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CHEMARTS
CHEMARTS is a long-term collaborative action of two Aalto 

University schools: the School of Chemical Engineering (CHEM) 

and the School of Arts, Design and Architecture (ARTS). These 

schools combined forces in 2011 with the aim of researching 

bio-based materials in an innovative way and creating new 

concepts for their advanced use. The core values of CHEMARTS 

are the sustainable use of natural resources, experimental 

working methods, and respectful cross-pollination of design 

and material research. CHEMARTS arranges multidisciplinary 

study courses and a summer school for degree students, thesis 

projects, and workshops for elementary and high school 

students. It also participates in externally funded research 

projects. The recipes of The CHEMARTS Cookbook were 

developed and tested by students and staff in 2014–2019 in 

the CHEMARTS Laboratory in Finland.
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ABSTRACT

In a modern world enhancing sustainable development is paramount for 
the planet's and humanity's well-being. One way to promote sustainable 
transformation is to increase awareness on individual, collective and 
global levels. One of the Aalto University's forerunners on communicating 
sustainability is Chemarts minor. Chemarts focuses on bio-based material 
research in cross-disciplinary collaboration between two Aalto University 
schools, The School of Arts, Design and Architecture and The School of 
Chemical Engineering. The Master of Art thesis is built around a case study; 
The CHEMARTS Cookbook, a bio-based material textbook sharing material 
knowledge globally in the form of recipes.

The thesis consists of a human-centred design process and a research 
section. In the design process, service design tools were used to develop a 
recipe layout for The CHEMARTS Cookbook. The research section consists 
of three case study related themes: 1. 'Biomateriality' –to look into how 
bio-based material exploration manifested in 2019-2020 and why changes 
are needed, 2. 'Interdisciplinarity' –with an emphasis on a design-science 
collaboration, and 3. 'Cellulose from forests' –to deepen understanding on 
sustainability of the Chemarts emphasis area. 

The discovery phase of the design process contains observation from 
Chemarts collaboration with Espoo International School, lead user interviews 
and a co-ideation workshop. The development phase consisted of a co-
creation workshop and iteration cycles conducted with various stakeholder 
groups. The design process provided an opportunity to test various service 
design tools in practice and to create a new customisable tool for co-creation 
purposes.

The thesis did not only result in a material recipe layout, but it shares user-
based insights throughout the design process and gathers development 
ideas for the Chemarts activity to utilise in the future. 
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 3.4
CELLULOSE 

FROM 
FORESTS

4.0
SERVICE 
DESIGN 
PROCESS

3.2 
BIOMA
TERIA

LITY

3.3
INTER
DISCIPLI
NARITY

1.1 STRUCTURE
 

The thesis begins with the design drivers, objectives, research questions  

and methodology. These sections open up the thesis frame and why I chose the 

topic and how it can be seen as timely. After the mandatories the thesis divides in 

two sections: A RESEARCH SECTION consisting from topic related research 

and  A SERVICE DESIGN PROCESS.

THE RESEARCH SECTION addresses three case study related themes;  

3.2 BIOMATERIALITY to explore what is timely on bio-based material field 
and why world-wide changes are needed, 3.3 INTERDISCIPLINARY with 

an emphasis on combining design and science and 3.4 CELLULOSE FROM  

FORESTS  with an emphasis on sustainability of the subject area. The research 

section starts with an overview to a current atmosphere opening up how 

sustainability thinking related to bio-based materials can be seen to manifest 

in 2019-2021 in individual, governmental and corporation levels. The section 

builds on literary research, but utilizes service design tools such as expert 

interviews and benchmarking as well. 

The second part; 4.0 SERVICE DESIGN PROCESS takes the reader through 

the thesis project and shows how service design was practiced. The part starts 

with an introduction on how knowledge was shared within Chemarts in 2019 

and continues to the design process. In the thesis design process The CHEMARTS 

Cookbook recipes were developed together with the users. In a conclusion 

I reflect the research by presenting the findings and summarizing insights 

gathered during the process.

THE THESIS DIVISION 
TO THREE THEMES 

AND A SERVICE 
DESIGN PROCESS
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1.2 DESIGN DRIVERS 
 

PERSONAL DRIVERS

Service design has been in the center of my academic studies. The thesis project 

provided me a possibility to practice service design tools and apply the skills 

by developing a co-creation tool of my own. I chose Service Design to be main 

emphasis of the studies during my Bachelor Design studies. The same interest 

followed me to the Master studies when I chose Collaborative and Industrial 

Design as a study line. Another interest of mine has been bio-based material 
exploration when I chose Chemarts as a minor. As a former Chemarts student 

who later started to work for Chemarts as a teaching assistant, I was delighted 

to discover a way to combine both academic interests of mine in the master's 

thesis. The thesis research section provided a possibility to learn more and 

become a confident professional in bio-based material field.  And the thesis 

design process created a safe environment for me to test and study human-

centered design methods and apply them in practice while composing the 

proposal for Chemarts on how the material knowledge can be shared. Also the 

experience to create textbook content can be beneficial for my career in future.

WHY THE TOPIC IS IMPORTANT

The thesis did not only combine my key interest areas but felt important for 

numerous reasons. To name a few: participating a development process of bio-

based material textbook felt like a possibility to raise people's awareness and 

interest towards renewable materials. By raising awareness it is possible to 

support positive change in consumer behavior and in the Cookbook case – 

even to empower people to act and make a difference.  Sharing knowledge can 

support future innovations not only by helping future Chemarts students to 

reach further with their material research – but around the world too through 

a relatively easy access to material exploration. The material recipes provide 

an easier approach to lean about material creation than scientific articles, for 

example.

HAUKILAHTI UPPER 
SECONDARY SCHOOL

STUDENT DEVELOPING 
A RECIPE

12
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practice but got applied what I have learned 

with a co-creation tool created for the 

purpose. The usability tests where conducted 

with Haukilahti Upper Secondary School 

students and Design Meets Biomaterials 

course Chemarts students and with a smaller 

testing group in a close collaboration with 

the Chemarts staff. The iteration cycles were 

used to validate the final recipe proposal.

3. DELIVER A PROPOSAL FOR A 
RECIPE
One key objective for the thesis is to deliver 

a recipe proposal for the book. During the 

recipe creation with the users I wanted to 

keep my eyes and ears open also to collect 

additional user knowledge. The recipe 

creation follows a double diamond model 

(presented on the pages 59-60), often used in 

service design projects.

1.3 RESEARCH 
OBJECTIVES

Main objectives for the research was to learn more and specialize in bio-based 

material field, practice and learn from the use of service design methods, 

particularly human-centered design methods with co-design emphasis. 

And to be able to compose a proposal for Chemarts on how the material 

knowledge can be shared through recipes in textbook context. Additionally,  

discover complimentary user needs that can be utilized by Chemarts later.

1. LEARN ABOUT BIO-BASED 
MATERIAL FIELD
To widen up expertise area on bio-based 

material field. Learn how bio-based materials 

research can manifest by conducting a 

series of semi-structured expert interviews, 

literature research and by benchmarking 

timely phenomena, for example during an 

excursion to one of the largest design events 

in Europe, Dutch Design Week in October,  

2019.

2. USE SERVICE DESIGN AS A 
METHOD
Service design methods were practiced 

throughout the thesis. With the discovery 

state I aimed to paint an efficient starting 

point for recipe creation and conducted 

interviews, benchmarking, observation and 

a co-ideation workshop. In the development 

I organized a co-creation workshop and 

practiced usability testing with iteration 

cycles. During the workshops I did not only 

How Chemarts knowledge could be commu-
nicated for wider audience through Chemarts 

Cookbook recipes?

1.4 RESEARCH 
QUESTIONS 
 

The thesis bases on a case study The CHEMARTS Cookbook and is divided in 

two sections; the research section and design process. Both of these sections 

compliment the topic but the second half has its own research questions no 2. 

and 3. The reason for this is that the objectives differ slightly for each part.

 

The first research question supports my personal learning by deepening up 

knowledge on Chemarts context area and it carries through out the thesis. 

The second research question relates to my Aalto University studies on 

Collaborative and Industrial Design study line. The third question supports 

possible discoveries of complimentary user needs while utilising service design 

tools in the design process.

