of the caregivers’ constant movement. BG would be too difficult 

to measure and RR would be too intrusive for the caregivers. Finally, these wearable sensors 

a b 
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and cables were attached unobtrusively to the body so that they would not interfere with 

the tasks of the caregiver. Considering the different sensors to measure cognitive state 

according to current literature, we selected ECG, skin temperature, PPG and EEG as shown in 

Figure 3. PPG is typically recorded non-invasively from the surface of the palms and fingers. 

However, the caregivers need to keep their wrists sterile. Therefore, we opted to perform 

measurements at the foot location. From a physiological point of view, the feet are known to 

serve as a suitable measurement location for GSR (Healey, 2011; Govoni, 2012; Gravenhorst 

et al., 2013; Phitayakorn et al., 2015).  Further, we placed the ECG on the left side of the 

chest because the closer the pads are to the heart, the better the measurement (Babu 

Prasad, 2018). Since a cap would be too intrusive, only a limited number of channels were 

used to record electrical activity of the brain.   

3.3 Questionnaire  

Based on the different sources of occupational stress according to the SQHP – namely 

aspects related to work and family affairs, aspects related to specific nursing tasks and work 

overload and aspects related to career progression and salary – a questionnaire was set up. 

The head of the ICU at UZA and his ICU team then reviewed the survey. Within our 

questionnaire, we evaluate seven different dimensions of stress factors that ICU-caregivers 

face in their activities: (1) socio-demographical questions, (2) personal questions, (3) 

questions regarding working conditions, (4) stress-related questions, (5) fatigue-related 

questions, (6) questions concerning home-work interface and finally, (7) questions about 

career and salary.  

Different types of question formulations (such as multiple choice, matrix table, slider or rank 

order) were used to prevent monotonous questions. This preparation of the questionnaire is 

required for ethical approval.  

4. Discussion  

The aim of this preliminary study was to construct a test setup as preparation towards the 

development and validation of a Cognitive Assessment Platform (CAP) for monitoring 

cognitive state. Ultimately, the CAP will enable identifying stressful situations that require 

excessive workload or degrade performance, and allow a synchronisation between the 

physiological data of its wearer and specific tasks.  

This preliminary study applied a user-centred design approach, providing a better 

understanding of the needs of individuals working in a highly stressful and complex 

environment such as an ICU, with the aim to enhance teamwork and work efficiency. 

Therefore, we developed a test setup that will enable us to gain an explicit insight in the ICU 

staff, their tasks, and environment. The results of this study - which were required for ethical 

approval of our follow-up study - consisted of (1) a task analysis, which we translated into an 

app for easy task registration, (2) a selection of sensors to measure cognitive states at 
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caregivers of an ICU and (3) a questionnaire based on the Stress Questionnaire for Health 

Professional (SQHP).  

The herein presented test setup will be applied in our follow-up study to develop and 

validate the unobtrusive, user-friendly CAP. The sensors that we have selected within this 

study will be used to design a CAP prototype. To validate the CAP prototype, experiments 

will be performed on twelve caregivers within the ICU of the Antwerp University Hospital 

(UZA). During the experiments, the caregivers will need to use the developed app to register 

the tasks they are performing, enabling us to link the performed task with the physiological 

data of the caregiver. They will then be asked to fill in the questionnaire to obtain a general 

qualitative overview of stress and fatigue such that we can verify whether the subjective 

results match the objective measurements.  

To conclude, this preliminary study was essential to create a test setup, which we will use in 

our future study to gain insights in the ICU caregivers, their tasks, and environment. Based 

on these observed healthcare insights, our future design prospects are to develop and 

validate the innovative CAP, purposed to be a user-friendly wearable tool to enhance ICU 

workflow and work efficiency. 
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Abstract | The study is part of a food design research having the aim to assess the relevance 
of the olfactory experience on social development and the improvement of public health. Its 
immediate and primitive connection to the emotions zone establishes an experience of direct 
connection to motivations and desires, transporting memory to the construction of a moral 
consciousness about what we smell and eat, contributing to the physiological sanity although 
conditioned by culture. However, the organoleptic diversity in early life can condition the 
citizen's flexibility concerning the adoption of innovative practices and, consequently, of a 
greater aptitude related to public health, environmental sustainability, and, most importantly, 
cultural creativity. Recognizing the implication between the capacity to adopt new behaviors 
and the extent of children's organoleptic learning, this exploratory study (inquiry) covering a 
universe of 20 food smells was carried out in educational establishments, considering children 
aged 3-5, from polarised socio-economic groups. 
The data treatment of the study led us to conclude that the most depressed socio-economic 
group presents a more reduced organoleptic lexicon than the other group, implying, 
consequently, a lower aptitude for the creative adaptation to the different, a condition for 
innovation. 

KEYWORDS | FOOD DESIGN, SOCIAL INNOVATION, SMELL, SUSTAINABILITY, EDUCATION 
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1. Contextualization 

 “A brain does not suit only to think but to act […] a living creature is an acting 
memory.” (Laborit, 1979)1 

“The first brain is the gastro-intestinal one, the second one is the intellectual.” 
(Damásio, 2019)2 

Being invisible, the odour is potentially ambiguous, indexing itself to the memories of each 

existence. Smell activation in the brain takes place in the emotions’ area. This immediate 

and primitive connection to the complex emotions’ building (Damásio, 2017)3 means that, 

from the point of view of experience, here lies the structure of one of the first senses that 

the human being detects which, maybe for that reason, is intrinsically connected to pleasure 

and the survival instinct. This is not about mere pleasure, but about pleasure as a survival 

function. Smell relevance and its comparison to other senses has acquired a growing 

prominence nowadays. According to Herz (2018), for example, in feminine gender prevails 

the sense of smell, to the detriment of vision, sound or touch, as its attraction highest 

determinant. 

Birnbaum (2014) 4 observes that the sense of smell is at the origin of life, as an agent, 

conducting the spermatozoid to the egg, as throughout individuals’ life, as an analytical 

“chemical laboratory”, preserving individuals from toxic contaminations, thereby 

constituting a vital biofunctional factor, not only for mammals. However, the sedimentation 

of a nutritional heritage in human collective unconscious could be in the origin of the 

universal adherence to certain foods such as wheat (in the form of bread, for example), 

capable of provoking almost addictive behaviours. The neuroscientist Herz5 identifies the 

sense of smell as one of the main affective stimuli: it is desire’s anticipatory sense, 

memorizing relevant emotional experiences that will influence the preferences to the rest of 

our lives (Herz, 2018). 

 
1 (1914-1995), human and animal behaviour Philosopher. Developed the first neuroleptic used in the 
treatment of schizophrenia.  
Laborit applied his theory on the human behaviour to examples in the movie from Alain Resnais, Mon 
oncle d’Amérique, Paris, 1979, where he also plays a role.   
2 Ciclo Diálogos do cérebro – encontros de mentes diversas “O Cérebro, o Corpo, e a Naturalidade da 
Consciência”, Fundação Calouste Gulbenkian, 2nd June 2019. 
3 António Damásio (1944- ), Portuguese Neurobiologist that has developed research in University of 
Southern California. 
 
4 Molly Birnbaum (1982- ), Writer. In the “Empire of Scents” documentary she describes the accident 
that made her lose the sense of smell and that originated her book "Season to Taste: How I lost My 
sense of Smell and Found My Way" (HarperCollins Publishers, 2011). 
 
5 Rachel Herz, Psychologist and cognitive Neuroscientist, acknowledged for research on smell 
psychology, teaches at Brown Universit 
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The human being is the only animal that does not present a separation between the passage 

canals of air and food, though experiencing the most exquisite flavour perception6 when 

compared to any other species, given the exceptional anatomy of the throat, mouth and 

nose trilogy7. In addition, the human being is also capable of distinguishing and identifying 

more than 1000 million odours. According to Ron Winnegrad8 (Nguyen, 2014), the sense of 

smell is intrinsically linked to taste and flavour, evaluating that 90% of flavour is on smell. In 

that investigation field, the neuroscientist Gordon Shepherd9 developed10, in 2015, the 

human model of retronasal smell, generated among the throat, the mouth and the nose, 

activating in the human brain an extensive system of flavours, the origin of a new field of 

study, the Neurogastronomy11 — which goal is the comprehension of the contributing 

factors to problems such as obesity and other eating disorders.  

With this investigation we aim to understand and assess how can food design explore the 

sense of smell, as a factor of analysis, pleasure, memory and social mobilisation, not 

disregarding its contribution to social development, sustainability and development of a 

democratic regime.  

 
6 80% of food flavour derives from its aroma (Philpott, 2015: 156). 
Carl Philpott, honorary consultant and surgeon of the smell and taste clinics at James Paget Hospital, 
Gorleston, England. 
 
7 On the contrary, the dog, belonging to the family of carnivorous mammals and wolf’s descendant, has 
32 times more olfactory canals than man, that is why “The dog does not let fool itself by television.”  
(Providência, 2018). 
 
8 Perfumer and Director of IFF Perfumery School, New York.  
 
9 (1933- ) Neurobiology Professor at Yale School of Medicine, Connecticut, USA. 
 
10 Through 3D printing technology. 
 
11 A new society and an annual meeting were constituted around The International Society of 

Neurogastronomy. The same principles were applied to wine tasting in Neuroenology.  
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2. Declination from the relevance of the sense of smell on 
science 

"(...)Quand d'un passé ancien rien ne subsiste, après la mort des êtres, plus frêles 
mais plus vivaces, plus immatérielles, plus persistantes, plus fidèles, l'odeur et la 
saveur restent encore longtemps (...), à porter sans fléchir, sous leur gouttelette 
presque impalpable, l'édifice immense du souvenir." (Proust, 2012:57) 

According to Deborah Lupton (1994), memory operates at several levels: personal memory 

(of personal experiences), personal memory of not experienced things, social or collective 

memory and, finally, the academic memory (of History and the past). Even though memories 

are not always individual, given their social character, they lay on a cultural construction that 

operates beyond the individual level; olfactory memories are, almost always, more intimate 

and personal experiences. Given the inaccessibility of each individual’s intimate memory 

(even to the individual himself), the success of its repeated convening, triggering an 

emotional state of happiness might only derive from one of three situations: chance, self-

knowledge or the production of new memorable pleasure experiences.  

Despite odours are not savoured, they are regularly categorized into sweet, bitter or salty 

(Herz, 2018). Samakradhamrongthai (2020) is more rigorous in this classification, opening up 

the range to groups such as spicy, floral, fruity, resinous or balsamic, burnt or bad. When we 

repeatedly experience an aroma in the context of these flavours during the act of eating, a 

pairing between flavour and smell properties is established12. Proving the association 

learned between smelling and tasting, the psychologist Dick Stevenson13 (Herz, 2018) 

developed a study based on participants that were unaware of the smell of lychees. To one 

part of the sample a lychees flavoured sweet water was administered; to the other part, 

lychees flavoured bitter water. The sample that tasted sweet water classified the natural 

smell of the fruit as sweet, the ones who tasted the bitter water associated the fruit to a 

bitter flavour.  

A detailed analysis of literature allows us to state that for medicinal purposes sweet scents 

can be used to minimise pain perception. A team of experimental psychologists14 proved this 

concept through the painful experience of immersing the arms in water at a very low 

temperature for the longest time possible. The participants who, during the experience, 

tolerated more than twice of the time (2 minutes) were exposed to the smell of sweet 

 
12 For example, when one adds vanilla aroma to milk this one will stay substantially sweeter than 
without it.  
 
13 Professor at the Psychology Department from Sidney University, Australia, whose investigation areas 
have been evolutionary psychology, food, the act of eating and applied experimental psychology.  
 
14 John Prescott, specialist in experimental psychology, editor of Food Quality and Preference Journal, 
along with Jenell Wilkie, specialist in psychology, James Cook University, Australia 
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caramel. The group exposed to a pleasant smell (but not sweet) could only bear for 15 

seconds. The origin of the results will be in the caramel smell — based on memory 

associations to sweet foods — setting off endorphins that will relief the pain. However, the 

patient who has never eaten caramel or a sweet flavour (such as crème brûlée or caramel 

aroma) will not benefit from the same effect. The relationships we have with smells refer to 

the attributed meaning by our feelings and emotions, emerging from our body or the 

memory of existential states (more or less positive or negative) autobiographically 

associated. Experiences with professional perfumers (Scala & Allante, 2017)15 in order to the 

research of their extraordinary olfactory abilities16 called brain development, by associating 

the feeling to the memory, and not a particular difference of nasal sensors, what conditions 

their creative work more to the imagination than to experience. From here we highlight the 

fact that the human sense of smell is a mental phenomenon and not sensory such as the one 

from dogs, whose caption ability is 10 times higher.  

The senses of taste and smell are functionally exercised by the foetus before the birth, 

through the contact with amniotic fluid. The learning of flavours by the baby, before birth 

and during breastfeeding, explains how, apart from biological differences, cultural 

differences are so rooted in food preferences in early stages of life — influenced choices 

(Damásio, 2013). In addition to the taste conditioning through maternal transmission, 

human behaviour will develop itself oriented by the need of avoiding pain (also used as 

educational punishment) and repeatedly achieve pleasure (used as educational reward), in a 

perennial negotiation between the individual’s will and the social conditioning of his 

behaviour. For that reason, the social promotion of a food morality (against sugar, salt, fat 

and carbohydrates consumption) more and more mobilised through education (against 

obesity and children’s nutritional disorders), by condemning as guilty the “bad foods” 

forbidding them, will promote them as more desired ones, acquiring a status of reward17. 

This behavioural standardisation of the food reward through the right to the sweet and the 

fat, as a consolation for the suffered frustration, will follow all the adult life of the human 

being (Lupton apud James 1990:679-682) and his choices, shapping his food attitude.  

 
15 “Unveilling our senses”, documentary directed by Scala & Allante, 2017.  
 
16 The professional perfumers were submitted to tests to evaluate the origin of their extraordinary 
olfactory abilities, memorising up to 5000 aromas after 10 years of experience, concluding that they 
were based on brain development and not on the nasal sensors.   
 
17 Damásio reports an experiment with two individuals exposed to the resolution of complex problems. 
At the end they were offered a food reward and freely choose either a piece of fruit or a tasty slice of 
cake. The volunteer who solved the problem felt entitled to prefer the cake; the second volunteer chose 
alternatively the fruit, therefore compensating his low performance by choosing a less pleasant food, 
even if healthier. The food reward is usually sweet or high in fat, eliciting a feeling of security and 
indulgence. 
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A complex correlation of memory, olfactory experience and the individuals’ emotional 

performance is observed, which, conditioned either by their autobiographical experience, or 

by numerous factors associated to education and to culture, make the olfactory experience 

depend more on a more psychocognitive system than a physiosensory one, though justifying 

a scientific approach with a semantic nature. 

3. Declination from the relevance of the sense of smell in 
public health and social development 

Considering food as an expression of material culture and, therefore, a communication 

vehicle with the social past (etnography), in significant forms (cooking) on the promotion of 

an individual or emotional experience (anthropology and psychology), it appears that the 

relationship between food preferences and memories can be considered symbiotic, once we 

tend to recognise as good (tasty) those foods that result from a certain culture, adapted to a 

given territory. Food rituals, seasonality, the foods’ supply territory and the elective 

preferences of each consumer constitute the foundations of a dietary preference not always 

beneficial, that results from the association between memory and emotion — we do not 

favour what is good, but because we like something, we will consider it good (Espinoza, 

2009).  

The proposed symbiosis between memory and emotion, declined from Damásio’s aphorism, 

we cannot have consciousness without feelings, nor feelings without consciousness, — we 

cannot have emotions without memory, nor memory without emotions — will constitute a 

valuable instrument not only for the social development of the most protected classes, but 

also for its opposite, for the stagnation of the others’ more unprotected. Varied food, the 

openness to new experiences and flavours, the adoption of healthier systems and foods, will 

inexorably depend on the degree of organoleptic literacy founded in the first years of 

individuals’ life. Individuals submitted to richer experiences will be in better adjustment 

conditions and, mainly, of innovation. On the contrary, individuals submitted to more limited 

and poor dietary practices will experience greater difficulties in transcending their own 

culture, demonstrating themselves less suitable to the new, the food progress and, 

consequently, to the adoption of healthier and more creative practices, thus prolonging the 

poverty cycle they inherited. The present acknowledgement elevates children food problem 

to a social level, being considered as a relevant instrument to guarantee democracy and, 

mainly, as a contribution to the construction of a society not stratified in social classes. In 

that sense, the phenomenon must be addressed in the structuring of education and school 

meals programmes, promoters of a society based on knowledge and social development.  

It is, therefore, determinant the role of social policies and the appeal to education so that it 

contributes to a more conscious and free choice of dietary practices of the human being. As 

early as the eighteenth century, Savarin believed that the destiny of nations was hostage of 

their dietary choices (Loefer, 2012), supported principle by Marion Nestle (Cavallini & 
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Tedeschi, 2015) that highlights the importance of the speeches conveyed by state 

organizations and institutions concerning the approval or repression of decision-making on 

food.  

In a study of Dazeley, Price et al. (2012) on the dietary preferences of British children18, fat 

and salty foods were predominantly classified as the most popular ones19 and vegetables as 

the less appreciated20. It appears that only 16% of children in preschool ages reach the 

recommended daily dose of 5 portions of fruit and vegetables (at school and not at home) — 

cause for alarm, given that it is in the first years that the eating habits are developed which 

will persist throughout life. This circumstance is common in many countries with educational 

social policies (integrating the food service), therefore acquiring an authority and urgency 

which public policies cannot neglect21. A detailed analysis of the researches and projects 

developed in this area highlights that the preference for foods such as fruit and vegetables is 

only developed as a result of the frequency of their administration; in other words, there is a 

causal link not only between food diversity and its posterior deliberate choice, but also with 

the age at which this exposition takes place (at the age of 2, choices and preferences that 

will be chosen at 8 will disseminate). 

That is why it is important that parents and educators, the education institutes22 and the 

local and national governance should be more and more aware to the necessity of 

implementing food intervention programmes, promoters of healthier and comfortable 

citizens, through the increase of fruits and vegetables.  

In that sense we introduce the projects that have been developed in the scope  of the 

European network of bio-canteens, a program of the European Union Regional Development 

Fund involving more than 400 city centres), attached to the Mouans-Sartoux model of good 

practice, characterised by 100% organic meals, with local products and without waste, 

associating the food activity to an educational function of awareness concerning food 

sustainability. In Portugal, the municipality of Torres Vedras has subscribed to this network, 

raising the quality of the 1300 daily meals (2019-2020), with which supplies its nursery and 

primary schools, whose funding worths currently EUR1,80, to which adds more EUR1,20 on 

its own resources, in order to correct the actual cost of EUR 3,00 per meal. to Laura 

 
18 A sample of 1291 children.  
 
19 Salt increases the flavour, fat amplifies the flavour and makes some possible textures appealing, acid 
balances and heat determines food’s texture (Nosrat, 2018). 
 
20 In a selection of 115 foods.  
 
21 Anonymously, 1 out of 3 children suffer from overweight, 90% of them regularly eating fast food 
(Nuno Queiróz Ribeiro, Melting Gastronomy, 15th November 2019, Alfândega do Porto). 
 
22 Preschools and primary schools. 
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Rodrigues, Vice-President and Councillor for Education, it is urgent the importance of well-

fed and nourished children so that they can develop and grow up better, emphasising that in 

pandemic times the school meal should be even more cherished for the probable lack of 

resources or economic conditions in the domestic setting.23  

Having seen that one of the children’s barriers to fruits and vegetables consumption is based 

on lack of knowledge and alienation of those goods, educational projects such as “Let’s 

grow”, in United Kingdom (Dazeley, Price et al., 2012), involve children at different phases of 

agricultural production. After 8 months of involvement, children revealed a natural 

predisposition to taste the foods previously unknown (vegetables and fruits) and in which 

culture they were involved, taking part in their plantation, growth and transformation, a 

determinant factor to the awareness to foods’ origin.  

The group that took part in the gardening project was observed eating significantly more 

vegetables at mealtimes at the school canteen, demonstrating that the participation in 

experiential activities such as the vegetable garden are, possibly, more effective than 

theoretical classes about healthy eating, in an attempt to encourage children to make 

healthy eating choices.  

The results of the project, analysing the questionnaire applied to children, revealed that, 

after the camping, the participants were more attentive and available, asking parents for the 

regular acquisition of fruit and vegetables, confirming the potential of the involvement in 

outside interactive activities (garden, vegetable garden), originating positive and significant 

changes on their daily eating system.  

Another children nutrition programme with successful results is the Alliance for a healthier 

generation (2011)24, that invests on children’s involvement in interactive shared reading, 

dramatizing vegetables and fruits as characters providing super powers, thus contributing to 

the modelling of healthy eating behaviours. The repeated exposition to this kind of inciting 

exercises will obviously involve children, teachers and parents to potentiate the tasting and 

consumption of new foods and, consequently, incrementing health in their participants 

(Droog, S., Valkenburg, P. apud Heath, H. & Kennedy, 2014).  

The school model from Reggio Emilia1, internationally recognised since 19912, is one of the 

most consistent projects in education for the development of eating (and art) skills and 

knowledge, motto to rethink the way how we eat, how we prepare food, how we socially 

interact and how we consume, requirements of children’s educational system that might 

favour learning and social development through inclusion, participation and involvement of 

all its stakeholders, from coordinators to cooks. At Reggio Emilia, the kitchen is at the center 

 
23 7º Simpósio Nacional "Promoção de uma Alimentação Saudável e Segura - SPASS 2020 (7th National 
Symposium "Promotion of Healthy and Safe diet - SPASS 2020), organized and promoted by the Instituto 
Dr. Ricardo Jorge, on 25th November 2020." 
 
24 Virtual organization involving different communities.  
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of school, constituting its biggest knowledge laboratory. The eating system is an important 

means of human affirmation and, for that reason, should be a part of the central core of 

children’s education, transforming school into a space of social connection and 

sustainability.  

The present national eating overwiew of low offer on fruits and vegetables consumption, 

excess of industrial modified products (snacks) and the growing eating neophobia in children 

(mainly for nutritionally good or healthy foods), reflect on the overweight of 30% of children, 

confirming the urgency of the execution of educational programmes since first childhood, 

implementing a healthier eating culture, personalised and mainly under the principle of 

pleasure, the use of the senses, the manipulation of raw materials and the social conviviality 

(Alessandra in Cavallini and Tedeschi, 2005).  

4. Organoleptic literacy experiment: a field study with a 
preschool population 

After the case studies about the correlation between children’s olfactory emotional 

experience and the acquired eating acquis that will condition the future of their eating 

preferences in adult life, and based on the researches by Herz (2018) and Cavallini & 

Tedeschi (2015), we aimed to develop field study, investigating the correlation between the 

organoleptic literacy of 34 children (preschool aged from 3 to 5), guaranteeing their gender 

parity, from different economic classes. The sample characterisation was divided into two 

social and territorial different groups, from the district of Porto; one (School 1) located in a 

suburban economically deprived region (Avintes); the other in a residential urban and 

economically favored area at the center of Porto. The former, the social charity, a 

foundation, supported by the Portuguese Government, with a monthly subscription 

maximum cost of 120€, including food, adjustable to the economic means of the household. 

The meal system of this school is provided by an external company, that ensures its daily 

delivery.  

The latter (School 2), located nearby one of the main central arteries of Porto, is a private 

entity with a monthly subscription of 350€, including daily eating service (plus the 

extracurricular complementary activities with a specific payment). Here the meals’ system is 

managed internally and prepared at its kitchen’s facilities, under the technical supervision of 

a Nutritionist. 

The experiment consisted in a selection of 10 olfactory samples related to eating, in glass 

jars properly isolated from light and sight, to which children (8 subjects aged 4 years old, 5 

aged 5 years old and 4 aged 3 years old) from each one of the schools, were submitted 

blindfolded to their smell. The samples were selected according to industrially processed 
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foods (vanilla, coconut, strawberry yogurts, pineapple and strawberry jellies and chocolate), 

aromatic herbs and spices (oregano, lemon peel, rosemary and cinnamon). 

 

 

Children were submitted to an olfactory survey structured into three questions: 

identification/recognition (“Do you know what this is?”), appraisal (“Does it smell good or 

bad?”) and association of the smell to the tasting experience (“What does that remind you? 

Have you eaten it already?”), complemented by research field notes by the author about 

each subject characterization and its correlations with the environment. In the group of 17 

children from the School 1, one of them presented special educational needs — though his 

pleasure for eating and mainly his will to taste every sample he smelt —, and other 

presenting respiratory problems inhibiting the full functioning of the nasal system. It was 

found that, in this school, children were less open-minded to the experience and its novelty, 

showing a state of inhibition and apprehension, by contrast with School 2, where the 

interest and the motivation to implement this essay exceeded the expectations, 

demonstrated by children’s great enthusiasm and sharing with their colleagues about the 

obtained results. There were two children that particularly stood out in this group: one for 

his great olfactory and imaginative skills, deeply smelling every provided sample, as he was 

sharing his daily routines and eating preferences, revealing a full knowledge about every 

sample. The other one, eventually supported by familiar stimuli, presents a great sensorial 

experience with food, revealing experience in kitchen shared practices and food preparation 

at home (naming his parents), confessing his enjoyment for cooking.  

Figure 1.   Samples to smell 
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In the Table 1 we present our results in both schools organised in this way:  0 right samples 

(0 right answers), 10 right samples (10 right answers), more than 50% of right answers (at 

least 5 or more right answers) and less than half of the right answers (at least 4 or less right 

answers). From the comparison of the results from both schools we recognise a difference of 

more than 30% concerning the recognition of a greater number of aromas at school 2, as 

well as the presence of an individual that identified all the scents to which he was submitted.  

Table 1 – Evaluation of the extension of the scents’ asset for a total of 10 olfactory samples 

 Was not right in 

any sample* 

Was right in 

every sample  

Was right in ≥5 

samples 

Was right in ≤ 4 

samples 

School 1 12% 0% 41% 59% 

School 2  0% 6% 71% 29% 

Figure 2.   Child smelling                                 * including the child with respiratory problems. 
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In the Table 2 we include both categories and afterwards we divide them between 
recognition of food and recognition of seasoning. In the first column we include both 
categories and afterwards we divide them between recognition of food and recognition of 
seasoning. 
 

Table 2_ Evaluation of recognition of food and seasoning aromas for a total of 20 olfactory 
samples (10 + 10) 

 
 
 
 
 
 

 
 

Comparing the results in the identification of food and seasoning, for 38% (School 1) against 

54% (School 2), one can verify a difference in School 2 of +16% than in School 1. But, 

comparing only the identification rate of the group "Seasoning", one verifies a difference 

of +21% from School 2 (49%) than from School 1 (28%). 

Comparing now the results in the identification of scents related to processed food (as, for 

example, sausages, scented yoghurts, chocolate, jellies), the difference of the rate of 

recognition — although maintaining the advantage for School 2 against School 1 — , is of 

lower magnitude (3%), which leads us to suppose that the major trait of differentiation 

comes from a more sophisticated and wider gastronomic culture of the pre-schoolers of 

School 2, marked by the resort to herbs and spices, granted by a more educated and 

protective family setting. In figure 3 we present the nature of the identified scents 

(experience 1 and 2) and the percentages in each sample, on both schools. 

 
 
 
 
 
 
 
 

 
 

 

 Recognition of 

food and 

seasoning 

Recognition of       
food 

Recognition of 

seasoning 

School 1 38% 51% 28% 

School 2 54% 54% 49% 
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5. Conclusions  

Although we had the intention of giving continuity to the empirical work, repeating the 

inquiry to validate results, the growing difficulties concerning the access due to the sanitary 

conditioning imposed by the covid19 pandemic would not permit us to proceed with our 

intent. 

After observing the state of the art and the literature review (studies on children food 

behaviour habits) and understanding the sensorial and neurological correlations between 

the individuals’ autobiographical experiences and the possibility of changing their food 

Figure 3.   Percentages of each smelled sample in both schools, 1 and 2. 
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habits, we realised that education, mainly pre-school (Carvalho and Sâmia 2016; Dazeley, 

Houston-Price, and Hill 2012, 2015; Geller and Dzewaltowski 2009; M. de Droog, Buijzen, 

and M. Valkenburg 2014), plays a crucial role in building a better future. The openness to the 

new and the cultural variety of sensory experiences may definitely contribute to the 

upbringing of more flexible, creative, free (Damásio, 2013), responsible individuals, and, 

therefore, more suitable for the future and, consequently, more thriving. 

Therefore, recognising the implication of the skill to adopt new (food) behaviours, as a result 

of the acquisition of a bigger organoleptic repertoire, we concluded that the public school 

may have a decisive  responsibility on food education and culture, as we infer from the 

inquiry conducted in the two schools. 

This study data treatment led us to conclude that the most depressed socio-economic group 

presents a more reduced organoleptic lexicon than the other one, thus implying a lower skill 

for the creative adjustment to the different, the foundation of innovation.  

This experimental study, though incipient, allows to observe other patterns, namely when 

comparing behaviours between genders, enabling further studies and conclusions to which 

we intend to give continuity.  

The study observes the relevance of the olfactory knowledge, not only as a diagnostic 

predictor but, and above all, as an enabling feature of a bigger adaptive skill of individuals 

through the cultural diversity of their repertoires and childhood organoleptic experiences. If 

the inciting interest of this investigation was guided by a subjective intuition of its author on 

the acknowledged relevance assigned to smell, it now appears that its impact through food 

design exceeds the pure sensorial dimension, to acquire a social, sanitary and political 

ambition.  
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Abstract | Access to space is limited to humans due to a number of effects that cause 
anomalies on the functioning mechanisms of the human body. The rapidly growing 
phenomenon of space tourism, driven by the economic and commercial flywheel, contributes 
to medical and scientific research. Thanks to economic interests, space tourism, which seemed 
like a long-term project, is rapidly advancing medical and scientific research and tests. 
In this avant-garde scenario, Futur.Dress is a research project that intends to develop clothing 
in contact with the skin and interface with the spacesuit and/or with a normal type of clothing 
and will have all the characteristics of a "functional superskin", suitable for future space 
travellers. The "superskin" will be characterized by a particular impalpable fabric, structured 
in such a way as to be able to act specifically on the main problems that microgravity causes 
on the human body, it will not be invasive because it acts as an "underwear" garment and, 
therefore, does not interfere the action. 
The main objective of the project will be human well-being and well-being, in consideration 
of all the possible physiological, postural, ergonomic and perceptual changes registered so far. 

KEYWORDS | HUMAN, NEAR SPACE, SKIN, BIOLOGY, BIOMIMICRY 
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1. Introduction  
Our Age is characterized by a strong technological acceleration and sees the unfolding of a 
series of innovations that influence the development, expansion and human life in space. 
Living and producing in the Fourth Environment, therefore, becomes one of the main 
scientific objectives for the expansion of man in Space, through the implementation of 
advanced technologies expected or foreseeable for the next decades. The work for the 
realization of space tourism has come a long way in recent years, becoming the new world 
economic and commercial frontier and changing our global perceptions in terms of 
adaptation, permanence and procreation in space.   

The scenario described is the reference for the development of the research project which 
involves the design of a structured underwear for the space that enhances the main 
characteristics of a real "super skin", to protect the human body from problems deriving 
from the effect of microgravity on the human body, in a natural and non-invasive way. 

The focus of the research, therefore, is the adaptation of the human body in a new 
environment characterized by microgravity. In addition to providing the tools of critical 
analysis and interdisciplinary methodology, the design project is at the centre of the creation 
of a 'new skin' which will constitute the “sensor suit of the future”; an impalpable film that 
will protect the human body, thanks to natural principles and an imperceptible set of 
interconnected sensors. 

Man and his actions are immersed in an open system, therefore the dress is also seen as an 
underwear object capable of continuous exchanges with the new environment as well as 
relational, economic and social context to be built future.  

The dress will be a functional and performing underwear garment characterized by a 
specially designed modelling, which takes into account the principles of biodesign and is 
based on the criteria of biomimetic design, inspired by the functioning and structure of 
human skin. The observation of the mechanisms of the living, described in the broad 
scientific narrative, represents the condition of the existing to be imitated because it has 
demonstrated the greatest expressive creativity of the potential of complex phenomena. 
Biology has observed, collected, catalogued and classified the phenomena of life for 
decades. Being able to take advantage of biological knowledge to reproduce natural 
solutions and processes in the design of clothing opens up a broad scenario for imagination 
and experimentation. 

The "superskin" will present a particular impalpable fabric, structured in such a way as to be 
able to act specifically on the main problems that may occur during the stay in space, 
becoming the means of safety and the guarantee for the well-being between the human 
body and the space environment. 

In order to obtain maximum results, the work carried out to date has been conducted in 
close collaboration with a team of medical researchers, cardiologists and dermatologists for 
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the medical-scientific part and a team of physical, mechanical, aerospace and textile 
engineers for the specific design of the material and sensors to be integrated into the 
garment to be made. The "superskin" will also be designed according to an anatomical study 
distinguished by gender, with more elastic zones to guarantee the compression movements 
bands to provide micro pressures on the human body and control the diversification of fluid 
distribution (in space they tend to move towards the upper part of the body).   

The objective of the research will be to design a clothing solution that is like a "superskin" 
and has safety and fit requirements through an "anatomically correct, structured and 
performing design".  

2. Research development 
The first phase of the project development focused on theoretical research aimed at 
analyzing the effects that the human body undergoes in space. Venturing into the space 
environment has proven negative effects on the human body. Living for a short or long 
period influences the functioning mechanisms in three different ways: loss of proprioception 
or loss of the ability to perceive and recognize the position of one's body in space; changes in 
fluid distribution; deterioration of the musculoskeletal system (for long-term permanence). 

These effects are connected to a series of other dynamics that could jeopardize the well-
being, safety and success of the tourist's stay in space (tourist 2.0). Starting from these 
assumptions, in-depth medical-scientific studies were conducted on the various causes that 
microgravity causes, carefully analyzing the standard health values for both a man and a 
sample woman and comparing them with the results of the experiments conducted and 
published on the website of NASA and ESA. 

The microgravity we are dealing with in this study is that present in the Near Space, that is 
the region of the Earth's atmosphere that varies from 10 km to 200 km above sea level, 
included in the low Earth orbit. The term "microgravity" refers to a state in which the 
absence of gravity is not perfectly achieved due to small residual forces, such as air 
resistance or solar pressure. Microgravity is expressed as a fraction of g, where g is the 
gravitational acceleration on the Earth's surface, with an average of 9.81 m/s 2. In this 
environment, it has been observed that a change of cells, tissues and organs adapts to the 
conditions in which the unaccustomed body on Earth is found. 

Without the effects of gravity, in fact, the functions of the human body undergo some 
changes in the posture and functioning of bones and muscles. The muscle/skeletal system is 
in fact no longer necessary to maintain posture and the muscle groups used to move in a 
weightless environment, differ from those required in terrestrial locomotion. Another 
problem encountered by astronauts is skin reactions and a series of pathophysiological 
changes, most likely due to the lack of gravity. Skin problems play an important role 
alongside those related to circulation and balance disturbances. In addition to itching and 
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dryness of the skin, thinning of the dermis and increased sensitivity combined with delayed 
wound healing and in part also a greater tendency to skin infections have been found. 