A RESEARCH QUESTION
FOR THE RESEARCH SECTION

1. How to deepen my knowledge and understanding over the 
Chemarts context area?

RESEARCH QUESTIONS FOR 
DESIGN PROCESS

2. How knowledge gained in Chemarts could be communicated for 
wider audience through bio-based material recipes? 

3. How service design as a method can support the knowledge sharing 
and Chemarts activity? 
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Methodology 

 
2.1 METHODOLOGY 
 

Service design with an emphasis on collaborative design 

can be seen used as a research method throughout the 

thesis. The method is most evident in the design process, 

where service design tools are used to discover user needs 

and to co-create the thesis deliverables.

The thesis approach is qualitative research. It aims to 

gain insights from selected interest areas to discover what 

is evident on the field and also to discover what kind of 

problems might exist within the area. It aims to develop 

a new concept from individual perspective (Muratovski. 

2015) – in more specific from future Chemarts student's 

perspective to support their future material research 

processes. 

The thesis bases on a case study. A case study gathers  

information from the phenomenon in hand and 

from the context surrounding the case, such as the 

relevant historical, cultural, social and economical 

factors (Muratovski. 2015). The three themes of the 

research section: 'Biomateriality',  'Interdisciplinary' 

and 'Cellulose form forests' are approached from these 

angles. The thesis has a chapter that analyses the case 

study (4.1 ANALYZING CURRENT KNOWLEDGE SHARING). 

This chapter is conducted through field research 

(interviews, observations) and bases partly on my personal 

experiences as an 'armchair case' (Heath. 1998).



17 18

2.2 DEFINITION AND 
TERMINOLOGY
 

To assist the reader while reading through the thesis, few topics might be 
beneficial to open up.

in 2017. Another word worth opening 

up is biodesign. Biodesign dissolves 

the boundaries between natural and 

man-made environments. It refers to 

the incorporation of living organisms 

or ecosystems as essential component  

enhancing the function of the finished 

work (Myers. 2018). 

CELLULOSE

The cell walls of plants are made 

of four basic building blocks: 

cellulose, hemicellose, lignin and 

pectin. Cellulose being the main 

reinforcement and hemicellulose 

together with either lignin or 

pectin creating its matrix. (Gibson. 

2012). Cellulose in its native form 

is distributed  throughout the plant 

kingdom. It is the most abundant 

and important natural bio-polymer.  

(Alén. 2021)

BIO-BASED 
MATERIALS

For my thesis I chose to use term bio-
based materials to keep the focus as 

close to Chemarts operating area as 

possible. Within the thesis the term 

refers to research done on plant-

based materials and in Chemarts case, 

emphasis being on cellulose-based 

material. I chose to favor bio-based 

materials over biomaterials because 

the word biomaterials has strong 

connotations to biology and topics such 

as replacing organs or bodily functions 

(Lexico, Oxford University Press 

dictionary. 2020). Another term that 

I might use is biomateriality that can 

be seen to be used when talking about 

bio-based material research done in 

Aalto University. The term is used 

for example in multiple Aalto articles 

and in 'Lost in the Wood(s): The New 

Biomateriality in Finland' book edited 

by Pirjo Kääriäinen and Liisa Tervinen 

SERVICE DESIGN

Service Design is a practice founded 

in the 1990s. The practice focuses 

on observing and understanding 

users and facilitating collaboration 

and participation when value is co-

created. (Wetter-Edman, Sangiorgi, 

Edvardsson, Holmlid, Grönroos, 

Mattelmäki. 2014)

CO-DESIGN  

Co-design, also know as collaborative 

design, is a design approach with an 

emphasis on collaboration. It relates 

to the traditions of participatory 
design and user-centered design 

investigating user needs. (Kankainen, 

Vaajakallio, Kantola, Mattelmäki. 

2012). A much used form of co-design  

are workshops where stakeholders 

work together with designers to 

identify opportunities and challenges 

related to the issue. Where co-design 

workshops tend to occur throughout 

the design process, co-creation 

often takes place throughout the  

interaction  cycles, especially at the 

later design states (Durall, Bauters, 

Hietala, Leinonen, Kapros. 2020)

HUMAN-CENTRED 
DESIGN 

Human-centred design is a widely 

applied field (Savolainen. 2021) that 

has developed an number of methods 

for gaining a better understanding 

of the users throughout the design 

process (Hyysalo, Savolainen. 2020).

A direct contact to users can be seen 

to define if projects are considered 

human-centric or not (Savolainen. 

2021). In human-centred design the 

user studies and its deliverables are 

done in pior to the solution design.

(Mattelmäki. 2007)

17 18
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Case 
study 

related 
themes

"Unless we 
change our 

mind we 
cannot change 

the world."
– Muhammad Yunus,

Nobel peace prize winner 2006

 

(Nagler. 2020)
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3.1 CONTEXT
 

The human impact on our planet has never been larger than it is now. The 
expansion of population, consumption, waste and pollution, energy use, 
and the conversion of land use to agriculture bring challenges that need 
to be confronted. (UK Government. 2018). Already now, approximately 75 
% of the terrestrial environment and 40 % of the marine environment are 
severely altered and the global development will continue to increase its 
pressure. The world population that has already tripled from 1950 to 7.5 
billion, is projected to reach 10 billion by 2050 and the current resource 
use is estimated to double by 2060. (European Environmental Agency. 
2019)  The knowledge and concern towards climate change has risen for 
the past decade and people are starting to experience it as a major threat 
(Duchi, Lombardi, Paas, Loyens. 2020). Sarah Jaquette writes about the 
growing awareness in her book 'A Field guide to Climate Anxiety', that it 
is even more evident among young. From generation Z, 70 percent agreed 
that climate chance is a problem and 66 percent thought that it is a crises 
needing urgent action. Jaquette notes that the Gen Z around the world 
is willing to act and rises up. She shares an example from Europe where 
students are participating climate marches and having school strikes. 
As awareness grows, Jaquette notes that so does a feeling of despair and 
eco-grief. Her book focuses on turning climate anxiety into empowerment 
(Jaquette. 2020). Similar thoughts of empowering people by giving means 
for people to act by sharing bio-based material knowledge is in the essence 
of The CHEMARTS Cookbook.

CHANGING MINDSETS FROM INDIVIDUAL TO GLOBAL 
LEVEL

Grassroot efforts can play a significant role in social change: when trying to 

find solutions on how humans can coexist with the nature, investigative work, 

documentation and citizen scientists can result in notable discoveries. When 

it comes to solving more complex challenges that concerns our planet today, 

they are beyond single disciplines to solve on their own. (Condell, Bertrand , 

Gubbels. 2019). Actions are also taken in governmental levels. For example, 

the 2030 Agenda for Sustainable Development by United Nations, adopted by 

all its member states in 2015. The agenda holds 17 Sustainable Development 

Goals (SDGs) aiming to end poverty, improve health and education, reduce 

inequality and spur economic growth while taking account the climate change 

and preserving oceans and forests. (United Nations. 2021). The goals do not 

only apply in governmental level, but is also signed by dozens of educational 

institutions around the world. Aalto University being the first Finnish university 

of doing so (Aalto University. 2019). Also corporations are applying SDGs. A 

web page 'Business for 2030' – with a partnership with the UN's Sustainable 

Development goals (Partnership for the SDGs. 2021), lists business case studies, 

activities or initiatives that are directly relate to one or more SDGs (Business 

for 2030. 2021). But the same concern as with 'green washing' applies to 

SDGs: businesses might market their positive contribution on few SDGs and 

ignore negative impact on others. And without doing their 'fair share' maintain 

business as usual (Kuisma. 2019). Jeff Kavanaugh, Forbes councils member, 

sees the SDGs as catalyst. Kavanaugh writes in a Forbes article published in 

Jan 2020, that while SDGs are often viewed as regulatory, organizations can be 

proactive in using the goals to transform their products life-cycle management 

(PLM). Kavanaugh lists following SDGs which can impact circular economy 

directly: 

SDG 9: INDUSTRY, INNOVATION AND INFRASTRUCTURE, circular economy innovations can create 

employment opportunities and infrastructure when new factories, energy sources and supply chains are built. 

SDG 12: RESPONSIBLE CONSUMPTION AND PRODUCTION, circular economy enables material savings 

through reuse, recycle, repair and refurbishment reduce overall consumption and corresponding production needs. 

SDG 13: CLIMATE ACTION, circular economy reduces carbon emission footprints, e.g. by increased renewable 

energy sources and reducing the use of fossil fuels.

SDG 4: QUALITY EDUCATION, circular economy principles provide an opportunity to re-skill employees 

and stakeholder on new ways of working which drives a change where expertise and improved awareness aid 

implementation. (Kavanaugh. 2020)

21 22
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‘

IKEA EXPLORES 
FUTURE URBAN 
LIVING FOR THE 

MANY

"Now is the time for business 
and technology leaders to 

transform product lifecycle 
management to take this 

compelling initiative beyond 
green, to become a profitable 

and sustainable revenue stream 
that becomes its own virtuous 

cycle."

– Jeff Kavanaugh, 2020, Forbes Councils Member

(Kavanaugh. 2020)

Another example on responsible decision making from business world is from 

the world's largest furniture company IKEA (Simionato. 2022) that aims to 

use renewable and recycled materials only by the year 2030 (IKEA. 2020). 

IKEA's strategy published in 2018 announces, that IKEA is planning to become 

circular and climate positive by the year 2030. In addition to use material 

sourcing with positive environmental impact, use renewable electricity and 

heat in operations and establish and promote systems and services to support 

circular economy. IKEA says that the company follow SDGs as a guideline and 

being transparent while reporting the progress. (IKEA Sustainability Strategy. 

2020).
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 CHANGING MATERIAL USE

In 2009, Michael Ashby in Materials an the Environment book writes, that 

currently most of the materials we use are drawn from nonrenewable resources. 

He notes, that the sources are enormous, but so is the rate how they are being 

used. Ashby states that we have a responsibility to pass on these resources 

and the planets geological and biological history for future generations to 

come (Ashby. 2009). Ellen MacArthur Foundation – build to accelerate the 

transition to a circular economy, writes on its web page: 'Our way of doing 

things is reaching its limits. We take resources from the ground to make products, 

which we use, and, when we no longer want them, throw them away. Take-make-

waste. We call this a linear economy.' The Ellen MacArthur foundation's web 

page lists three founding principles for moving towards circular economy to 

be: 1. DESIGN OUT WASTE AND POLLUTION (waste and pollution are decisions 

made at design stage), 2. KEEP PRODUCTS AND MATERIALS IN USE (re-use, repair 

and re-manufacture), 3. REGENERATE NATURAL SYSTEMS (in nature, nothing is 

waste). (Ellen MacArthur Foundation. 2021). In December 2019, European 

Commission shared a trend report on global megatrends and their impact on 

emerging industries. The report presents ten megatrends, one being: 'Green 

and circular economy'. The 'Green and circular economy' implies to a transition 

towards more sustainable economic models, that among other things is about 

using less of primary resources, maintenance of the highest value of materials 

and products and focus on transparency and development of new metrics 

for social and environmental monitoring. (Sirtori, Caputo, Colnot, Ardizzon, 

Scalera. 2019). 

 When we talk about circular economy, its good to note that we are focusing 

on an area within economy. When aiming for sustainability, wiser material use and 

design can make a difference, but is not enough on its own. The focus should not only 

be on 'consuming green', but to consuming less. Currently, Europe should reduce 

the amount of natural resources used for nutrition, housing, mobility, and leisure 

by 80 % to stay within the planetary boundaries (Lucic, Brzezinski, Urios. 2020).  

The worldwide growth in affluence has increased the use of the resources and 

pollutant emissions for over half of a century. Since the affluence determines 

the level of consumption, consumption should be tackled; reduced or avoided 

until the levels falls within planetary boundaries while still fulfilling the human 

needs. (Wiedmann, Lenzen, Keyßer, Steinberger. 2020)

CO2 ENERGY EMISSIONS AND THE DEMAND OF BIOMASS 

Growing number of climate change laws and policies have appeared during 

2016-2019 to curb down the growth in the emissions. Currently there are 

more than 2000 climate laws and policies worldwide. Since the Paris climate 

meeting in 2015, 64 countries managed to decrease their fossil carbon dioxide 

emissions and in 150 countries they still increased. To hold down the global 

warming below 2°C the global CO2 emissions needs to shrink 10 times 

faster than what they shrank among the dozens of countries that reduced 

emissions in 2016-2019. (Standford University. 2021). The most resent UN 

Climate change conference, COP26 was held on November 2021 in Glasgow.  

One of the achievements was that 153 countries put forward or renewed 

existing emissions targets known as Nationally Determined Contributions 

(NDCs). These emissions cover around 80% of the world’s greenhouse gas 

emissions. If the goals are reached, greenhouse gas emissions will be around 

5 billion tonnes lower by 2030. The power sector accounts for 25% of global 

greenhouse gas emissions, coal being most polluting and the biggest human 

created contributor to climate change. COP26 guides to phase down all the use 

of fossil fuels across the energy sector. (UN Climate Change Conference UK 

2021. 2021). The European Union aims to become climate-neutral by 2050: 

an economy with net-zero greenhouse gas emissions (European commission. 

2021). In 2021, Sitra expressed a concern that the European Union's transition 

to net-zero emissions could more than double the demand for biomass and far 

exceed the supply (Sjöstedt. 2021). Material Economics' 'EU Biomass Use in a 
Net-Zero Economy' -report from 2021 it is possible to calculate that currently 

71% of EU Biomass supply is wood based biomass, 15% comes from agriculture 

side streams and 14% from recycling and waste (Material Economics. 2021).  

Some scenarios foresee up to 70–150% increase in biomass use for energy and 

materials by 2050. Going much beyond 10-15% in growth of supply can lead to 

major environmental impacts. Project Director Janne Peljo from the Finnish 

Innovation Fund Sitra notes, that EU needs to take a serious look into the 

amount of biomass available and agree on the best ways of using it from the 

viewpoints of economy, climate crisis and biodiversity loss. The Sitra study 

shows that a lower,  more targeted biomass use could be achieved by a using less 

biomass for energy production and deploying other, more efficient alternatives 

for bio-energy across a wide range of applications (Sjöstedt. 2021). The study 
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 summarizes, that the use of biomass should be targeted for high-value areas 

set to grow, for example for materials such as wood products, fibre, chemicals 

and  textiles, etc. (Material Economics. 2021)

 

AVAILABLE BIOMASS FROM 
MATERIAL ECONOMICS'S EU 

BIOMASS USE IN A NET-ZERO 
ECONOMY. 2021



28 29

B
IO

M
A

T
E

R
IA

L
IT

Y To answer to the global challenges, 
designers around the world are looking 
into new ways of influencing and making 
an impact. Within the field of bio-based 
material exploration this is seen in 
research, speculative design and in 
various development projects, with  
a focus of changing ways how to think,  
act and use materials by discovering 
new solutions to support the culture of 
sustainability.

3.2
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BIOMATERIALITY

Design has evolved from what it used to be. In schools, studios, corporations 
and political institutions designers can team up with experts to tackle 
issues previously out of their bounds. We are living times of accelerated 
technological evolution and environmental, economical and demographic 
concerns where the presence of designers will keep the human beings in 
the center of the discussion. In the designers ability for scenario building 
and prototyping lies a power that will become even more important for 
future and therefore should be cherish. (Myers. 2018). When climate crisis 
needs our urgent actions, designer and cross-disciplinary collaboration can 
play a significant role in finding solutions on how humans can co-exist with 
the nature. In the hearth of it, is looking into the materials and concepts 
supporting circularity.

MATERIAL DRIVEN DESIGN

Elvin Karana, Owain Pedgley and Valentina Rognoli write in their latest book 

in Materials experience 2 published in 2021, how material world is evolving. 

They list three themes for contemporary view on a content area to be: 1. 

CHANGING ROLE OF DESIGN AND DESIGNERS towards material-driven design 

practices, material tinkering and DIY (do-it-yourself ) approach, 2. CHANGING 

ROLE OF MATERIALS as they are increasingly becoming centerpieces for design 

ideation, 3. ROLE OF AN MATERIAL EXPERIENCE responding to sustainability 

goals, creating a base for environmentally sensitive material innovations and 

observing the acceptance of novel material proposals. The book opens up that 

the field of design and it's forms of collaborations have changed over the past 

50 years. The book states that the radical transformation has been introduced 

by the culture of sustainability, advanced biotechnology and innovations of 

digital manufacturing processes. And therefore design of materials should be 

based on mutual, INTERDISCIPLINARY COOPERATION, companied with SCIENTIFIC 

METHODS, protocols and practices of interdisciplinary cooperation. (Pedgley, 

Rognoli, Karana. 2021).