From this first analysis, the network of voluntary collaborations, specialists and specialist 
researchers in this field was configured, to give answers in a targeted way to pad any 
problem highlighted in the superskin project. The specialists involved in this project are: 
dermatologists, to deal with the problem of dry skin; cardiologists and hematologists, in 
order to understand cardiac function, blood pressure in stressful conditions or in conditions 
as similar as possible to the space environment; textile engineers, to characterize an 
innovative and functional advanced non-woven fabric; aerospace engineers, to understand 
in more detail some dynamics of the ISS (International Space Station); physical engineers, to 
detect new data (e.g. skin surface temperature) and technologies, Peltier cells and nano-
textile sensors to be integrated into the "superskin". 

2.1 State of the art technology and knowledge transfer 
Having established the ecosystem of interdisciplinary collaborations, the first step was the 
analysis of the human body from an anatomical point of view, with particular attention to 
the muscle fascia and, in parallel, an in-depth analysis of biomimetics. The anatomical 
features examined in the first step were: the control of the diversification of the distribution 
of fluids to counteract the problem of proprioception. For this purpose, the focus has been 
on the compression to be implemented on the body to mitigate the effects of the different 
distribution of fluids. 

The research was therefore developed on the basis of the prevention methods used in 
sports for limb, tendon and muscle injuries, such as braces and bandages. Attention was 
focused on the bandages, in particular the functional bandages, of the Theratogs TM system 
and Kinesio Taping. These latter adhesive bandages, in particular, relieve the physiological 
load by exerting traction and transferring force directly to the skin. The bandage can act 
both at the joint and at the tendon-muscular level, depending on the application technique 
for unloading, stabilization, support or compression. 

Theratogs is a system used to facilitate movement and postural alignment; takes on the 
function of a second skin with a totally adaptable strap system. Provides a foam lining, 
breathable and comfortable. In addition to the strap, the straps offer rigidity on the vertical 
axis to improve joint balance and flexibility on the horizontal axis to ensure fit and comfort. 

Kinesio Taping is a taping with therapeutic and biomechanical effects. It is a hypoallergenic 
tape with excellent elastic qualities, has the same thickness as the leather and is resistant 
enough to withstand for several days even in the presence of sweat and the use of showers. 
It works with the fascial, lymphatic and muscle/skeletal systems. When the tape is applied to 
the skin in a normal position, an effect called "convolution" occurs, so as soon as the body 
moves, the tape acts as a pump, continuously stimulating lymphatic circulation and muscle 
correction. 
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One of the characteristics of Kinesio Taping is to improve the perception of body movement 
by counteracting the swelling of the tissue due to compression. Considering that the human 
body is a perfect machine and capable of adapting to extreme environments autonomously, 
the first hypothesis is that of acting in a completely natural and non-invasive way, providing 
support to the human body through the study of structured modelling, designed ad hoc, 
based on the Kinesio system. The theoretical reference to biomimicry has also provided the 
elements for the functional characterization of the superskin. 

Life is "the condition of organisms endowed with a specific form, a specific chemical 
constitution, able to maintain themselves in a situation of dynamic equilibrium, i.e. to have a 
constant internal environment despite exchanges with the external environment 
(homeostasis) and to reproduce these properties in other similar organisms" 
(www.treccani.it/enciclopedia/tag/vita).  

The most interesting feature is that nature not only undergoes changes with time, but also 
evolutions and innovations. The mechanisms of evolution are complex and very slow and 
include several aspects. The uniqueness of each individual is one of the most ingenious 
expedients of this mechanism, because each specimen is in fact an experiment.  

In an ever-changing ecosystem, the only chance of survival is in change. In each generation a 
particular character (perhaps a mutation) can manifest itself that, between attempts, 
mistakes and lucky coincidences, can become fundamental to survival in a changed 
environment and then spread in the following generations.  

The biological strategies that we can imitate manifest themselves at various scales, there are 
examples of materials inspired by nanometric structures, but it is possible to inspire the 
design of the functional underwear to the resilience of macro-organisms such as prairies or 
Mediterranean scrub.  

There are solutions more suitable for experimentation in the chemical-physical field, others 
in the technological field. Imitations can be of interest to living organisms themselves, but 
also to their group behavior, or one can draw inspiration from the constructions that animals 
erect as a refuge or den, as an indirect imitation of biology. These biological strategies have 
been modelled and perfected over millennia and reach high performance levels.  

"Biomimetics introduces us into an era based not on what we can extract from nature, but 
on what we can learn from it. Shifting the focus from learning about nature to learning from 
nature requires a new method of investigation, a new set of lenses, and above all a new 
humility" (Benyus, 2011, p. 35). 

The in-depth study of biomimetics marked the transition to the second phase of the 
development of the research project: the study and analysis of the structure of the fabric 
that will constitute the super-skin and the first hypothesis of the morphology of structured 
underwear. 
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Different living beings such as plants and trees are taken into consideration as examples to 
be imitated to increase the positive effects of some solutions adopted as we have seen in 
Kinesio Taping, especially for body thermoregulation. For the superskin project, we 
proceeded by analyzing the structure and functions of human skin. In fact, the concept of 
superskin tends to highlight and increase functional and behavioral characteristics already. 
present in human skin. 

The skin, also known as the integumentary system, is a tissue of separation between the 
individual and the environment and, acting as a mediator, performs multiple functions: it 
protects from harmful external agents and constitutes the first defense barrier of the 
organism; detects changes in temperature and pressure; controls evaporation; regulates 
body temperature, dispersing heat or reducing heat loss through a system of vasodilators or 
vasoconstrictors. 

Starting from the assumption that the imitation of form and function is the basis of most of 
the projects defined as biomimetic, the creation of a fabric structured in three different 
layers, inspired by the structure and functioning of human skin, was hypothesized. The 
consistency will be slightly porous, to contain substances capable of maintaining skin 
hydration; the thickness will be a few millimeters and will incorporate micro-sensors to 
constantly monitor the health of the tourist, in a completely invisible and non-invasive way. 
This innovative fabric will form the new separation membrane between the human body and 
surfaces or the external environment. 

As for the morphology of structured underwear, in order to obtain a more efficient 
emulation, the imitation of the process that leads to a particular functional form and the 
imitation of the logic of the ecosystem, or an open system full of connections with elements 
of the context has been taken into account. 

 

3. The interdisciplinary network 
The third phase of the development of the research involved consulting with specialists, 
doctors and engineers, in order to obtain more results on the basis of the assumptions 
endorsed. The first consultation was on skin dryness with the dermatologist of the Policlinico 
Nuovo of Naples: Dr. G. Argenziano. Together with him and two other collaborators: Dr. Elisa 
Fulgione and Dr. Caterina Fulgione we examined in detail the causes of epidermal 
dehydration by examining a study conducted by the Institute for Experimental Dermatology, 
University of Witten/Herdecke, Witten, Germany.  

Clinically relevant side effects on astronauts' skin in space play an equally important role as 
blood vessel-related side effects. It has been reported that problems related to dry skin, skin 
irritation and dermatitis occur with a frequency of 39 % over a short-term space stay. To 
date, there are no extensive studies on the effects of a stay in space on human skin and in 
particular on skin changes during a long-term mission. Ultrasound measurements have only 
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been performed during a short-term mission, i.e. under the influence of ship alteration. 
Further numerous examinations concern the influence of the absence of gravity on the 
vascular system. Naturally, the physiological measurements of the skin are also influenced 
by an adaptation of the vascular parameters to the absence of gravity.  

Within about 3-5 days, however, the displacement of the fluid (blood and tissue fluid) is 
completed. The adjustment of the blood composition takes about 4 weeks. Epidermal 
measurements have provided evidence of thinning of the stratum corneum and prolonged 
cell moulting time from the basal layer to the stratum corneum. The results obtained from 
the tests revealed a high rate of skin dehydration, epidermal thinning, dryness, itching, 
thinning of the dermis, increased sensitivity, increased tendency to skin infections, delay in 
wound healing, loss of elasticity and mild skin ageing.  

Note the results of this first study, together with Dr. Caterina Giorgio and Dr. Elisa Fulgione 
we considered the option of treating the parts most affected by the problem (legs, arms, 
forearms, feet, groin) with highly nutritious and moisturizing substances such as ceramides, 
fatty acids and glycerol. In particular, the use of glycerol was the most recommended as it 
helps to maintain skin hydration for a long time and therefore to slow down the appearance 
of signs of ageing and skin deterioration; glycerol also helps to stimulate cell renewal.  

A one-sided treatment with a skincare emulsion while in space would lead to an 
improvement in the hydration of the horny layer and an improvement in the barrier function 
of the epidermis. However, in order to obtain more precise results, additional tests are 
necessary, especially with a larger number of test subjects, using optimized test conditions 
and additional measurement methods. In this way, side effects on the skin related to a long-
term stay in space can certainly be minimized and general medical risks can be recorded 
through physiological skin parameters.  

This applies especially to the causes of skin changes, e.g. the influence of weightlessness, 
which can then be determined. Another suggestion, therefore, was to act preventively while 
waiting for future results, preferring tissues that are antibacterial, antifungal and antiseptic, 
as conditions in space tend to proliferate bacteria and try to develop a nano sensor that has 
the same function as the chronometer that can be used to monitor skin health constantly. 

 

3.1 Design for Spatial Human Beings 

The conquest of Space by man, from the Apollo 11 mission that allowed the first human 
being to set foot on the Moon to the last flight of SpaceX, has known various phases 
projecting man towards boundaries once considered utopian and impossible.  
Today we can consider ourselves humans living in the New Space Age and "space tourism" is 
inserted as a luxury experience accessible to the elite classes of planet Earth.  
 
The tourists 2.0 in fact can be defined as users looking for unique travel and experiences, 
exclusive and far from the old paradigm of mass tourism; They use space as a form of 
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consumption, leaving traces of their status not only terrestrial; They fit into a market 
governed by new social and cultural trends and that determines new needs.  
 
They wish to live an extraordinary and otherworldly experience to dissociate themselves 
from the terrestrial habitat: they seek new spaces, configure new temporal dynamics to 
define a new normality.  
 
So defined according to recent literature, the Space Hub has opened new cultural images of 
space and has also caused fashion design and space wear engineering to intervene in the 
configuration of a true space wear system, spacewear. 
 
The design and implementation of a 2.0 tourist-centric clothing system is based on research 
and experimentation of new methodologies that respond to specific criteria dictated by 
microgravity and weightlessness, as well as conditions that may occur during the short stay 
in aerospace. To maximize safety conditions by advanced and customized materials or 
electronic components using innovative and smart textiles, the human being can face the 
foreign environment that involves the so-called space pathologies, i.e., alterations in his/her 
vital functions.  
 
The spatial clothing system for the 2.0 tourist composed of several parts, must also express 
the luxury status of the user that translates into an original design, comfortable but also 
sophisticated while responding to the limited aesthetic concept of the technical 
components.  
 
The first design phase involves the modeling of a space undergarment, the "super skin", 
which based on the principles of biomimicry, configures a base layer in close contact with 
the body. This is followed by interchangeable elements that define a mid-layer and an outer 
layer: a jersey, a pant and a jacket replace the current space suits, in a configuration 
specifically designed to ensure maximum comfort and convenience during non-vehicular 
activities, configurations made possible thanks to the symbiotic relationship between the 
field of wearable technology, computer science and evolutionary design of space systems 
where the multidisciplinary nature of the project collides between the subjects of 
engineering, design, medicine and ergonomics.  
 
The design of the individual items that make up the system, consider the Mechanical 
Counter-Pressure, a specific technology still in its experimental phase (MCP) that replaces 
the pneumatic pressurization used in previous spacesuits. Using this technology, mechanical 
counter-pressure is applied directly to the body with temperature management mapped to 
the body to provide perfect heat and humidity management while preventing overheating or 
cooling. The system so configured would bring increased flexibility, dexterity, and comfort as 
well as ease of donning and doffing of parts. 
The configuration of the space clothing system is intended to redefine design practices in 
terms of type follow function" concept of garments that conform to the exact shape of the 
body, for precise innovation that best interprets the "from fit, under critical conditions 
where locomotion and mobility are a top priority as is decreasing weight and equipment. 
The application of ergonomics requires considering human capabilities, abilities, limitations 
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and needs with a design of new clothing elements that does not find superstructures or 
superficiality but takes up the concept of Bauhaus not as reduction and minimalism but 
simply of consistency from design to prototyping.  
 

3.2 Discussions 

From this data, a plot has been developed of how the amounts of glycerol can be distributed 
over areas of the human body (Figure 1). The second consultation was with the research 
cardiologist, Dr. F. Coppolino. During the meeting with Dr. Coppolino, questions were also 
raised with fellow dermatologists in order to provoke a debate on the same issues but 
addressed from a cardiovascular point of view. All the examples of monitoring instruments 
used on the International Space Station in order to control the vital parameters of the 
subjects performing medium and long term missions in orbit were exposed. Also in this case, 
in order to obtain precise data on cardiac function in space, we made use of some studies 
carried out by NASA and specialist institutes on heart pressure. It is well known that the 
absence of gravity during short-term space flights (from days to a few weeks) causes a 
displacement of 2 litres of blood and fluids from the lower body segments to the upper part 
of the body, which is accompanied by a heart increase of 20%, despite an unchanged or 
reduced heart rate. However, blood pressure remained unchanged or decreased (mainly 
diastolic pressure) and heart rate decreased by up to 15 beats per minute during 
weightlessness, despite maintaining high sympathetic nerve activity. Another analysis 
carried out concerned about the difference in behaviour between men and women in space.  

Tests carried out by NASA showed that women are subject to orthostatic intolerance linked 
to vascular problems that occur in microgravity conditions and have a greater loss of blood 
plasma volume. The response to the stress they undergo while onboard the ISS results in a 
more pronounced increase in heart rate in women than in men, while the latter responds 
with an increase in vascular resistance.  

With Dr. Coppolino, therefore, needs in terms of spontaneous adaptation of the body to the 
new environment were highlighted, which should not be limited with a preventive 
intervention in order not to inhibit natural reactions that are instead useful to the body; 
therefore it was decided to pursue the path of preventive rather than functional monitoring.  
Having selected some preliminary parameters to be included in the functional clothing that 
is being designed, a functional/adaptive textile project has been configured with a 
predominantly "diagnostic" and then adaptation purpose.  

From this data, a trace of how the patches for cardiac and pressure control can be 
positioned on the human body zones has been elaborated (Figure 2). The third consultation 
was with engineers M. Masullo and M. Scorpio. After the first analysis of all the results 
obtained and the problems on which we are proceeding, it was proposed to intervene 
through a specific sensor that can monitor the surface temperature (F-skin), creating a 
Peltier effect to calibrate the heat. Through this thermoelectric phenomenon, originating 
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from the Peltier cell, the electric current flowing between two different metals or 
semiconductors placed in contact produces a transfer of heat.  

From this data, a trace of how the sensors for temperature control can be positioned on the 
human body zones has been elaborated (Figure 3). 

 4. Conclusion 

Being a research project still in the development phase, there are no conclusions on the 
project itself but experimentation still to be carried out and the design phase to be started.  
The study converges on the problems caused by microgravity on the human body and 
biomedical research turns towards solutions to support and control them. 
  
The research involves the development of a specific fabric: a type of impalpable non-woven 
fabric with microencapsulation of glycerol that will allow the dermis constant hydration. The 
design of the structured spatial underwear includes the specific study of new high-
performance modelling, studied on the basis of biomimetic design.  
 
The aforementioned will be presented as a "superskin" modelled in such a way as to follow 
every movement of the body and consider all possible physiological, postural, ergonomic 
and perceptual changes, giving comfort and safety to the tourist 2.0. 
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  Figure 1. Diversified distribution of body fluids. 

 

 

 

 

 
Figure 2. The hypothesis of patch distribution for cardiac and blood pressure control and                
                 hypothesis of distribution of sensors for regularization and control of body     
                temperature. 

1282   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



M.A. Sbordone, I. Giampetraglia 

 

 
 
Figure 3.  System study (Work Dress Design) 
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Abstract | As designers we have an obligation to design taking into consideration the 
complexity of reality; the only way to face it is to adopt a multidimensional and dialogical 
design thinking. If it is true that the goal is to understand the qualities of the complex system 
in which we live not as a simple sum of its parts but as a system of complex interrelationships, 
where the qualities derive from the relationships and interrelationships between the 
components of the system itself, the quality of a product-system is measured not so much by 
its ability to create useful value by its individual parts, as much as its ability to create 
relationships between its components. The paper will present a research project where 
products equipped with technology have been created to make the human, technological and 
natural systems interact [1]. 

KEYWORDS | COMPLEXITY, SYSTEM, PRODUCT DESIGN, SUSTAINABILITY, TECHNOLOGY, 
IOT 
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1. Introduction 

In terms of sustainability, designing for the complexity of reality is, according to many 

scholars, the only way to achieve a correct balance with the nature that surrounds us. The 

human condition, however, is at odds with the second law of thermodynamics according to 

which the energy used for any process is transformed into entropy; as Rovelli argues (2017, 

p. 140) the entire history of the universe is characterized by the constant increase in 

entropy. All living things are composed and defined by similar processes that trigger each 

other. For example plants thanks to photosynthesis collect solar photons, animals (including 

men) feed on low entropy by eating. As Rovelli argues (ibid., p. 141) within each living cell 

the complex network of chemical processes is structured in such a way as to allow a 

constant increase in entropy. Life is a complex network of interrelationships between 

heterogeneous elements that stands and evolves thanks to the constant increase in entropy.  

As McDonough W. and Braungart M. claim (ed. 2013, p. 99) only two essential elements 

make our life on earth possible: the earth (mass) and the sun (energy). The sun is the only 

thing with constant entropy (Korhonen J. et al., 2017, p. 42 and Morin, ed. 2015, p. 336) 

which thanks to photon irradiation allows life on earth and shows the most admirable 

example of natural and spontaneous organization. 

"This fabulous machine that made itself, in and through the fire, and not only once, 
thanks to an incredible stroke of luck, but billions and billions of times - this machine 
swirls, manufactures, works, regulates itself without a convector, engineer, 
specialized parts, without program and without thermostat"(Morin, ed. 2015, p. 185) 
[translation by the author]. 

The action of man, unlike that of the sun, has instead demonstrated systemic planetary 

limits (Meadows D. H. et al., 2004) which require us nowadays to review and redesign our 

development model. As awareness of the damage produced by anthropic force on natural 

systems has matured, in recent years we have been witnessing important changes in the 

way we think, design, produce and consume. 

On the basis of this consideration, it could be said that the role of the designer may be to 

build relationships in antithesis to the parcelling out of areas and knowledge.  

Designing the complexity of reality does not mean guaranteeing the development of a single 

system (economic, for example), but of increasing the capacity of relations between systems 

(social, cultural, natural, political, economic), making them cooperate as an organic whole. 

Design, as Paola Antonelli (2019) argues, is a mental and political form just as nature is. 

According to the renowned curator, design and architecture can help us deal with a life that 

also deals with other species and that looks beyond immediate interests.  

In terms of sustainability the world should be considered as a set of complex systems 

interacting with each other. As Thackara (2008, p. 13) argues, as designers we must face the 
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imbalance of multiple systems that interact with each other such as energy, climate, food, 

culture.  

Capra F. (2013) introduces the concept of qualitative growth which, in society, ecosystems 

and living organisms, consists of an increase in complexity, refinement and maturity. The 

concept of qualitative growth must therefore be understood as in biological systems, where 

there is quantitative growth when an organism is young and qualitative growth in the next 

phase, characterized by slowness, maturation and decline or, in the case of ecosystems, with 

'succession' and therefore an increase of complexity. Understanding the system in which we 

design as a complex set of heterogeneous relationships including technological, social, 

cultural, biological aspects could lead us, taking up the concept of Morin[2] (ed. 2015, pp. 

336-346), to conceive active self-producing organizations and consequently generators of 

the negentropic character necessary for greater sustainability. 

If we consider the system that is created between people, nature and digital technologies 

we can consider it as a complex system (Gandolfi, 2008) which includes within it complex 

elements which act in a differentiated but unitary way. Systems are, as claimed by Ghajargar 

M. et al. (2018), to a large extent, related to the relationships between people, activities, 

objects, technologies and places. Recent digital technological developments have increased 

the daily use of "intelligent objects" which systemically interact with each other and with 

those who use them. However, as Ghajargar M. et al. (2018) argue, very often the design of 

IoT devices focuses on the product rather than on the relationships it generates between 

people and with other products. The relationship of reflection that could be established 

between the user and the product (material and immaterial) according to the authors could 

bring benefits in terms of sustainability (Baumer et al. In Ghajargar M. et al., 2018). 

In this scenario, design can certainly make an important contribution especially thanks to the 

ability to adapt and integrate between and in different types of knowledge. The disciplines 

of the project are transforming very rapidly in recent years, by their nature they are called 

into question whenever there is a need for innovation. In particular, today the progress of 

technology on the one hand, which has led some technologies defined as "enabling" to have 

very low costs (commodities) and an exceptional diffusion (Celaschi, Di Lucchio, Imbesi, 

2017), and the development of science on the other , in particular biotechnology, have 

offered and continue to offer design important challenges of development and connection 

with other sciences. 

This article will present a recent research project relating to an outdoor furniture system 

where different systems dialogue: the 'vegetable', the 'social', the technological (cloud and 

sensors) and cultural systems. The project presented therefore attempts to keep the social, 

cultural, technological and biological aspects together to make them act as a single hybrid 

system (human - technological - botanical) which aims to regulate itself for a common goal, 

life. 
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2. Natural forms to emulate 

Looking at nature to learn its complexity developed over billions of years is a challenge that 

man has proposed for centuries (Mascitti J., 2018, p. 17). From the preliminary studies of 

Papanek (1973), to the scientific theories of Benyus (1997), thanks to the important scientific 

advances, we have now come to know in depth the structures, processes, logics and 

operations that underlie the natural world (Ranzo P. in Langella C., 2007). The close and 

microscopic point of view that scientific studies have reached are allowing us not only to 

observe nature as a source of inspiration but also as an instrument of innovation (Langella 

P., 2007, p. 20). 

After all, the human system is in continuous interaction, even involuntary (positive and 

negative), with natural elements and precisely for this reason a design that brings the human 

system closer to the natural and biological system could be a promising road to greater 

sustainability. 

The idea of establishing a dialogical relationship with the plant system seems absurd and 

science fiction, but recent discoveries confirm that interspecies forms of communication 

already exist in nature (Beiler K. J. et al. 2015). For example, if we consider the 'forest' 

ecosystem we can see that under the surface a vast and interconnected network of life 

connects trees through their root systems, but above all through other species: mushrooms. 

As the authors explain (idemI) the process begins with the oldest and tallest trees in the 

forest, these have greater access to sunlight and through photosynthesis, they produce 

more sugar than necessary. Mushrooms, which need sugars to survive, develop most of their 

body underground, which is made up of a dense mass of threads called 'mycelium'. This 

grows in the root system of trees to absorb excess sugars. In return, the mycelium supplies 

the tree with the nutrients it needs from the soil. This symbiotic relationship is known as 

mycorrhiza which derives from the Greek words myco = mushroom and rhiza = root. These 

tree-to-mushroom relationships connect the trees of the forest together, forming an 

underground communication network to exchange water and nutrients useful for growing 

sprouts and even send warning signs when plants are threatened (TED summit, Simard S.W., 

2015) . 

To get a better picture of these relationships, the team of researchers from the University of 

British Columbia used DNA analysis to map a fungal network in an area of the Canadian 

forest. Surprisingly, they found that on average each tree was connected to forty-seven 

other plants. Even fossil remains have been found which confirm the existence of 

mycorrhizae already 450 million years ago, at the same time as the appearance of plants on 

the emerged lands, and it is believed that they were fundamental in the process of 

colonization of the continents and the development of life (Beiler KJ et al., 2015). 

Since design has the ability and the duty to set in motion dialogue processes between the 

parts of a system and the surrounding environment, affecting society through the 

production not only of objects but also of new relationships and socially more sustainable 
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behaviors (Rossi M., 2014), isn't studying this type of exchange a clear example of 

interspecies communication where IoT could help us to achieve greater sustainability? 

3. The project  

3.1 Interdependence between man and plant. a mutualistic relationship to 

be rebuilt. 

In line with the definition of Smart City issued by the European Parliament (2014) "A smart 

City is a city seeking to address public issues via ICT-based solution on the basis of a multi-

stakeholder, municipally based partnership" the project invites people to get closer to 

nature and proposes strategies for the development of a balanced urban ecosystem. The 

goal is to stimulate human-plant relationships by reconstructing, thanks to IoT technologies, 

the bond that makes these two life forms a single biological machine. 

If, as Edoardo Fleishner (2014) says, the future belongs to the metropolises, cities and 

villages, then they must cross-mediaialize and it is only in this way that they become smart. 

The first step towards cross-mediation is awareness, that is, that everyone is aware of the 

ongoing process. 

This process, according to the author, consists in the construction of the nervous system, 

that is, the brain, of cities. For example "In Italy this evolution finds fertile ground, because 

we are already a pre-cross-media people, that is webbico, social, mobile and multiscreen, 

but above all creative" (Fleishner, 2014, p. 15). The designers therefore had to start 

confronting a more diversified design reality, considering the product as part of an eco-

system, adopting a multidisciplinary approach and interrupting that designer-craftsman 

relationship typical of Italian design (idem). But what exactly does being smart mean? 

Considering the origin of the term, in the IT field, being smart (intelligent / brilliant) means 

being able, within a complex reality, to process the information available and consequently 

make the correct choices. So what is smart design, in the true sense of the term?  

"Smart design is the one that finally has the courage to take on all the ethical and 
social implications of design to improve the reality that surrounds it, analyzing the 
systems behind the new contexts of life and creating objects that can promote and 
convey behavior environmentally and socially more sustainable" (Mometti M., 
2014). [translation by the author] 

3.2 SMAG PROJECT (Smart Garden) 

SMAG project, coordinated by the technological leader Nuvap Srl and with the supervision of 

Distretto dID (Distretto Interni e Design), involves two research entities, DIDA Department 

and DAGRI Department, and two companies in the stone sector: UP Group Srl and Arredo di 

Pietra Srl. 
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The project involves the creation of a hybrid product / service system that will allow 

companies, including traditional manufacturing ones, strongly focused on the product, to 

develop new paradigms that are attributable to the Smart Service Welt (World of Intelligent 

Services) much more based on the relationship with the user, and above all it will allow to 

combine products with third party services on digital platforms, contributing to the creation 

of new digital infrastructures: intelligent spaces (smart spaces) or environments where 

objects, equipment and machinery that are intelligent and enabled to connect the internet, 

connect to each other. 

 

Figure 1.   In figure no. 1 we see how the technological set-up relates the needs of the vegetal 
system with the inhabitants of the urban park or with maintenance workers such as 
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gardeners (product, people, plants and tools - sensors and devices -). The vital parameters of 
the plant and air quality are collected through sensors integrated into the furnishings and 
sent to the cloud. The user or the park maintainer can access this data at any time through a 
specific app, which informs him about the quality of the urban air and the health of the plant. 
In case of need by the plant or if certain air quality parameters are exceeded, the application 
will warn the user. 

The project has been developed strategically on two market sectors: urban furniture for 

public spaces and that for private outdoor spaces. As regards the public sector, two 

collections of Rapolano travertine objects belonging to the same system have been 

developed. Both in the Alessandra Galli’s concept 'Water Value' (Fig. 3) then in the Mirko 

Romanelli and Jonathan Lagrimino’s 'Litus' collection (Fig.  4) the objects were designed not 

as mere isolated products but as part of a product-system, small synapses aimed at building 

a distributed network of objects in the city that exchange information between them using 

WiFi and bluetooth technologies. Everything can be monitored through a WEB management 

interface (Fig. 3, right). The goal is in fact to build a sort of widespread intelligence capable 

of self-regulation and regeneration following those homeostatic principles that are the basis 

of any living being. The urban pots that house the plants are therefore equipped with 

sensors that measure the parameters of the soil from which the needs of the plant are 

deciphered. These data are sent to the Cloud and the intervention of man takes place 

therefore to satisfy the specific need, but what does the man get in return? Nothing but the 

oxygen it needs to live (Mancuso, 2019, p. 87). The shape of the product (Fig. no. 2) in 

particular is designed to accommodate a medium-sized shrub and also provides a sitting 

space. The surface of the seat is manufactured with an inclination of 2% towards the interior 

in order to assist rainwater in a channel that supplies three underground terracotta pots 

(Fig. no. 2). The "olle" (trans.: jar) method, a multi-millennial irrigation technology, keeps the 

soil moist but not wet and this discourages the proliferation of bad herbs; in addition, the 

water is distributed directly to the root level, avoiding surface washout and evaporation. 

Each jar, thanks to the porosity of its walls (porosity is determined by a percentage of 

organic substance in the clay mixture that disappears during the cooking phase), keeps an 

area moist with a diameter approximately equal to three times its size, for a period that 

varies according to the season and the place. The design of these elements for self-irrigation 

is designed following the physical law of Darcy (∆ P = k · q) which determines the motion of a 

fluid (in our case rainwater) through a porous medium (terracotta ). In dry periods, when the 

water reserves run out, an ultrasound sensor, placed inside the jar, signals the need for 

irrigation and a dripper provides the refill, ensuring constant irrigation. When the volume of 

soil becomes saturated in rainy periods, a canal, also inclined at 2% towards the outside, 

drains excess water avoiding compensation for the roots. 

"Water Values" and "Litus" therefore become objects aimed at triggering homeostatic 

phenomena; where homeostasis is understood as the aptitude of living organisms, whether 

they are cells, individuals or communities, to maintain their characteristics in a state of 

equilibrium with varying external conditions: the living being (in our case the cities) a open- 
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system, the maintenance of internal conditions is carried out by automatic mechanisms 

(homeostatic devices, in our case the furniture system) which regulate internal flows 

through the system itself. An example of this is the ability, typical of mammals and birds, to 

maintain the optimum body temperature as the external conditions vary and the quantity of 

heat produced in the metabolism processes. This project therefore has the ultimate goal of  

Figure 2.   In Figure  2 we see the integration of the technological set-up within the urban 
furniture element. Rainwater irrigates the underground jars through the inclined plane and 
the system of channels (a), a channel inclined towards the outside allows the water to flow 
out when the containers are completely full (e). The jars uses the principle of capillarity 
feeding the plant in an optimal way (b). In hottest months, when the jar is empty, an 
ultrasonic sensor will inform the user to fill it manually or will activate an automatic filling 
system (c). Inside the pot there is a soil humidity and temperature sensor that allows the user 
to monitor the parameters (d). On the side there is a control unit designed to process data 
relating to the quality of the air and soil (f). 
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eradicating the old city / countryside, built environment / natural environment to make man 

and the plant coexist, promoting exchanges and synergies between these two forms of life. 

In parallel, has been a collection of objects for the private sector. The SMAG project involves 

the development of a system of intelligent furnishings for the care of the home garden. Also 

in this case, the objects have been designed to improve the relationship between man and 

nature and to build forms of interaction between them. The project (fig. no. 6) is built on a 

fairytale (Snow White and the Seven Dwarfs, concept by: Giacomo Da Re) and each 

environmental parameter is communicated through feedback associated with a specific 

'nano' (trans: dwarf). For example, the air quality will be reported by Sneezy (Sneezy / air 

quality, Dopey / air humidity, Grumpy / atmospheric pressure, Sleepy / soil humidity, Bashful 

/ temperature). The sensors for the evaluation of environmental parameters (PM10, PM2.5 

PM1, VOC, CH4, CO2) and the control unit are all contained within the 'Doc', the central 

element of the collection, slightly larger than the others. These sculptural elements conceal 

the irrigation system beneath them, which is activated when the soil moisture sensor signals 

dehydration of the soil. 

 

Figure 3.   (left and right). On the left, the product of the Water Value collection; on the right, 

a screenshot of the SMAG system control application 
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Figure 4 - In figure no. 4 is shown the Litus system of seats and pots 

Figure 5 (left and right) - In figure no. 5, on the left, is shown the control unit position in Litus 
collection; on the right a detail of the jar positioned into the Litus vase 
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It can therefore be said that the Smart Garden is, in essence, a garden that uses resources 

(water, energy, fertilizers, etc ...) and information (soil parameters, air parameters) in a good 

way, making use of ICT technologies and the possibility of monitoring capillary and in real 

time of the variables involved. 

 Figure 6 - In figure no. 6, is shown the Seven Dwarfs collection 

4. Conclusion 

The aim of the project was the creation of a system of intelligent objects capable of relating 

to the various actors who interact with the system: on the one hand with the gardener for 

aspects concerning health and maintenance of greenery; on the other with people, from an 

emotional / experiential point of view, with particular reference to the concepts of wellness 

and health. 

The presented project could be defined as a behavior design project, that is, as a project 

aimed at conveying new behavior paradigms. The system designed monitors air quality and 

collects rainwater - sensitizing the user on the importance of plants for the absorption of 

CO2 and on proper management of resources -, helps garden maintainers to keep plants 

alive thanks to the constant monitoring of soil moisture and weather conditions. 

As Mara Rossi states "The added value of design consists in the ability to create new 

paradigms, capable of directing organizational structures towards the construction of new 

behavioral forms (in our case, behavior with the natural environment). And with this 

assumption that it is possible to interpret design as a tool that guides society towards paths 

characterized by unprecedented forms of 'intelligence' (Rossi, 2014). Rullani reinterprets the 

concept of intelligence by affirming that we can speak of  
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"fluid intelligence, that is, knowledge that is not incorporated in machines or in automatic 

codes, but that is in people's brains and in the sedimented knowledge of their relationships" 

(Rullani 2008 in Mometti 2014, p. 87). [translation by the author] 

In this scenario, life is considered a fundamental and essential element of innovation on 

which the designer's ability to implement processes that generate social and cultural change 

intervenes, to weave new and complex forms of relationships. 

From these affirmations we can believe that the project activity must be able to 

systematically interact different cultural, social, technological, territorial aspects in order to 

direct the project to collective well-being. 

To build this new paradigm of behavior it is therefore necessary to build a dialogue, a bridge 

between the two systems involved, human life and plant life. It is therefore necessary to 

guide a cultural change aimed at building an 'interspecies empathy'. 

"Empathy defines an active involvement, that is, the willingness on the part of the observer 

to become part of the experience of the other and to share the emotions triggered by it" 

(Rifkin 2010, in Mometti 2014 p. 89). [translation by the author] 

As Mometti argues (idem) regarding empathy between individuals belonging to the same 

species, these principles already exist and are scientifically demonstrated by the discovery of 

mirror neurons. But what happens when it is necessary to build empathic relationships 

between different species? 