"However, we are today facing 
very urgent and deep problems 

 – the environmental crisis above 
all ... speculative designers 

cannot afford anymore to just 
dabble in science fiction. They 

have to propose ideas and 
solutions that are plausible 

and imaginable, however far-
fetched. Neri is always believable 

because, while her design is 
arrestingly elegant ... her science 

is strong and her technology 
effective."

 – Paola Antonelli, Senior Curator MoMA  
(Antonelli. 2019)

NERI OXMAN, MATERIAL ECOLOGY EXHIBITION 
AT THE MUSEUM OF MODERN ART
22.2.–18.10.2020
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BENCHMARKING DDW, 2019

The Dutch Design week (DDW) 2019 provided me a possibility to observe 

and benchmark how biomateriality and material exploration manifest in the 

design field. The Dutch Design week is Northern Europe's largest design event 

displaying pioneering designer work around the globe, many of which promote 

sustainable development. Various themes became evident during the weeks: 

many projects focused on exploring novel materials with various ecologic 

aspects alongside or to replace traditional design materials. In many cases 

material sourcing was done out of from something considered to be a waste 
or a side-stream. One interesting example of on recycling 'trash' was a group 

of Design Academy Eindhoven graduates under a name "The Scavengers’'. 

One of the scavenders, Carissa ten Tije explored recycling bottom ash, a non-

combustible residue after from the incineration plants after house-hold waste 

is burned. Her research was sold as a book.

 Another phenomenon was designers showcasing new, ecological 
alternatives for existing materials, such as developing alternatives for leather. 

One, beautifully executed example of this was 'Cooking new materials' by 

Youyang Song, upscaling bio-waste into water resistant leather-like materials. 

Circularity was one of the visible themes. During the week, Van Abbemuseum 

dedicated a large sections for Geo-Design exhibition communicating problems 

of linear economy through installations of over floating landfills. Around the 

design week's area various examples could be found that promoted circularity 

through recycling plastics, for example. One example of recycling plastics was 

Jessica den Hartog collaboration with designers to take her ReColored -material 

library further into product concepts.

 During the DDW 19 interesting examples of interdiciplinarity research 
and activity was not only found from the locations but form the events as well. 

One example being 'The Bio Design Talks' where Jalila Essaïdi, a founder of 

BioArt Laboratories spoke about the Bioart village and the platform it offers 

for designers, scientists and artists to get facilitation for the first steps of their 

professional career and entrepreneurship. 

 Interesting examples from The CHEMARTS Cookbook point of view were 

Biomaterials Archive -exhibition organized by Design Academy Eindhoven 

Make Material Sense class. The exhibition featured material samples created 

by second year BA students. I had an interesting conversation with a student 

there about if designers see it benefiting themselves to share procedures with 

the world or not. Another was a Waag academy stand in Veem, showcasing a 
physical material archive developed by their Textile Lab. It was interesting to 

look into how they found a way document recipes and techniques to the back 

of the label attached to the sample.

 

 

A MATERIAL ARCHIVE 
TEXTILELAB AMSTERDAM

WAAG ACADEMY 
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BOTTOM ASH

 COOKING NEW MATERIALS
YOUYANG SONG

 CELEBRATE 
CIRCULAR

JESSICA DEN HARTOG
BOTTOM ASH

CARISSA TEN TIJE

GEO-DESIGN
VAN ABBEMUSEUM 

  

EXPERT INTERVIEWS

The research section's intention is to paint a picture of the time in hand.  
Because the timely topics and trends change, published pieces such as 
books can contain trends that are passing already. As a designer I chose to 
test a series of interviews in collecting nuances from the field – to reflect 
the discoveries made from the field and literature, and to build up my own 
perception over the fields through meaningful conversations. A series of 
interviews was conducted with active makers from biodesign and research 
fields. Questions were designed so, that the interviewees could tell about 
their own work and the phenomena they witness happening around them 
and globally. On the next pages I open up the interviews and reflect the 
findings in the last chapter. 

INTERVIEW INFO

Two of the interviews were conducted as 

semi-structured interviews and one was a 

structured online interview. The questions 

where the same for all of the interviewees 

to support later analyzes and possible 

comparison. Semi-structured format was 

used in face-to-face interviews. The 'semi-

structured' in my research means giving 

freedom for interviewees to answer freely 

and for me to ask follow-up questions or 

have small conversations, either to clarify 

or to gain deeper understanding over 

the topic. In order to be able to use same 

questions with all the interviewees, the 

questions were designed to be wide and 

interpretable. The questions were given for 

the interviewees in prior, allowing time for 

personal thought processes (Questions as 

an appendix). The interviews took place in 

2019.

JULIA LOHMANN Bio-Art and Biodesign  

JUAN HINESTROZA Materials Science

TAPANI VUORINEN Materials Science
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we damage in a positive, re-
balancing way".

For  example,  with seaweed, there is no 

need to add fertilizers, the plant soaks 

them from water and while growing it 

cleans the oceans. In collaboration with 

Pirjo Haikkola, Lohmann is developing a 

framework where designers could go into a 

location, look at the ecological challenges of 

the location and aim to solve addressed local 

issues. When it comes to forestry, Lohmann 

sees a huge potential in nanoscale material: 

when the recycling possibilities becomes 

almost endless there is be lesser need to go 

back to the source. As a challenge on bio-

based material field, Lohmann mentions, 

for example, the green washing that in 

relation to the word 'Bio'. The 'Bio' can be 

placed in front of any bio-based material 

product, even though it would create exactly 

the same problems as plastic. As a solution 

she wonders, if the word 'Bio' could be used 

when a material is biological through out 

its life-cycle – "The biggest challenge, not to 

create a new plastic".

  

  

Julia Lohmann
PROFESSOR OF PRACTICE IN CONTEMPORARY DESIGN, AALTO UNIVERSITY, 
FOUNDER OF THE DEPARTMENT OF SEAWEED

During the last couple of years Julia 
Lohmann has seen two strands on Bio-Art 
and Bio-Design field. One being a makers 
perspective with a spirit of designers 
producing themselves, and the another 
dives deeper into code of things in material 
science. Lohmann mentions the first strand 
being born from designers' disconnection 
to materials; from the production in 
western countries that is increasingly 
moving abroad, and from the critique 
towards material use within industries 
(production methods, inefficient use of 
materials, ethical reasons, etc.). Lohmann 
pictures a shift of an industrial designer 
becoming a postindustrial designer, 
for whom the limited editions and small 
production made possible to create very 
'avant-garde', self-produced pieces with 
new production methods. As the stars of 
the movement she mentions materials such 
as bacteria, algae, fungi, leftover products 
and by-products (such as mussel shells 
and bark), and continues that the creation 
of these materials is going hand-in-hand 
with DIY and fab lab ideology. The other 
strand goes with science and a possibility 

to work in molecular size. These processes 
can be laborious and are often done in 
collaboration. To give an example: a process 
can begin with a speculation: 'imagine if we 
could grow our own objects', and continue 
to collaboration with design, chemistry and 
business (business to found a company, 
protect you knowledge, etc.). Lohmann 
visions that material science collaborations 
could be made more accessible for designers 
with novel business ideas. She compliments 
Aalto University for the integration the 
realms of chemistry and design. Lohmann 
has witnessed collaboration existing in 
other universities, but it is a reach out. In 
Aalto University the structure is within 
the university. She adds that places will 
follow quickly and that in Aalto University 
cross-fields collaborations could still be 
supported and developed even further.
 Julia Lohmann shared a valuable 
thought evident in her work on seaweed: 
 
"What if materials are not only 
designed to be harmless, but 
production could be a remedi-
ation and impact environment  

BIOMATERIALITY INTERVIEW 
BIO-ART 
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Tapani Vuorinen
PROFESSOR OF WOOD CHEMISTRY, DEPARTMENT OF BIOPRODUCTS AND 
BIOSYSTEMS, CO-FOUNDER OF CHEMARTS, AALTO UNIVERSITY

more specialized fields and another relating to 

scientific articles: at the moment, articles not 

only focus on the research on site, but to paint 

a bigger picture on the solution area seems to 

be favored. Vuorinen is hesitant of the change, 

when done right, it will communicate research 

value effectively, but same time it gives room 

for a phenomenon he calls 'decorative research', 

where attractive features can be added to make 

an article to appear better. Vuorinen mentions 

that highly interesting material related concepts 

are innovated around him all the time and names 

a few; a research on ultra-light nanocellulose 

As timely phenomena seen in his field, Tapani 

Vuorinen mentions the changes on attitudes 

and a drift towards more environmental 
driven research. Sustainability in chemistry, 

sometimes referred as green chemistry, can be 

noted as a trend within the field. It gives ground 

for many research topics, such as replacing oil 

based materials with renewable sources and 

can be seen, for example, in interest towards 

Chemarts-like activity. Vuorinen mentions few 

interesting timely changes in chemistry. One 

being plant based material researched as a 

wider area, research that typically took place in 

MATERIAL SCIENCE INTERVIEWS

Juan Hinestroza
ASSOCIATE PROFESSOR OF FIBER SCIENCE, HEAD OF THE TEXTILES 
NANOTECHNOLOGY LABORATORY, CORNELL UNIVERSITY 

interesting material-related phenomena 

around him, he mentioned seeing more 

natural fibers with a renewable filler in 

traditional composites, interest in using 

biofuels in aviation and automotives and a 

development of new packing materials that 

interacts with the product by monitoring 

it. Increasing concern on his field he sees to 

be the issue of plastic microfibers in water 

sources and nanocellulose fibers offering a 

solution for the issue.

When it comes Juan Hinestroza's field 

of research, he mentions being a big fan 

of nanocellulose and its potential for 

manipulation the rheology of fluids. He is 

currently working on using magnetic fields 

and magnetic nanoparticles to control 

alignment of cellulose nanocrystals in 

hence to control its flow behavior, which 

has potential to reach applications in food 

science, medicine and many others. As 
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successful when it results into a solution that is 

feasible to be produced by industry. The research 

on lignin he mentioned to be remarkable because 

the application is practical and the production  

simple and exists in the industry – therefore it 

adds value for lignin; a side stream from pulp 

industry, mainly used for energy production.

 

insulation, fire-resistant cellulose fiber research,  

AaltoCell technology's innovation on the efficient 

production method, lignin's usage as a metal 

coating and a surface treatment for textiles, 

New-silk and research around protein based silk 

and research on man-made cellulose fibers. He 

makes a notion, that a research is particularly 

INTERVIEW REFLECTION

From the interviews similar themes arise than mentioned by literature and what came up 

during benchmarking. The most evident, surely being environmental factors; efficient use 
of natural resources (Lohmann, Vuorinen), advantages of bio-based materials such as 

renewability and decomposition (Hinestroza, Lohmann, Vuorinen), challenges of existing 
materials such as plastics (Hinestroza, Lohmann, Vuorinen) and the concern towards 
the state of nature, especially oceans (Hinestroza, Lohmann). As well as giving validation, 

interviews provided content that was not obvious from the other sources used for the 

research section. For example, in Julia Lohmann interview opened up difficulties that bio-

artist or a person with a novel bio-material related business idea can face. And the delightful 

comparison noting that Aalto University is one of the fore-runners in supporting material 

discoveries by providing pathways for design-chemisty collaborations – one example being 

Chemarts. This sort of information: a comparison of schools and insights from designer or 

research project pathways, can be hard to discover without human-centred design tools. 

Another example from benefits of using interviews, are insights from Aalto University 

professor Tapani Vuorinen about the changes in material science field, notions that base on 

active participation on the field throughout his career. Vuorinen points out two interesting 

changes. One relating to scientific articles and another to the increase of general research 

topics in material science that has traditionally been more focused on specialized disciplines 

areas. These insights from Tapani Vuorinen resonates with Julia Lohmann's worry for not 

creating another plastic – that complex environmental entities can benefit from wider 

understanding. Wider understanding on relationships between different parts of a system 

is essential when environmental challenges are complex and interlinked; solving them can 

have unintended consequences or create new environmental or socio-economical problems. 

(Bierbaum, Cowie. 2018). 

 Vuorinen's comment on contextualizing scientific articles makes me wonder if there 

is an connection with to a phenomenon called 'information literacy', in science, 'science 

literacy' – in to an aim to produce understandable content for wider audience (Berman, 

Kuden. 2017). Communicating science in civil discourse has been linked into increasing 

public participation in policymaking. However, despite public showing interest towards 

science, several nations have reported that population lacks basic factual knowledge about 

science (Sugimoto, Thelwall, Larivière, Tsou, Mongeon, Macaluso. 2013). 
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becoming more complex and where 
academic teaching is mostly taught in 
silos, interdisciplinary collaborations 
can offer solutions. Through 
collaboration a wide skill set becomes 
available for a group of individuals and 
with the collaborative knowledge its 
possible to tackle depressing issues 
from new perspectives. 

3.3
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DESIGN AND SCIENCE:  
INTERDISCIPLINARY 
COLLABORATION 

Combining Arts and Science is not a new invention. For a Greek philosopher 

Aristotle, word 'techne' meant both art and technology. Before the emerge of 

modern disciplines in between 1800 and 1910, e.g. a term 'Renaissance man' 

could be used for an individual dabbling on various branches of knowledge. 

During the twentieth century, knowledge in western intellectual tradition was 

categorized into specialized domains within a larger system of disciplinarity 

and challenged by supplementation of interdisciplinary activities in increasing 

manner in the latter half of the century. (Frodeman, Klein, Pacheco. 2017). The 

current academic structures can be critiqued to be too constrained, nevertheless 

Jerry Jacobs in the Oxford Handbook of Interdisciplinary in 2017, writes that it 

is hard to imagine how without a self-regulating system of scholarly appraisal 

scholarly advances could be developed, valued, refined and taught. As a solution 

he sees alternative frameworks that are broader and more encompassing, not a 

rejection of frameworks themselves. He notes, that the complex global issues 

cannot be one solved by one discipline on its own, interdisciplinary teams and 

programs are needed to tackle such challenges as climate change, pandemics 

and global inequality. (Frodeman, Klein, Pacheco. 2017)

TYPOLOGIES 

The terminology has changed over time. The Oxford Handbook of Interdisciplinarity's second 

edition notes that some terms even have different meanings in different times. The book quotes 

that the endless typologies, classifications and hierarchies are 'not helpful' and generating 

more confusion than clarity. In my research, I chose to use a term interdisciplinary therefore 

that it's used for all more-than-disciplinary approaches, specially referring to integration 

of different types of disciplinary knowledge within academic infrastructure. (Frodeman, 

Klein, Pacheco. 2017). Alexander Refsum Jensenius, a music researcher (PhD) in his website 

illustrates and open up the models of interaction in 2012 as following:

INTRADISCIPLINARY Working within a single discipline.

CROSSDISCIPLINARY  Viewing one discipline from the perspective of another.

MULTIDISCIPLINARY  People from different disciplines working together, each drawing  

    on their disciplinary knowledge.

INTERDISCIPLINARY  Integrating knowledge and methods from different disciplines,  

    using a real synthesis of approaches.