If empathy uses listening and analysis of accurate social feedback as a way of knowing the 

other, the role of the designer is also to build these feedbacks through the use of ICT in 

order to activate innovative processes capable of trigger social-behavioral transformations. 

In a world where we are destined to produce entropy, the project, taking up Morin's 

concepts (2015, see note 2) must be able to establish negentropic processes also of a social, 

cultural and behavioral type in order to re-establish a dialogical relationship with the natural 

world. 

The boundary between the real world and the virtual world appears increasingly blurred and 

what we are experiencing can be defined as a real hybrid world between the materiality of 

the products, the immateriality of technology and the still unexplored world of science. 

Design is responsible for keeping these realities together in a scenario that is no longer that 

of the form of products but that of the form of relationships and, as Di Lucchio (2018, p. 5) 

argues, the development of new behaviors. 

As Stefano Mancuso says: 

“So this is our home: an area of 510 million square kilometers; enclosed in a volume that, 

roughly, ranges from 10,000 m below sea level to 10,000 above it; 20 total km that enclose 

the only place in the universe - as far as we are concerned - within which life exists" 

(Mancuso 2018, p. 15). [translation by the author] 

1297   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



Hybrid systems of human | technological | biological products: a road to a greater sustainability? 

A house, however, very small and fragile if we think that the Sun, which provides us with life, 

is over 1,300,000 times larger. However, this 'home' of ours is the only place in the universe 

known so far that has developed life. As Mancuso (2018, idem) states, therefore, it is not 

dimensions, but life that makes our planet special. 

This is therefore the premise from which the designer should start: to design in order to 

protect the uniqueness - in diversity - of the earth, to guarantee the preservation of life. 

Notes 

[1] the text was conceived and structured by the three authors. However paragraphs 
"Abstract", no. 1"Introduction" and no. 4"Conclusion" are attributed to Marco Marseglia; no. 
2 "Natural forms to emulate" and no. 3.1 "Interdependence between man and plant. a 
mutualistic relationship to be rebuilt" are attributed to Francesco Cantini; no. 3.2 "SMAG 
Project (SMArt Garden)" is attributed to Alessio Tanzini. 

[2] Negentropy is not simply the opposite of entropy (negative entropy), the two terms, 
although constituting the positive and negative character of the same magnitude, 
correspond to antagonistic processes from the point of view of the organization. Entropy is 
disorganization and degenerescence, negentropy is reorganization, regeneration, 
development and complexification. Each negentropic self-producing process expels entropy 
as a byproduct of its activity and inscribes the complexity that is proper to it in the ring: 
disorder-interaction-order thanks to organization. 
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Abstract | Today, we are exposed to several thousands of chemicals via e.g. our living 
environment, cosmetics, textiles, clothing, drugs, and food. Most of the chemicals used in 
the textile and clothing production are harmful or dangerous to humans and nature. Harmful 
synthetic chemicals are applied in textiles especially during the finishing procedures e.g. to 
prevent mold growth in textiles. Natural, non-toxic substances used in textiles and clothing, 
are needed. F.BAD-project is an innovative combination of natural sciences, technology and 
textile design. Material applications of natural materials and non-toxic plant-based active 
ingredients will be combined with textiles. The promising preforms will be conceived and 
prototyped to combine organic active ingredients and materials solutions. The research 
generates information applicable in global context: antimicrobial activity, especially 
antifungal activity, insect repellent properties, and UV-shielding and/or color anti-fading 
properties in textiles. 

KEYWORDS | HARMFUL CHEMICALS, SAFE PLANT-DERIVED SUBSTANCES, 

INTERDISCIPLINARY RESEARCH, BUSINESS ACTIONS 
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1. No more whining – natural smart textile 

What is one part of your body where you most definitely do not want a mosquito bite? What 

mosquito repellent has the nicest scent? What kind of textile would keep mosquitos away? 

Answers to these questions and more are collected at mosquito-themed activity stations in 

the Future Bio Arctic Design (F.BAD) project. 

• The project develops a natural, toxin-free and long-lasting textile to repel 

mosquitos. At activity stations, potential users of the textile can participate in its 

design process.  

• Tests on different plants, active compounds and materials and results from 

mosquito-themed activity stations provide Lapland-based companies with the 

latest information from the textile industry.  

This is a joint effort of the University of Lapland, Lapland University of Applied Sciences, and 

the Natural Resources Institute Finland (Luke). The working group represents a combination 

of art and sciences, with researchers from the textile and clothing industries, agrologists, 

chemists and material engineers working side by side.  

At the innovative and interactive No more whining (Nyt loppui ininä) exhibition and at the 

mosquito-themed activity stations, people can watch and listen to interesting information 

about F.BAD research, design processes, and the life of mosquitoes. The aim of the 

mosquito-themed activity stations is to reach as many people as possible. This means that 

exhibition visitors have the opportunity to participate in research and design processes, and 

in the use of research results. The first mosquito-themed activity stations were held during 

the Helsinki Design week as a two-day event at the Helsinki Railway Square (5 and 6 

September 2019). Following the No more whining (Nyt loppui ininä) exhibition held at 

Galleria Kopio, the next activity stations will be arranged during the northernmost design 

week in the world in Rovaniemi (Arctic Design Week, 16-22 March 2020). Results obtained 

from the activity stations will be taken into consideration during the final analysis of the 

project in the autumn of 2020. 

The aim of the F.BAD project is to find replacement compounds for harmful and hazardous 

chemicals used in the textile industry from Lapland’s nature, for example, to produce 

mosquito repellents and anti-mould agents, and to build a safe and natural smart textile 

from natural materials offered by Lapland, with active plant compounds included. Different 

methods and alternate materials will be tested to build the best possible smart textile. 

Alternate materials will also be tested with textile and clothing companies from Lapland, and 

they will be provided with an opportunity to use the Jacquard weaving method used by 

Finnish textile manufacturers. The Faculty of Art and Design at the University of Lapland has 

the only machinery intended for the design and weaving of Jacquard fabric in Lapland. 
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2. Mosquito-themed activity stations for multiple senses 

Mosquito-themed activity stations are based on experiences provided for multiple senses. 

Visitors can test their sense of smell, vision, and touch. Even though the samples cannot be 

tasted (sense of taste) or the mosquito whine does not irritate visitors (sense of hearing) at 

the exhibition, natural raw materials and woven natural fabrics carry visitors to the 

atmosphere of a bilberry forest. Then again, not many of us think that, when we are walking 

around in a forest, we are also in close contact with the world’s deadliest animal. More than 

2,500 mosquito species are spread all over the world, apart from the Antarctic, and some 

three million people die of infectious diseases transmitted by mosquitoes every year. (World 

Health Organization (2013).  

At the first activity station, visitors must attach a red F.BAD mosquito sticker to that part of 

the body that should most definitely be protected against mosquitoes. We all have been 

bitten by mosquitoes. Although different people react differently to stings and bites, and a 

broad range of products for insect stings and bites are available on the market, nearly all 

people are sensitive to mosquito bites. Mosquitoes can smell the lactic acid and carbon 

dioxide we produce from a distance of up to a hundred metres (Dekker, Geier & Cardé, 

2005). If you do not want to be the number one target of mosquitoes, stay calm. However, 

many of us swing the air and jump around to get rid of mosquitoes, creating just the 

opposite effect. Could natural compounds and fibres (from plants and trees) sought in the 

F.BAD project replace some or all of the currently used harmful and hazardous chemicals? 

The F.BAD project offers significant opportunities to use plant extracts and fibres as 

mosquito repellents and anti-mould agents. At the second activity station, visitors can smell 

different powdery products made from marsh Labrador tea, common nettle and tannins 

separated from spruce bark, and select the nicest scent for a mosquito repellent. The task is 

made more difficult by adding a commercial chemically manufactured mosquito repellent to 

the group. How many will select a natural repellent extracted from Lapland-based plants 

instead of the commercial product? Each scent has a F.BAD sticker of a distinctive colour 

(violet, green, orange and turquoise). Visitors need to attach a selected sticker to a 

cardboard figure located in the exhibition space to indicate the part of the body for which 

the selected scent would be the most suitable (Bog Myrtle, 2019; Labrador Tea, 2020; 

Nettle, 2019). 

3. Mosquito repellent textile 

At the third activity station, visitors are asked to draw or write their ideas of an ideal 

mosquito repellent textile. The aim is to gather information about how the project’s results 

could be used later (Warmfamily Safari Patio Curtains […] ,2019); Zebra-striped jumpsuit, 

2020; Zebra Wild Sun […], 2019). 
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There is already a range of mosquito and insect repellent textiles. (Menghe & Xin, 2018) 

However, they include permethrin, which is highly hazardous to the environment, fish and 

certain mammals. (Oxborough, 2015). Thousands of chemicals are used in the treatment of 

textile fabrics alone, most of which are harmful both to people and the environment. 

(Menghe & Xin, 2018; Oxborough, 2015; Thite & Gudiyawar, 2015) What is more, we are 

exposed to chemicals every day through medicines, cosmetics, nutrition and the 

environment. As yet, we do not have a sufficient amount of reliable information about the 

long-term and joint effects of these compounds. (Koniecki, Wang, Moody & Jiping 2011) 

Not all chemicals used in textile manufacturing are necessary, and not all chemicals are 

transmitted into the organ system. Then again, it may be difficult for consumers to protect 

themselves if manufacturers use hazardous chemicals in their textile manufacturing 

processes. (Menghe & Xin, 2018) Chemicals make textiles more comfortable to wear and 

more long-lasting when used, for example, in different finishing methods. In addition to 

different cleaning processes, fabrics undergo anti-mould and anti-static treatments, 

biological protection and different treatment processes to make them easier to iron, prevent 

them from wrinkling, make them softer and make them more fireproof, water-repellent and 

durable. (Menghe & Xin, 2018; Marechal, Križanec, Vajnhandl &Valh, 2012) During long 

transport and storage periods, textiles are also exposed to microbes, mould, fungi and 

various insects. As a result, textiles are biologically protected, for example, by using organic 

chlorine, tin and chromium compounds that are very harmful to people and the 

environment. (Marechal et al., 2012) 

The European Chemicals Agency maintains a list of chemicals hazardous to health that are 

used in textiles. For example, the Registration, Evaluation, Authorisation and Restriction of 

Chemicals (REACH) regulation sets strict requirements for the textile industry, as it requires 

that the safety of all chemicals be ensured, transparency be increased, and eco-friendlier 

innovation be made (Koniecki et al., 2011; Marechal et al., 2012). 

The F.BAD project focuses on toxic-free methods and compounds. At the same time, new 

material and product ideas will be prepared for the textile and clothing industry in the arctic 

region, and research, competence and innovation clusters will be developed in Lapland on 

the basis of the region’s strengths. Tests of different plants, active compounds and 

materials, and results from mosquito-themed activity stations provide Lapland-based 

companies with the latest information from the textile industry. Lapland -based textile and 

clothing companies are also able to test the results of material research during Jacquard 

weaving workshops at the University of Lapland and Annala Oy. The F.BAD project considers, 

among other questions, whether a natural mosquito repellent smart textile prototype can be 

built by combining natural materials and scents from Lapland and the weave design enabled 

by the Jacquard technology. (Design, Weave, Show, CAD/CAM Software […], 2019; 

Fernström, 2012) 
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The goal of the F.BAD project is to develop options to repel mosquitoes without any health-

related risks, and its research applications also include different mosquito repellent 

equipment. Covering all parts of the body helps to reduce the number of mosquito bites. 

However, mosquitoes can also bite through clothing. The colour of clothing is an important 

factor. Dark colours are known to attract mosquitoes, while light clothes keep mosquitoes 

better away.  

Commercial mosquito clothes are worn over other pieces of clothing, including hats, 

overcoats and trousers made from mesh materials. There are also mesh gloves and mittens 

and sock-like footwear available. This means that it is possible to cover the entire body with 

mesh fabrics to prevent mosquito bites. What is characteristic about mosquito repellent 

clothes is that they are usually dark green or feature the military camouflage pattern. From 

this, it can be concluded that the mosquito repellent clothing imitate natural colours and 

camouflage the wearer in nature, but not repel mosquitoes.  

As a result, the F.BAD project focuses on the best colours and patterns to be used in 

mosquito repellent clothes and materials. It is widely known that mosquitoes select their 

targets through three phases: their sense of smell drives them towards carbon dioxide, their 

sense of vision helps to approach their target and, finally, they pinpoint their target on the 

basis of body heat. Textile pattern design could focus more on the way mosquitoes navigate 

to their targets.  

What kinds of optical illusions could be used or developed to this end? Optical illusions have 

been used in clothing in different ways at different times. Optical art (op art) was a 

significant international art phenomenon, for example, in London, Paris and New York in the 

1960s. It was based on visual arts, while many fashion designers applied its visual side to 

patterns and woven fabrics. Clothes were simple in design, but their bold colours and textile 

patterns made them sort of move on their own. In recent years, interest in optical illusions 

has increased. Experimental designs have been demonstrated at fashion shows in different 

parts of the world. Fashion shops offer various textiles, clothes and accessories with 

different animal patterns, such as panther, leopard, tiger, zebra, and giraffe patterns. 

(Hasbullah, Westland & Cheung, 2016; Elshafei, 2015; Ridgway, 2014).  

Although zebra and leopard stripes seem to stand out easily from their surroundings, they 

act as a protective colour, distorting and blurring the predator’s vision and, therefore, 

helping animals to hide and camouflage in their environment. Zebra stripes are known to 

protect zebras from bloodsucking insects. This knowledge has been used when studying the 

behaviour of horse-flies. A striped blanket was put on a few horses. Researchers discovered 

that zebra stripes interfere with the fairly weak vision of insects so that it became more 

difficult to land on the animal, which in turn reduced the ability of horse-flies to bite animals 

and suck their blood (Caro et al., 2019; Caro et al., 2014; Horváth et al., 2019; Klein 2019; 

Melin, Kline & Hiramatsu, 2016). 
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Could a scented moiré pattern act as a mosquito repellent textile in the future? Usually, the 

moiré pattern is never seen out in the wild, while it is fairly common in an urban 

environment, for example, in the folds of window curtains or worn by a TV presenter. Moiré 

is an interference pattern made by overlaying a specific type of woven fabric or lines on a 

printed fabric to produce a new pattern. 

The moiré pattern is usually regarded as an unwanted pattern or an error that needs to be 

fixed. Recently, it has been added to experimental and commercial clothing, and also to 

horse blankets. In the F.BAD project, the study of textile pattern design focuses on the 

production of a moiré pattern by both stacking transparent material layers one on top of the 

other and by using colourful printed textile patterns. Both ways can be used to produce new 

textile patterns and illusions of movement. The goal is to develop the material so that it can 

be used as a visual mosquito repellent. 

The cleanliness, health and safety of Lapland´s nature are significant values that are used in 

marketing and branding in many sectors. Arctic quality has also been studied scientifically in 

the fields of natural resources and tourism, as well as in different services. To develop, 

Lapland needs innovation and new technologies. This is only possible with true cooperation 

between people from different fields – without any whining. (Bog Myrtle 2019; Labrador Tea 

2020; Nettle 2019) 
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Abstract | The paper aims to frame the emerging scenario of hybrid interactive systems, and 
pave the way for post-digital interactive materials, proposing organic material interactive 
interfaces as a potential alternative to digital and electronic-based ones. Supported by the 
theoretical background and related works, a case study developed by one of the authors is 
presented: a cellulose-based interactive interface where the material itself work as a sensor 
and an actuator. This new generation of smart materials enables and implies novel 
experiential patterns to observe and discuss. An exploratory workshop on this novel typology 
of material interface carried out by one of the authors is then described addressing the critical 
issues of users’ perception and appreciation. The methodology of the activity is based on 
quantitative and qualitative data collection through a questionnaire made of scale questions 
and open-ended questions, plus direct observation and discussions with the participants. The 
activity integrates the lens of Materials Experience, in order to overcome the missing 
understanding of the experiences enabled and implied by this interface. Prominent findings 
unfold the relationship between temporal and static expressions. Finally, biomimicry arises as 
an approach to transfer the feeling of nature and to create more intuitive interaction. 

KEYWORDS | MATERIALS EXPERIENCE, BIOMIMICRY, CELLULOSE-BASED INTERFACE, 

HYBRID MATERIAL SYSTEMS, RESPONSIVE MATERIALS 

1308   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



S. Parisi, M. Holzbach, V. Rognoli 

 

1. Introduction 

In the research and practice around material design, different post-digital scenarios are 

currently emerging. Computers, as we know them today, will disappear into things that are, 

first and foremost, something else (Negroponte, 1998). 

The paper aims to frame the emerging scenario of hybrid interactive systems and pave the 

way for post-digital interactive materials, proposing organic material interactive interfaces as 

a potential alternative to digital and electronic-based ones. Supported by the theoretical 

background and related works, a case study developed by one of the authors is presented: 

Transformative Paper (Holzbach, 2015a), a cellulose-based interactive interface where the 

material itself works as a sensor and an actuator. 

Comparing to traditional electronic-based smart materials, this newer generation of hybrid 

interactive materials enables and implies novel experiences and opportunities of combining 

dynamism and authenticity. The experiential patterns mediated by the formal and 

behavioral qualities of such materials need to be explored and discussed. Therefore, an 

exploratory workshop on this novel typology of material interface carried out by one of the 

authors and involving a selected group of participants is then described addressing the 

critical issues of users’ perception and appreciation. From this activity, promising preliminary 

results on people perception emerge and set the base for further research actions. 

2. Theoretical background and State of the Art 

2.1. Hybrid Interactive Systems 

Today, besides objects equipped with artificial “intelligence,” materials themselves may be 

informed and rewritten by micro-scaling digital or procedural activities. Micro-scaling can 

lead to the hidden information of traditional materials and everyday objects surrounding us. 

This results in an aesthetic and functional augmentation of existing materials that infuse 

materials of "living" or "intelligent" qualities. At this stage, new properties are usually 

constructively linked to the material on a macroscale level and in a traditional way – for 

example, through layering.   

This brings to the emergence of materials with responsive behaviors that can detect, 

process, and manifest data. “Smart materials” is a relatively new expression used to identify 

materials that have changeable properties, in opposition to traditional materials that are 

latent (Ritter, 2006). They can change some features like shape or color in response to 

physical or chemical influence from the environment or the users’ body. 

It is often possible to combine several materials with smart properties together to create 

Smart Material Composites (Barati et al., 2019), and to combine actuating, sensing and 

controlling electronics into Smart Composite Material Systems (Kelly, 2017) in order to 

1309   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



Paving the way to post-digital smart materials 

 

increase the smart qualities of the final product. The combination of organic and inorganic 

components, including micro components such as electronics leads to the definition of 

Hybrid Materials (Saveleva et al., 2019; Ritter, 2006). As a result, Hybrid Material 

Systems (Parisi & Ferraro, 2021, p. 127) are defined as “material-based systems 

encompassing different components such as inactive materials, smart material components, 

sensors, actuators, computational layers”. 

Due to the increasing miniaturization of technologies, the seamless integration of sensors 

and actuators into materials have been theorized and envisioned in the notion 

of Augmented Materials (Razzaque et al., 2013), Expanded Matter (Brownell, 2014), 

Computational Composites (Vallgårda & Sokoler, 2010), Material programming (Vallgårda et 

al., 2017), and Interactive, Connected, and Smart (ICS) materials (Ferrara et al., 2018; Rognoli 

& Parisi, 2021). 

While at the beginning the first wave of digitality affected drawing and visualization tools for 

design, then digital production tools and the process chains derived from them followed. 

The resulting connection of the digital with the physical – or the material – results in directly 

derivable hybrid structures with their own hybrid property profiles. This results in a formal 

and functional augmentation of existing materials, that infuse materials of "living" or 

"intelligent" qualities. Hybrid materials are multi-layered and heterogeneously informed. As 

a result, materials are becoming increasingly informative and intuitive.  

Some hybrid Interactive systems are designed by using designed Materials. This leads to the 

question of whether the discussion about constructions that are suitable for the material or 

design which is suitable for the material is outdated or not. Today, materials are developed 

to perform a task. The question of materiality arises as a central decision and development 

at the beginning of a design task and not as a selection from existing materials at the end of 

the project (Parisi et al., 2020). Material-oriented design is increasingly turning into “design 

with designed materials” (Holzbach, 2015a). 

2.2. Material Authenticity 

Many of today's material solutions integrate new technologies and components, and their 

scale and complexity no longer allow conclusions to be drawn about their performance or 

function. This is also the ambivalence of the material solutions presented here in the paper. 

In the articulation of these new and hybrid material solutions lies the important cultural 

mission of material design (Holzbach, 2015a). In most cases, designers look for a suitable 

material for their design or design the product with a specific material in mind. This 

"material authenticity" – i.e. what a material intrinsically is and naturally does – seems to be 

overcome.  

Today, the world of materials, substances, and semi-finished products meets digital design 

and production methods, changing the conventional idea of material “authenticity”. This 

fundamentally changes the way design concepts are conceived and leads to entirely new 
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ways of thinking. Today, materials are rather developed for their task. "Materials with 

sensitive, smart, or gradually varying properties lead to new and complex design concepts. 

This opens up new possibilities at the level of concept, form, structure, and surface. The path 

from static to dynamic, process-oriented properties is thus smoothed." (Holzbach, 2014a, p. 

69). As Sabine Kraft writes:  

"The relationship between form and material has become as diverse as it is 
ambiguous. A recourse to clear rules and specifications as to what can be conceived 
and constructed in which material and how, and which aesthetic message would be 
transported by this, is hardly possible anymore - if it ever existed." (Kraft, 2004, p.24)  

"Informed" or "augmented" materials with sensitive or smart properties, thus lead to an 

increasing blending of different contexts. Mixed forms emerge that no longer allow a clear 

separation. As a being of our time, the increasing intertwining of the most diverse areas of 

life and knowledge can be seen. New material and design concepts are also acting in this 

context, resulting from the overlapping of digital and analog, nature and artifact. It is the 

interdisciplinary process that see and define material, form and construction as a holistic 

unit. Where is the border between real and fake, natural, and artificial? 

What meaning can the term material authenticity still have in our digitized world? The 

digital, in particular, is predestined to connect different sensory levels. In the digitalized 

world surrounding us, and especially in contemporary art and cultural positions, such border 

crossers in the intersection of Art and Science or Design and Technology are of increasing 

importance. To what extent do nature and the artificially created interact to create a new 

form with its own hybrid characteristics? Where does something begin, and where does 

something end? 

A permanent comparison of information and materialization takes place. In addition to the 

digital programming of materials, specific material parameters can continue to be embedded 

in the digital models. "It is precisely the dialogue of the "real" material with the "virtual" and 

"dematerialized" digital world that leads to new formal and functional impulses and 

contexts" (Holzbach, 2014b). The virtual and the real are interwoven and thus lead to new 

hybrid property and design profiles. Analog and digital material concepts and their hybrids 

become the carriers of information. Materials become informative or even intuitive, enter 

into a dialogue with their environment and thus have new functions of meaning. The 

material acts at the interface of the digitalized and real world. The traditional thought 

pattern of "material-authentic design" is broken through the link between digitization and 

materialization. Here a substitution of important digital components in favor of natural 

materials is taking place. The material itself takes over essential tasks and increasingly seems 

to have intrinsic qualities.  

2.3. Post-digital Interactive Materials 

In a future perspective, the possibility to substitute traditional electronic components, even 

with bio-based or bio-inspired ones, is not remote. In the first German edition of Domus, 
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Mateo Kries (2013), director of the Vitra Design Museum, writes: “Museums today must 

treat design as what it is – as a cross-sectional discipline between art, science, and 

technology”. 

Nature, with its structures and constructive laws, often serves as a valuable source of 

inspiration for material design as well as new technologies, through biomimicry (Salvia et al., 

2009) and the cooperation of digital manufacturing (Langella, 2007). Recent definitions of 

Bio-Smart materials (Lucibello et al., 2018; Ferrara et al., 2019) and Bio-Synergistic materials 

(Parisi & Shetty, 2020) elaborate the mechanical and biological response to stimuli of 

natural-based materials as a medium of smart behaviors.  

One challenge for the development of hybrid material systems is the one of sustainability, in 

particular the use of non-toxic, renewable, and biodegradable materials. The integration 

with biodegradable materials and fibers may allow the separation of components. This is the 

case of interactive wearables and objects using mycelium as a support and structure for 

electronics (Lazaro Vasquez & Vega, 2019), or the use of bioplastics for robotics (Kretzer & 

Mostafavi, 2021) or transient electronics (Tao et al., 2012). An example of design 

experimentation is a conductive bio-skin made by growing bacterial cellulose with 

conductive compounds by designer Giulia Tomasello (Fig. 1).  

 

Figure 1.   Conductive Bio Skin experiments by Giulia Tomasello. 

However, the use of materials with changing properties is not an invention of modern times, 

and those responsive behaviors can be found in nature (Ritter, 2006). Examples of organic 

materials and micro-organisms enabling aesthetic and functional dynamic responses in 

fashion and product design can be found in the literature. In this respect, biological 

organisms can also be used as biosensors and bio-actuators to replace synthetic ones. 

This is the examples of BioLogic (Yao et al., 2015), a textile which uses the mechanical 

behavior of Natto bacteria masses deposited on portions of textile to respond to moisture 

(Fig. 2). The bacteria’s body enlarges with humidity allowing the textile to change shape. 

Other examples of biosensors are Organic Primitives (Kan et al., 2017), pH-reactive organic 

materials used for sensing, actuation, and interaction, (Fig. 3) or the use of bioluminescent 

organisms for performing light-emitting behaviors. 
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Figure 2.   BioLogic by MIT Media Lab (Lining Yao), 2015 (photo by Rob Chron). 

 

Figure 3.    Organic Primitives by MIT Mediated Matter Lab (Viirj Kan). 

Researchers and designers are exploring the smart behaviors of traditional materials 

supported by digital manufacturing and parametric design, such as organic pulp-based 

surfaces and fibers reacting to moisture. Programmable knitting (Scott, 2018) tested the 

shape-shifting moisture-responding anisotropic behavior of pulp-based fibers woven into 
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textiles to determine the geometry related to each deformation and integrate it in the 

design process by using parametric design (Fig. 4).  

 

Figure 4.   Programmable Knitting, by Jane Scott, 2018. On the left: growing medium profile. 
On the right: Shear, after actuation (photo by Cristina Schek). 

This newer generation of hybrid and post-digital materials also shows the reactive properties 

of the natural world. However, the post-digital and bio-mimetic materials show authentic 

properties connected intrinsically to the material. The combination or description of new 

properties via micro-scale digital or procedural components is perceived as an embedded 

"intrinsic" property and as inherent to the respective material. The properties of the living 

are conveyed even more strongly in these materials, since the material apparently reacts 

automatically to its environment. The hidden individual components lead to the suggestion 

of existing formal and functional properties in the material itself. These are per se not 

present in the actual material or artifact, but rather result from the hidden current and 

operating properties. 

The traditional nomenclature of design and its semantics is at this point undermined. The 

encoded and rewritten material can no longer be decoded with a classical sign function or 

described with questions about "material authenticity". The product language, which acts 

out of its symbolic or symbolic nature, can therefore no longer be used as an unrestrictedly 

effective means. Instead, the object is "intuitively" or even "not" accessible. Our existing, 

object-like environment is able to communicate, but no longer communicates this to us - in 

the sense of a classic sign function - as it used to. 

3. Case Study: Transformative Paper  

A case study of post-digital interactive material developed was developed by one of the 

authors as a result of a student’s project and is presented in this section. Similar to 

Programmable Knitted by Jane Scott (2018), the authors’ case study is a cellulose-based 

interactive interface in which the material itself works as a sensor and an actuator. It is a 

shape-changing multi-layered surface made of paper combined with a plastic layer and cut in 
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small bio-inspired segments reacting to short-term environmental conditions, as a 

combination of the properties of the material and the designed shape. Depending on the air 

humidity, the paper structure morphing without electronically based sensors into various 

states (Holzbach, 2015b). 

The project Transformative Paper (Fig. 5) was developed in a collaboration between the 

Institute for Materialdesign at the Offenbach University of Art and Design and the company 

BMW. A whole series of different concepts of responding surfaces was created under the 

guiding theme "Intuitive Brain." These surfaces were developed by students by using 

different interpretations and perspectives around the theme, which convey the “intuitive” 

meaning in different ways. 

 

Figure 5.   Transformative Paper by Florian Hundt, a result of the cooperation "Intuitive 
brain" between Prof. Dr.-Ing. Markus Holzbach, Institute for Materialdesign IMD, HfG 
Offenbach and BMW AG, 2015. The interactive surface uses the anisotropic condition of 
papers, in combination with a plastic film, to perform a dynamic behavior when triggered by 
moisture. 

In this particular case, the responding capability of the project is based on the notion of 

anisotropy: a condition in which specific material properties can vary depending on the 

direction. This also applies to wood and especially wood veneer with its fiber-based 

structure. In the first conceptual, preliminary stage, the interaction of the veneer wood and 

its anisotropy with the macrostructure consisting of different fractals has already been 
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established. Depending on the moisture distribution to the used wood species, and 

according to the orientation of the veneer wood, different forms can be realized. For 

instance, a one-sided moisture supply leads to corresponding swelling processes in the 

wood. This leads to tensions and deformations in the wood.  

This behavior is reversible, and the process is reversed with increasing drying. The material 

and thus also the structure resume their original form. Controlled by the alignment of the 

veneer modules, "intelligent" structures become conceivable, which react to both the 

absolute humidity and the distribution of moisture in the room and which can fulfill specific 

practical and aesthetic functions through their three-dimensional deformation. The reactive 

surface serves as both a sensor and an actuator (Fig. 6). 

 

Figure 6.   Transformative Paper by Florian Hundt, a result of the cooperation "Intuitive 
brain" between Prof. Dr.-Ing. Markus Holzbach, Institute for Materialdesign IMD, HfG 
Offenbach and BMW AG, 2015. A detail of the interactive surface. 

Basing on this logic, the behavior of anisotropy should be exploited in further development. 

Up to now, wood has been the most commonly used raw material in paper processing. Since 

paper is made directly from the wood, it has the same swelling behavior and also the 

anisotropic properties of wood. Conventionally, these effects, which result from the 

anisotropy of the starting material, are undesirable, especially with machine-made paper 

and in a wide range of areas of application. On the contrary, isotropic properties are desired, 

i.e., materials whose property profiles are the same in different directions and thus 
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homogeneous. However, In the development of the project, a series of tests were 

performed in order to investigate and verify the anisotropic behavior of wood. For example, 

according to the type of wood, growth conditions, and other variables, different properties 

are obtained in different growth directions. Strengths, swelling behavior, and deformation 

behavior can be predicted quite precisely. In particular, in the scope of the work presented 

here, the effects resulting from anisotropy are of particular advantage. 

After all, in a post-digital scenario, the adaptive and interactive qualities of materials are 

expected to be developed from an authentic and inherit – "intuitive" – material intelligence 

and without the addition of a digital component. Thus, specific deformation properties can 

be introduced into desired areas of reactive surfaces in a very targeted manner. The 

individual fractals are integrated into the overall surface and positioned individually, quasi 

tailor-made. 

The main goal of the presented work "Transformative Paper" was formulated as the 

independent response of an interactive automotive skin to the influence of the weather and 

especially to the interaction with rain. The developed reactive skin reacts automatically and 

is intuitively able to adapt to the weather. If one makes use of the anisotropic properties of 

the paper and combines the paper with other materials, new areas of application and 

contexts can be opened up. In this case study, the paper layer was constructively combined 

with another plastic film in a multilayer construction. The resulting multilayer construction 

reacts continuously to environmental influences. Depending on the humidity, the paper 

structure is transformed into different states. This results in a gesture that can appear so 

subtle when humidity is low that the transformation is not evident at first glance. The 

transformation takes place more evident when the surface is exposed to moderate moisture 

and heavy rain. If the structure is dried, the individual segments will stand up. When wet, 

the structure closes entirely automatically and without digital control or regulation 

(Holzbach, 2015a). 

4. Exploratory workshop on users’ perception 

A challenge for design research is identifying meaningful ways to design with and for 

materials like this. They imply complex and novel experiences that designers need to 

comprehend and implement to foster people’s appreciation and acceptance (Parisi & Shetty, 

2020).  

An exploratory workshop on this novel typology of material interface involving a limited 

number of selected participants was carried out by one of the authors and is here described 

addressing the critical issues of users’ perception and appreciation, and to overcome the 

missing understanding of the experiences enabled and implied by this interface. In 

particular, the object of the study is Transformative Paper, by the collaboration between the 

Institute for Materialdesign at the Offenbach University of Art and Design and the company 

BMW AG, the one broadly presented in the previous section of the paper. The study was 
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organized in the format of a workshop with users, aiming at unfolding qualitative patterns 

(Petrelli et al., 2016), using the lens of Materials Experience (Karana et al., 2015; Giaccardi & 

Karana, 2015). The setup, methodology, and results of the study are thoroughly described in 

this section. 

4.1. Methodology 

The activity was organized in the format of a small workshop of 1 hour and 30 minutes. The 

activity was performed at the School of Design of the Politecnico di Milano. The study 

involved 20 participants, including design students (13), practitioners, (4) and scholars (3), 

from 4 different countries, i.e., Italy (13), Portugal (5), Brasil (1), Perù (1). 

The methodology of the activity is based on quantitative and qualitative data collection 

through a questionnaire made of scale questions and open-ended questions, plus direct 

observation by one of the authors and discussions with the participants. The activity was 

divided in four subsequent phases: 

• exploration and analysis of the static form and expression of the material; 

• exploration and analysis of the dynamic form and expression of the material; 

• comparison with other dynamic materials, i.e., thermochromic painting, 

electroluminescent ink, shape-memory alloy spring, and oxidizing copper; 

• participant’s background, previous knowledge and final remark. 

The lens used to observe and analyze the item is the one of Materials Experience. Each of 

the moment was introduced by small presentations by the author, with the support of 

projected slides, including the introduction of grounding theoretical notions with examples 

and showcasing of the samples. A coded envelope and four papers containing questions and 

scales related to each of the four phases, namely part A, part B, part C, and part D, were 

distributed during the execution of the activity to each participant as a compass to the 

activity and to collect data. After each moment, before explaining the following part and 

distributing the related paper, the author encourages a moment of discussion with the 

participant in order to unfold key issues in the scope of the research. The language use for 

the questionnaire, the execution of the activity, and the discussion was English. Participants 

were asked to fill the questionnaire and express their opinion in the discussion in English or 

in their mother language if that made them more comfortable. This was appreciated when 

allowed to provide more accurate and complex description of feelings and recalls in the 

participant’s memory.  

The questionnaire was set as follow: 

Part A: the sample is shown in its static expression. A sensorial evaluation scale (Karana, 

2009) was provided to support the evaluation of the samples. 

• How would you describe the material?  

• Which are the main sensorial qualities? 
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• Which emotions, feelings and memories does the material elicit in you? Why? 

• Which adjectives/meanings would you use to describe the material? Why? 