TRANSDISCIPLINARY Creating a unity of intellectual frameworks beyond the disciplinary

     perspectives. (Jensenius. 2012)

In Chemarts connotation I choose to use a term 'interdisciplinary'. When compared into 

a term 'multidisciplinary', which is defined as a collaboration that fosters wider scope of 

knowledge, information and methods, but still keeps the original identities separate and 

is connected with a word 'juxtaposing' (~putting things that are not similar next to each 

other [Cambridge dictionary. 2020]) (Frodeman, Klein, Pacheco. 2017) is Chemarts more 

intertwined. Chemarts  emphasis is on students learning: CHEM students adapt methods 

from ARTS and ARTS students learn procedures from CHEM and so-called cross-

pollination does happen. When it comes to the term 'cross-disciplinary research', Ohio 

State University defines it more widely: the 'cross-disciplinary' activities can involve two or 

more academic disciplines and range from simply placing disciplines insights side-by-side 

to more transformative approaches. Ohio State University uses the term as a top category 

covering following approaches: 'multidisciplinary research', 'interdisciplinary research' and 

'transdisciplinary research' (Ohio State University, cross-disciplinary research. 2020). The 

word 'cross-disciplinary' is also used in Aalto University's 'Vision, Mission and Strategies 

2016–2020', where it encourages members of the Aalto community into cross-disciplinary 

research collaborations. I read it so that the recommendation refers to general activities 

between disciplines instead of a specific form of interaction. Basing on this, the word 'cross-
disciplinary' could be used with Chemarts activity when the form of collaboration is wanted 

to keep vague intentionally.
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COMBINING SCIENCE AND DESIGN 

Cornell University professor Juan Hinestroza in a SiS Paris 2017 Summit talk, speaks about 

differences in scientist and designer mindsets from his own experience in such way:

"Engineers and scientists like me, when we have a big problem, 
we take the problem and divide it into small pieces, we try to 

compile a solution of these small pieces and fool ourselves that 
the final solution is a combination of these solutions – That's  
not true – designers on the other hand, can see the solutions  

a head, but they don't know how to get there."

Hinestroza tells to the audience, that Cornell University's Department of Fiber Science 

& Apparel Design (FSAD) aims to merge these two ways of thinking. Hinestroza makes 

a notion: "if either a designer, sport professional, networking person or a fan has 

a vision, the science can follow up" (Hinestroza. 2018). The Chemarts Cookbook's 

chapter on scientific materials makes the same notion of science: instead of addressing a  

complex system or phenomenon, a single scientific study often concerns a certain part or 

detail. The same book pictures 'designerly approach' on problem solving being considered 

as holistic. Both notions resonate with Hinestrozas speech on designers and scientists 

mindsets. To understand the approaches better, I will look into both of the practices more  

closely during the next chapters.

THE CHEMARTS COOKBOOK OPENS UP THE DIFFERENCES OF APPROACHES 

ON MATERIAL RESEARCH. DISCIPLINE-SPECIFIC SKILLS MENTIONED IN 

THE BOOK:

SCIENTIFIC SKILLS 

  Basic knowledge on material science and chemistry / ability to conduct literature  

  search and set and test scientific hypotheses / experience in systematic laboratory 

  working and documentation

 

DESIGNERLY SKILLS  

  Conceptual thinking, speculative design, practice related skills (Design  

  knowledge and know-how) / hands-on experimentation (censorial observations,  

  iteration) / creativity / various tools for efficient communication (to foster  

  collaboration and to communicate results via info graphics, photographs, videos,  

  exhibitions, etc.) (Kääriäinen, Tervinen, Vuorinen, Riutta. 2020). 

SCIENTIFIC APPROACH

The illustration of the scientific material 

research (above) is created in collaboration 

with Tapani Vuorinen, Aalto University 

professor in Wood Chemistry. The steps are 

generalized from real-life research cases and 

professor's own experiences on cellulose-

based material research. The simplified 

model applies for individual research and for 

research done in groups. 

Notable in scientific research is that it is 

highly structured: experimentation and 

laboratory work follow a research plan done 

in prior. This could be seen as an advantage or 

disadvantage: concentration on research 

areas with foreseen promise can be effective, 

but same time it excludes out areas where 

unexpected solutions may appear. The aim 

for the research is not always to create new 

materials but to increase understanding over 

material development. In cases where the 

research makes new discoveries, a scientific 

article is written and its peer evaluated 

results shared with the academy. The articles 

can include failed experiments too in order 

to demonstrate the areas where results no 

longer apply. (Tapani Vuorinen, 2020).

A SCIENTIFIC MATERIAL RESEARCH 
APPROACH ILLUSTRATION 

BASED ON 1-TO-1 
INTERVIEWS 
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SCIENTIFIC KNOWLEDGE
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Test results
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Follows a research plan 
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follows research plan with new parametres 

If results turn out as planned, conducts a another 
research series to study and prove the results

Writes a research article 
Submits it for peer evaluation 
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DESIGNERLY APPROACH

The designerly approach in material 

exploration can vary a lot from individual 

to other, from experimental and conceptual 

to more technical and industrial design-like 

approach. The illustration aims not to cover 

them all, but pictures a scenario familiar 

to Chemarts activity. The illustration 

is based on personal experiences and is  

refined by two Aalto ARTS alumni.

 In The CHEMARTS Cookbook, Pirjo 

Kääriäinen open up that a typical designerly 

approach is to process a material in multiple 

ways, observe the result, its physical and 

sensory qualities and then move into next 

cycle of experimentation. All the samples, 

including the failed and the ones with 

unexpected material behaviors can guide 

the process and offer new perspectives. 

(Kääriäinen, Tervinen, Vuorinen, Riutta. 

2020). 

Concept building, research,
benchmarking, asking for advice

Hands-on-experiments to learn 
properties and behaviour

New tests based on observations
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A DESIGNERLY MATERIAL EXPLORATION 
APPROACH ILLUSTRATION 

BASED ON LEAD USER 
INTERVIEWS 

COLLABORATION CASES

The relationship between material science and design should be mutual and united, benefiting 

both areas while foreseeing a possible future together (Karana, Pedgley, Rognoli. 2021). But 

how do these approaches come together from design point of view? Anastasia Ivanova, a 

former Aalto University Collaborative and Industrial Design student wrote her master thesis 

on a design driven approach on a material research conducted at Technical Research Centre 

of Finland (VTT) premises within Aalto University collaboration. The research was about 

cellulose fiber foaming technology's potential in structural design. It was conducted more 

as an open-ended creative investigation instead of an approach typical to science, were 

the focus is on a particular outcome. Anastasia Ivanova opens up that the research was 

preplanned to utilize iteration cycles. The final study consisted of five iteration cycles related 

to form, production and material properties' development. Even though the design driven 

approach seemed to be new for the researchers, Ivanova mentions that the planning and 

implementation was effortless because the members were familiar to each other's working 

styles beforehand, and because collaboration was build on mutual trust, respect, patience, 

listening, explonations and optimistic attitude. The project manager Jukka Ketola described 

that the design driven approach resulted into promising starting point for further development 

and for scaling up onto industrial production. He continued that with a traditional research 

approach this would not have happened because the outcome was not obvious when the work 

began. (Ivanova. 2019). Another example from a recent science design collaboration between 

VTT and Aalto University can be found from Eveliina Juuri's master thesis published in 

2020 where Juuri worked under VTT's senior scientist Géza Szilvay's mentorship to discover 

natural colorants produced with fungi. In her thesis Juuri shares Géza Szilvay's thoughts on 

designers and scientist collaboration on a field of bio-based design: 

“I believe, most scientist would be open for collaborations. 
There’s however a challenge in communicating the goals of 

designers to researchers as many of us still might think design 
simply as product design or graphic design." ... "Unfortunately, 
it is still challenging to establish collaboration for long term, 

partly because funding does not encourage this collaboration. 
But also there is still work needed to be done to bring these two 

disciplines closer together.”

(Juuri. 2020)

From Géza Szilvay's quote an assumption can be made that the value of design and role of 

designers is not too familiar for other actors in science too. Ada Peiretti's master thesis from 47
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Aalto University in 2020 researched on how design can contribute to research processes in the 

current framework of scientific practice. Peiretti conducted series of interviews from individuals 

experienced in design-science collaborations and makes a conclusion, that when it comes to  

current collaboration models, in most cases design was seen as an external resource and 

often positioned in the beginning or end of a process. (Peiretti. 2020). One notable example 

of a project built around collaboration of science, design and business is called Design-

Driven Value Chain in the World of Cellulose (DWoC). The project was funded by Tekes 

and ran from 2013 until 2018 as a collaboration between Technical Research Centre of 

Finland (VTT), Aalto University, Tampere University of Technology and University of Vaasa, 

and resulted into numerous material discoveries. When it comes to the role of design, DWoC 

final report recommends to involve design professionals already in the planning phase of 

the projects. Profound discussion helps to define a best possible set of skills for the project, 

for example, if co-creation workshops, facilitation, advanced prototyping, info graphics 

and other visual communication or field related skills such as knowledge for textiles, 

architecture, digital design would be needed. DWoC report notes that a multidisciplinary 

collaboration can be challenging and in order to work efficiently together, common 

language, a purpose, mutual respect and trust are needed. (Kataja, Kääriäinen. 2018).  