• How would you approach and interact with the material? 

• How would you think it would change in time? 

Part B: the sample is shown in its dynamic expression. 

• How would you describe the behaviour of the material? What are the inputs? 

What are the outputs? What are the qualities of the behaviour? 

• Which emotions, feeling and memories does the behaviour elicit in you? Why? 

• Which adjective/meanings would you use to describe the behaviour? Why? 

• Look at the previous paper (paper A): is the experience elicited by the material 

changed? What in particular? Think about the sensorial qualities, emotions, 

meanings, way of interacting or approaching the materials. Would you change 

the nickname of the material? 

Part C: other materials showcasing dynamic behaviors are shown and compared. 

• Describe the different experiences resulting from the materials and related 

behaviours. Use the questions in the previous page (paper B) as a guide for the 

description. 

• Put the different experiences in order of preferences and explain why? 

Part D: questions for demographic data (age, nationality, job), previous knowledge on the 

topic (Transformative Paper, Materials Experience, Smart and Interactive Materials), and 

optional comments are contained.  

Paper questionnaires and audio recording of the activity were digitalized and transcribed by 

the author in tables. Comments and answers in mother language were translated by the 

author. Once transcribed, data were analyzed by the author in order to extract patterns, 

contradictions, and key considerations. 

 

Figure 7.   Two phases of the exploratory workshop, carried out by Stefano Parisi, Polimi, 
2019. 
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4.2 Results and discussion 

Among the results, prominent findings unfold the relationship between temporal and static 

expressions. For instance, slow bio-inspired responses and the principle of accordance 

between shape, material, and behavior evoke positive connections.  

In particular, the behavior and dynamic expression influence the experience (Rognoli, 2015), 

modifying all the layers of experience. Some people had a positive reception to the 

materials, mainly related to the feeling of surprise and wonder, while to other the behavior 

itself was considered as aggressive. Slow behaviors are considered more evocative and 

emotional. Diffusely, the behavior was considered as natural and assimilated to vegetal 

elements. Thanks to the behavior the materials was considered as “alive.” This was 

considered positively. Some participants underline the fact that the material, in the static 

dimension, suggested how the material would move, by reminding a field of grass. This 

accordance appears to be key.  

Biomimicry arises as an approach to transfer the feeling of nature and to create more 

intuitive interaction. Most of the participants are encouraged to interact with the material 

when static, while when reacting at first preferred to observe instead of touching. 

In this case, the input (water) not only trigger the behavior (shape-changing), but changes 

the qualities of the material itself, making the materials wet and softer, which is perceived 

by participants as more fragile or comfortable. The natural transformation of the substrate 

with time (e.g. ageing) may interact with the reversible behavior. 

Limitation of the activity is related to the diversity of samples provided, in terms of shape, 

applications, and details. In fact, while the main object of the study was considered by the 

participant as a designed material system with a high artistic value, the other samples used 

for the comparison – namely, thermochromic painting, electroluminescent ink, shape-

memory alloy spring, and oxidizing copper – didn’t have the same complexity and were 

considered as material samples. Plus, among these material samples, some of them were 

designed for a specific application. In general, the items didn’t have common characteristics 

that would make the comparison more objective, i.e. size, thickness, colors, surface qualities 

such as texture, performance qualities such as flexibility. While Transformative Paper had a 

proper showcasing divided in two moments leading the participants to explore thoroughly 

its static and dynamic dimensions, the other samples used for the comparison didn’t have 

the same space for presentation and showcase. Another limit is represented by the small 

sample of participants involved and by their robust relation with the area of design and 

materials. Following studies may involve unskilled participant, unfamiliar to the topic.  
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5. Conclusions 

Concluding, the paper presents the emerging scenario of hybrid interactive systems and 

paved the way for post-digital interactive materials. In particular the authors used a 

speculative approach to propose organic material interactive interfaces as a potential 

alternative to digital and electronic-based ones. Supported by the theoretical background 

and related works, the authors demonstrated the potential of this novel area of advanced 

materials, in particular the ones related to intuitiveness and authenticity of the interaction 

and communication between the users and material interfaces. Secondly, the challenge of 

sustainability is promoted by the use of organic and natural interactive components, instead 

of digital, chemical, and artificial ones. A case study developed by one of the authors is 

presented: a cellulose-based interactive interface where the material itself works as a sensor 

and an actuator. An exploratory workshop based on the notion of Materials Experience on 

this novel typology of material interface carried out by the authors validated the hypothesis 

of the beneficial impact of such materials in enhancing meaningful and positive experiences 

for the users. Not only, it triggers complex interplays between the behavior, the shape, and 

the material qualities opening up to original ways of designing and experiencing the artifact. 

Although the exploratory workshop is conducted with a narrow, insular, and small number 

of participant and to date has not been repeated yet, it presents some interesting and 

promising insights to use as a base knowledge for further research actions. The methodology 

of the exploratory workshop can be considered as a pilot or prototype for a more in-depth 

user study. 

The authors underline that the case study is analogic and does not use embedded 

technology and smart components to react. However, it is key to the study as an example of 

dynamic materials, in order to retrieve information to use not only for the development of 

post-digital interactive materials, but to extend to smart materials with embedded 

electronics, in order to reiterate positive experiences. Indeed, data obtained from the 

studies are intended to be applied to the design of hybrid material systems as part of a 

broader methodology. 
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Abstract | Co-creation is a broadly used practise among service designers, as a workshop is an 
effective way to build new solutions or improvements together. The focus of this article is on 
the emotions arising before and during the co-creation workshop and a reflection on what 
influences them. The first purpose of this article is to deepen the understanding of emotions 
that emerge in the co-creation workshops that are commonly encountered by the different 
participants. The second purpose is to determine if there are other factors that influence the 
experience of co-creation. In this article, emotions are considered a human response—
consciously or unconsciously—that connects human beings with their surroundings. This 
connection has an impact on people’s emotions and determines their experience, attitude, 
behaviours and interactions in the workshop environment. 

KEYWORDS | EMOTIONS, CO-CREATION, COMMUNITY, INTERACTION, HUMAN 

SURROUNDINGS 
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1. Introduction  

Service design is a rapidly evolving field, both in research and in practice. One of its most 

common practices, co-creation, is also constantly evolving. According to Sanders and 

Stappers (2008), co-creation starts with two approaches: the first considering the user as an 

informant or expert of their own experience, and the second considering the user as a 

fundamental part of the creation process, that is, a partner. Over the years, both approaches 

have co-existed and matured. Indeed, a service design process is generally participative, and 

the methods and tools used often enhance collaboration (Sangiorgi & Prendiville, 2017). 

Nonetheless, human-centred approaches, prevalent both in design and in Western 

worldviews, have been criticised for their anthropocentricity (Acosta & Romeva, 2010), 

neglecting all other elements we (humans) interact with, although we are only one part of a 

larger ecosystem.  

Surprisingly, although highly human-related, the emotional components of co-creative 

practices are often overlooked (Soto et al., 2020a) and even unacknowledged as essential 

elements to consider in these collaborative settings (Miettinen & Sarantou, 2019). Emotions 

have a significant impact on people’s decisions, their perceptions and their relationship with 

their environment. The complexity of the projects could be addressed by designers, starting 

with the consideration of the people involved (Miettinen & Sarantou, 2019) and their 

ecosystems. A new way to understand emotions in the interaction between humans and 

non-humans environments could contribute to the development of better environments for 

co-creation and enhance participative experiences. Hence, this article asks the following 

question: What elements can influence the emotions experienced by participants in a co-

creation workshop? This paper has a practical perspective that is based on the findings from 

data collected between 2018 and 2020 as part of a doctoral dissertation on the emotional 

skills of service designers in co-creation practices (Soto, 2021). First, data were collected in a 

Master level course in service design taught in Finland (NN:9 students). Second, data were 

collected during three service design sprints organised in Sweden, Finland and Estonia 

(NN:44), and finally, an online open-ended questionnaire was administered to service design 

facilitators (NN:6).  

The findings presented in this article suggest that it is necessary to know and consider all the 

factors that can influence the emotions in a co-creation workshop. In addition, those factors 

go beyond the workshop; for example, everyday personal and professional situations, 

interactions between people and between people and their environment. This article 

proposes a vision of a co-creation community in which it is essential to increase the 

knowledge of emotions and their connection and interaction within the community in order 

to enhance the awareness of how all participants build the experience of a workshop (Soto, 

2021) and the need and desire to increase connectedness with all life forms (Kahn, 1997; 

Keller & Wilson, 1993). 
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2. Conceptual Background 

The concept of emotions goes far beyond a single definition developed by specific 

disciplines. Nonetheless, these perspectives can contribute in constructing a definition and 

common understanding and in this case can serve as a bountiful meaning for design. The 

psychologist Fridja (1986) describes emotions as phenomena in which behaviour, 

physiological response and subjective experience have an encounter. In psychology, there 

are different definitions related to the intensity of emotions and their combinations. This 

paper follows the perspective of evolutionary psychology, which distinguishes between basic 

or primary and complementary emotions (Desmet, 2002). Different authors use different 

definitions of basic emotions (Bloch, 2008; Ekman, 1971; Frijda, 1986, 1988; Izard, 2009). 

This study utilises Bloch’s (2008) six basic emotions—joy, anger, tender love, erotic love, 

sadness and fear—and all the possible combinations between them. These are claimed to be 

universal (the same for any culture), and they manifest with moderate intensity. 

Complementary emotions are combinations of the six basic emotions. They combine two or 

more basic emotions with different intensities, and the outcome depends on those 

combinations.  

In the field of design, the works of designer Pieter Desmet and engineer Donald Norman are 

relevant references. Desmet’s (2002) approach focuses on how designers can develop new 

ways to create emotional connections between products and their users. Meanwhile, 

Norman’s (2004) work is connected to the human response and its relationship with 

technology. Both are related to the emotions humans experience when they interact with 

products as well as the emotions that can be triggered in the interaction with other people 

about a product. According to Desmet (2002), emotions can arise from a direct or indirect 

relationship with a product. By connecting his work with the co-creation approach, the way 

in which interactions affect and influence emotions becomes much clearer. 

Moreover, this paper finds inspiration in the community-centred design approach (Cantù, 

Corubolo & Simeone, 2012) as a way to conceptualise co-creation environments as creative 

communities and also to broadly understand a community as something in which not only 

humans are involved. The holistic understanding of what constitutes a ‘community’ in this 

article is connected with the ecosystem approach, whereby a community (or ecosystem) 

could be described as ‘a dynamic complex of plant, animal and micro-organism communities 

and their non-living environment interacting as a functional unit’ (Convention on Biological 

Diversity, 2006, Article 2. Use of terms section). In this sense, co-creative environments in 

service design practices can be seen as dynamic ecosystems in which the participating 

humans interact with and affect each other (and their emotional states) alongside a 

multitude of other non-human elements, which also influence the overall process, 

experience and generated outcomes. 

The discourse on service design has widely evolved, moving from an original focus on the 

discipline, such as interactions and interfaces, to investigating the deeper relation between 

theory and practice to better understand the complexity of the interactions, relations and 
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experiences involved (Sangiorgi & Prendiville, 2017). Co-creation is a combination of tangible 

and intangible outputs (Horvath & Carpenter, 2020), where the interaction of the 

participants allows the merging of their perspectives, opinions and experience, contributing 

to a participatory practice where emotions arise spontaneously. Given that participatory 

design is here viewed as a collective creative practice in which facilitators and participants 

shape the process (Sanders & Stappers, 2008), emotions can be triggered both by the service 

designers facilitating the process and by the collaborating participants. Accordingly, service 

designers must be flexible to deal with the constant flux of situations that emerge during co-

creative practices (e.g. during workshops or design sprints). This flexibility and adaptation 

requires specific skills to conduct the design practice since adjusting to the emotions 

involved can be a challenge. Social, communication and empathy skills are essential for 

succeeding in co-creative processes (Miettinen, Rontti & Jeminen, 2014). 

Co-creation workshops typically involve individuals who have their own personalities, 

professional and cultural backgrounds, personal goals and expectations and respective lives 

outside of the workshop setting. Therefore, the facilitators’ and participants’ emotions can 

be affected by the many co-existing factors that are present in such collective creation 

processes. Indeed, emotions are also driven by the personal situations and previous 

experiences of people, which lead to predispositions in their interactions. The visceral level is 

the most primitive part of the brain, and it reacts positively or negatively to environment 

stimuli, such as temperature, lights, colours, smells or shapes (Norman, 2004). The 

complexity of emotions in an interactive environment is affected by a set of factors related 

to the present perceptions and judgements of the participants based on their previous 

experiences. Although present and prior experiences may sound very ambiguous, the 

purpose of describing it in this way is to indicate that the variables that influence people’s 

emotions are not only an automatic response in the face of particular stimuli. This makes it 

harder to recognise the emotions related to the service design process and to be open to the 

emotional state of others during the workshop. By improving their awareness of the 

participants’ emotions during a workshop, service designers could more successfully adapt 

the flow of the workshop to create the optimal experience for successful participation and 

collaboration.  

3. Research Methods 

This paper considers data collected in two case studies. The first (CS 1) was an advanced 

service design course in Finland. The second case study (CS 2) consisted of three design 

sprints (workshops) carried out in Gothenburg (Sweden), Tallinn (Estonia) and Rovaniemi 

(Finland). Part of this material was previously published, focusing on similar themes 

discussed in this article (see Soto et al., 2020a and Soto et al., 2020b). Finally, this article 

uses material collected through a short online open-ended questionnaire, seeking to collect 

views from co-creation facilitators on the external factors that could impact the emotions of 

both participants and facilitators. 
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For both cases studies, the use of a specific matrix is essential to understand some critical 

aspects related to emotional perception. The focus of the matrix "Emotional Map" 

developed for CS 1 was on the emotions of students when they play a role as facilitators of a 

workshop. The focus of the matrix "Emotional Record" developed in CS 2 was specifically on 

the participants' emotions. In both cases, service design in healthcare was the main topic of 

the workshop. The purpose of the research strategy in CS 1 and CS 2 was to better 

understand the dynamics in a single setting (Eisenhardt, 1989) and to identify multiple levels 

of the information and proceed with the analysis (Yin, 1984). The additional questionnaire 

was aimed at asking facilitators their opinions about the other factors based on their 

experience to further develop the claims brought forward by the authors in this article. The 

tools used for CS 1 and CS 2 were as follows: 

Emotional map: A visualisation of emotions according to their pleasurable or unpleasant 

characteristics (Van Gorp & Adams, 2012) (see Figure 1).  

 

Figure 1.   Emotional Map tool  
 

Emotional record: A brief survey to identify the emotions experienced every day during the 

workshop (see Figure 2). The nine emotions displayed in the survey are a combination of the 

six basic emotions (Bloch, 2008) and the most common emotions identified in the 

“Emotional map” tool.  
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Figure 2.   Emojis used for the emotional record matrix 

4. Findings 

This section shows the results from the data analysis and the corresponding reflections. The 

findings are organised in two sections: (1) Variation of emotional perception, where the data 

illustrate the fluctuation of perceived emotions according to the stage of the workshop; and 

(2) Invisible factors that influence emotions, where the respondents identified factors 

regarding their own practical experience and opinions that can influence emotions. Both 

sections merge results from CS 1 and CS 2 and the online questionnaire. 

4.1 Variation of emotional perception 

The emotions experienced as a facilitator are diverse and depend primarily on the practical 

experience that one possesses. Personal skills are an essential role in the facilitator's 

performance, yet they are not part of traditional service design training: ‘The facilitator's 

personality is essential in her or his role, but none has received specific training to handle 

emotions’ (comment from a facilitator, CS 1). In both case studies, some differences can be 

observed, mainly depending on the experience of the facilitator. 

The facilitators' emotions during the workshop are intense and fluctuate depending on their 

practical experience; for example, the workshops they conducted previously gave them the 

knowledge to handle different types of situations with flexibility and wider understanding 

this define their emotional perception, more or less pleasure, during the process. However, 

in CS 1, even for those who felt unpleasant emotions during the workshop after a few days, 

they remembered just the good emotions related to satisfaction and having achieved 

something. Meanwhile, CS 2 showed less fluctuation of emotions. In general, joy, 

satisfaction and astonishment were the most common emotions. 

The Emotional Map tool used in CS 1 shows the perception changes during the workshop 

and around one week after the workshop (see Figure 3), when students reconstructed the 

emotions experienced according to their memories. The visualisation of this representation 

shows the fluctuation of emotions before and during the workshop, moving from pleasant to 

unpleasant emotions, although the display of emotions after the workshop shows less 

variation, with more neutral and pleasant emotions.  
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Figure 3.   Emotional map responses by the three groups 
 

Before the workshop, the emotions of the students who would act as facilitators were 

diverse, and many of them were related with the expectations and challenges of being the 
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host or leader of the activity. Therefore, the respondents added some extra emotions or 

emotional comments to the matrix list, such as: we know what to do, enthusiastic & nervous, 

awaiting, concentrate, indifferent, sad, guilty, confused, fearful, excited, worried and 

nervous. According to their answers and comments shown in the matrix, the emotions 

identified before the workshop extended until just before the workshop began. After the 

first intense part, the emotions were more related with a ‘relief state’, when all was running 

as expected, while the emotions in the last part were divided into boredom and happiness. 

As an example of the emotions before the workshop, one of the answers from the online 

questionnaire explained the combination of pleasant and unpleasant emotions: ‘I love to 

meet and interact with people, but there are several technical (not only technological) issues 

that I need to be sure of’. 

Comparing both case studies and the online questionnaire shows that the facilitators’ 

emotions were quite similar independent of the type of workshop. Although this might seem 

obvious, when consulting the facilitators about the emotions they experienced, they stated 

that it was an aspect that they had not previously reflected upon. 

4.2 Invisible factors that influence emotions 

The process of recognising the emotions experienced during the co-creation practice is 

complicated because people in general do not have accurate knowledge to define a precise 

emotion in a specific situation. Here, most of the answers focused on facilitators’ 

experiences during a workshop, assuming that the emotions were triggered by the ongoing 

interactions. One of the most challenging aspects was determining which factors influenced 

the identified emotions, and even the process of distinguishing those emotions might have 

been affected by factors external to the specific interactions that occurred during the 

workshop. According to the facilitators of CS 2, they considered all the structural aspects of 

the space (e.g. light, walls to place papers, place linked with the project) to be important, 

making some connections between emotions and the environment, but just as a functional 

part of the activity. 

People's emotions are a complex set of elements. Emotions are the reflection of the history 

of their interactions with different communities (e.g. family, friends, work, gym), the various 

situations they have faced and the way they have solved or reacted to each of them and 

their experiences and the growth they have enabled. People are influenced by their 

surroundings and the communities in which they interact; this can be seen in their lifestyle 

decisions and behaviours (Tolosa, 2013). 

In the online questionnaire, the respondents were asked about their opinions about other or 

external factors that influence emotions in co-creative environments. The purpose of the 

questionnaire was to explore factors beyond the planning, structure or any other activity 

that they commonly regarded as essential to running a workshop. According to their 

answers, prior to a workshop, the external factors could be elements such as the tensions 

inside the organisation (between participants if they know each other), the stress related to 
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the thought of meeting new people, the level of clarity regarding the purpose of the 

workshop or the language being used in the international workshops. The answers regarding 

the factors during the workshop were more extensive and detailed and thus likely easier for 

the respondents to identify. These answers have been organised into four topics: the 

atmosphere, the facilitator’s skills, the workshop structure and the participant’s life outside 

the workshop.  

 

Table 1. The factors related to the definition of the emotions in a workshop environment 

Topics Examples 

The atmosphere 

All the characteristics of the room 
and workshop dynamics. 

Lights, temperature, smell, the environmental conditions, the 
infrastructure and the participants’ freedom to express their 
emotions. 

The facilitator’s skills 

The experience and proper 
attitude to guide the workshop 
and handle possible situations. 

‘The way the group is being approached by the facilitators 
and how he/she/they are focusing to that workshops 
activities’ (a questionnaire respondent) and ‘how well it's 
facilitated’ (a questionnaire respondent)  

The workshop structure 

The workshop design and the 
decisions behind it. 

All the decisions about the methods used, timing, dynamics, 
tools, materials, the topic or the purpose of the workshop. 
Nowadays, the workshop characteristics, such as face to face, 
online or hybrid.  

The participant’s life outside the 
workshop 

Every person's history and reality 
shape his or her personality and 
daily attitude. 

‘The group of people that is present in the workshop, e.g. if 
someone is having a bad day, that affects others as well’ (a 
questionnaire respondent); ‘For example, if one participant 
gets a message from dentist during the workshops that her 
appointment for afternoon is unfortunately cancelled. This 
person had a fear of dentist and now immediately feels more 
relaxed’ (a questionnaire respondent).  

 

There were some clear needs and a desire to affiliate with life or lifelike processes. This is 

reflected in human–nature interaction, which defines the cognitive and emotional 

characteristics of humanity. There is also an intentional human–nature emotional bond, and 

as a consequence of this bonding, the protection of nature is a natural reaction to this 

connectedness (Lumber, Richardson & Sheffield, 2017). The interactions in a workshop seek 

to achieve such connection, and although there is always a highly personal component, the 

facilitator can contribute to guiding that feeling of belonging. The facilitator is a guide in this 

process, as described by one of the questionnaire respondents: 
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I have noticed that it is important to the participants to know that even if they are 

working independently, the facilitator is there to help if there are questions or 

problems, it is important to be present during workshops. 

The case studies provided an overview of the emotional experience in a co-creation 

workshop, the knowledge of case studies respondents about emotions and the lack of 

precision in its identification. The answers to the online questionnaire added more detail 

about the factors that influenced the facilitators’ emotional perception. The three methods 

used provide a visualisation of the emotional perceptions of the facilitators and participants. 

Although the identified factors could be examined in more depth in future research, this 

article shows that there are also many unexplored areas related to the emotional flow of 

collective creation and what defines it. 

5. Conclusions 

The data collected from CS 1 and CS 2 and the questionnaire give specific information about 

emotions but also raise new questions. The results and reflections in this article suggest that 

understanding emotions within a community requires consideration not only of the visible 

part of the interactions but also what happens with each person. There are numerous factors 

that affect the attitudes, decisions and behaviours of the participants, that is, the ‘world’ 

behind each participant, and life does not stop while people are in a workshop. All of these 

factors, with more or less intensity, contribute to building a specific atmosphere for the co-

creation experience. 

The article highlights that emotions are part of a complex group of factors, which depend on 

the participants themselves, other situations related to them and the conditions around 

them. The way in which participants process all these experiences depends on the individual 

and the specific situation. Therefore, emotions are not only a direct consequence of a 

person’s momentary experience; rather, they are a sum of elements, including the recent 

transportation experience, smells, music, colours, temperature, family issues, health 

problems or work-related situations. In this sense, facilitators must develop the ability to 

forecast situations and nurture collective creation environments, considering all the factors 

that influence the participant’s experience. 

The real challenge is to generate an emotional climate that supports a stimulating co-creative 

environment. It is crucial to consider all of the participants in the space, not only people (e.g. 

users and stakeholders) but also the specific conditions of the space and the environment 

(e.g. non-human living beings, climate, culture). The opportunity for the facilitator is to 

increase his or her awareness of everything that constitutes the situation, fostering empathy 

as a natural response when interacting with others and making the participants feel like part 

of the definition of the workshop’s atmosphere. 
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Abstract | This paper describes the planning and implementation of the Food Futures 
Teaching Cluster, a collaborative project that brings together faculty and students from the 
design arts and humanities to explore and engage with current conversations promoting 
local and sustainable food practices. This teaching cluster involves two concurrently taught 
courses taught by two of the authors: American Food Cultures (a comparative studies 
seminar) and Photo-Graphic Design (Introduction to Visual Communication Design). With the 
assistance of the third author (Department of English), who participated in curriculum design 
and met with students as a consultant with expertise in visual rhetoric, students in both 
classes collaborated to address the topic of food futures in discussion, research, writing, and 
design. This teaching cluster structure draws upon evidence-based teaching practices 
commonly acknowledged in teaching and learning research. It presents students with an 
opportunity to engage in collaborative, experiential learning with a long-term project that 
results in real-world impact for actual audiences. Over the term, the authors observed, 
documented, and analyzed how students developed a range of written and visual 
compositions presenting stories, facts, viewpoints, and emotions related to the Food Futures 
theme. This paper highlights students’ reflections on the topic of food sustainability 
practices and the iterative, collaborative teaching process. Students additionally tie these 
thoughts to greater insights about their impact as human beings on nature. This study 
concludes with a faculty reflection and plans for future work, arguing for this approach’s 
capacity to improve relationships among ourselves, our environment, and our technologies.  

KEYWORDS | FOOD CULTURE, SUSTAINABILITY, COMPARATIVE STUDIES, VISUAL 
COMMUNICATION DESIGN, TEACHING, COLLABORATION 

1337   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



P. Chan, B. McCorkle, R. Livingston  

 

1. Introduction  

Collaborative models of instruction in design education have become increasingly 

commonplace. Whether that takes the form of an apprenticeship model (e.g., having 

students work with professionals in the field), a mentoring model (e.g., having freshmen 

work with juniors or senior students), or—in this case—an interdisciplinary parallel course 

model, introducing design students to different ways of thinking, different approaches to 

problem solving or critique, can be an effective way to foster creative thought and output 

from our students. In fact, interdisciplinary design has been a professional paradigm for 

decades. As Tony Golsby-Smith argues, “Epistemic modes …are being broken apart today as 

we address the large tasks of our time–sustainability, globalization, diversity, … 

Interdisciplinary approaches are needed for the practical application of disciplined 

understandings to the existing world” (Golsby-Smith, 2013). Bringing this model into the 

classroom presents students with a valuable opportunity to experience this professional 

collaborative mindset in an educational context.  

This paper describes the planning and implementation of the Food Futures Teaching Cluster, 

a collaborative project that brings together faculty and students from the design arts and 

humanities to explore and engage with current conversations promoting local and 

sustainable food practices. This collaboration is part of a larger multidisciplinary program at 

the authors’ shared institution called Livable Futures, a project created to explore effective 

ways of combining artistic, scientific, and humanistic methodologies in order to address 

near-horizon challenges that affect both planetary and human conditions. Individual projects 

within this collaborative consist of media-enhanced dance performances, artists’ talks, 

software design, and innovative teaching collaborations. In that spirit, the authors bring 

visual communication design and humanistic inquiry together in a teaching cluster focusing 

on a topic that involves wide-ranging elements of genetics, environmental science, 

geopolitics, economics, ethics, and art: in short, the future of food.  

Over the semester, the authors observed, documented, and analyzed how students 

developed a range of written and visual compositions presenting stories, facts, statements, 

viewpoints, and emotions related to the Food Futures theme. This paper highlights students’ 

own reflections on the topic of food sustainability practices, as well as their experience of 

the iterative, collaborative teaching process. Students additionally tie these thoughts to 

greater insights about their impact as human beings on nature.  

The theoretical rationale for the Food Futures Teaching Cluster draws upon a body of 

research—situated both within design education as well as the scholarship of teaching and 

learning—that offers a pedagogical framework for structuring the assignments and 

interactions that the students experienced during the term. Privileging both robust 

collaboration and wide interdisciplinarity that reaches beyond traditional classroom spaces, 

the true value of this teaching cluster structure lies in its attempt to ground student work in 

real world issues meant for authentic audiences, in order to design purposeful, meaningful 

interventions. 
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2. Context 

Food Futures is situated at The Ohio State University (OSU), a large public research university 

situated in the mid-western United States. Specifically, Food Futures is a project sponsored 

by Livable Futures, “a grassroots network of artists, scholars and activists seeking to share 

resources and foster creative solutions to survival under planetary conditions of 

unpredictability and crisis” (Livable Futures, n.d.). Livable Futures is one of several similar 

large projects that, together, are known as Discovery Themes. The Discovery Themes 

Initiative, begun by OSU in 2012, is a ten-year, multi-million-dollar project designed to 

address global issues or problems, such as Infectious Diseases, Chronic Brain Injury, or 

Sustainable and Resilient Economy, among others (The Ohio State University, 2012). Livable 

Futures is funded under the “Humanities and the Arts” Discovery Theme, established to 

increase student engagement, faculty collaboration, and national recognition in the 

humanities and the arts (Noyes et al., 2016).  

Directed by Norah Zuniga Shaw (Professor, ACCAD/Dance), the Livable Futures collaborative 

consists of faculty members and students from various departments, centers, and units 

within the Arts and Humanities. The physical “hub” of the collaborative is the Advanced 

Computing Center for the Arts and Design (ACCAD), an interdisciplinary center made up of 

designers and engineers, animators, artists, and others working within a collaborative 

research facility featuring open, reconfigurable classroom, studio, and performance spaces. 

The group includes people from Design, Theater, Computer Science and Engineering, and 

English, among others. Additionally, the project involves internationally recognized visiting 

artists, designers, activists and scholars. Among the activities sponsored or supported by the 

collaborative are media-enhanced dance performances, artists’ talks, scholarly lectures, 

software design, community gardening, a remote “field school” located in coastal Louisiana, 

and several interdisciplinary teaching collaborations.i 

In addition to the shared mission and support structure of Livable Futures collaborative, 

other notable university-wide activities were conveniently unfolding during the course of the 

Food Futures that helped establish the exigency of the theme. For one, OSU officially 

launched its Sustainability Institute during the spring of 2019, a multidisciplinary center 

created to promote research, teaching, and community partnerships aimed at supporting 

sustainable practices (Sustainability Institute, n.d.). Among the projects undertaken by the 

institute—and a main source of context for the teaching cluster—is The OSU Panel on Food 

Sustainability. To help address issues ranging from food insecurity, dietary health, economic 

stability, and environmental impact, this panel established a goal to “increase production 

and purchase of local and sustainably sourced food to 40 percent by 2025” (The Ohio State 

University Panel..., 2018). As the authors continued planning before the term, we identified 

opportunities to engage students in the larger conversations surrounding food on campus 

and in the community, such as relevant events to attend, guest speakers, and venues to 

present student work, detailed in the following section. 
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The central goal of this initial planning stage was to build a collaborative framework 

incorporating elements that would successfully enhance the students’ learning outcomes. 

Many of the ideas we implemented have been explored in the context of other courses, but 

we anticipated that they might transition effectively into our teaching cluster. More 

generally, researchers in the scholarship of teaching and learning have long published on the 

advantages of interdisciplinary collaborative teaching (Ebert, 1999; Shibley, 2010; Bryant, et 

al. 2014). Those advantages include widening your sphere of pedagogical and subject-matter 

expertise, exposing students to a wider audience, and modeling the kind of collaborative 

learning/working community often seen in professional settings, among others. In the world 

of design education specifically, there is a growing body of literature that speaks to the need 

to develop effective, replicable frameworks for collaboration (Poggenpohl, 2009; Davis, 

2013; Lane and Tegtmeyer, 2020). Despite the institutional norms that often hinder cross-

disciplinary collaborations (e.g., difficulty scheduling, departmental budgets, differences in 

tenure requirements), advocates that believe in the benefit of the approach advise faculty to 

recognize the challenges to anticipate ways of working around them (Davis, 2013). Sharon 

Helman Poggenpohl (2009) argues for the need to develop stronger theories and models of 

collaborative education in design based on the “recognition that innovation is often the 

result of collaborative work” (137). Lane and Tegtmeyer’s Collaboration in Design Education 

(2020) identifies the various types of collaborative relationships in design education 

contexts, from working with peers and design faculty, to interacting with students and 

faculty outside of design, working in conjunction with partners from industry and academia, 

and even members of the community at large. In order to foster stronger critical thinking 

and creative production, Food Futures sought from the outset to implement this wide range 

of collaborative relationships throughout the term, which we describe in greater detail 

below. 

3. Course Descriptions, Outcomes, and Collaborative Structure 

Contemplating the issues associated with how we cultivate, process, and distribute food is 

an integral part of envisioning what shape our livable futures might take. This teaching 

cluster involves two specific courses, taught during the same term at approximately the 

same time by two of the authors: Photo-Graphic Design and American Food Cultures. With 

the assistance of the third author (Department of English), who participated in curriculum 

design and met with students as a consultant with expertise in visual rhetoric, students in 

both classes collaborated to address the topic of food futures in discussion, research, 

writing, and design.  

Central to the planning process from the outset was the guiding question: could we create a 

productive teaching collaboration, one that brings these two separate classes into 

conversation with one another in order to explore a deeply relevant topic from two very 

different disciplinary vantage points? This teaching cluster structure draws upon evidence-

based teaching practices commonly acknowledged in teaching and learning research. It 
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presents students with an opportunity to engage in collaborative, experiential learning with 

a long-term project that results in real-world impact for actual audiences. 

Working in small teams, students developed a variety of design projects (e.g., design 

journals, food landscape photo-essays, posters, visual narrative book, etc.) as part of a larger 

campaign to help raise awareness of sustainable food practices in general. More specifically, 

these projects align with a goal established by the university’s Panel on Food Sustainability, 

which is to have the university purchase 40% of its food from local and/or sustainable 

sources by the year 2025. These project deliverables were displayed and distributed to reach 

students, staff, faculty, and other relevant audiences within the greater community. 

3.1 Course 1 – Introduction to Visual Communication Design, Photo-Graphic 

Photo-Graphic Design is a studio course where students explore form in photographic, 

typographic, and graphic elements to create various levels of integration and juxtaposition. 

Sophomores from visual communication design major are taken through a step-by-step 

process that encourages exploration using traditional and digital applications for creating 

type and photographic compositions. Students apply design principles and visual strategies 

of word and image to convey connotative and denotative meanings. Throughout the 15-

week semester, the course consists of design lectures, topical research, reading discussions, 

presentations, and critiques. In this particular section, students developed a series of three 

design projects (e.g., design journals, graphic posters, and visual narrative accordion book) 

as part of a larger campaign to help raise awareness of sustainable food practices in general. 

 

Figure 1.   Food Diary, a type and image composition sketchbook, including images of sample 
student sketchbooks as well as students presenting work to one another. 

The first project required the students to document their encounters of food from different 

occasions within a week that would require them to draw upon all sorts of emotions, 

intellectual ideas, and aesthetic expressions. Inspired by these sources, each student created 

a design diary in a sketchbook format to visually and verbally present his or her own stories, 

statements, facts, viewpoints, and emotions related to the food topic (Fig. 1). To compose 

their type and image elements the students applied various design considerations involving 

complex visual relationships of scale and space concerning form and counter-form 

relationships and the overall visual syntax and semantics representation of letters, words, 
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sentences, and paragraphs. Students were encouraged to use graphic support elements to 

provide additional structures and visual guides. 

The second project built upon the food diary that was created in the previous exercise. Each 

student was guided to develop a distinctive story based on the food experiences presented 

in the sketchbook. The students continued their type and image composition explorations 

with a focus on expressing and conveying the meaning and message of their selected food 

story in a poster design application format.  Students formed smaller teams to help each 

other to identify unique visual themes for their poster concepts. They discussed and applied 

various communication and persuasion principles of rhetoric based on their required reading 

materials: visual simile, metaphor, personification, metonymy, synecdoche, visual and verbal 

pun, hyperbole, antithesis, irony, and allegory (Meggs, 1992) to strategically assemble the 

different forms of photo-graphic elements and create a larger visual impact. Each student 

produced two food story posters and applied a different design composition for each one 

that was based on one of four approaches to type and images interaction: Separation (when 

the type and image operate independently), Fusion (when the type and image blend to form 

a unity), Fragmentation (when the type and image disturb or disrupt each other), and 

Inversion (when the type and image trade place) (Skolos & Wedell, 2006). 

Moving away from letterforms, the students continued to explore the dynamics of form and 

counter-form within photographs, as well as the interaction between type and image for 

their final project. This exercise involved designing a progression of pages in book form, 

using an accordion fold structure (Fig. 2). The range of compositions throughout the book 

required the students to incorporate type and photographic images that flow in a rhythmic 

theme. Their studies should consider form progression, juxtaposition of image and type, and 

visual connection and comparison. The visual and narrative progression must grow from the 

texture of a body of type to the inner forms of photographs. The aim for this exercise is to 

reveal photographic forms, not simply to display pictures (Grear, 2006). The visual rhythmic 

sequence is open for interpretation. The turning of each page and spread should offer 

surprises while still create a consistent mood throughout the book.  

 

Figure 2.   Form & rhythmic progression accordion book overview, including image of 
students sharing their projects, as well as a sample completed student book. 

Each student began this exercise by using the visual and written narrative developed from 

the previous food diary sketchbook and poster projects. Their design composition 
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explorations progressed by adding new images, text, and support graphic elements to 

expand on the photo-graphic form and narrative sequence. At this stage of their practice, 

the students were more mindful of design considerations regarding graphic space, image 

cropping and sizing, type and image relationship, tone and texture, motion and implied 

motion, repetition and rhythm, field of tension, and visual unity (Cullen, 2006; Meggs, 1992). 

3.2 Course 2 - American Food Cultures (Comparative Studies Seminar) 

American Food Cultures is a course that explores the various ways that culture has shaped 

our nation’s attitudes and practices surrounding food production and consumption. Drawing 

upon the emerging field of food studies, this course takes a historical perspective on the 

development of the food system in America, as well as the discourses and visual cultures 

associated with “American” food. Throughout the term, students contend with topics such 

as how the distinctive iconographies of Southern hospitality and “ethnic” cuisines have 

coopted and distorted experiences of colonialism, slavery, and immigration. Students also 

explore more recent cultural movements such as the rise of “rational” and “scientific” 

constructions of dietary requirements. Connecting these discourses to contemporary 

concerns about industrial food and the American diet, a central goal of this course is to raise 

questions about the cultural politics of efforts to transform the food system in pursuit of 

more sustainable and equitable ends. 

Students in this course read from a number of texts that included Abigail Carroll’s Three 

Squares: The Invention of the American Meal, Michael Pollan’s, The Omnivore’s Dilemma, 

and Carlo Petrini’s Slow Food Nation, among others. In addition to regular readings and 

discussions, students also wrote several analytical papers and—most relevant to the 

teaching cluster—completed an assignment called “Mapping Our Foodscape.” This 

assignment had students create a visual display, as either a poster or by using the online 

presentation tool Prezi, of their depictions of the foodscape as they experience it (i.e, the 

physical locations, cultural spaces, institutional settings, and discourses that shape our food 

environments). These displays were required to include: 

• Representations of the spaces and places where students regularly “gather 

meaning” from food 

• 4-5 images (photos, sketches, clipart) illustrating key meanings in/of those places 

• 3-4 quotations (or concept/terms) from the readings explaining important 

distinctions 

Ideally, “Mapping Our Foodscape” is an assignment designed to encourage students to 
interrogate how their university campus organizes or influences their relationship with food. 

3.3 Collaborative Structure 

The faculty team met prior to the term to create the kind of learning experience that, ideally, 
would create valuable collaborative moments bridging the two courses in order to promote 
knowledge exchange as well as a sense of community and a “real life” audience. In creating 
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this anticipated collaborative structure, we consciously drew upon evidence-based teaching 
practices commonly acknowledged in teaching and learning research (Harvard Initiative, 
2020). Such practices included: creating experiential or authentic learning objectives, 
offering students sustained or "process-through" feedback on major assignments, and 
providing peer-to-peer learning opportunities. For example, at several points during the first 
main assignment for each class (the food diary sketchbook and the foodscape project), both 
classes interacted in several ways, including attending the same lectures, helping one anther 
brainstorm, sharing drafts of projects and soliciting feedback, and showcasing their finished 
products. Ultimately, our goal was to present students with an opportunity to engage in a 
collaborative learning experience centered around a long-term project that results in real-
world impact for actual audiences (Fig. 3). 

 

Figure 3.   Collage depicting several collaborative moments throughout the term. 

We also realized that as the term unfolded, a big component of our approach was emergent 

and improvisational, as conditions on the ground led to us to revise our plans along the way. 

To an extent, we anticipated that we would invite potential guest speakers with specific 

expertise in our topic. The more we planned, the more we saw opportunities to connect the 

work of these classes to the events and organizations within the broader university 

community. For one, there was the previously mentioned Panel on Food Sustainability, 

which suggested for us an opportunity to promote and raise awareness about that initiative. 

In a related vein, OSU would soon be launching its new Sustainability Institute later that 

term. We also identified local groups such as Best Food Forward and Slow Food Columbus 

that could help deepen our understanding of the broader context of food advocacy and 

activism. Also, the dancer/choreographer/performance artist Ann Carlson was scheduled to 

perform her orchestral movement piece, The Symphonic Body/Food, later in the term. This 

event in particular allowed the design students a real-life venue for displaying their posters 

(and also an opportunity for one of the authors, Rick Livingston, to actually take part in the 
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performance. In part a result of the posters being well received, there was a follow-up 

request by coordinators from the Methodist Theological School in Ohio to have the posters 

on display during their conference “On Food and Faith: Ministry in the Time of Climate 

Change.” Conference attendees included religious leaders, scholars, scientists, farmers, 

activists, and (perhaps most notably) former Vice President Al Gore (Fig. 4).   

 

Figure 4.   Food poster overview, including poster presentations at The Symphonic Body/Food 
performance event as well as "On Food and Faith” conference. 

4. Student Reflections 

To better understand the impact of the teaching cluster experience on students, the 

instructors drew upon a variety of reflective instruments for analysis. This included student 

feedback produced and collected during the semester—design statements, discursive 

evaluations, and end-of-term feedback—in addition to reflective questionnaires sent out to 

a subset of students from the design course. While detailing the entirety of this feedback is 

beyond the scope of this short paper, we can say that, generally, students found the 

collaborative structure and thematic focus to be valuable enhancements to the course. We 

eventually intend to collect additional student data and feedback to produce a more 

detailed analysis of these findings in a future project. Below, however, we highlight design 

student responses gathered after the term had ended, which were based on prompts asking 

about changing mindsets and behaviors, attitudes about the collaborative structure, and its 

effect on the design process.  

1) How did your thinking about food change over the course of this semester? 

• AMBER: Through the course of the semester, my idea of food expanded greatly. 

Through this project I realized that food was a topic that covered more than the 
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act of simply eating it. Before the project I had strong views on animal rights 

dealing with food, which I highlighted in my work. Yet through my research and 

through seeing the research of my peers, as well as all of the lectures and lessons 

we learned in the course, I learned that food deals with sustainability, culture, 

racial injustice, obesity and starvation, economics, way of life, mental health, and 

so much more. After the project, I became more aware of how food affects my 

own life, and what I can do to make a better impact through food. 

• CHRISTINE: Starting the semester off I was kinda of skeptical about completing 

an entire design course just about food. But as the semester went on, I realized 

there was more to food than just eating. […] Over the course of this semester, I 

was able to grow as a designer as well as an individual. I had the opportunity to 

learn about the importance of local and sustainable food. Food that is produced 

locally and sustainably is not only healthier but has less harmful effects on our 

environment.  

2) Reflect on the collaboration—how would you describe the experience of working in 

tandem with the other class?   

• AMBER: Working in collaboration with the other class causes me to see how 

designing for a mission such as food could be done with other non-creatives. The 

things I learned from the other course’s class members and professor touched 

more on the idea of how food affects people as a whole. The other course gave 

me insight that I didn’t consider, and caused me to dive deeper into my research. 

It also caused me to be conscious about the way my poster/design items were 

worded, as that too could make all the difference. 

• ETHAN: Collaborating with other students was exciting. I often find that my 

design work improves when I get feedback from other designers and non-

designers alike. I also think that there are opportunities to make this 

collaboration more successful in future years. There were instances where both 

classes could have benefitted from more instruction and guidance, because 

sometimes we did not know what we should be talking about with each other. As 

a design student, I was able to develop my work based off of what the other 

students said when they looked at my work, but I did not know how to give them 

feedback on their work because it was more difficult for them to explain or show 

the kind of work they did, given the medium and nature of their work.  

3) Have you engaged in any additional actions based on exploring this topic of local and 

sustainable food? For example, have you changed your eating habits, joined or volunteered 

for a food-based organization, or engaged in similar activities? 

• LILY: I have changed my diet since this semester, and I have cut dairy and meat 

out of my diet for the most part. Though I’ve not yet stuck to a strict type of diet 

(vegan, vegetarian, etc.), I’ve become a lot more conscious of what I feed myself, 

as well as how the dairy and meat industries are incredibly harmful to the 
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environment. Though switching over completely to purchasing dairy and meat 

alternatives is pricier, I want to continue to explore food options and support 

food production that is healthier for the environment.   

• AMBER: From the course and my personal research I became more aware of 

animal rights in the food industry, and now choose to buy pasture-raised eggs 

despite the fact that they are $4.59 a carton, because I am essentially paying for 

the animal to know happiness. […] After the course, I realized that one day I want 

to own my own chicken coop so that I don’t have to be a part of the cruelty that 

is going on, and plan to have my own chickens after college.  

• SARAH: I have become much more aware of what I eat and where it comes from. 

Because I physically saw where lots of produce in Ohio is grown and collected, I 

sometimes find myself reflecting on that experience and my accordion book 

project when shopping for produce at my local Kroger/Giant Eagle. I also find 

myself going to restaurants that I know have locally sourced food. 

4) How has this experience changed your understanding of concepts like “natural,” 

“biological,” or “human”? 

• ETHAN: I’ve learned that words like “natural,” “organic,” and “healthy” can be 

extremely misleading and require a lot more inquiry when making shopping 

decisions. […] I think that this project opened my eyes to how multi-dimensional 

food is and how much emotion is behind it. There are as many experiences with 

food as there are people in this world. In the research I conducted on the dairy 

industry for my design project, I found such complexity behind every aspect of 

the process. I had approached the project initially with a strong stance about the 

treatment of dairy cows, but through my research, I learned to treat this issue 

with nuance.  

• AMBER: After the course I became more aware of the idea that companies like to 

hide behind vague words like natural, fresh, and organic. The course made me 

realize that the only way to know for sure what is going on behind the scenes is 

to do my own research. The course caused me to realize that the idea of 

“natural” is what we define it as. […] The greatest thing that the course did for 

me was that it caused me to be more aware of food, from the act of cooking it, 

to all of the elements it touches. Essentially, I realized that to eat is “human.” We 

all need it, and that need can be greater than we know, therefore it is up to us to 

find a solution to feed the people without harming our planet.   

5. Conclusion 

Reflecting on this experience and how it aligns with the values of the larger Livable Futures 

collaborative, the three authors approached this teaching cluster as an exercise in stepping 

outside of our intellectual comfort zones by engaging with individuals from other academic 
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disciplines, each of us bringing our own training, knowledge, and skills to the conversation. 

Our goal was to create a visual communication design mindset (as well as ourselves) that 

embraces values of understanding, empathy, and compassion in design thinking and practice 

in order to address complex issues that affect both humans and nature. By exploring these 

new approaches to teaching design, we ultimately seek to create the kind of spaces, 

connections, and underlying ethics that lead to more responsible relationships with one 

another, our environment, and our technologies. Particularly during a period of worldwide 

pandemic, we remain mindful of the advice of Lane and Tegtmeyer to explore these new and 

ever-shifting collaborative pathways. They write: 

“Design faculty are tasked with teaching in an ever-changing world — with 
advancements in technology our tools are changing as well as access to an 
abundance of information. This shifts the expectations of what designers need to 
know on a continuous basis and challenges educators to stay ahead of the curve. In 
addition to technological changes, the types of problems that designers should/could 
solve are shifting and becoming more global. Designers have valuable contributions 
to make not only in business and commerce, but in healthcare, politics, 
sustainability, diversity, etc. This requires a new type of collaboration, one that is 
more than passing down of skills and tools and different than experimental 
community learning spaces, but a way to communicate and work with others outside 
of their discipline and unlike themselves.” (Lane and Tegtmeyer, 2020) 

Food Futures is part of an ongoing collaboration between the authors. This multidisciplinary 

approach to design education is one that we—in slightly different formulations—have 

successfully repeated for other sections of the Photo-Graphic Design course. In addition to 

the thematic focus on sustainable food cultures, a version of the course focusing on the 

concept of water wellness was conducted the previous year, and a course centered around 

the idea of tree futures is currently underway at the time of this writing. Additionally, one 

author (Chan) has successfully utilized a version of this approach as a guest instructor in 

design schools in China and Germany. Whatever the content, the students largely tend to 

respond positively and enthusiastically to the general approach, the shared sense of mission 

and purpose, and the opportunity to situate their design work in a context that has real-

world impact. With that in mind, we plan to continue refining this approach, adapting it to 

timely and relevant contexts along the way. 
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shared much of the same structure and key membership, and also helped incubate similar types of 
projects. To get a more complete sense of the collaborative context, the authors recommend “The 
Humane Technologies collaborative: An overview of the ‘provocation, making, reflection’ process” (Chan 
& McCorkle, 2018). 
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Abstract | These The paper aims to ascertain the connection between the intensely 
embroidered expressions of Shershabadi women and their environmental landscape in the 
Indo-Gangetic plain, tracing the impermanence of their cultural footprint dux e to geopolitical 
crisis induced migration. The constantly changing topography of the region, the flood rich 
plains and displacement from their lands impact the formations of individuality and 
expressions of culture, questioning the notion of identity as a community. We argue that the 
river is both the cause and causality of Shershabadi expression, deeply rooting the community 
to their land and shaping their aesthetics. Through anthropological frameworks we analyse 
the primary and secondary research data, presenting a multiscalar, multistressor assessment 
of vulnerability at rural community level. Integrating migration mapping with culturally 
inclusive research, our objective is to establish the unique evolution of this community, their 
culture and embroidered expressions known as “Kheta”, worthy of getting a geographic 
indicator status. 

KEYWORDS | CULTURAL FOOTPRINT, MIGRATION MAPPING, #KHETAKISHANGANJ, 

INDO-GANGETIC FLOOD PLAINS, GEOGRAPHICAL INDICATION 
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1. Introduction  

The paper aims to highlight the connection between land  ̶  Ganga-Brahmaputra delta 

region, India-Bangladesh  ̶  its people  ̶  Shershabadi community living along the banks of 

major rivers in this region  ̶   and their expression of embroidered textiles (Kheta). This delta 

region, crisscrossed by rivers, has witnessed a unique play of land and water without any 

permanent line of divide between the two. Hence the intention here is to trace these rivers 

as the lines of life that have shaped the migrations and expressions of Shershabadi 

community along these life-lines from present day Bangladesh into the neighboring states of 

India. A multidimensional social phenomenon; migration is yet to be conclusively 

understood by scholars, cutting across different disciplines. Through our research following 

the cultural footprint of Shershabadi community, we have attempted to understand the 

cause and causalities of migration at a community level triggered by shifting of river courses, 

the ensuing catastrophe, and their impact on human environment as well as material 

culture. Persecuted by the Mughals and later by the British East India Company (Hoque, 

2015), historically claimed to be the direct descendants of Emperor Sher Shah Suri’s soldiers, 

the Shershabadi or Sher-Shah-abadi  ̶  Hindi word for population  ̶  community’s deep 

connection can be traced back to the Ganga-Brahmaputra delta region.  

Initially settled in the land given by Emperor Sher Shah Suri  ̶  who ruled from 1486 to 1545 

A.D  ̶  in Malda district of Bangladesh, the Shershabadi community has constantly moved 

westwards along various rivers in search of better life opportunities since 1548 A.D and have 

settled in the Kishanganj and neighboring districts of Bihar in India (Author, 2018).  

 The rich delta of Ganges and Brahmaputra, silted by nearly 700 rivers (refer to Figure 1), 

makes the dynamics of water and land unique to this part of Indian subcontinent. The 

constant flood induced emergence and erosion of riverbanks, the political persecution as 

well as the social marginalization of Shershabadi community gradually led to their psyche 

marked by a lot of informality and impermanence of life and living, shaping their aesthetics, 

and impacting the evolution of their unique craft of quilted textiles called “Kheta”. Even 

though the Shershabadis have endured waves of migration across generations, it has only 

resulted in evolving and strengthening their community identity; their embroidered textile, 

Kheta, has been instrumental in keeping this identity distinct.  
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Figure 1.  Nearly 700 rivers flow into the Bay of Bengal making way through the land 

between Bangladesh and Eastern part of India, creating a dense network of waterbodies.  
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2. Literature Review  

In the paper, titled “Sher Shah Abadi community: A study from historical perspectives”, Md. 

Akramul Haque provides information on the community in general, their Afghan lineage and 

described them to be the soldiers turned land owners around Malda district in undivided 

Bengal. He describes in detail the continued persecution of the community first in the hands 

of the Mughals and later the British rulers of Indian sub-continent. In the recently published 

dissertation, Mr. Keshar Kumar focus on the informal nature of employment within the 

Shershabadi community in Kishanganj district of Bihar. His qualitative research for Tata 

Institute of Social Sciences, focuses on the involvement of Shershabadi women in the 

informal, hazardous yet skill oriented cottage industry of bidi (indigenous cigarette) rolling. 

This helps us in substantiating our understanding of impermanence in the daily life of the 

community and the evolving nature of their expression. 

However, in the absence of extensive published literature on the migration, material culture 

and embroidery expressions of the Shershabadi community, a considerable amount of our 

secondary research has been dedicated to the writings on movement by anthropologist Tim 

Ingold and sociologist Richard Sennett. Referencing “Life of Lines” by Tim Ingold and “The 

Craftsman” by Richard Sennett, we have tried to deepen our understanding of community, 

their role as a craftsman, the deep rooted connection between life, climate, land, river, 

walking, imagination and spirit of creation as well as what it means to be “human”. Informed 

by the writings of Tim Ingold, we based our hypothesis on the fact that the primary tactile 

contact with our environment is through the feet rather than the skilled hands and hence 

the material culture and embroidery practice of Shershabadi women is an expression of the 

migratory path that they have walked on for generations in their vulnerable state. In a series 

of essays compiled as, “Being Alive: Essays on Movement, Knowledge and Description", Tim 

Ingold explained the vitality of materials, what it means to make things, the perception and 

formation of the footprint, the identity of community.  

Further, we developed our understanding about the challenges of living along the river 

banks through the works of conservation architect Marina Tabassum, who attributed the 

informality and impermanence in the lives of Shershabadi women to the lack of distinct line 

of divide between water and land in the Ganga-Brahmaputra delta region.  We referred to 

the book, Sui Dhaga published by Wisdom Tree in our research and subsequent claim to get 

Geographical Indication for the embroidery of “Kheta”.  Building our argument on the facts 

shared by Ms. Niaz Zaman and Ms. Charusmita Gupta in chapter 4 (The representations of 

feminine in kantha) and chapter 6 (Sujni: the fine needle work of Bihar), we formulated our 

comparative research methodology and research questions. 
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3.  Objectives of the Paper  

The paper has the following objectives:  

• To map the migration of Shershabadi community along the rivers in Ganga-

Brahmaputra delta.  

• To establish the impact of migration on the community, its material culture and 

expressions, especially on the embroidered textile Kheta. 

• To make a compelling argument favoring the grant of geographic indicator status 

or Kheta.  

4. Methodology Followed 

Drawing inferences from the extensive primary research conducted in Kishanganj published 

in our previous paper (Author, 2018) and through ethnographic data driven analysis, we 

have attempted to understand the relation between the Shershabadi community, their 

migration over the generations and the evolution of their material culture. The multiscalar, 

multistressor assessment of vulnerability at rural community level was based on the 

migration mapping from Bangladesh to the state of Bihar in India. The hypothesis stated in 

the paper is based on the socio-anthropological approach to understand Shershabadi 

women artisans at a human level drawing a relation between their skilled hands and their 

footprints on the river banks in Ganga-Brahmaputra delta. In order to establish the 

uniqueness of Kheta embroidery, a comparative primary research was conducted through 

skill mapping and skill development workshops in the villages of Arrabari, Chandpur, 

Shafaqatnagar, Kharkhari and Kamarmuni. With a sample size of 100 Shershabadi women 

artisans, three workshops spanning 3 to 7 days were organized in August/ November 2017 

and October 2020. A total of 5 new design patterns were discovered in addition to the 8 

existing ones (Author, 2018). The authors also conducted first hand interviews with experts 

Ms. Jasleen Dhamija (veteran Indian textile art historian, craft expert and former UN 

worker), Ms. Archana Shastri (Textile expert and author), Ms. Sudha Dhingra (Associate 

Professor, NIFT), Ms. Swati Kalsi (textile designer) and Mr. Shahid Hussain Shamim (CEO, 

Paribartan, Bangladesh, textile expert and author) to trace the journey of the community 

and their expression. Through a combination of these ongoing skill development workshops 

in Kishanganj, interviews with experts in India & Bangladesh and demographic information 

(Census of India 2011), a set of data was collected in the first stage. The data was analyzed to 

understand the socio–economic and geo– political evolution of this migrant marginalized 

community providing vital clues to their unique cultural expression making a case for the 

Geographical Indicator status.  
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5. Limitations of Present Research  

The connection between the land and the patterns of Kheta was established and elaborated 

upon by actual samples, documented and researched by the authors across the three 

workshops held in seven villages of Kishanganj. A total of three academic papers have been 

authored so far. The first paper, based on the primary research experience in the workshops, 

details the discovery of the community, their expressions and the design patterns. The 

second paper tries to establish the uniqueness of the embroidered expressions making a 

case for Geographical Indication. The present paper (third) traces the origin of the 

embroidered expressions and correlates the interdependency between the land, people, 

their migration, and cultural expression through a theoretical framework. Since the last 

census of India was organized in 2011 and the next one is due in 2021, the data on the 

present number of Shershabadi women is not conclusive. Today the community is spread 

across two countries i.e. India and Bangladesh, and it is still a long way to conclusively 

establish the extent of migration that has already taken place as well as connection with 

other craft practices that may have impacted its unique evolution to the present form of 

Kheta (Author, 2018). Hence there is a need for field testing the hypothesis of 

impermanence across India and Bangladesh, which we have tried to establish in this 

research paper. 

6. To Migrate  

Tim Ingold writes, “The things about things, however, is that they occur - that is, they carry 

on along their lines. This is to admit them into the world not as nouns but as verbs, as going 

ons. This is to bring them to life” (Ingold, et al, 2015, p.16). This quote builds the premise for 

Kheta to be seen as an act of embroidering, filling up complete surfaces with continuous 

patterns.  

“The river gives and the river takes away; in the face of nature, we are powerless” 
(Shershabadi farmer displaced by flooding of agricultural land)  

Kishanganj is home to densely populated villages with smaller cluster of Shershabadi houses 

called “tolas”. Constructed out of mud, thatched roof and impermanent bamboo structures, 

these are cramped wall to wall living conditions for families with 10 to 15 members each, 

providing a sense of security and community identity to these people. The land along the 

rivers makes the soil extremely fertile due to heavy siltation. The villages here are lined with 

bamboo forests and vast watery floodplain with intermittent stretches of jute and paddy 

fields that are lush, green and flat. It takes only little imagination to think of a future 

scenario, when the Shershabadi population will likely have doubled, and a good chunk of the 

current agricultural land that they own, will permanently be underwater due to seasonal 

floods causing the rivers to change courses. Such a scenario could mean that a majority of 

this community along the river banks would be displaced, forcing them to crowd even closer 
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together in their villages or else once again migrate from Kishanganj district as geo-political 

refugees.   

Such a catastrophe, even though imaginary now, fits right in with the community’s crisis-

driven story line. The entire Ganga-Brahmaputra delta across India and Bangladesh, has 

been witness to multiple woes since the first recorded communal riot around 1671 A.D. due 

to Mughal emperor Aurangzeb’s intolerant religious policies (Lal, 1992). The partition of 

Indian subcontinent into India, East and West Pakistan in 1946 led to the Noakhali riot in 

present day Bangladesh in which approx. 5000 people perished and more than 50000 people 

were uprooted from their land (TIME, 1946); many of these displaced people including 

Shershabadis, migrated along the crisscrossing network of rivers moving towards India. The 

1971 India-Pakistan war leading to creation of Bangladesh as an independent country 

witnessed further persecution of the Shershabadi community by the retreating army causing 

mass exodus across international border into Indian states of Bengal, Bihar and Orissa. Poor 

literacy levels, famine, epidemics, killer cyclones, massive floods, military coups, communal 

riots, political assassinations, and pitiable rates of poverty and deprivation led this 

community to survive as migrant refugees in their own lands.   

7. To Negotiate, To Survive  

As it has been pointed out by conservation architect, Marina Tabassum, “Migrations like 

these lead to possibility of negotiation, appropriation and optimization.” To what extent, has 

this migration affected the textile expression of Shershabadis is a question worth asking and 

is one of the primary objectives of this research paper. The clues to the answer remain in the 

way this community has adapted time and again to the ever changing ways of living along 

the fertile river banks of Ganga-Brahmaputra delta.  

The village lifestyle of the Shershabadi community still continues indigenous practices like 

building their mud houses, constructing the mud granaries, making of Khatia / Charpoy (cot),  

hand grinding of spices, making of sun dried pickles, oil pressing, basketry, and catching fish 

with indigenous tools and techniques. Since the native Surjapuri community are the major 

land owners, Shershabadi people mostly end up cultivating maze, paddy and jute in the low 

lying lands that are flooded by rivers during the monsoon causing extensive damage to their 

standing crops (Author, 2018).  

Many of them are char dwellers, who inhabit the constantly changing islands (locally known 

as chars) on the floodplains of region’s major rivers—the Ganga, Padma, Jamuna, Meghna 

and Brahmaputra. These islands, many covering less than a square mile, appear and vanish 

constantly, rising and falling with the tide, the season, the phase of the moon, the rainfall, 

and the flow of rivers upstream. Making a life on the chars—growing crops, building a home, 

raising a family—is an extreme example in adaptation that may have evolved them into one 

of the most resilient communities in India.   
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The many adaptations across generations can be seen in the way the visual references and 

practices of making Kheta have evolved. Each pattern in Kheta follows a stitched guideline 

and is carefully embroidered with precise intuitive calculation, leading to an extremely 

sophisticated design vocabulary that can be directly traced to the tricks of living on a char. 

For example, most of the bamboo and mud houses are built in sections that can be 

dismantled, moved, and reassembled in a matter of a few hours. The houses are built on a 

raised platform of earth using panels of thatch for the roof. In most of the households, the 

large granaries built out of mud, serves the purpose of stocking grains as well as quilted 

textiles (Kheta) that are seen as prized possession in case of flash floods, displaying an 

immensely practical sustainable and circular way of dealing with their environment.  

The real secret of this community’s survival is the fact that they seldom ponder over their 

vulnerable state of living. They have always been under pressure, and since ages their 

survival depended on their ability to move from place to place keeping the river as the only 

constant; their line of life. They farm their piece of land (char) for as long as they can, and 

then the river washes it away. No matter how much they worry, the ending has always been 

the same. There's no arguing with the soaring river. And yet they make the most of what is 

available and adapt until the bitter end, and then, when things become impossible, adapt a 

little more. It's a matter of community psyche — a fierce instinct for survival combined with 

a willingness to put up against incredible odds — . This can also be seen in the way the 

Shershabadi women layer their used saris, quilt every inch of it using simple tools like (only) 

needle and thread giving a new life and purpose to the  otherwise worn out fabrics. Their 

feet that have walked the migratory miles along the river banks, pass on the instincts to their 

subconscious, drawing on the sense of constant movement across generations; their survival 

in anonymity erases any individual expression of motifs and their vulnerable selves get 

captured in the layers that are quilted together providing them warmth against the bitter 

cold of the landscape.  

The designs of footprints are not ready made, nor are they imposed from above upon a hard 

surface. They are made, as human beings or other animals walk or run along, in a surface 

that is soft, pliable or absorbent. Thus whereas the stamp connotes immobility and 

omnipresence, footprints register emplaced movement. For from staking a claim, the 

indigenous inhabitant leaves footprints in the ground as clues to his whereabouts and 

expectations, and for others to follow. While a trained eye and touch can read much from a 

single footprint, even more can be read from a series of prints. Such a series, observed in 

sequence, comprises a track. If the same track is trodden often enough, the many individual 

prints merge into a continuous path. One cannot, then, read individual movements from a 

path, but only those commonly or collectively made. Footprints are individual; paths are 

social (Ingold, et al, 2015, p.63).  
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8.  To Move, To Connect  

“There can be earth without human beings but can there be humans without earth?  
And if earth is necessary for human existence, then could we not equally say that 
human beings are the earth’s most general instrument, since they provide the means 
by which its bounty is recovered? Do people produce upon the earth, or do they 
assist, like midwives at birth, in harvesting what the earth has produced?...yet the 
ground still appears as a substratum for such activity, an interface between the 
mental and the material where the sheer physicality of the world comes hard up 
against the creativity of human behaviour.” (Ingold et al., 2015, p.63) 

Moving from the approach of looking at textile as “man and his expression” in our earlier 

research papers, the narrative has changed to appreciating Kheta as an act of the land, by 

the land and for the land. It is not an embroidery anymore but the act of it. It has nothing to 

do with being an outcome like a textile product, however, everything to do with being the 

witness to the lives of Shershabadi women.  

Figure 2.  The intensity and richness of the land gets translated into the lives of Shershabadi 

community 

8.1 To Stay Connected with Land  

To appreciate the connection between Kheta and the land it belongs to, let us look at the 

textile up-close. Traditionally the base material is worn out sari or dhoti that are collected 

over the years with the intention to breath in new life. For a community of people who own 
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very little and are constantly moving from the state of permanency to impermanence, the 

idea of continuity and recycling becomes inherent to their existence. A closer look at the 

embroidery process reveals an initiation act of removing the edges (selvedge) of the fabric to 

loosen up the warp and weft so that they can be aligned and moulded to the linear patterns 

of the embroidery. This act is akin to the process of loosening up the soil before the seeds 

are sown. Similarly the act of picking the layers by the needle can be compared to the 

transplanting of paddy saplings which is the main cultivated crop in the region. One can 

attribute these underlying connections between handling of the textiles to the agricultural 

wisdom gathered over the ages. 

8.2 To Connect with Feet  

During the process of quilting in Kheta, once the base fabric is folded into layers over each 

other, the women squat together to secure the same with stay stitches and practically move 

over the fabric tracing their footsteps along the stitched guidelines (Author, 2018). The 

contact of their feet with the textile resonates with anthropologist Tim Ingold’s idea of bare 

feet revealing the ground to be composite and heterogeneous, not so much as isotropic 

platform for life. The intensity of the primary tactile contact is much higher as the textile is 

experienced both through the feet and the hands. Assuming that most of the Shershabadi 

migrations have been through walking along the river banks, does the migration on feet has 

anything to do with the richness of the textures created by the migrant community?  

Figure 3.  The intensity and richness of the land gets translated into the intensity and richness 

of colors and textures in their quilted textile of Kheta 
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8.3 To Meditate  

The act of this embroidery, with equal floats on either sides of the surface making it 

completely reversible, is a consistent movement of the needle and threads. Groups of 

Shershabadi women seated on the floor, under the mango tree in their courtyards, 

participate in this rhythmic act like many monks in meditation. “Far from being merely 

habitual or ‘done without thinking’ such rhythmic activity calls for intense concentration. 

This concentration, however, is that of a consciousness that is not confined within the head 

of the practitioner but reaches out into the environment along with multiple pathways of 

sensory participation.” (Ingold, et al, 2011, p.18)  

8.4 To Weave   

“In both carpentry and textiles, the form of a thing does not stand over it or lie 
behind it but emerges from mutual shaping within a gathering of forces, both tensile 
and frictional, established through the engagement of the practitioner with materials 
that have their own inclination and vitality.” (Ingold, et al, 2015, p.24) 

Similarly in the act of Kheta quilting, the way threads are taken from one edge to the other 

and left as fringes on both the sides, self-finishing the textile, is drawing from the act of 

basket weaving which is a common practice for constructing houses as well as objects of 

daily use  

8.5 To Remember  

“This surface, for Kant, lies at the very foundation of human experience; it is the 
stage on which the play of our skills proceeds (and) the ground on which our 
knowledge is acquired and applied.” (Ingold, et al., 2015, p.37)  

The movement of Shershabadi community along the rivers not only took with them the 

memory of the land but also the contact with the earth, the ground, the surface, the wind 

and the sky. This is where the community made contact with these elements. On one hand, 

in those layers of saris is the collective memory of the single footprint, the series of prints, 

tracks that the prints made and over a period of time, the continuous path that they merged 

to make. It also has the memory that the thread makes when it comes in with the fabric that 

has become soft and supple with repeated use. The act of embroidery is the promise to 

make new memories with renewal of life. The fresh intense colors pulled in to the recycled 

saris/lungis by the threads are reminders of life being fluid, cyclical and circular, yet not 

repeating ever.  
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9. Conclusion – To Revere  

“We should resist the temptation to equate holism with finality or completion. The 
meeting of minds weaves a whole rope but so long as life goes on, there must always 
be loose ends.” (Ingold, et al., 2015, p.12) 

The river is the life line of this land. However, the only permanency in this fluid reality of 

Shershabadi community is not the land but the presence of the river alongside. The river 

meanders her way through this land and in some areas is as wide as 12 kms making it 

revered. The first stay stitch that the Shershabadi woman embroiders in her Kheta, is the 

walk that she does on one side of the river bank trying to gauge the life on the other side.  

The thread which is the carrier of her memory in the act of making these quilts, has no 

beginning or end like the river, allowing a continuity to be embedded within those layers. 
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Abstract | The importance of drugs in our daily activities is evident. And yet design thinking 
suffers from relative inertia about viewing medications as objects of use and consumption. 
Conventionally intended as industrial pharmaceutical products obtained based on scientific 
principles, drugs are both medicinal forms saturated with meaning and technical objects—for 
the latter, we mean the product’s tangible characteristics with which the user has to cope. 
Therefore, it can be assumed that any medication’s efficacy depends on its scientific principles 
as well as on the sophisticated, hyper-technological or—conversely—prosaic techniques of 
intake or delivery. An approach to drugs from a human-centred design perspective may thus 
be aimed at verifying possible correlations between medication shapes and the inefficiency 
that, as a designed artefact, the medication may produce in terms of identity, understanding, 
and usability. 
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1. Introduction  

An object’s statutory design is punctuated by different focal points: sometimes these are 

specific outlooks or points of view; at other times, they are foundational issues that help 

define the various nuances of that object’s essence within the epistemological and 

phenomenological framework (Molotch, 2005; Bertola & Manzini, 2004). 