Two main factors for successful interdisciplinary collaboration from Pirjo Kääriäinen are: 

'willingness' – a mind set including an effort and desire to make the collaboration work: 

"If you don’t have willingness, nothing will happen." 
and the second, 'mutual respect': 

"If you have respect for the other person’s knowledge, 
their experience, and them as a person, a true 

collaboration is enabled".

 – PirjoKääriäinen Next Nature interview. (Hutchings. 2019)

For a new generation of designers cross-disciplinary research and critical thinking are 

creating new opportunities. Instead of being artistic and creative service providers who 

work on a surface of a problem, many designers have redefined themselves to be strategic 

planners with a capability for understanding more complex issues. Design is an evolving field 

reflecting society. When the fabric of society changes so does design. In order for design not 

be marginalized and stay behind other disciplines, designers need to step out of their comfort 

zone, find ways to be relevant and collaborate with other fields. In return traditional design 

outcomes can be transformed into meaningful contributions for the environment, economy 

and society. (Muratovski. 2015). 
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natural state of land – Finland making 
no exception, its flora and fauna are 
associated with taiga. In Finland 
governmental interest towards forestry 
and its legislation have made Finland the 
most forested country of the world, but 
there are still concerns. How could the 
biodiversity of forest be preserved and 
protected, and what is the role of forests 
as carbon sinks? 
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 FINNISH FORESTS AND 
NATURE

Finland lies in between east and west and its climate is a combination of 

maritime influences from the Atlantic and continental influences in the east. 

Finnish species, flora and fauna are associated with taiga, a coniferous forest 

zone of continental Eurasia (Hallanaro. 2011). As a large country its forest 

nature and species vary greatly. The country includes Eastern taiga, Central 

European nature and Arctic nature. In its natural state Finland is mainly 

covered by forests and wetlands. For taiga, the natural forest type is spruce-

dominated, pine-dominated or mixed species heath forests. Most of the forest 

types are heath forests, but Finland has also groves, rich in species growing 

on a nutritious soil. (Savisaari. 2006.). Finnish forest area has varied during 

history. In 1850 farming started to influence heavily on Finnish natural forests. 

The natural state of forests were impacted by human actions such as fire-fallow 

cultivation and tar production peaking in 1822. Fire-fallow being a typical 

cultivation method for agriculture at the time. In 1874 a committee was set 

up to investigate Finnish forests came into a conclusion that the forests were 

overused and deforestation took place. The committee was concerned that re-

forestation couldn't take place in private ownership and suggested the state 

to buy land with little or no forest. The committee made several protective 

regulations, for example, it banned fire-fallow in pine-dominated heath forests 

and restricted re-fire-fallow in deciduous forests without 30 years in between. 

In 1897 a law was nominated to make obligatory to plant new trees replacing 

ones being cut. (Helander. 1949). Currently Finland is the most forested 

country of Europe (Ministry of Agriculture and Forestry of Finland. 2020) 

with it's land area 78% being forestry land from which 77% is forest land. 

At the moment, the total amount of forestry land is slowly diminishing due 

factors such as construction, agriculture and peat production. The same time 

trees are been planted or allowed to grow back on fields making the share 

of total forestry land change very little. Over the last decades the total area 

of forest land has remained fairly unchanged and in comparison to 1920s, 

increased. (Peltola, Ihalainen, Mäki-Simola, Sauvula-Seppälä, Torvelainen, 

Uotila, Vaahtera, Ylitalo. 2019). 

FORESTS AS CARBON SINKS

In February 2020 Finland's government published a roadmap to carbon neutral Finland 

declaring that the climate change is the greatest threat to humankind and to fight it. In the 

road map prime minister Sanna Marin’s government commits to pursuit on making Finland 

carbon neutral by 2035 or soon after. To achieve carbon neutrality the emissions and the sinks 

must be in balance by the year 2035. In the roadmap, government sets measures that will be 

launched immediately. The measures, for example were to increase forest growth, promote use 
of wood for building, conduct research and development work on carbon neutrality, climate 

change and biodiversity, promote the use of solar energy and renewable energy production in 

housing, and implementation of the biogas program. (Finnish Gogerment. 2020). But what 
are carbon sinks and why Finnish forests are mentioned in the government's roadmap? Carbon 

is stored in the earth's crust, vegetation, seas and atmosphere, and has always circulated 

between the storages. Humans actions have increased the rate of carbon circulation leading 

into increased amounts of carbon dioxide in the atmosphere. The forests are in the middle 

of the conversation because they are Finland's largest carbon sink.  (Skytén. 2019). Mari 

Pihlatie, associate professor of University of Helsinki, opens up carbon storing more in depth 

in a Helsinki University magazine article from 2019; if forests are cut roughly so that the soil 

is plowed open, carbon escapes. With continuous forestation where trees are felled part by 

part, the soil remains covered with vegetation the carbon remains stored. The same applies 

to agriculture where the carbon escapes from the fields. The fields should be continuously 

covered with vegetation in order to preserved carbon and for diversity to flourish. In the 

same article Tuomo Kalliokoski, University researcher in Forest ecology says that the forest 

area in Finland is currently decreasing because forests are being cleared into fields due to 

EU-led centralization of agriculture. When livestock farms grow, more fields are needed for 

spreading manure. (Skytén. 2019). Agricultural land has also potential to be used as carbon 

sinks but the idea is new and still under investigation (Yara. 2020). Currently agriculture and 

the fields are a source of emissions accelerating climate change (Yle Uutiset. 2019). When it 

comes to tackling the climate change, forests as carbon sinks are one aspect. In total we need 

to cut down emissions by replacing fossil raw materials and fuels with renewable sources and 

store carbon in long-lived products such as wooden buildings or wood-based textiles (Luke, 

2020). 

FOREST BIODIVERSITY

What exactly is biodiversity and why it is important? 'Biodiversity' includes all living organisms 

found in the atmosphere, water and on land. It provides the ‘fabric of life’ which we all 

depend on (European Environmental Agency. 2019). Functioning ecosystems provide oxygen 

produced by plants, storage of carbon, clean water, decomposition of wastes, fertile soil for 

crops, pollination, flood control, recreation and repository of genetic information (Shogren, 
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Wood, Orts, Glenn. 2019). Preservation of biodiversity is important because it is the key 

indicator of an ecosystem health (Wilson, Chivian,, Bernstein. 2010). Finnish government's 

updated National Forest Strategy 2025 published in 2019 states, that worldwide decline 

in forest area and regional deforestation are major threats for forest biodiversity. Global 

deforestation is visible in fragmented natural environments, deterioration of species living 

conditions and possibilities for migration. The strategy points out, that forestry in Finland 

doesn't cause severe deforestation, but notes that currently Finland's forest area decreases 

approx. 10,000 hectares per year as a result of change in land use. According to the strategy, 

when it comes to Finnish forests and its biodiversity, significant share of the species are 

directly or indirectly dependent on the forests and the decrease of dead wood is the most 

common factor for forest species becoming threatened. The Finnish forest strategy leans on 

EU Biodiversity Strategy and the Convention on Biological Diversity (CBD) with an aim to 

halt the loss of biodiversity by 2020 and ensure a favorable status for biodiversity by 2050. 

The strategy notes, that its clear that the 2020 goal will not be met, the trend of species in 

forests becoming threatened has slowed, but not halted. According to the strategy, forest 

biodiversity is secured more effectively by increasing the amount of protected forests and 

developing the nature management of commercial forests. The protective area requirements 

that at least 17 per cent of terrestrial and inland water area, is met by Finland. Still, the 

report notes that the diversity needs to be increased especially in the southern parts of the 

country, because the protected areas focus on northern Finland. The biodiversity in nature 

management can be improved by increasing the amount of mature and dead wood and 

the share of deciduous trees and with the usage of fire in commercial forests. (Ministry of 

Agriculture and Forestry. 2019).

CELLULOSE SOURCES
 
Tapani Vuorinen opens up cellulose sources in a thesis research section's interview 2019:

  
"Cellulose is not only forest related material. All plant 

material is lignocellulose base, cellulose being the main 
component. Materials should be made from sources 

most available: cellulose being available the most, lignin 
second. Most obvious source for cellulose are forests, but 
it could be sourced from other sources too. One example 

cotton where the cellulose is really pure, but which 
cultivation is not sustainable."