Technical objects, items, products to be used or consumed, things, tools, apparatus, and 

gadgets - the focal points around which we centre the facts, experiences and symbolism of 

objects are all closely linked and yet are also imprecise and fragmentary when used to 

provide clarity concerning drugs (as solid contingencies), to the extent that their nature as 

objects, their morphological, typological, experiential and sensorial - even aesthetic - 

purposes, and their usage, become elusive. 

In fact, drugs are part and parcel of our object-driven civilisation, following the same 

rationale of goods, which is followed by other objects that define the essence of our material 

culture, including their uses and unhelpful intrusions. As such, they become a constituent 

part of the physical real-world and the values within which our life experiences unfold. 

Specifically, we are referring to experiences that take place as part of self-treatment 

practices and more specifically to the simultaneously private and political practices and 

cultures surrounding the body, its wellbeing and health (Foucault, 1985), particularly the 

forms of daily treatment and drug consumption. When it comes to treatment, there is no 

maturely developed thought on design for objects or on the subjects’ interactions and 

experiences when they aren’t equipped with the necessary training. This can lead to errors, 

with some having severe consequences. 

2. Framing drugs within the system of objects 

Considered as objects, drugs and their shapes pose many design challenges: 

• As products of the most advanced development stages in the scientific world, drugs 

pose a challenge for the designer to act as a formal translator that avoids 

expressing a technical purpose in order to create a shape that generates a better 

usage experience (Bürdek, 2008; de Seta, 1980; Norman, 2013; van Onck, 1994); 

• By incorporating value-based technical-scientific structures, drugs don’t solve the 

problem of “how objects are experienced, what needs other than functional ones 

they answer, what mental structures are interwoven with—and contradict—their 

functional structures, or what cultural, intracultural or transcultural system 

underpins their directly experienced everydayness [...], the processes whereby 

people relate to them” and what relationships exist between objects and subjects 

(Baudrillard, 2007, pp. 6-7); 
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• Cleansed of any symbolism, drugs pose the issues of recognition, understanding, 

learning through use and making the experience of care accessible; 

• Despite emerging as a response to mass production, through medical prescriptions 

drugs acquire a status of unique exceptionality and their usage becomes exclusive 

and personal; 

• Understood purely as objects that are “tools” for “bestowing” health, the shape of 

drugs is a design challenge, as we know that even the most marginal, the most 

banal, or even the most technical object, becomes “aesthetised, culturalised” 

(Vitta, 2001, p. 312); 

• As a precursor to the processes that have dotted the history in which the natural 

and the artificial - bodies and prosthetic elements - have been hybridised, drugs 

remain a primitive object, devoid of the design culture that surrounds objects for 

giving them friendliness and empathy. This is even more applicable, the closer we 

get to the sphere of bodies and their suffering; 

• As objects that feature in everyday life, drugs and treatment procedures lack a 

discussion about the “strength” of habitual regimes, their driving habits (Bourdieu, 

2001, p. 178) and the mental habits and their structuring structures (Bourdieu, 

ibid.), which often remain despite changes to the context of use. 

2.1 Drug as a daily apparatus 

The list of aspects in which a drug-object emerges as deficient can quickly lengthen. This is a 

sign of its distance from “product design”. We would like to dwell on a particular element, 

whose intrigue lies in the power - beginning with drugs - to broaden design considerations. 

The problematic broadening, we propose concerns objects - and drugs, when viewed as 

objects - as an apparatus. In addition to fulfilling a specific function, an apparatus - 

etymologically speaking - encapsulates the properties of making available and preparing 

[something], in the sense that it indicates a sequence, but also by “having its own assets” or 

making something available to someone. It also contains a sense of putting in order, 

providing a rationale that adheres to criteria. These criteria target a purpose, but also ensure 

that someone does something, or allows them to do it. Finally, in its “availability”, we also 

find the motivating factor of being inclined or being made to be inclined to do something 

(Cortellazzo & Zolli, 1999). In an apparatus, the physical tool is therefore accompanied by 

regulations and a prescriptive “body” (Costa, 2016, p.75) as well as by an exhortative one. 

Agamben defines apparatus as “something that has […] the ability to capture, orient, 

determine, intercept, control and safeguard human beings’ gestures, conduct, opinions and 

discourses” (Costa, 2016, ibid.). 

Such presuppositions provide a starting point for viewing drugs as apparatus and seeing the 

treatment system as a whole, combining objects, subjects, relationships between objects 

and subjects, ordered and pre-ordered actions, prescriptions and provisions that are written, 
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verbal, formal, codified or constructed in the natural lexicon with which things are made 

familiar, as imposed or conveyed by an authority (the doctor) or simply self-learned. 

As an apparatus, drugs are, in all senses, “social objects”, made up of a concrete “body” 

(they are material things) and of an invisible corpus consisting of acquired concepts and tacit 

knowledge, expectations concerning behavior, prescriptions, rules and anything prohibited. 

They can only “operate” and be effective if the end-user is fully immersed in the cultural 

dynamics from which those principles are derived (Ferraris, 2005). 

Drugs are the meeting point of production interests and a health-related ethic that has been 

pervaded by economic values. They carry ideologies about recovery and care, and so also 

about what constitutes an admissible and acceptable therapeutic object. They embody 

scientific principles, social values, forms of exclusion from or the right to treatment, and 

conceptions about health policies. As a socio-technical apparatus, they contain forms of 

hidden power. As a socio-semiotic apparatus, they pave the way for signification processes 

that follow trajectories back and forth between the society level and individual level, 

between the level of scientific precision and the level of approximation of daily life, between 

technical-specialist level and the level of daily incompetence (Landowski & Marrone, 2002). 

2.2 Drugs equipment 

Drugs are sealed into their pharmaceutical shapes (pill, syrup, suppository, etc.). They are 

accompanied by concrete and textual objects that are intended to serve as persuaders 

(aimed at prescribing, laying down sequences of actions, encouraging therapy adherence) 

and dissuaders (aimed at prohibiting unsuitable or even dangerous actions). This refers to 

the package insert, the packaging, medical prescriptions, suitable or unsuitable aids to assist 

with the treatment. 

Despite their apparent function as “apparatus”, the language, semantics and practicality of 

these objects make them unsuitable for this role. Authoritativeness expressed as polished 

jargon generates refusal; the self-containment of the signs/signals used to order sequences 

of actions doesn’t possess the required prescriptive strength, the persuasive nature, or 

sufficient commanding clarity. 

Here, we offer an initial exploratory hypothesis that it’s the drugs themselves, in their self-

contained formality and functional minimalism, that embody the distinctive element 

(perhaps because they are dense with ideologies, values, salvific powers) and possess the 

ability to influence their users’ behavior, at times assuming the role of a miracle object that, 

being potentially harmful, can instill fear. On account of the values attributed to them, 

drugs, as objects, seem to embody the same prerogatives as apparatus: moral, ethical and 

philanthropic discourses, scientific statements, institutionalized medical principles, 

philosophies of health and social cultures surrounding treatment. The concepts of 

dependence, addiction and refusal belong to the relations that a subject establishes with the 
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governing power that certain objects have. However, the abundance of meanings associated 

with drugs doesn’t come with a rich circle of practical-functional instructive signs. 

The packaging that contains them and the wealth of information intended to instruct aren’t 

sufficiently strong to orient the experience of using a drug and make it accessible. It seems 

their design is centred on guaranteeing that the drugs remain uncompromised and are 

created with rules and regulations in mind (e.g. the linguistic register used on the package 

insert) than built around users’ experience, in line with their physical and cognitive 

characteristics. 

For the power that the scientific world bestows upon them and the social role that drugs 

assume rhetorically, their prescriptive shapes have not attended to finding an appropriate 

expression for “generating inclination” or empathy towards treatment regimes. They speak 

to their author, heedless of the users’ cultures or the emotions that accompany illnesses and 

the restrictions their treatment imposes. They don’t offer feedback, which might reassure 

users that they are taking the correct action. Neither do they contain auxiliary advice for 

patients, to allow them to frame their pharmacotherapy within the wider picture of their 

hygiene and nutrition regimes, or that of an ideal lifestyle. This is isolating for an ill or injured 

person, creating a sense of otherness out of their condition. 

3. A drug’s meaning as a symbolic object: new paths for 
investigation 

We dwell on a paradox, going only so far as to raise that paradox as a further path of study. 

It concerns objects and their functional, signifying and symbolic value. The form of objects 

and their requirements as tools can be reabsorbed into a circle of meaning that lies without 

or goes beyond their use (Barthes, 1974). This hypertrophy of meaning (Landowski & 

Marrone, 2002) makes an object’s dimensions as a tool-less natural and obvious, through 

the socio-cultural meanings attributed to it (Baudrillard, 2007). 

Objects seduce, becoming iconic and memorable. They amass affective and emotive values. 

They become an obsession, in the sense that we project our imaginations, fantasies and 

intimate dreams onto them (Dorfles, 1988; Fusillo, 2011). However, objects also have a 

mythopoetic strength, when portraying the widespread cultural values that society 

incorporates into them (Barthes, 1974). 

And that is how a drug exists not only within its specific role but also by having amassed a 

deep symbolic dimension, because, by curing illness, drugs become an impediment to the 

link between life and death. Our imaginations use specific vocabulary to evoke the sense 

that the active ingredients contained in drugs defeat illnesses—attack, kill, beat and fight off. 

Such vocabulary belongs to mythological tropes which we project onto these objects 

(Barthes, 1974). 
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3.1 Drugs as communicative objects 

Communication intervenes in this construction of functional and metaphorical value, with its 

graphic and textual paratexts (Genette, 1989). We find them on the objects themselves 

(peritexts) in the form of the information on the packaging or on the package insert. But we 

also find they reappear far away from the objects (epitexts), in user comments, in online 

chatter, in advertising messages, in marketing reviews, in scientific bulletins, etc. For drugs, 

however, the communicative-identifying component and the informative-prescriptive 

component, have peculiar rationales. The nature of products, the need they respond to, the 

users they target, their methods of sale and purchase, and the circumstances under which 

they are used, all come into play here. 

Moreover, drugs are part of a hyper-regulated world where every form of design revision 

requires a cultural development, experimentation and consultation. All of this collides with 

policies created above the industry level. This world is struggling; it’s far behind in the 

process of reconverting information into digital records. It’s held back by an ageing 

population - the primary users of pharmaceutical products - reluctant to move away from 

traditional information sources. 

It’s within this context that we have been unable to build a peritextual and epitextual 

information system for communicating the legendary benefits of pharmacotherapy and the 

epic progress made by research and its findings. Such a system could raise awareness, warn, 

inform and create a culture of “good usage”, warning against the ease of excess, Do It 

Yourself (DIY) regimes, irresponsible usage and “hearsay”. 

3.2 A drug's peritexts 

As for the vast system of information - peritexts - on packaging and package inserts, we find 

ourselves faced with forms of communication whose arduous task is to explain complex 

procedures. These explanations suffer issues relating to the translation process (Nergaard, 

1995; Osimo, 2015; Baule & Caratti, 2016) and, specifically, to what they are required to 

explain by way of text descriptions: actions, gestures and procedures, often involving 

components of tacit knowledge (Polanyi, 1979). These prescriptive forms also suffer the 

issue of inert denotation (Sennet, 2009), a form of writing in which the language, mode of 

expression and type of information are only comprehensible and useful to an expert user or 

one who already has experience with such procedures. 

Finally, these texts present a strong imbalance between negative descriptions of the side 

effects drugs can cause compared to their benefits. The latter is reduced to a few lines. 

There is no counterbalance to the long lists of side effects that reference data on each drug's 

effectiveness at reducing or eliminating the symptoms of illness would offer. They don’t take 

care to provide consoling descriptions of the signs that would signal the desired wellbeing. 
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4. Actions taken into account when designing drug shape and 

user experience 

4.1 Some Problematic Points 

Here we propose various questions regarding drugs’ nature in relation to certain theories 

about objects and the rationale behind their relationship with end-users. There are some 

peculiarities worth noting: 

• It’s difficult to understand drugs as objects for use and to align them fully with 

opinions or reflections on drugs (Pizzocaro, 2016). Even with the huge range of 

medicine shapes, attention to formal aspects and their ability to evoke their 

required function seems weak. Drugs seem to (provocatively) boast a total absence 

of formal elements, sensorial activators and indications for use. These are 

necessary elements for bringing users and objects closer together, through 

understanding, organisation, gestures, interaction, memory, etc. In the 

pharmaceutical world, we settle for working with the shapes most like the things 

we normally consume (e.g. food). This juxtaposition doesn’t leave space for 

attention to be devoted to gained or learned sensorial experiences, cognition, 

rituals or the gestures that we see with nutrition. That makes the action a truly 

cultural act, accompanied by training in techniques of the body (Mauss, 1936) 

learned by experience. 

• It’s difficult to categorise drugs fully as objects for consumption. There is a vast 

literature behind the dynamics that generate needs and then allow objects to meet 

those needs. This comes from market research, the psychology and sociology of 

consumption, human ethology and even psychiatry (Fabris, 1970; Pizzocaro, 2015). 

Studies on purchasing behaviour, possession and consumption of objects are vast 

and able to quell desires and align with physical, mental, natural and cultural needs 

(Fabris, 2003). Yet, even in this category, it’s not easy to find a place for drugs. 

Experience of health and illness comes down to personal experience, but it’s also a 

cultural construction. And even with different sensibilities, we attribute great 

importance to wellbeing and health only when deprived of them (Borgna, 2005). 

Only then do drugs enter the needs category: not as a desirable product, but as a 

remedy, something palliative. Once introduced into daily usage, we are aware they 

are missing only when we find ourselves without them. It’s never the user that 

chooses the drug but a professional. Here we pose another interesting element in 

terms of drugs as objects: needing them, choosing them, methods of using them 

that require technical skills which users ask from expert figures. 

• And finally, despite attributing drugs with the typical prerogatives of objects used 

daily, we observe that anything we consider positive in the behaviour of using 

drugs in the home becomes a potential source of error when applied to drugs. 

1370   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



A.V. Penati, S.L. Pizzocaro, C.E. Standoli, V.M. Iannilli 

 

4.2 Otherness experienced by users undergoing treatment for chronic pain 

A drug is part of a process - of treatment - connected to macro-systems (science, technology, 

the industry) and micro-individuality (the patient, the familiar context of treatment). This 

process, especially for chronic conditions, can meet with new feelings of otherness. Now 

that people live longer, expectations of living independently are falling, leaving a population 

vulnerable to pain (Scheler, 1916). We feel the effects on body and mind because “pain 

breaks. It’s the division” (Heidegger 1959). Illness induces a change in the world of life, to the 

approach towards the other, transformed in terms of its functions and abilities. Drugs leave 

traces, they mark the body. They act as a form of apparatus, called upon to reinvent a new 

order of space and time, defined by the procedure-based nature of the treatment, that 

breaks up individual, familial and domestic space. New objects enter into daily life: drugs, 

prescriptions, diagnoses and treatment plans find a place along surfaces 

to which cognitive and aware minds assign positions. Those positions may be functional, 

they might be symbolic or moral, or perhaps they are dictated by previous experiences. 

Tangible and intangible variables (skills, places, objects) insert themselves into the 

ecosystem of treatment. They can be read only within the framework of their relations. The 

same medical narrative (Morsello et al. 2017) recognises the value of sensitive reports 

underlying the ability to narrate and to recompose old and new experiences through 

reconfiguration processes. 

 

4.3 Adopting a human-centred approach for the experience of using a drug 

In developed countries, populations have longer life spans, thanks to better access to 

treatment opportunities and the use of drugs, but with a significant economic and social 

cost. What is more, the context of treatment is changing, in terms of its location and physical 

dimensions (moving from hospitals to homes) as well as in terms of its organisation (greater 

accountability placed with the end-user). This represents an opportunity to redesign care 

systems so that they are human-centred and involve the subjects. This means intervening in 

how objects are presented and communicated, and in changing service, systems, usage 

contexts and activities. 

The elderly has been prioritised as a reference point for design on account of their 

personalities, physical and cognitive attributes, and linguistic barriers linked to their health 

literacy. Delegating responsibility for treatment management to such users presupposes 

their active involvement, an education suitable for the language of the treatment, making it 

comprehensible and checkable even at the point of dialogue between specialist and patient 

(Graham & Brookey, 2008) and for their interaction with the products and tools that support 

treatment. Within the context of “domestic independence”, the latter should be functional, 

usable and even pleasant to use. 
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It should be noted that users allow themselves to interpret objects (especially those with no 

social protocols or where uses are not embedded overtime), sometimes generating more 

meaningful alternative uses that have a social influence on the intended use (Pizzocaro, 

2015). Conversely, the use of drugs is situational and not necessarily permanent. As such, 

the same users find themselves without defined use strategies: on the one hand, they try to 

understand and adopt suggestions from the doctor or package insert; on the other hand, 

they mutate and apply usage models from other product categories (Norman, 1988) that 

they are used to following. 

In the world of drugs, learning by drawing similarities with actions used for other objects - 

where experience of use cannot distinguish errors - poses an objective risk to user-health. 

The spurious passage from novice to expert and excess confidence is among the most 

frequent causes of drug management mistakes. Perhaps the perceived distance between 

drugs and other product categories is so reduced - due to familiarity, habits or marketing 

and advertising for products that are consumed on a daily basis - that users are induced to 

use them without knowledge and erroneously. 

Above all, elderly users might be kept safer if they are correctly informed or interact with 

objects they understand - objects designed not only to treat but also with consideration for 

the drug management process (Graham & Brookey, 2008), with adequate checks on their 

actions. Guiding and influencing user behaviour during treatment - by redesigning the drugs 

and the objects connected to them - is the designer’s role. That can happen only with an 

understanding of the true physical, cognitive and social capacities of the users, by involving 

them as we perform the design development process for products/services so as to improve 

the experience of use, as we seek to prevent the errors that have occurred in the design and 

use of objects for some time. 

 

5. Conclusions: aiming for practices involving drug familiarity 

We would like to list some examples of certain characterisations of people’s behaviour when 

undertaking daily tasks, believing that it’s useful to lean on these when developing our 

design considerations for treatment processes. 

• Familiarity. We can consider familiarity as a complex cultural system where the 

following coexist: forms of reciprocal adjustment, lexical constructions and 

behavioural jargon, shared images of health and illness (Santambrogio, 2006), the 

learning of techniques and adoption of tacit knowledge, the development of 

discretion and sentiments about the body and its treatment (Foucault, 1985; 

Pennac, 2012), the experience of public and private forms of illness, the influence 

of beliefs (including religious beliefs) and of ideologies concerning space and 

objects and their uses. Familiarity immerses us in an “experiential realism” where 

each individual linguistic, lexical and behavioural element has overlapping 

1372   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



A.V. Penati, S.L. Pizzocaro, C.E. Standoli, V.M. Iannilli 

 

emotional and value-based meanings. They can be interpreted as cognitive data 

and various forms of knowing how to do something (Maher, 2014, pp. 8-9). In the 

realm of familiarity, we focus on systematic indices of thoughts and actions more 

or less consciously. Gradually, as correlations between these forms are 

strengthened, the framework of associated ideas ultimately becomes a way of 

measuring normality (Kahneman, 2011). Finally, everything that we consider 

familiar - and therefore normal - is part of a sort of “base-level knowledge”, which 

encourages us to subtract every individual action from the process of conscious 

reflection. Familiarity legitimises the transfer onto a drug and the treatment it 

provides of habitual regimes (acquired from using other objects), of the ways in 

which we interact with them, and of the rationales under which we bring them into 

the domestic space, etc. 

• Habits. These are a constituent part of familiarity, of domesticity. This is the 

prerogative that, beginning with the concept of habitus (Bourdieu, 2001), injects 

our actions into “a system of perceptual, ethical or aesthetic ways of thinking and 

actions acquired over time”. They tend to endure even after a change in the 

conditions that generated them (Bourdieu, ibid.). 

• Repetition. Treatment regimes, repeated daily, become habitual, and therefore 

practical methods, gestures and knowledge are fortified over time. However, they 

are by and large self-learned. There is a transition from novice to expert when 

learning to use any product, but with drugs, there is vast scope for error and 

misunderstanding. Further, an absence of solid knowledge precludes users from 

exercising their own discretion, interpretation and therefore good sense, as the 

rationales underlying drugs and their consumption don’t belong in that sphere of 

common sense (Santambrogio, 2006). 

• Confidence. This falls under the possible disintegration of what we have called 

familiar behaviour, lingering in this last case on lax behaviour, ease of distraction, 

shortcuts to simplify prescriptions, and DIY solutions improvised by users when 

they believe they have sufficient understanding about how a drug is administered. 

Generally speaking, this trust in their actions is supported by the positive outcome 

of actions repeated over time. It can become an obstacle where, even with 

repetition, one causes the kind of accidents that typically result from “homemade” 

actions, which are never uniform and always require the problem, context, 

objective and treatment action to be rethought from scratch each time. 

And it’s here that the tangible and intangible essence of apparatus and its 

prerogatives (as mentioned earlier) to “capture, orient, determine, intercept, 

control and safeguard human beings’ gestures, conduct, opinions [...]” (Costa, 

2016, p. 75) could become prime exploratory territory to guide the processes—

which increasingly rely on technology—for managing pharmacotherapy. 
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Abstract | This paper discusses a new culture of life through architectural design at a time of 
ecocide. Establishing the principles of practice for an ecological era by reconfiguring the terms 
of our engagement with the living realm by de-anthropocentrising the human self and 
embracing the liveliness of our environments, the way we inhabit spaces is reimagined 
through the infrastructures that inform the rituals of everyday life. Inspired by the irreducible 
complexity of the living realm, the Wicked Home research project discusses an approach that 
increases the liveability of our homes by nurturing many nonhuman “others” without 
compromising the quality of life for humans. Entangled with an ethics of care, these design 
principles are exemplified in the Living Architecture and Microbial Urbanism projects, which 
discuss how such proposals can be realised in practice.  

KEYWORDS | HOME, DE-ANTHROPOCENTRISING, WICKED, CARE, DESIGN 

1377   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



R. Armstrong, R. Hughes, N. Janssens  

 

1. Introduction  

What would it mean to de-anthropocentrise our concept of home? If we eliminate the 

metaphors of appropriation, ownership and occupation alongside the so-called Activities of 

Daily Life of the human, how might we reconfigure our need to communicate with the 

liveliness of our environments?  

“Conversation with a Stone” by the Polish poet and 1996 Nobel Prize winner Wisława 

Szymborska provides one approach. The poem is frequently read as an epistemological cul-

de-sac; the poet wishes to know every detail of the external world, but the stone remains 

shut, not accessible to human experience and inquiry. The poet’s repeated request to “enter 

your insides/ have a look round,/ breathe my fill of you” is consistently refused by the stone, 

whose pronouns are capable of switching mid-sentence from singular to plural in response 

to external violence, while still speaking with one accord—“I’m shut tight./Even if you break 

me to pieces,/we’ll all still be closed./You can grind us to sand,/we still won’t let you in.” The 

stone continually points out the epistemological incommensurability between the poet’s 

embodied, sensory knowledge and its own material form (“I'm made of stone […]/and must 

therefore keep a straight face.”). Neither curiosity, imagined palaces nor bathetic appeals to 

the poet’s mortality grind down the stone’s resolve (“Go away./I don't have the muscles to 

laugh.") This means that the epistemological terrain from which each speaker addresses the 

other does not even meet, let alone overlap. If we assume that each even hears the other 

(although the evidence in the poem for such an optimistic assumption is debateable), there 

is nothing to suggest that one is speaking from where the other is hearing. The poem 

therefore presents a hermeneutic dead zone, a space characterised by an absence of 

dialogue and resonance: 

“You may get to know me, but you'll never know me through. 
My whole surface is turned toward you, 
all my insides turned away." (Szymborska, 1997, p.63) 
 

In the fourth exchange the poet brings all the powers of human persuasion to the task, 

describing the proposed visit as being only temporary, motivated neither by unhappiness 

nor homelessness. The poet has a world “worth returning to” and will “enter and exit empty-

handed”, recording the entry into the stone only with “words,/which no one will believe”. 

This provokes the stone’s most scornful response:  

“You shall not enter,” says the stone. 
“You lack the sense of taking part. 
No other sense can make up for your missing sense of taking part. 
Even sight heightened to become all-seeing 
will do you no good without a sense of taking part. 
You shall not enter, you have only a sense of what that sense should be, 
only its seed, imagination.” (Szymborska, 1997, p63) 
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It is a remarkable inversion of anthropocentricism that the stone should here tell the human 

“You lack the sense of taking part.” Furthermore, “No other sense can make up for your 

missing sense of taking part.” The stone effectively reveals itself to be more empathetic and 

insightful than the poet. Another ‘natural order’ exists, it seems, to that we thought we 

knew. 

In the final stanza the stone refuses poetic conceit altogether, bringing thereby the poem to 

an abrupt end — no ‘accommodation’ is reached, poet and stone remain implacably ‘alien’ 

each to the other: 

I knock at the stone’s front door. 

“It’s only me, let me come in.” 

“I don’t have a door,” says the stone. (Szymborska, 1997, p64). 

The poet’s techniques—reflection, imaginative empathy, inquiry—are ultimately shown to 

be inadequate to the task. And yet the poem does not mock such attempts to connect. 

Language itself can be said to constitute a threshold or portal—that poet and stone are able 

to exchange requests and refusals shows a protocol is possible, one that permits the 

exchange of perspectives and positions, and this ultimately transforms what could have 

been a mute meeting between incommunicable subjectivities into an encounter with 

epistemological humility, empathetic agility and rigour, and the duty to engage actively with 

that which we study.  

 

This politics of participation can be said to inform the thinking behind the current paper, 

which calls for profound changes in attitudes to the concept and reality of home via a 

domestic ecology in which the human inhabitant exits the stage, and other, nonhuman, 

agencies are instead invited into the spotlight. What the authors propose is a concept of 

home as a constructed form of nature—specifically, a wicked home. To get there, we must 

facilitate conversations between things and agencies that are usually either kept apart, or 

rendered mute under the looming shadow of the human. 

In the following we will explain how a wicked home could be constructed and why we 

believe it should be constructed. Two interconnected tracks run parallel through this paper, 

shaping our argument. One is the motive—what sets us in motion, what urges a shift. The 

other evokes the possible new constitution of home—what it is made of, what it lives by. 

These tracks present us with emerging design challenges—collectively, they represent a 

wicked design challenge, one that architects need to address with some urgency if they are 

to respond to the demand of architecture students for meaningful change to the damaging 

impact our present industrial approaches and toolsets are inflicting on the environment 

(Architecture Education Declares, 2019). 
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2. Design at a time of ecocide 

Wicked Home 

At a time of ecocide, a culture of life must 

enter into an age of ecological design, 

where our toolsets for perceiving, 

conceptualising, theorising, designing and 

modelling our world are concordant with 

the ethos of (re)enlivening. To date, the 

profession has responded by devising 

ecologically “kinder”, or more 

“sustainable” versions of existing practices. 

Such inaction is less cognitive dissonance 

than a failure of imagination to inhabit 

different stories about our relationship 

with nature and culture. Such 

naturecultures are the very milieu in which 

we exist (Haraway, 2003). In taking our 

first steps towards an ecological era, we 

must develop new types of design, the 

principles, materials, toolsets and 

expressions of which may not even be 

recognised by today’s standards. 

A first step is acknowledging that the term 

“ecology” is ontologically problematic. 

Arising from a utilitarian view of managing 

nature, the household of god, 

Enlightenment scientists, proposed an 

“oikonomics” of the environment 

(Linnaeus, 1749; Hestmark, 2000) and 

animal management (Haeckel, 1866). 

Fundamentally imperial, it was 

transformed during the 20th century 

(Anker, 2001), into a mechanistic, land 

management view of “ecosystems”, then a 

totalising concept of earth as a colossal 

self-regulating cybernetic system, 

proposed by the Gaia Hypothesis (Lovelock 

and Margulis, 1974). By the late 20th 

century “ecology” was implicated in all 

interacting “systems”, relationships and 

IMAGINE a building infrastructure that 

houses microbes that perform useful 

domestic work such as cleaning water, 

making useable amounts of electricity and 

producing a range of metabolites, which 

are fed back into the household system or 

released to enrich the natural environment. 

Aiming to wean modern homes off their 

dependency on fossil fuels, it provides 

microbial strains with ideal environments 

for flourishing, where they are made to feel 

“at home” by feeding them regularly and 

providing them with a safe environment to 

build microbial settlements. The microbial 

“brain” that processes the biochemical 

information and productive fabric, or 

“flesh” that carries out the complex 

biochemical transformations, is a bio-

electrically active anaerobic biofilm—

something like the gelatinous sludge found 

down the U-bend of your kitchen sink or 

toilet—which is housed within a ceramic 

battery casing. Feeding on nutrient 

streams of domestic waste that pass into its 

stomach, or anode, a low-pressure stream 

of water and biomolecules pass through its 

“gut wall”, which take the form of a carbon 

fibre, or ceramic semi permeable 

membrane. The waste products of these 

cyborgian microbial transactions are 

electrons, or quantum excreta, that self-

power the system and are captured by 

conductive wires, optimised by an artificial 

intelligence, and visualised through the 

activity of electronic devices. Other 

effluents take the form of cleaned water, or 

“bacterial urine”, while a further range of 

organic substrates pass through the semi-

permeable membrane into the cathode, or 

“bladder”, ready for discharge. While much 

of this domestic work is invisible to 

humans, electronic sensors convey 

microbial actions via a digital interface, 
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non-living structures, including geophysical 

forces, materials and cities (Harvey, 1996). 

Ecological thinking’s evolving 

epistemologies have led to increasing 

debates about the appropriate expression 

for ‘life’ within a world in the throes of 

ecocide. In generating “straightforward 

environmental images” (Morton, 2007, 

p150) Timothy Morton uses “ecology” to 

replace bucolic visions of “nature” with an 

equally problematic “dark” ecology that 

depicts an irredeemably contaminated 

world. Such re-aestheticisation overlooks 

human responsibility for our damaged 

ecosystems. The colonialisation of thought 

that characterises human exceptionalism 

and frames our anthropocentric 

worldview, means we cannot fully 

acknowledge or address the many other 

agents that co-constitute our world. While 

inherently problematic, “ecology” also 

lends itself to new conceptions, which are 

shaped by the rise of post-humanism in 

late 20th century and advent of new 

materialism at the turn of the 3rd 

millennium. Embracing a more-than-

human perspective, alternative ecological 

narratives enable different kinds of power 

structures, transactions and relationships 

by elevating the status of all forms of 

empowered matter—living, biological, 

agentised, reactive, vital—from their 

dependency on human relations. Free to 

produce effects and exist in their own right 

through a condition of mutual care 

between actors (Tronto, 1997), they 

constantly negotiate their position and 

relevance to the living world. 

This new culture of life re-purposes the 

familiar tools of modernity and makes 

visible the other worlds it has ignored and 

which enables conversations between 

human and nonhumans to generate a 

quality of interdependent living that is 

powered by domestic waste streams. 

Further incorporation of technologies such 

as screens and robots that feed on electron 

flows, comprise a specific metabolic trading 

system, where the overall housework 

performed is meaningful to all participants. 

The strange substrates and infrastructures 

described here are the results of the 

Horizon 2020 funded project Living 

Architecture, co-developed by the 

Experimental Architecture Group, who 

picture a “Home” as a holobiont, a designed 

form of nature where ‘speaking’ chemically, 

physically, biologically, mechanically and 

even digitally (through electricity) with 

the nonhuman realm becomes possible, 

transforming our activities of daily living 

into world-making actions.  

Inhabited through rituals of care and 

nurturing, Living Architecture provides an 

apparatus that exemplifies how homes 

constitute entire ‘worlds’, or experiences in 

themselves, presenting alternative 

paradigms for domestic economies, and the 

potential to bring about integrated, 

systemic change in the material impacts of 

human inhabitation that contribute to 

planetary enlivening. When we design and 

inhabit our homes in this way, we become 

holobionts, being composed of wholly 

integrated assemblages of different species, 

microbes, humans and technical agents 

that form coherent units capable of 

performing useful work, and which do not 

discriminate between their matter and 

excrement. Those living spaces that thrive 

on entangled relations produce the 

infrastructures for Wicked Homes. How a 

home could be constructed from a 

posthuman household inhabited only by 

microbes and the digital ghosts of the past, 

present and future was prefigured in the 
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damaged. Specifically, it calls modern 

conceptions of biology into question, 

which entered into common language at 

the turn of the 19th century. Increasingly 

professionalised and specific, the term 

“biology” was independently introduced 

by scientists Thomas Beddoes, 1799, Karl 

Friedrich Burdach, 1800, Gottfried 

Reinhold Treviranus 1802 and Jean-

Baptiste Lamarck, 1802. Referring to a 

particular quality, or kind of life, “bios”, 

this new field became increasingly 

specialised and produced further new 

disciplines like plant and animal 

physiology. During the second half of the 

century, the laws of thermodynamics 

shaped biological narratives, where 

physiology was underpinned by basic 

energetic and metabolic exchanges like 

photosynthesis and respiration. Over the 

course of the 20th century, these new 

disciplines sought to understand the 

mechanisms of life, becoming further 

componentised into cellular, and molecular 

biology. Having reached a pinnacle of 

ultimate control over the very building 

blocks of nature, the late 20th century 

witnessed our ability to re-write the book 

of life through DNA sequencing. 

Approaching a point where meaningful 

changes to the way an organism works 

need to be situated, Andrew Ellington 

observes “… context matters, the system 

matters, the background matters. Which is 

all about how things are going to interact 

inside of an organism. It’s not just an 

isolated pathway, it’s a pathway inside an 

organism. And so really, we’re coming 

around from pure design to design in the 

context of the system, which is more 

systems biology” (Ellington, 2015). Using 

mechanistic frameworks to conceptualise 

installation 999 years, 13 sqm (the future 

belongs to ghosts), a collaboration between 

Cecile B. Evans and Rachel Armstrong, 

2019, projecting a way forward through 

which the transformation towards our 

emerging ecological era can begin. 

While such “lived” systems are discrete 

worlds, their persistent exchanges may 

also constitute lively infrastructures 

capable of spilling out beyond the 

boundaries of a traditional house interface 

and leak into other associated realms of 

care such as the street, the garden or 

public square. Microbial Urbanism (MU) 

builds upon the “programmable” microbial 

exchanges underpinning the Living 

Architecture project and scales them up to 

an urban scale. Through the first-time 

convergence of two established microbial 

platforms—arrays of organic batteries, or 

Microbial Fuel Cells and root microbiomes 

that take the form of “functional” 

wastewater gardens—MU provides an 

urban infrastructure that generates carbon-

free electricity directly from wastewater, which 

is contaminated with human, agricultural, 

or industrial waste. Sharing the same 

wastewater and biowaste stream inputs, 

these combined technologies directly 

couple organic processes with high tech 

“smart” solutions, thereby providing 

sustainable energy from urban biowaste 

that powers digital services and can be 

thought of as a “bio-digital” platform. A 

MU pilot project is proposed for Tallinn, 

with site evaluations also taking place 

across different European municipalities. 

Overall, the project’s ambition is to 

catalyse bio-digital platforms that 

integrate the resource streams of physical 

(organic) and virtual systems to reduce 

consumption streams, as well as bringing 

about the widespread establishment of 

culturally diverse bio-digital cities. 

Collectively and individually, MU’s 
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these “BioBricks” (Tom Knight, 2003) 

emphasised the difficulties of their re-

assembly by synthetic biologists and the 

processes of life were deemed irreducibly 

complex—a “wicked” challenge. Evelyn Fox 

Keller observes the non-innocence of the 

gaps in our understanding: “Whose law is 

the law of nature? Where does the idea of 

a law of nature come from? And what is 

the function of a law of nature? The law of 

nature, the concept of a law of nature 

comes originally from the civic realm” 

(Keller, 1990). Recognising the missing 

pieces of life’s mechanistic puzzle as 

“zoe”—or “bare life—Rosi Braidotti calls 

for concrete gestures that value this 

animating force through all its 

manifestations (Braidotti, 2006, p41). A 

new biopolitics and biopower (Foucault, 

2004) challenge existing governance, 

classification systems and other modes of 

subjectification, including identity politics. 

Their impact on unacknowledged 

nonhuman subjects is devasting and 

manifests as global ecocide. Recognising 

the vital couplings that occur between 

nonhuman bodies, brings forth an 

alterbiopolitics of care, from which a 

sympoietic  order of “labour/work, 

affect/affections, ethics/politics” arises 

(Puig de la Bellacasa, 2017, p.5). This new 

politics between human (bios) and 

nonhuman (zoe) does not take place in the 

oppressive manner through which Hannah 

Arendt regarded “bare life” in the public 

realm, as denying a person the possibility 

of a political existence (Arendt, 1958, p98), 

but through Giorgio Agamben’s 

conception, where a new system of power 

relationships is possible (Agamben 1998, 

p.13), comprising a “good” quality of 

existence for all. Freeing lively matter from 

activities seek new paradigms, concepts, 

platforms, toolboxes, services, products 

and experiences, which can be networked 

to establish foundations for new kinds of 

community transactions that work towards 

enlivened, regenerative bio-digital 

settlements hosting many kinds of Wicked 

Homes. Through a spectrum of such 

prototypes, the development of Wicked 

Homes seeks to establish transferable 

principles, an ethics of practice that enable 

an ‘ecological’ approach to the production 

of our living spaces, and our first, tentative 

design steps towards planetary enlivening. 

The projects Living Architecture and 

Microbial Urbanism draw together the 

concepts of ecology, Zoë, the decentred 

human and agentised “household” of nature. 

They provide a framework for a radical re-

enlivening, a re-conceptualisation of what 

it means to inhabit a world at a time of 

ecocide. How this impacts and reconfigures 

design practices becomes the topic of a 

recently established Academic Design 

Office (ADO) at KU Leuven. The Wicked 

Home ADO takes a radical break from 

modern architectural practice and 

considers the character of our homes as 

irreducibly complex, a variable and 

contingent synthesis between 

infrastructures, inhabitants, materiality, 

context/site, technological interfaces, and 

the concerns of the architect—in other 

words, they are “wicked” spaces. Modern 

architecture, however, prefers to enliven 

machines using industrial scale energy 

sources that simplify complex organic 

resources into electrical power supplies. At 

the same time, when inhabited, the 

buildings discard (complex) waste matter 

into the ‘environment’, spending as little 

time as possible within our living spaces 

before they are discarded through drains, 

vents and garbage disposal mechanisms. 

Denied any chance of a meaningful ‘living’ 

existence through recycling, re-use or 
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the obligation to mimic biological systems 

as the authentic operating systems of life, 

an expanded view of the living realm can 

be considered from first principles, namely; 

materiality, agency, ethics and 

infrastructures. Fundamentally messy, 

sticky (clinging to other bodies), irreverent 

(not obeying conventions) and semi-

permeable to their surroundings, these 

vital agents constantly seek new alliances, 

and embrace ongoing change by 

continually responding to their context.  

Unleashed as all kinds of “unholy” matter, 

protocells, “living” gels and other monsters 

defy our understanding of matter, waste, 

technology, life and body, overturning the 

recognised order of the world.  

“And now the plants can no longer be 

distinguished from the animals. Polyparies, 

which have the appearance of sycamores, 

carry arms on their branches. Antony 

fancies he can trace a caterpillar between 

two leaves; it is a butterfly which flits 

away. He is on the point of walking over 

some shingle when up springs a grey 

grasshopper. Insects, like petals of roses, 

garnish a bush; the remains of ephemera 

make a bed of snow upon the soil.” 

(Flaubert, 1981, p231) 

Recognising these blasphemous 

assemblages as “contradictions that do not 

resolve into larger wholes, even 

dialectically, about the tension of holding 

incompatible things together because both 

or all are necessary and true” (Haraway, 

1991, p5), Donna Haraway proposes the 

political myth of “cyborg”, which occupies 

the treacherous realm of fiction and social 

relations uncoupled from organic 

reproduction. While Haraway’s cyborg 

molecular transformation, our effluents 

become ‘waste’. Advancing how our built 

environments are designed, constructed 

and inhabited, the Wicked Home engages 

our own metabolic activities (consuming 

resources, producing waste matter, moving 

around) within our living spaces and 

entangles our daily activities with the 

natural realm, where the flows of air, 

water, natural resources and the activities 

of daily life complicate the notion of what 

it means to make a ‘liveable’ habitat.  

By critically engaging experimental 

frameworks and practices, the Wicked 

Home expands the limits of design practice 

through inter-, trans- and post-disciplinary 

explorations, using speculative design, 

prototyping and critical projections. 

Grounded both in solid theoretical 

frameworks (new materialism, post-

humanism), as well as transformative 

practices, these concerted actions fully 

engage with the design of lively substrates. 

While expanding the realm of human 

action and acknowledging the participation 

of nonhumans, the wicked home remains 

“homely”,  inviting the delineation of a 

domestic ecology (oikology) in which the 

human inhabitant plays one of many parts. 

Conceiving the “home” as a coherent world 

comprised of complex, quasi-living bodies, 

it offers a counterpoint to modernity’s 

concept of machines that still find favour 

within the field of architecture. 

Recognising their inner life of nonhuman 

things, as well as our interdependencies, 

the Wicked Home is an experimental 

platform for drawing together multiple 

forms of knowing that are not exclusively 

human. Conferred with the status of 

‘nascent beings’ which symbiotically work 

alongside us as an immersive, evolving 

choreography of space and matter, the 

Wicked Home incorporates a wide 

spectrum of wicked matter (inanimate, 

human, vitalised, biotechnological) that is 

1384   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



The Wicked Home: Living Space as Ecological Holobiont. 

 

circles its relation between animal, human, 

machine, a radical de-anthropocentrisation 

of its politics extends its influence into our 

proximate landscapes. Not backdrops for 

the actions of agentised assemblages, the 

nonhumans that make up our environment 

like soils, mycorrhizal networks and 

bacterial biofilms, form lively associations 

that configure the selective pressures 

acting on our bodies and also become us. 

Read through the interconnections and 

entanglements that shape the relations 

between all bodies – be they 

environmental agents, vital materials, 

technologies, metabolisms, or beings—

Charles Darwin’s identity dance between 

organism and niche, becomes a holobiontic 

state of affairs (Gordon et al., 2013). 

Navigating such turbulent spaces invites 

participatory modes of design and an 

ethics of practice where human and 

nonhuman are mutually co-constituted, 

and the notion of what it means to be a 

body, or living being of any denomination, 

is radically expanded. Making obsolete any 

conception of a “pure” human subject at 

the centre of design, holobiontic subjects 

(human and nonhuman) take the place of 

the anthropos, compelling us to 

understand what kinds of other lively 

agents we live alongside, recognise their 

diversity and pay attention to how they 

behave in different settings. No longer 

separate from the natural world, or our 

technology, we are co-dependent and 

entangled with myriad presences, within a 

new culture of life that welcomes 

unconventional states of existence and 

modes of design as integral to its 

becoming. 

brought into proximity with other agents 

to forge enlivening interactions and 

thereby increase our co-responsibilities. 

Acknowledging these nonhuman presences 

through the organisation of our rituals and 

activities of daily life, the design pursuit of 

re-enlivening acquires a new empathy with 

the material realm and catalyses a new 

culture of life that re-engages with the 

critical issues of our time. Such an attitude 

generates a condition of care and attention 

for nonhuman beings that makes it 

nonsensical to abuse the spaces we inhabit, 

since they are part of ourselves. Framing 

our design interventions through an alter-

biopolitics and alter-oikonomics, our 

attitudes to the concept and reality of home 

are transformed. 
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Figure 1.   Protocell installation by Rachel Armstrong, territorialises a dynamic chemical 
space that forges Turing Bands, which Alan Turing (1952) considered responsible for the 
“dappling” of animal skins, Synth-ethics group show, BioFiction festival, Vienna Natural 
History Museum, 2011, photograph courtesy Rachel Armstrong. 
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Figure 2.   Living Architecture “wall” of “living bricks”, courtesy of the Living Architecture 
project 2019 

 
 

 

Figure 3.   999 years, 13 sqm (the future belongs to ghosts) by Cecile B. Evans and Rachel 

Armstrong, photograph courtesy of Rolf Hughes, 2019. 
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Figure 4.   Drawings for the “living” technology and bacterial “homes” that constitute the 

electricity-generating “guts” of 999 years, 13 sqm (the future belongs to ghosts) by Cecile B. 

Evans and Rachel Armstrong, which are entangled with digital screens to generate “ghosts”, 

model courtesy of Pierangelo Scravaglieri and Simone Ferracina, 2019. 

3. Towards a new culture of life  

This paper is intended to outline a potential toolset towards creating a new culture of life. 

Without an effective precedent signposting the milestones to an era of ecological design, 

and lacking the appropriate concepts and methods, that enable us to fully participate in 

planetary enlivening, the way forward is challenging. Just as engineers building the first steel 

bridges without fully understanding the tensile properties of steel used dovetail joints 

optimised for wood, we too are caught in a twilight zone of uncertainty, transitional 

thinking, and incomplete knowledge of the optimum approaches. Only hindsight can tell 

whether the decisions we make are appropriate for the issues we seek to address. This does 

not, however, imply that we stumble forwards haphazardly, but instead continually assess 

our pursuit of (re)enlivening and what it means for design in the context of an emerging 

ecological era. 
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The Living Architecture project ran from April 2016 to April 2019. Funded by 
the Horizon 2020 Research and Innovation Programme under EU Grant 
Agreement no. 686585, it brought together experts from the universities of 
Newcastle, UK; the West of England (UWE Bristol); Trento, Italy; the Spanish 
National Research Council in Madrid; LIQUIFER Systems Group, Vienna, 
Austria; and Explora Biotech, Venice, Italy. 
 
The Wicked Home, Architectural Design Office at the Faculty of Architecture, 
Campus Sint-Lucas Brussels and Ghent, KU Leuven, is a traversal academic 
project that combines design practice, design education and research is led by 
Nel Janssens, Annelies De Smet, Jo Liekens, Laurens Luyten, Rachel Armstrong 
and Rolf Hughes. 

The Experimental Architecture Group (EAG) was founded in 2017 at Newcastle 
University by Rachel Armstrong, Rolf Hughes and Simone Ferracina to bring 
artistic and design-led experiment into juxtaposition with the technological 
repertoire of “living technologies”. Fundamentally transdisciplinary and 
collaborative, EAG’s outputs have ranged from written texts, to public 
installations and immersive environments. 
 
The 999 years 13sqm (the future belongs to ghosts) bioengineering team 
comprises: Ioannis Ieropolous (lead; University of the West of England), 
Simone Ferracina (University of Edinburgh), Rolf Hughes (Newcastle 
University), Pierangelo Scravaglieri (Newcastle University), Jiseon You 
(University of the West of England), Arjuna Mendis (University of the West of 
England), Tom Hall (University of the West of England), Patrick Brinson 
(University of the West of England); MFC Bioreactor Brick Installation Design: 
Pierangelo Scravaglieri, under the guidance of Ioannis Ieropolous. Structure 
Design: Dominik Arni. Structure Fabrication: Weber Industries. Contributing 
Writer: Amal Khalaf. Animation: Tom Kemp. Music: Mati Gavriel. Sponsorship 
from Personal Improvement Ltd. and Living Architecture (EU Grant Agreement 
no. 686585). In-Kind support provided by Andrew Hesketh; Audioviz (UK 
FogScreen) and the University of the West of England’s, Bristol BioEnergy 
Centre, at the Bristol Robotics Laboratory. 
 
Microbial Urbanism is an Innovation Action proposal within the EU Horizon 
2020 framework by Newcastle University, University of the West of England, 
KU Leuven, TAMassociati architects, Tallinn Technical University, Organica 
Water Inc., Institute of Advanced Architecture of Catalonia, Translating 
Nature, Tallinna Lin, City Faciliators, Metabolic Institute, Valga municipality, 
Personal Improvement Ltd., Municipality of Sithonia, Municipality of 
Polygyros, Municipality of Nea Propontida. (Submitted 22nd January 2020). 
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Three Dimensional technologies: 
Digitising Nature 

Gregor MacGregora 

aCurtin University  

Abstract | Digital technologies are changing they way in which we take, view and perceive 
images thus challenging our perception of the image as object, my research investigates how 
this changes our relationship with the subject object divide. Using emerging imaging 
technologies, such as multi image photogrammetry, we are now creating three-dimensional 
objects as opposed to two-dimensional images. This creates new ways in which the viewer 
can experience the image, more immersive and emotive, that is yet to be fully realised going 
beyond a visual record of objects. Through aligning critical discourse on perception and 
nature as well as exploring the creative potential of digital photogrammetry I aim to create 
multiple embodied experiences that challenge the viewers anthropocentric bias. With the 
aim of questioning the viewers preconceptions around the subject-object divide and 
exploring the potential that it can be used to narrow the culture-nature divide.  

KEY WORDS | ANTHROPOCENTRIC, CULTURE-NATURE DIVIDE, PERCEPTION, 
PHOTOGRAMMETRY 
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1. Introduction 

Through a reflexive studio based practice that involves a cyclical process of action/reflection 

(Praxis) (Adams, 2006), my research investigates the role that three-dimensional 

technologies, such as photogrammetry, can have in altering our perception of the object. 

Digital multi image photogrammetry,  see Figure 1, is a process that has become affordable 

thanks to digital cameras. With increasingly powerful computers, a smartphone and open 

source software is relatively accessible, to non-professional operators. Digitising museum 

collections is already a well established practice, however this is mostly limited to two-

dimensional photography, yet photogrammetry can offer further benefits, offering both 

scientific advantages as well as novel interactions for the non scientific observer. When a 

high-resolution digital camera is applied, photogrammetry can produce three-dimensional 

objects that are sub millimetre accurate as well as generating photorealistic textures. The 

primary advantage of this process is that it is non-destructive, the same as taking a  

Figure 1. Author, 2019. Screenshot of Photoscan generating photogrammetry artifact. 

photograph, but the digital object can be measured and handled, maintaining the integrity 

of the original artefact, as museum collections get older the original artifacts will become 

increasingly irreplaceable. 

My research privileges the creative possibilities of this technology, over the scientific, and 

how this technology can be used to engage the viewer/subject in order to re-engage them 

with the natural world. The practical phase of my research has largely taken place within the 

storage facilities of the West Australian museum. In Figure 2 we can see an example of the 

working environment, which illustrates that this process can be applied to multiple 

situations. This has provided me with the raw data (photographic images) from which the 

creative possibilities can be explored, the results of which will be explicated in the 

constructing a digital nature section. 
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Figure 2. Author, 2019. W.A. Museum storage facility, example of working environment. 

By relating the process employed by natural history museums to the subject they deal with, 

it has allowed me to further align the research within existing academic debates on the 

culture-nature divide as well as the subject-object divide. The natural sciences and (western) 

society have been grounded in the traditional views on the subject and object since the 

times of Kant and Descartes. We, humans, observe the object and we gain knowledge 

through what we observe/perceive, whilst modern philosophy has been questioning this 

relationship between subject and object (Haila, 2000). The continental philosophers from 

the phenomenologists to the speculative realists have moved away from this Cartesian 

/anthropocentric point of view, however the traditional views are still persisting (Ben-Zeev, 

1989). This research then asks, if the immersive nature of digital technologies can alter the 

anthropocentric bias that is inherent within the subject-object and culture-nature divides? 

Through investigating the creative potential of photogrammetry within museum design I aim 

to allow the viewer/subject to experience their relationship with the object. This practice led 

research will be supported by a theoretical discussion of the work of Maurice Merleau-Ponty 

(1945), Timothy Morton (2014) and Graham Harmann (2018). 

 

 

1394   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



G. MacGregor 

 

2. Photogrammetry Intertwining the Real and the Digital 

Whilst photogrammetry is not necessarily a new technique, the introduction of digital 

cameras and accessibility to powerful computers as opened up the possibilities for the 

applications of photogrammetry. Photogrammetry is the process of making measurements 

through the analysis of multiple overlapping photographs (McCarthy, 2014), refer back to 

Figure 1, it was originally used as a method to generate maps. They had a three dimensional, 

stereoscopic; depth to them and technology has made it possible to combine large groups of 

images rather than pairs. Digital photography has allowed much larger data sets to be used 

to reconstruct complex 3-dimensional models.  As a result of the relative speed, low cost of 

the digital hardware and software multi-imaging photogrammetry has rapidly been adopted 

by archaeology and cultural heritage imaging (McCarthy, 2014). In archaeology multi-image 

photogrammetry is seen as a non-invasive method of measuring and researching the data 

rather than potentially damaging the original artifact.  

One of the earliest applications of linking this technique, in the digital era, was the 

reconstruction of the Bhuddas of Bamiyan (Figure 3). These 40 metre high statues where 

destroyed by the Taliban, in Afghanistan in 2001, and photographs of the original statues 

where gathered from the Internet. Once enough images had been gathered from a variety of 

sources archaeologists where able to generate accurate 3-dimensional models that could be 

used to reconstruct the Bhuddas of Bamiyan, from the remaining ruins (Grun, 2004). Since 

then multi-image photogrammetry has become a standard part of the archaeologist’s work 

practice (McCarthy, 2014), and has been integrated into the practice of digitising museum 

collections. For the most part this digitisation process is largely seen as a way to keep a 

visual archive of the collections. However constant technological innovations are reshaping 

the role of museums, changing the ways that they produce and distribute their collections 

(Bertacchini, 2011).  Whilst three-dimensional techniques such as laser scanning are been 

used, the cost is, for all but the most well funded of institutions, prohibitive. With a 

reasonable digital camera, appropriate software and minimal lighting rigs, multi-image 

photogrammetry provides an affordable alternative. With an archive of ever increasingly 

accurate digital 3-dimmensional objects this opens up potential opportunities for creating 

interactive online museums and digital artifacts that supplement the original objects. This 

can also open up economic opportunities that arise from licensing the digital objects, 

although this is limited at the moment for research and educational purposes (Schweibenz, 

2004). 

 

 

 

 

1395   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



Three Dimensional technologies: Digitising Nature 

 

Figure 3.   Armin, Gruen. 2004. Photogrammetric re-construction of the Great Bhudda Of 

Bamiyan, Afghanistan. Photograph and three-dimensional re-construction.  

2.1 Museums and Technology: Digitising the Object 
Traditionally museums have been seen as institutions that collected and preserved physical 

objects in order to produce knowledge (Bertacchni, 2011), their primary objective was to 

preserve and catalogue whatever objects they specialised in. They would then transmit the 

accrued knowledge to the general public as well as make the objects available for research 

(Alexander, 1983; Lewis, 2011). Museums in the late 20th century are often criticised for 

being elitist temples of colonial loot, and even as late as 1996 the historian Gyan Prakash 

proclaimed that museums themselves have become history (Thomas, 2016). Since then 

museums have reinvented themselves and continue to thrive, in part due to technological 

innovations this has reshaped the role of museums as producers of culturally significant 

content. The digitisation of museum collections, as well as increased capacity for digital 

storage and accessibility to the Internet, has changed the ways in which we manage and 

access information (Bertacchini, 2011). Opening up new ways to retrieve, experience and 

even monetise collections, it the experience of digital collections that I wish to privilege in 

order to analyse how we can engage with technology as opposed to the “real” world. 

This leap from the physical object to the digital one represents a paradigm shift in the way 

we represent objects as images, even greater than the inventions of photography, cinema 

and television (Jeffrey, 2015). In order to better understand our relationship with the digital 

object it is important to acknowledge both the immateriality and the uncanny nature of 

digital images (see Figure 4). These digital reproductions still have similar issues of 

authenticity as analogue (mechanical) reproductions. “One might subsume the eliminated 

element in the term “aura” and go onto say: that which withers in the age of mechanical 

reproduction…” (Benjamin, 1968). The point that Benjamin is making is that reproductive 

media, such as photography, has a diminished sense of aura or presence compared to the 
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original object or artwork (Bolter, 2006). For the most part this stands for digital media, as it 

is still a reproductive medium. Digital reproductions, due to its ephemeral nature, still lacks a 

physical presence, an aura, perhaps the field of haptics may change this, for now the digital 

reproduction will still have a sense of the uncanny valley (Jeffrey, 2015). Whilst this creates a 

sense of separation between the subject and object as the technology improves, this 

separation will change, already the immersive nature of the technology is regarded as more 

emotive than traditional imagery and even the real object (Geismar, 2015). 

Figure 4.   Author. 2019. 3-D model of Hawk. 

 

3. Dualist Dichotomies and the Anthropocentric Bias 

To better understand our changing relationship with our perception of images generated by 

digital technologies it is important to understand some context between the subject-object 

divide. This section will include an overview of Descartes dualistic approach and the 

philosophers that consequently eroded this method. Western philosophy and the natural 

sciences have been shaped by the relationship between the subject and the object. This is 

largely as a result of Descartes theories between res cogitas and res extensa, a separation 

between the mind and body (Descartes, 1644). This separation of the subject and object has 

resulted in a dualistic approach that has acted as a determinant in how we see the world 

(Haila, 2000).  
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This dualistic approach has its limitations; in that it separates the human from the world 

around them, it does not take into account the fact that humans are a part of the world. One 

of the first philosophers to address the inadequacy of this Cartesian dualism was the 

phenomenologist Heidegger (Cerbone, 2006). Phenomenology is a field of philosophy that 

studies the structure of consciousness as we, the subject, experience the world from the first 

person point of view (Cerbone, 2006). It was Heidegger who introduced the term Dasein in 

order to explicate our individual human existence, of being in the world, thus exposing the 

insufficiency of the subject object relationship. 

Other phenomenologists, Maurice Merleau-Ponty in particular, argued against Cartesian 

dualism in that he felt it was inadequate when it came to understanding that which could 

not be seen. This marks a significant move away from the established philosophies of the 

time namely the theories of Kant and Descartes whose empirical methods of observation are 

still embedded into the epistemological approaches of western societies. However for some 

this does not go far enough, as it does not address the anthropocentric bias inherent in our 

perception of the world. This is where Speculative realism takes up the current debate 

around “Object oriented Ontology” (Harmann, 2018). It is a relatively new philosophical 

movement that aims to end correlationism1, and anthropocentrism. Whilst it draws 

comparisons with the environmental discourse of Timothy Morton (2016) it is often seen as 

anti-phenomenological. Speculative realists, such as Graham Harman (2018), see 

phenomenology as having a dualistic relationship between 2Dasein and Being, which 

therefore still creates an anthropocentric bias. Harman and other speculative realists reject 

both traditional empirical (Cartesian)3 philosophies as well as some of the phenomenologists 

more anthropocentric ideas.  They place the same importance on things, matter and real 

objects, bypassing more traditional viewpoints such as phenomenal experience (Morelle 

2012). This would have a fundamental change in the subject/object relationship and 

arguably a philosophical approach that starts to move away form a strictly anthropocentric 

view of the world. 

The speculative realists argue that we as humans need to stop privileging our perception, 

our agency, over the natural world. As this has led us to a point where our anthropocentric 

bias has had a more negative than positive impact on our understanding of the objects that 

make up our environment. This is a point that has been agreed upon by environmental 

theorists, such as Timothy Morton, who has aligned himself with Harman’s ‘object oriented 

 
1 Correlationism refers to the belief that objects only exist through human minds and 
language; Morton (2016) refers to this as anthropocentrism in a philosophical form. 
2 The phenomenologist Heidegger uses the term Dasein to describe our individual human 
existence, excluding traditional assumptions and prejudices of Being thus recognising the 
indeterminate nature of the subject and object relationship.   
3 The term Cartesian refers to the traditional Western philosophies (primarily of Rene 
Descartes, 1596-1650) that have dominated the natural sciences. Regarded as being too 
empirical by most modern philosophical movements. 
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ontologists’ (OOO) (Morton, 2011). If we accept that, as Merleau-Ponty argued, empirical 

observation can only get us part of the way to understanding the thing that we observe and 

that our observations are intrinsically limited through our anthropocentric prism. Then it is 

possible that our perception of the object is fundamentally flawed, a situation that has 

created the environmental issues that we are facing. Perhaps one way to overcome the issue 

is to redress the imbalance that we as humans have placed upon the subject-object 

discourse, by shifting the debate from the perception of the subject to one that is more 

Object Oriented. I aim to explore our relationship with, perception of, the object and the 

role that emerging three-dimensional technologies will have in this debate. In particular the 

changing role of museums from empirical intuitions that categories nature to places that we 

can experience the natural world, in ways that illicit curiosity and wonder. 

4. Intertwining the subject-object and culture-nature divide 

The subject-object dichotomy has entered into current environmental discourse, as a way of 

illustrating the issues (anthropocentric bias) that have led to the culture-nature divide, 

insofar that the parameters with which humans perceive nature has been defined by 

humans themselves. The language with which we use to attribute a definition of the natural 

world can never be neutral. It can be argued that the language that western society uses to 

frame our perception of nature has been framed within the context of Imperialism and 

colonial attitudes (Moore, 2017), which can be argued is at the root of the culture-nature 

divide (Haila, 2000). On the one hand we have early environmentalists, such as Henry David 

Thoreau (Schama, 1995) creating a romanticised vision, “in wildness is the preservation of 

the world”. Implying that an untouched wilderness will provide an answer to the failings of 

an industrialised world. This romantic view of nature is in opposition to the more 

imperialistic/colonial approach to nature in that nature can be controlled through such 

means as deforestation, to make way for agriculture and industry. This would appear to help 

create a schizophrenic understanding of the meaning of nature and the natural world, 

leading in part to the current culture-nature division. 

For the purpose of this article I will apply a more contemporary definition of nature in order 

to clarify the ambiguous definitions of nature. In Bill McKibben’s The End Of Nature (1989) 

he argues that Nature (N) no longer exists, what he is referring to is a world where humans 

have altered every aspect of the natural world. This marks the beginning of the debate at to 

whether we are still in the Holocene epoch or are we in, as Crutzen (2016) suggests, in the 

Anthropocene epoch (the age of humans), this definition will be explored in more detail 

later. However nature (n) refers to a natural world in which humans are intertwined with. 

It is argued that our anthropocentric understanding of the natural world has been framed 

within our own social (western) construction, that we understand nature through our 

scientific/empirical study of nature. This Cartesian approach can only reach so far; 

ontologically this has a finite point. A more phenomenological approach to our perception of 
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nature is required. This can go some way to bridging the subject-object, culture-nature 

divide that traditional Cartesian methodologies have exacerbated. A non- Cartesian 

approach to understanding the natural world would be one that is aware of our biological 

limitations of human perceptions (Synder, 1996). 

The meaning of the natural world as Vogel (2015) suggests is ambiguous, this ambiguity has 

in part led to a human-nature divide and this divide has created a schism between humans in 

discussions as to whether humankind lives within the natural world or side by side. Current 

philosophical thought is moving away from traditional western philosophy that has a bias 

towards prioritising anthropocentric requirements over that of the natural world. 

5.Constructing a Digital Nature  

Natural history museums are currently in the process of digitising their collections, a vast 

project, in the case of the Natural History Museum, London (NHMUK) this involves around 

80 million specimens (Paterson, 2016). Initially this process started with the lepidopteron 

(butterfly) collection, 181,545 specimens, and this pilot project is intended to develop an 

appropriate workflow. The data that is being digitised includes a digital image (2-D 

photograph), species name, geo-referenced location, collector, collection date, the main 

purpose is to release data that had not been previously readily available. 

The bulk of the digitisation process within museums is currently limited to 2-D digital 

photography, largely due to the cost, time factor and data storage. However digital imaging 

techniques are changing rapidly, as are the capacity for digital storage. The logistical benefits 

of creating a three-dimensional digital record of collections within museum institutions has 

been discussed above, however my practical research has been exploring the creative 

potential of photogrammetry. Through the creation of three-dimensional objects from two-

dimensional photographs there are many options to use this information in many ways. My 

creative practice is exploring these options from generating physical object, digital 

animations and ultimately mixed realities (XR).  

One of the creative explorations has been to develop a sculptural installation comprising 

three-dimensional prints based on photogrammetry models of natural world artefacts. It is 

influenced by the collection of Albertus Seba (1665-1735). Seba was a pharmacist and 

zoologist who accumulated one of the largest collections of natural curiosities in his time. 

These where called WunderKammer (Cabinets of Curiosities) and eventually when he passed 

away were sold off across Europe forming the basis for some of the most prestigious natural 

history museums in Europe (Musch, 2001). The three-dimensional prints act as a metaphor 

for the 4Sixth Mass Extinction. Each of the prints will be coated in a matte black material that 

 
4 The sixth mass extinction refers to the next time that 75% of the planets Biodiversity 
becomes extinct, an increasing number of scientists believe that we are at the beginning of 
such an event.  
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absorbs 99% of the reflective light, so as to obscure their form, representing the loss of the 

original both from nature and as artifact. Representing another embodied experience that 

challenges our perception of the object is a series of digital photo animations. They will still 

reference the illustrated plates of Seba’s collection (see Figure 5), loosely collated into 

taxonomic groups. This is a series of digital three-dimensional images will then serve as a 

marker as to how digital technologies are changing our relationship with the natural world. 

Figure 5. Seba, A. 1735, Illustration from Seba’s collection. 

6. Conclusion 

Technology has changed the ways in which we, the subject, can create, view and ultimately 

experience images, as these images become increasingly realistic this must ultimately 

change our perception of the image as object. As technology becomes more immersive then 

the boundaries between the natural and digital worlds will blur, thus challenging our 

relationship between subject and object. Through my research I have tried to explore just 

how we can adapt this change to our advantage. As we go from one climate crises to 

another it is becoming increasingly clear that our relationship with the natural world is 

fundamentally flawed, humans are having a detrimental affect on the environment that they 

require in order to survive. My research has looked at possible ways in which we can 

potentially alter our perception of the natural world through visual applications of digital 
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technologies; as it becomes increasingly problematic to experience the natural world, as our 

very presence causing more problems than solutions. 

The natural sciences and institutions such as museums, particularly through western 

societies, are seen as being strongly connected to the traditional epistemological theories of 

Kant and Descartes (Grayling, 2019). However contemporary (continental) philosophies have 

largely disputed this point of view. This questioning of the traditional points of view, of 

Cartesian dualism, first appears in the theories of the Phenomenologists specifically in the 

ideas of Maurice Merleau-Ponty (1945). By placing the body (subject) into the experience of 

perceiving the object this creates what is known as an embodied experience, one narrows 

the subject-object divide. However this does not go far enough for the Object Oriented 

Ontologists, such as Harmann, they argue that this still creates an anthropocentric bias 

through which we perceive the world around us. As long as we view the world from an 

anthropocentric point of view we will always see the natural world as something “other”, 

something separate from us. 

Through the application of these theories into my practice led research my aim is to create 

non-empirical experiences that will explore new ways to understand our relationship with 

the natural world around us. As well as to investigate how technology and the digital image 

can immerse us, the subject, into a world that has up until now largely been viewed or 

experienced from behind glass. Another purpose of these installations is to question the 

impact that our anthropocentric bias has had on the natural world, the environment.  

Also if it is possible that technology, through creative practice can raise awareness of our 

bias towards the understanding of our perception of the objects around us. 
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Abstract | User feedback collection methodologies nowadays also benefit from neuroscience 
tools and methods. Among the typical indicators of neuroscientific experimentation, there are 
three commonly accepted ones: Emotional Index, Interest, and Mental Effort. While the first 
two describe the affective sphere, the last notes the cognitive response. The tools needed for 
its measurement have become portable, lightweight, and readily available. This allows its use 
in real contexts, opening up to neuromarketing and neurodesign experiments. On the other 
hand, the method of interpreting the data is still underdeveloped. The contribution aims to 
increase knowledge of Mental Effort in the design community, summarize the tools needed 
for measurement by emphasizing the most accessible ones, apply an interpretation tool and 
present a possible one. Satisfactory results emerge from the case described, demonstrating 
that it is possible to use neurophysiological data to identify areas for improvement of the 
product. 

KEYWORDS | NEURODESIGN, NEUROMARKETING, MENTAL EFFORT, USER-CENTERED 
DESIGN, PACKAGING DESIGN 
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1. Introduction 

The importance of involving the user in the design phases is now well established, as 

emerged from the first researches of the 1980s and subsequent popular reference 

publications for user-centered design (Norman, 1988) (Nielsen, 2005). The user provides 

feedback that supports the designer in the creative process to meet real needs, with 

effective solutions, to generate successful products. Therefore, it has become crucial to be 

able to collect user feedback in an increasingly complete and reliable way. On the other 

hand, it is widely accepted that the human-stimulus interaction process is a holistic 

phenomenon that cannot be deconstructed into individual components without reducing 

the possibilities of representing it in its entirety. As Aristotle already stated in Metaphysics, 

the whole perishes upon division, and the whole is greater than the sum of its parts; 

assumptions that were then placed at the basis of various theories of perception, including 

the Gestalt. However, this fragmentation is necessary to analyze the process of human-

stimulus interaction in a scientific manner and in its complexity. If we then consider a 

physical product rather than a virtual product, the complexity grows as the sensory channels 

involved increase: similarly, the complexity of the message received by the user increases. 

Just think of the tactile and olfactory stimulation alone to understand the complexity 

involved. In response to this complexity, scientific research is providing new tools and 

methods of investigation. A recent frontier is constituted by cognitive neuroscience, now 

able to outline the user’s response through three neurophysiological indices. For a broader 

understanding of the three indices and their relationship with Design, please refer to a 

recent publication written by an interdisciplinary research group composed of researchers in 

neuroscience, psychology, design (Babiloni, Di Lucchio, Montanari, Paoletti, & Perrotta, 

2021). Of these three indices, the Emotional Index and Interest measure the affective 

response, while the Mental Effort index detects the cognitive response. This contribution 

focuses on Mental Effort and its interpretation from a design point of view. For a case study 

on the interpretation of the Emotional Index, from a design point of view, see the research 

by Paoletti and Imbesi (Paoletti & Imbesi, 2021a). 

2. Mental Effort and tools to measure it 

The Mental Effort Index expresses the cognitive Effort the user applies when exposed to a 

stimulus. A user who wants to achieve a task through a product needs to understand how to 

use it to get the desired goal. The more Mental Effort users show, the less the product is 

easy to be used. In this perception, affordances play a crucial role: introduced in the 

scientific debate by Gibson (1979) and reworked in the concept of perceived affordances by 

Norman (1999) specifically for design. Further studies have then expanded the idea of 

Affordance, including Gielo-Perczak and Karwowski (2003). They have defined a framework 

to combine the concept of Affordance with those of emotion and intuition. 
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But how to measure Mental Effort? The latter is an index obtained from the synthesis of the 

user’s brain activity measurements. Measurements can be made with different instruments, 

the main ones being functional magnetic resonance imaging (fMRI) and 

electroencephalogram (EEG). FMRI highlights neuronal activities by identifying the change in 

blood oxygenation and flows resulting from neural activity. In fact, the more active an area 

of the brain is, the more it uses oxygen. The necessary instrumentation consists of a tunnel 

in which the user is made to lie down. When the user I immobilized, the brain is scanned. 

This measurement then detects the regions of the brain that receive the most blood and 

therefore appear to be active. The limitations of this test are the cost of the machines, the 

resolution of the times, and the participants’ inability to move. In fact, the participants are 

asked to lie down perfectly still inside the MRI machines during the recording of the images. 

Consequently, it is impossible to carry out measurements at the exact moment in which the 

user acts in the real context of use. 

Unlike fMRI, electroencephalogram (EEG) can be performed using a portable helmet 

equipped with electrodes positioned in correspondence with the prefrontal cortex. 

Specifically for Mental Effort, these electrodes record the variations of the theta waves. The 

helmets needed for the EEG have, over time, become lighter, more portable, and more 

accessible. Indicative of the great attention that cognitive neuroscience is receiving from 

other fields of knowledge is the Open BCI project. Open BCI is an open-source brain-

computer interface (BCI) project. From the hardware point of view, it is composed of open-

source biosensors compatible with Arduino. It is designed to be low-cost for researchers, 

manufacturers, hobbyists and allows recording EMG, ECG, and EEG signals. The website 

(http://openbci.com/) provides the files needed so that the user can easily 3D-print the 

components at home. Likewise, the software necessary to obtain the data in a raw manner is 

also provided free of charge. Although the data is raw, it represents an excellent solution to 

allow most non-professional users to get closer to the EEG tool. 

Furthermore, since communities are growing around similar projects, they lower the barriers 

related to specific knowledge. They provide alternatives to the expensive software needed 

to filter out the vast amount of data collected by the tools. The limits of the devices that 

measure EEG activity are the cost of the software, the specific knowledge required (which 

for a designer means seeking support) of a specialist in both neuroscience, software 

development, and statistics to reduce the amount of data to the significant ones. 

The easy availability of the instruments, and the high portability of the devices that leaves 

the user free to act and move in a natural context, even from a laboratory, opens up new 

possibilities. 

3. Mental Effort in Neuromarketing and Neurodesign 

As seen in the previous paragraph, the tools for measurement have nowadays achieved a 

very high reduction in costs, dimensions, and weight. That allows measuring brain activity no 
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longer in the laboratory and assuming static positions, but in an authentic and daily scenario, 

leaving the user free to perform the desired action. These tools are mainly used in the field 

of neuromarketing, while in design, they are still a frontier. Neuromarketing applications 

range from the evaluation of preferences in the automotive area to preferences on the 

packaging by relating the smells and colors of the products. It’s also applied to the 

assessment of the best combination between the message to be conveyed and the media to 

choose; case studies are growing and are covering more and more areas of communication 

and marketing (Monestina, Berdasco, Albiñana, & Royo, 2014; Vecchiato, Cherubino, et al., 

2014; Vecchiato, Maglione, et al., 2014). As limiting as it is to define a rapidly expanding field 

of research, neuromarketing can be seen as: “the application of neuroscientific methods to 

analyze and understand human behavior in relation to markets and marketing exchanges.” 

(Lee, Broderick, & Chamberlain, 2007, p. 200). It is easy to imagine how these applications 

can be translated to design if we apply these tools and methods to understanding user 

behavior while interacting with a service or product (physical or dematerialized). The recent 

research carried out has given rise to the so-called neurodesign: 

“Neuro design is the use of insights from neuroscience and psychology in creating 
more effective designs. What can psychology and neuroscience tell us about what is 
really driving where we look in-store and online, what we choose to click on or pick 
up, what makes us share an image on a social network, and what image cues help 
drive a purchase decision? “(Bridger, 2017, pp. 13-14) 

While from the point of view of measurements there is a shared scientific basis, the data 

interpretation remains to the designer’s experience. Neuroscience tools can indicate the 

user’s neurophysiological response, but obviously, they cannot directly tell which 

characteristic of the stimulus-product has elicited that specific response. While the figure of 

the neuroscience specialist is fundamental in the measurement of the data, the designer’s 

know-how is necessary for its interpretation. At the moment, however, little has been done 

in this area. Some steps have been taken towards the interpretation of the 

neurophysiological data from the designer’s perspective, both in the creation of the 

theoretical bases (Paoletti, 2019) and in the construction of operational tools that the 

designer can use without a specific background in neuroscience (Paoletti & Imbesi, 2021b). 

Below is a case study of the interpretation of the Mental Effort for packaging design. 

4. Interpret Mental Effort, from a design perspective 

In order, therefore, to interpret the Mental Effort data from the designer’s point of view, in 

his Ph.D. research Paoletti (Paoletti, 2019) hypothesized a correspondence between the 

neurophysiological indices, the processing levels of a product that emerged from Norman’s 

research (2004), and the types of interaction defined by Desmet and Hekkert’s studies 

(2007). Following the literature review concerning emotional design, Paoletti proposed the 

ME index as representative of the level of processing that Norman defined as reflective. This 

level refers to the users’ conscious reaction, in which conscious cognition is involved in deep 

1408   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



Towards Neurodesign. The Mental Effort in packaging design 

 

and slow reflection. At this level, cognition provides an understanding of the external 

environment. The reflective level for Norman is the level of design that is based on the 

cognitive aspects. At this level, users reason about decisions, evaluate alternatives, and 

compare possible choices, using long-term memory and declarative memory. Norman 

defines the reflective level and develops it with the seven-stage model of action (Norman, 

2013). In analyzing the product experience, in parallel with the ME, Paoletti identifies the ME 

as the most relevant during that phase of the product experience defined as an instrumental 

interaction. For instrumental interaction, we refer to Desmet and Hekkert’s (2007) research, 

which describes the product experience as consisting of three types of interaction: 

instrumental interaction, non-instrumental interaction, non-physical interaction. During the 

instrumental interaction, the user evaluates how the use of the product must take place. 

There is a desired task that must be achieved, and there is a cognitive evaluation of how to 

use the product, which therefore assumes an instrumental role. This type of interaction is 

mainly based on the functional aspects of the product. Paoletti (2019), therefore, proposes 

some aspects of the product that the designer should consider when designing for 

instrumental interaction, which in the user’s perspective are identified as the functional 

sphere. By defining these aspects relating to the functional sphere respectively F1, F2, F3, 

and F4, they can be used both in the design process that focuses on the functional area and 

in the inverse process of interpreting the user experience to assign the variations of the ME 

to the related product’s aspects. To define the four aspects relevant to the functional 

sphere, Paoletti’s research was based on the research conducted by Norman on the seven-

stage-model-of-action. The four aspects pertinent to the functional sphere are F1 

signifiers/affordances, F2 constraints, F3 mappings, F4 feedback. 

When the product has correctly designed signifiers, affordances, constraints, mappings, and 

feedback, the conceptual model is straightforward. For example, the scissor object has two 

blades connected by a pin, which suggests their rotation; its handle has two holes that 

indicate where to insert your hand; furthermore, the smaller hole suggests inserting a finger, 

while the larger is clearly for the rest of the hand. In the example of the scissors, therefore, 

the signifiers, affordances, constraints, mappings, and feedback are appropriate and thus 

lead to a clear conceptual model: for this reason, we hypothesize a low ME; the instrumental 

interaction with the product occurs with a low cognitive load. 

5. An example of ME interpretation for design 

The principles of interpretation mentioned in the previous paragraph have been 

transformed into an operational tool in the form of cards, as better described in the 

publication of Paoletti and Imbesi (2021b). Below are the results of a measurement of the 

ME index and relative interpretation, applying this tool. The stimulus proposed to users was 

a packaging belonging to the category of the spout pouch widely spread in the food and 

beverage sector. The stimulus was selected in two variants, respectively stimulus A and 

stimulus B, of two different manufacturers but which apparently were very similar. The 
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stimuli have no significant differences in size, weight, material, geometry. The two 

apparently similar stimuli elicited similar ME values during the non-instrumental interaction 

phases but different ME values during the instrumental interactions, particularly during the 

unscrewing of the cap. The interpretation of the data was made following the card tool 

mentioned above (Paoletti & Imbesi, 2021b), and it emerged that the area responsible for 

this change was that spout’s area. The data measurement took place during all phases of 

user-product interaction: initial stages of visual exploration, phases of product use, final 

steps. 

During the initial, non-instrumental stages, in which users explore the product without any 

specific goal, the product communicates through its geometries. The signifiers are clear: the 

cap’s gripping area is evident thanks to its position and size. The cap’s knurling is a clear 

signifier that suggests where to grab; it also means to rotate to open the package by 

unscrewing the cap. So the use is explicit, the suggested affordances are clear, and there are 

no others to confuse the user; furthermore, the physical constraints reduce the possible 

activities to be performed exclusively to those necessary for the opening. For these reasons, 

the ME during the non-instrumental phases is similar for the two stimuli. We cannot say 

whether the ME values are appropriate or not, but they are similar. It would be necessary to 

build a case history to define a range of ME values acceptable during this specific interaction 

phase, particularly for this product. As mentioned, the interpretation is strictly case-specific. 

Some differences instead emerge in the ME measured during the instrumental interaction. 

To open the product, users grab the packaging in the only rigid point under the cap and, with 

the other hand, unscrew it. Observing users while using stimulus A, we observed that this 

action was performed with a partial overlap of the fingers. While during the non-

instrumental interaction, the physical constraints correctly suggested the only rigid point to 

grasp the packaging. During the instrumental interaction, this area was insufficiently 

dimensioned. Therefore, we have identified the characteristic of the product that elicits 

higher ME values in stimulus A than in stimulus B. This interpretation thus becomes the 

design direction to follow in the re-design of the product. It is evident that the product used 

as a stimulus has a low impact on the user’s life. Applying these tools and methods can have 

a more significant effect if applied in contexts in which the quality of the user experience can 

have more significant consequences, such as in the medical field. 

6. Conclusions 

The crucial role of the user in the design process requires that measurable user-experience 

data be improved in quantity and quality. Today, cognitive neuroscience offers a new point 

of view from which to measure these interactions. Much remains to be done from a design 

point of view because simple measurement does not meet the designer’s needs. It is 

necessary to be able to interpret the variation of the data in a design key. Some recent 

research has shown how to apply neuroscience to the world of manufacturing, creating 
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several neuromarketing case-studies. Other research has highlighted the possibilities that 

arise for neurodesign. Still, little research has provided tools and methods for interpretation. 

Based on these few and still partial research, we have framed one of the neurophysiological 

indices in the user experience. We have mentioned the tools necessary for measurement. 

We have highlighted the scientific contributions that can be adopted for interpretation. We 

have applied these tools to show an interpretation of the index called Mental Effort. This is 

only one of the three commonly accepted indices to describe the user’s neurophysiological 

response. 

Furthermore, since the perception’s process is holistic, an approach that considers its parts 

separately is reductive. However, this is necessary for a scientific and at least initial study. 

Accepted this limitation, the results of a specific case study were described, in which the 

Mental Effort data on two similar products was interpreted. The illustrated case study 

showed how it is possible to identify areas for product improvement for a subsequent re-

design. What could be obtained from neuro-tests is a description of a trend, not specific 

data. A subsequent one should follow each test to refine the result obtained in terms of the 

quality of the user experience. Finally, the case study shown is from the area of packaging 

for food and beverage, in which the quality of the user experience has mainly commercial 

consequences. But these consequences can be even more incisive if, for example, we 

consider applying these measurements and interpretations in other sectors such as 

biomedical. 
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Abstract | Traditional design brief methods are not properly equipped to deal with the 
complexities of "the next industrial revolution" which demands smart solutions that will 
optimize human comfort. 'WIT' is a biomimetic design-thinking tool driven by the ideality 
design principles (IDP), developed to enhance product designers’ (PDs) idea creation abilities 
in the design process. The case study was conducted with a unique focus group: Jewish ultra-
Orthodox product design students, who have an added layer of [external] blocks due to limited 
access to information and media that most other design students are exposed to. Applying 
the WIT tool assisted participants in coping with the design paradoxes, released mind fixation 
and, as a result, accelerated the creation of various creative and diverse concepts during the 
ideation stage.   

KEYWORDS | DESIGN PARADOX, IDEATION, IDEALITY, WIT 
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1. Introduction 
Nowadays, innovation is strongly connected to the design of smart products with reduced 
environmental impact, with the aim of moving toward a more sustainable society. Experts 
envisage that many domains will benefit from the progress made by this “IoT revolution,” 
which will present an unprecedented demand for smarter solutions that will optimize human 
comfort. Consequently, there is a rush toward realizing and implementing new technological 
capabilities in smart solutions (Business Insider, 2016). At the same time, the competitive 
nature of the world of design, which dictates constantly changing rules and modifies the way 
humans live, has increased. 

Ideation in the design process emerges from the ‘WHAT’ and the ‘HOW’ stages, and acts as a 
creative bridge where new ideas are formed (Johnson, 2005). The WHAT identifies potential 
attributes describing the functions of the solution space, while the HOW describes the 
method for implementation. Together, these form the design brief.   

In the ideation stage, PDs may encounter several mind blocks on their path to developing an 
“ideal” design brief. For example, a common, known phenomenon is the ‘design process 
paradox,’ which is the natural cognitive tendency to comprehend the way things function by 
adjusting them to functional requirements as determined by the customer, redirecting these 
to the HOW (Ullman, 2010).  Consequently, this limits the space between the WHAT and the 
HOW until it is almost non-existent. Given that every design decision affects and feeds the 
next action (Schön, 2017), this paradox can lead to additional mind fixation during the 
thinking process and, as a result, limit the outcomes of the ideation stage.  

Resolving the paradoxes which exist within the design process is the essence of design 
(Dorst, 2006). In the case of the ‘design process paradox', PDs must face their tendency to 
choose the safe option – that is, grabbing the first concept that occurs to them and 
executing it as a solution, and by doing so skipping the idea expansion stage (the WHAT) and 
rushing toward a specific design solution (the HOW). 

We can look to Nature to help resolve the paradoxes which exist in the design ideation 
stage. Nature’s principles have always served as a source of inspiration to the man-made 
world in the realm of problem-solving; its systems operate within restricted sets of 
conditions, minimizing waste and irreversible damage to the ecosystem and even enriching 
and sustaining it in an original way (Benyus, 1997). The “biomimetic” approach emulates 
nature’s solutions, processes and strategy from a holistic, sustainable perspective. In design, 
this approach expands the range of possibilities through observing and searching for similar 
sustainable patterns of biological systems in nature (Helfman, Reich, & Greenberg, 2014).  

IDP stems from the biomimetic approach and assists designers in their aspiration toward an 
“ideal” design. In ideality, which can be defined as a comparative model of the cost versus 
benefit ratio, the conception process can assist creators by maximizing positive effects and 
minimizing negative effects. Thus, the design solution can be executed in a more sustainable 
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manner (Tischner, 2001). An additional, equivalent sustainable strategy is to “get more with 
less,” by achieving a greater number of benefits with fewer resources. 

An ideal solution in today’s world does not come solely from one designer’s worldview 
(VanGundy, 1988); this may have been adequate in the past, but is no longer fit-for-purpose.  
In the IoT era, more sophisticated thinking methods are required; tools that deal with the 
relationship between the WHAT and the HOW, and focus on the IDP in order to solve new 
challenges and to encourage creativity that will lead to an ideal design approach (Ackoff, 
1978). 

2. ‘WIT’ METHOD 
WIT is a bio-inspired design thinking tool, a new WHAT method which incorporates an 
additional, IDP stage. This structure is designed to shift PDs’ mindsets during ideation, and as 
part of a systemic, logical framework, with the aim of encouraging inventive thinking and the 
formulation of ideal product design briefs. 

Figure 1. The WIT method’s logical structure 
 
Just as nature solves its problems in an ideal approach (Volstad & Boks, 2008), so too does 
WIT guide the PD’s thought process through a series of logical, directed questions with the 
aim of increasing the level of ideality in the outcomes: increasing the system’s advantages 
with practical functionalities, while minimizing the costs and harmful functions of the system 
by implementing unique design strategies and principles (A. Weiss et al., 2016). 

Table 1. IDP questions employed in the WIT method 
Reducing Costs (Resources) Increasing Benefits (Optimization) 
1. Defense Strategy – aim: prevent disturbances, 
malfunctions and system damages. 
Will be carried out by implementing the design 
principle of: 
1.1 reducing surface area, friction, load, 
turbulences, etc. 

1. Multifunctional Planning Strategy – aim: 
saving resources. 
Will be carried out by implementing the design 
principle of:  
1.1. Expanding the functions associated with 
one structure in the product 

2. Opportunistic Strategy – aim: preventing 
waste of existing resources. 

2. Amplifying Strategy – aim: increasing product 
effectiveness and impact. 

1415   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) LIFE



A. Weiss 

 

Will be carried out by implementing the 
following design principles:  
2.1. Matching structure to function 

 
2.2. Symbiosis – reciprocal interaction between 
product and environment 

 
2.3. Utilizing environmental resources 

Will be carried out by implementing the design 
principle of:   
2.1. Creating an amplified effect of the system's 
components (accentuation, duplication, 
expansion, collection, etc.), and increasing 
interaction and synergy with the environment 

3. Effective Resource Management Strategy – 
aim: preventing waste of existing resources. 
Will be carried out by implementing the 
following design principles:   
3.1. Synchronizing system components 

 
3.2. Improving and saving energy conductivity, 
preventing energy waste

 
3.3. Relinquishing redundant parts 

 

 

The main objective of WIT is to assist PDs in overcoming cognitive obstacles by focusing on 
the WHAT, while avoiding the tendency to quickly jump to the HOW. The essence of WIT is 
to enable PDs to think beyond their preliminary solutions by creating methodical, cyclic 
thinking which breaks free from common linear thinking; to stimulate a broader approach 
within biomimetics’ existing constraints. Applying the tool eliminates PDs’ habitual mindset 
barriers, thus serving as a design platform for the creation of a schematic but creative 
thought process. 

3. CASE STUDY 
This case study aimed to examine the effectiveness of WIT with the specific target audience 
(described below in Section 3.1), analyzing the participants’ performance before and after 
applying the WIT and testing the study hypothesis (see Table 1). 

Information was collected using both online and offline methods in order to achieve an 
extensive range of results, which were examined using an integrated research approach. In 
this way, the author sought to examine the WIT process as a researcher firsthand and 
subjectively, through small focus groups divided into control and test groups, in order to 
evaluate the participants’ outcomes. The approach allowed the author to receive an 
objective and broad view, in a statistical manner, on the tool efficiency. 

Gathering of information helped identify the various cognitive phenomena users experience 
when applying the method, and how this influences their results. The information collection 
process used a purposive sampling method and the data collection was done during the 
participants’ trial with the WIT. 
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Table 1. Case Study  

 

3.1 Unique Target Audience 
The participants were students of the Mercaz Charedi Institute of Technology in Israel’s 
undergraduate design program. These participants can be described as a complex target 
audience. Members of the ultra-Orthodox Jewish community in general, and their academic 
world in particular, are characterized as being closed, going to every length to maintain their 
strict principles in every aspect of their daily lives. This method of education limits students’ 
access to information, and even censors the little content to which they are exposed, by 
preventing members from accessing mass media, general information and even blocking the 
Internet. Thus, this focus group is both unique and extreme as compared with students 
studying in parallel secular academic programs, who are habitually exposed to media 
content, which greatly influences their ideation performance. 

This case study, therefore, tests whether WIT is effective even when employed by a group 
with a unique ethnic, personal, and cultural background. More specifically: will students with 
no practical experience, specifically students without access to influential content, be limited 
in terms of their ability to implement IDP? Or does the WIT require adjusting based on users’ 
lifestyles and backgrounds? If the experiment is a success, will it be possible to substantiate 
that the methodologies were verified under extreme experimental conditions? 

4. Methodology 
The experiment was executed on Google Docs and lasted a total of 120 minutes, with 12 
third-year students in working groups of 2-3 participants tackling a single design challenge. 
Participants’ process and outputs in solving this challenge were examined in two stages, pre-
exposure (Task A) and post-exposure to the WIT (Task B). The effectiveness of the WIT was 
measured according to three criteria: self-growth mindset, creativity, and concept 
diversity/quantity (see Table 1). Proposing concepts was optional, while the last part of the 
study was a mandatory quantitative questionnaire that also included the participants’ 
feedback on the WIT tool.  

Research 
Question 

Does WIT assist in eliminating PD students’ fixated thinking patterns during the 
ideation stage? 

Hypothesis Using the WIT releases fixed design ideas during the ideation stage. 
Criteria Self-growth mindset Creativity Concept diversity / quantity 
Research 
Methods 

Integrated quantitative and qualitative methods 
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Table 2. Research tasks 

 

4.1 Test Case Description 
In both tasks A and B, participants were asked to propose concepts aimed at offering simple, 
manageable maintenance solutions for homegrown vegetables and herbs. 

Background: “Urban family life today is characterized by living in apartments with no green 
space. Furthermore, the global decrease in meat resources affects the rise in demand for 
homegrown vegetables for private family consumption. Also noticeable is the ever-growing 
trend of health, diet and nutrition awareness, which promotes increasing the consumption 
of fresh vegetables and herbs.”  

5. Results 
Task A lasted 30 minutes. Each team described a maximum of two ideas, providing mostly 
standard solutions, and some creative interpretations. The participants focused, for the most 
part, on the functionality of the planter, how they would implement the solution in their 
workshop, and which materials they would use. Most teams had one or two ideas to 
present, while a small portion of the teams presented a third idea.  
 
Table 3. Task A: 9 of 13 total concepts presented pre-exposure to WIT 

Task A Design concepts should be formulated using intuitive ideation approach, demonstrating 
the diverse range of methods the participants have been exposed to thus far. Participants 
had to fill in at least one option; proposing additional concepts was optional. 

Task B The WIT was thoroughly explained using a chart. Participants were then asked to explore 
WIT’s “Reducing Costs” and “Increasing Benefits” strategies (as described earlier in Table 
1), through the creation of a design concept that would match each separate strategy, 
according to the following algorithm:  

“Description of the strategy – aim: Describe the principle’s characteristics. Will be 
executed by the design principle” (A. Weiss, 2015).  

1 Miniature glass greenhouses, to be placed on balconies or in windows, using an artificial light 
source integrated into the enclosed housing. The system can be hung or placed on walls to 
minimize space consumption. 

2 Vertical gardening device attached to windows. 
3 Herb rack sprayed with soda water to repel bugs and an automatic watering system attached to 

the window. 
4 Device hung from the ceiling, which opens up when pressed. Minimizes space consumption. 
5 Portable adjustable device that folds up.  
6 Kitchen counter planter, placed at a short distance from the faucet in order to reuse water for 

watering purposes. Connected with a spout at the back of the sink.  
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Task B lasted 90 minutes, during which the participants described approximately one idea for each 
strategy, producing an average of 4-5 ideas beyond the two ideas that were initially suggested. Most of 
the ideas written during Task B related to the general concepts described in Task A. 
 

Table 4. Task B: examples of concepts post-exposure to WIT 

7 A smart pot with an automatic water and natural light control, measuring and supplying the 
amount needed through sensors. 

8 A planter located near an organic waste bin. 
9 A kit with a special cutter and cleanser of herbs; once the herbs are grown, they are properly 

cut, and if needed the plant is removed and the soil cleansed. 

Increase Benefits 
Multifunctional Planning Strategy  
1 Growth of vegetation on graded levels to reuse water and save space. 
2 A pot structure that allows collection of water drops from the air and waters itself. 

3 The plant produces pure oxygen, such that a device can be constructed to collect it for 
human use. 

4 A terrarium for fish and plants with vents to allow the entrance of oxygen, and a net that 
filters air and water, and prevents entry of pests.  

5 Vents covered with a net, which only allows oxygen to filter out. 
6 A planter located near a water source, with a mechanism that collects grey water and 

filters it for reuse.  
7 Some of the levels can be dedicated to composting by adding a suitable lid.  
8 A smart pot structure with air channels for enriching oxygen in the plant’s roots. 
 
Amplifying Strategy  
1 Sensors that check and send an update about the vegetables’ ripeness.  
2 A pot that is able to collect the seeds of fallen fruits and replant them, creating a new 

plant.   
3 A soil maintenance system that allows the soil to remain loose, even after several 

irrigations. The loose soil could be moved to a different soil receptacle, which allows the 
roots to continue growing, giving the plant more space to grow.  

4 Additional educational information on calories, vitamins, recipes, and a connection to the 
community to enable sharing and exchange of information. 

5 Incorporating fish into the terrarium, thus the water of the fish helps the vegetation grow 
and also improves visual appearance and ambience. 

6 A wall of plants located in the sunniest spot, with a solar system that uses the sun’s rays 
to activate the filtering and watering system. 

7 A mechanism that allows the plant to receive its optimal water supply, thus monitoring 
its growth. 

8 A water-filtering mechanism that also acts as a regulator of the water supply.  
9 A smart pot with a light control that controls light waves and optimizes the plant’s needs. 
 
Reduce Costs 
Defense Strategy  
1 A flexible material structure that adjusts itself to various spaces, and can be easily 

cleaned and folded for minimal space consumption. 
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5. Discussion 
The participants were presented with the research stages, with Task B requiring additional 
time for explanations on the researcher’s part.  

In Task A, pre-exposure to the WIT, participants easily launched the first idea, but then 
quickly fell into a state of fixation and struggled to think of additional ideas. The traditional 
method provided capabilities of quick, intuitive thinking and creative ideas, yet, at the same 

2 Protecting the growth zone by creating a border to avoid contact with pests or children.  
3 A designed planter structure that allows the usage of sustainable energy sources, such as 

watering and fertilization, by locating the planter near a grey water source and a 
composter. 

4 Dripping fluids that emit an odor to repel pests. 
5 A smart system that prevents unwanted pests from harming the plant. 
6 A smart pot surface that rejects dust. 
 
Opportunistic Strategy  
1 A device placed on air conditioning units to reuse the air conditioner’s water for watering 

purposes. 
2 A pot that collects water from the air to accumulate water drops and waters itself (e.g. in 

nature, the Namibian desert fogstand beetle is able to perform this function).  
3 A smart pot with a form and shape that transforms in accordance with weather changes, 

reflecting environmental symbiosis. 
4 Placing the planter near an energy source; for example, as part of the trash bin or hung 

on the bin, in order to expose the plant to organic fertilization sources. 
5 A product that functions using a solar system. 
6 A watering tube that is connected to the home water system for optimal use. 
7 Filling the terrarium with water by extending the air condition tube into the terrarium, 

such that filling water is not done manually.  
8 Placing the plant directly under the sink, thus allowing maximal use of running water, 

with a control unit that measures water usage. 
 
Effective Resource Management Strategy  
1 The pot’s system informs when vegetables or fruit are ripe for eating and should be 

picked, or if it’s time to trim the herbs.  
2 A pot with several compartments for growing different types of plants in one pot, with a 

control unit that can supply each plant with its appropriate water needs.  
3 A plant system that allows the plant to draw water according to its needs. A single water 

supply can be connected to several plants, as water passes through each one and stops 
when the plant reaches its ideal moisture point. 

4 Filtering system that reuses shower water and expels its chemical soap components. 
5 A planter design with a monitoring mechanism that checks the plant’s condition in terms 

of water supply and fertilization, and also announces the ripeness state of the plant.  
6 A tube connecting the faucet to the planter or pot, based on the communicating vessels 

rule, to allow water movement and regulation. 
7 A smart pot with a mechanism that can synchronize and control the plant’s growth, such 

as irrigation, fertilization, light control, etc. 
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time, also limited the search within the participants’ knowledge space. Post-exposure to 
WIT, participants were able to reach new search spaces by exploring the useful features of 
the planter, as well as via usage environment: it was evident that this new approach 
strengthened the group’s cognitive abilities and broke barriers. 

Table 5. Quantitative research findings 

 

Participants collaborated well during team brainstorming and made use of quick sketches of 
ideas that facilitated communication between team members, helped strengthen their 
thought processes and develop additional ideas. Additionally, there were instances in which 
ideas were adapted for multiple strategies and resulted in an in-depth discussion. These 
ideas could be divided into sub-ideas and assigned to more appropriate strategies. All these 
created a flow of new connections that led to new ideas, in addition to the high level of 
creativity due to the elimination of limitations. 

The participants’ resulting ideas were vast in quantity and highly diverse, with a ratio of 3:1 
in favor of the WIT method. In total, an average of 7 ideas were suggested. On average, pre-
exposure to WIT, participants were able to produce 1-2 concepts. Post-exposure to WIT, 
however, participants were able to produce approximately 6-9 concepts, which is a 
significant increase of approximately 200% in the number of ideas generated. The ideas in 
Task B required more time; however, they reinforced the thought process beyond the 
standard processes demonstrated by the students in Task A of the experiment. 

Participants presented high quality thinking abilities both pre- and post- exposure to WIT. 
However, it was only following their exposure to the WIT that the participants’ thinking 
processes were forced to remain in the domains of the new strategies, and their 
performance showed significant improvement. These improvements were mostly apparent 
in the fields of thinking flexibility, creativity and innovation. Specifically, the ideality concept 
forced participants to think beyond normative patterns and remain in each strategy domain 

Task B: Post-Exposure 
Task A: 
Pre-
Exposure 

Design 
Stage 

WIT Various 
traditional 
methods 
(Jones, 
1970) 

Method 
Reduce Costs Increase Benefits Design 

Strategy Effective resource 
management 
design strategy 

Opportuni
stic design 
strategy 

Defensiv
e design 
strategy 

Amplifying 
design 
strategy 

Multifun
ctional 
design 
strategy 

7 8 6 8 9 13 Cases of 
Concept 
Expansion 

38 13 Total  
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longer than is typical in the intuitive thinking process, resulting in a greater number of 
concepts. 

Likewise, nature’s restrictions fall under the principle that “necessity is the mother of 
invention.” Restrictions and limitations within various living conditions are the engines of 
innovation in nature. Biomimetic solutions within nature’s systems are often found in the 
most challenging environments and extreme conditions, and yet, the resulting solutions 
improve survival conditions and continued existence. For example, in nature, seed 
distribution mechanisms of plants implement a wide and creative range of solutions in order 
to ensure the continuation of the next generation (Barker, 2009). The challenge is finding a 
way to disperse them without innate movement capabilities. In design, limitations, such as 
extreme conditions, limited access to information, or conceptual impediments in a trained 
thinking process, all serve as an engine that can propel students, by way of nature’s IDP, 
beyond the normative limitations of the thinking process, becoming fertile soil for idea 
expansion. In turn, exposure to several unique concepts allows us to perform a more precise 
decision-making, by choosing one or combining several, bringing PDs closer to an ideal 
concept worth further development and investigation in the solution space (Ullman, 2010). 

In addition to examining the effectiveness of WIT, the majority of participants (74.2%) voted 
positively in their questionnaire, which illustrates that use of the WIT aided in examining 
new and unusual spaces, and overcoming obstacles such as existing mind fixations, at the 
ideation stage. 

The results of this case study show that WIT is suitable for students of a unique ethnic, 
personal, and cultural background. These results prove promising in substantiating the 
effectiveness of the WIT method (as the WIT was already shown to be effective with 
another, more mainstream test group (A. Weiss et al., 2016)), especially since it was unclear 
whether BA students in general, and students with limited interaction with outside media in 
particular, would be able to implement ideality design strategies. It is worth continuing to 
study this question with PD students of different backgrounds to continue optimize WIT’s 
overall effectiveness. 

The research analysis emphasizes WIT’s ability to aid in shifting from common, traditional 
and linear thinking patterns, often affected by mind fixations, toward fresh, new thinking 
patterns. This contribution is mainly evident in the enhancement of students’ growth 
mindset, which occurs in three phases, as well as in the quality of the resulting outcomes. 
The first phase of the method forms an analytical linear thinking pattern and expands the 
search time. The second produces a systematic thinking pattern via analogical creative 
thinking. In the third phase, an intellectual awakening is evident, leading to a focused and 
intuitive thinking state, thus enriching the synthesis process of the design.  
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6. CONCLUSION 
Applying the WIT within the ideation stage can act as a catalyst for thought, accelerating the 
flow of creativity, thereby shifting the designer toward newer realms of possibilities.  

The tool is effective for PD students, particularly those of a multicultural ethnic group with a 
unique personal and cultural background. The difference in the achievements post-exposure 
to the WIT was significant. The students' thought processes were more open, more ready to 
cope with cognitively challenging mindset modifications, and able to break from a trained 
mindset acquired during their studies. In this unique focus group, the WIT design process 
stimulated the participants’ creative brainstorming capabilities in the teamwork process, 
acting as an engine for expanding their thinking and allowing them to dive deep to cope with 
their own conceptual limitations – as was reflected in the increased quantity of diverse 
concepts. Necessity is the mother of invention, and the WIT’s embedded restrictions and 
limitations on the different mindset conditions can serve as engines of innovative thinking – 
assisting in releasing mind fixations in the ideation stage. 
The fundamental difference between traditional methods and WIT lies in its perception of 
time. Whereas traditional approaches examine the design challenge via facts and findings 
that exist only in current systems, WIT’s ideality-based approach widens the realm of 
possibilities by focusing on finding solutions by looking at possibilities that may exist in 
futuristic systems. Thus, WIT leads the mind toward an optimistic mindset that reinforces 
positive functions, and aids in exposing deeper layers of the problem space objectives, 
resulting in the creation of innovative ideas.  
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