Tapani Vuorinen points out that when it comes to agricultural side streams such as straws, 

in comparison to wood with its developed infrastructure and extensive research done, straw 

contains lots of ash substances for example and its processing methods should be researched. 

Same goes for other sources too, for example, producing cellulose from seaweed would need 

customized facilities because its physical form differs from wood. Tapani Vuorinen notes that 

when picking a source for cellulose it should be thought well through. If the source is cultivated, 

it always needs space from land or ocean and therefore the cultivation needs to be researched 

carefully to make sure the source and produced truly sustainably. (Tapani Vuorinen, 2019).

 When considering cellulose sources circularity, it is good to remember that the 

current recycling infra for paper and cardbord is designed for wood based fiber length. Fiber 

length is one of the most important properties for the paper of paperboard performance. 

Each recycling process shortens up the fibers and after around seven times the fiber length 

is considered too small to use further. Wood fibers are 1 to 4 millimeters long depending on 

a wood species. (Riley. 2012). With annual plants flax, hemp and jute for example, the fibers 

are longer, between 5-50 millimeters (Madsen, Gamstedt. 2013)

   

 

FINLAND HAS LONG TRADITIONS 
IN RECYCLING. CURRENTLY, WOOD-
BASED CELLULOSE AND BIOWASTE 
ARE THE ONLY BIOMASSES WITH A 
STRONG HOUSEHOLD RECYCLING 
INFRA IN FINLAND.54 55
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HAUKILAHTI UPPER 
SECONDARY SCHOOL 
STUDENT VALIDATING 
RECIPES

Selected stakeholders where invited 
to join the creation of bio-based recipe 
layout for the upcoming textbook. How 
did users guide the design process, what 
kind of discoveries where made and what 
seemed to the challenges? The upcoming 
section will open up the design process 
done in collaboration with the users from 
ideation to validation. 
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4.1 ANALYSING 
KNOWLEDGE SHARING
 

ACTIVITY

In 2019 Chemarts organized three courses to provide students with a possibility 

to research bio-based materials of their own interests, while keeping the main 

emphasis on teaching on cellulosic materials. The first summer project was 

held in 2012 and since then lots of students from ARTS and CHEM have 

innovated new concepts and studied countable material solutions. Every year 

Chemarts has produced a brochure capturing Chemarts Summer School -course 

works. In 2020 Chemarts planned to go even further, not only to share the 

final results but to produce a textbook; The CHEMARTS Cookbook to support 

future learning by opening up bio-based material procedures with a wide scale 

of material outcomes. 

SHARING KNOWLEDGE

Before the textbook material knowledge was shared in two ways; by passing 
on procedures (mainly internally during the laboratory work) and by sharing 
the results (internally and externally). Passing on procedures includes active 
sharing such as teaching demonstrations and passive sharing of organizing the 

laboratory work so that the student can learn from each other by following 

experimentation conducted in the same space. During the laboratory work 

the knowledge sharing took place mainly through the tutors, teachers 

and professors (sometimes by the facility researchers), and could have had 

been seen as a bottleneck if large amounts of information had to be shared 

in a limited time. Typically, new course students had seen previously done 

samples or had an idea what kind of material concept they want to create, 

and the experienced staff shared tips and procedures on how to proceed. 

During the  courses Design Meets Biomaterials and the Chemarts Summer 

School, only few procedures had printouts (from books, web pages, scientific 

articles or composed by the teachers). The Plant Biomass -course with an 

emphasis on chemistry, had the strongest traditions for printed instructions.  

Before 2019 the main channels for 'sharing the results' externally were 

exhibitions, participating events, presentations by the professors, visitor tours, 

social media, webpages and others mediating interest in the Chemarts activity 

(university communications, press, etc.). Both internal and external sharing 

was done by the students too, during the courses and their final seminar 

presentations, through social media and in thesis works. The external channels 

can play an important role in increasing awareness and in raising interest – the 

emphasis was not often on repeatability or sharing the procedures.

INGVILL FORSSHEIM ON 
A CHEMARTS SUMMER 
SCHOOL'S FINAL 
PRESENTATION 
DAY
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4.2. USER RESEARCH
 

To understand stakeholders interested in The CHEMARTS Cookbook a 
series of user centered research was conducted. In this section, I’ll open 
up how various stakeholders; Chemarts students and staff, Aalto Junior co-
ordinators, Haukilahti, Pohjois-Tapiola and Olari Upper Secondary Schools, 
and Espoo International School (EIS) students with coordinating teachers 
participated the research. 

PARTICIPANTS

The thesis research participants were picked to represent most relevant user 
groups. To define the user groups, the research started with early conversations 
and semi-structured interviews with Chemarts founders Tapani Vuorinen and 

Pirjo Kääriäinen, during which the main focus of the research was framed to be 
on Chemarts students. This focus was not only relevant for the thesis, but also 
for the recipes' creation; to keep them understandable to university students, 
but still baring in mind that there might be, for example, younger readers 
accompanied by their parents or teachers. 

STAKEHOLDER GROUPS FOR THE COOKBOOK WERE 
FRAMED IN ORDER OF IMPORTANCE TO BE:

1. AALTO UNIVERSITY 

 STUDENTS    (Chemarts and other students) 
 CHEMARTS STAFF

 ACTORS ON CAMPUS   (Aalto Junior, teachers organizing   
      bio-based material exploration courses, 
      Aalto ARTS Books, etc.) 
2. OTHER INSTITUTES  (From higher education to primary school)
3. INDIVIDUALS    (Nationally and worldwide)

STUDENT REPRESENTATIVES 
FROM AALTO UNIVERSITY

To keep the emphasis on university level and 

as Chemarts related as possible, bachelor 

and master student representatives were 

selected from both CHEM and ARTS schools. 

These participants were picked so, that they 

show interest towards bio-based material 

research or hands-on material development 

from more experienced Chemarts alumni 

to students with no previous experience 

on cellulosic materials research. Student 

representatives covered both English and 

Finnish speakers.

CHEMARTS REPRESENTATIVES

Chemarts personnel was amazingly 

collaborative throughout the process. The 

valuable involvement was obvious for some of 

the occasion, for example, when user research 

was conducted during Chemarts teaching 

activities. The participation was valuable 

from the planning phase to co-creating 

deliverables: it fostered understanding 

between the stakeholder groups and build 

ownership over the thesis deliverables.

AALTO JUNIOR 
REPRESENTATIVES
  

It was a delight to get three representatives of 

Aalto Junior to join the thesis research. They 

provided the research with a great variety of 

experience; all participants had pedagogical 

competence with specializations in art 

education or chemistry. Aalto Junior activity 

targets 6-10 years old children and young, 

making the participants knowledgeable in 

the needs of the age group and their teachers 

and schools. 

ELEMENTARY AND UPPER 
SECONDARY SCHOOL 
REPRESENTATIVES 

Chemarts collaboration with Espoo 

International School provided a possibility 

to observe 7th graders during their multi-

day bio-material workshop and to 

interview the main coordinating teacher 

afterwards. Haukilahti, Pohjois-Tapiola and 

Olari Upper Secondary Schools' Chemarts 

collaboration offered a possibility to observe 

16 students testing the recipes and to develop 

their understandability and engagingness 

within the age group. The primary school 

representatives covered both native English 

and Finnish speakers.

SELECTION PROCESS

The participants were selected so that they would provide as wide 
representation of stakeholder groups as possible, and so that the emphasis 
would be kept on university level use. 
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4.3. CASE STUDY 
RELATED INTERVIEWS
 

Series of semi-structured expert interviews was conducted to gather 
knowledge and map out stakeholders’ expectations and needs. The 
interviews aimed to create insights by combining viewpoints of book 
writers, future users and Chemarts’ collaborators, in this case Aalto Junior 
and Espoo International School perspectives. 

INTERVIEW TAKEAWAYS

PIRJO KÄÄRIÄINEN, CHEMARTS PROFESSOR
A semi-structured, discussion like interview of the thesis supervisor in the beginning of the 

work. Aimed to define the research areas of the design process and the target group of the 

cookbook.

 HIGHLIGHTS TO PAY ATTENTION TO 

 How can the recipes be presented so, that they suit for university students, support

  research and delight at the same time? Plan well how workshops and service safari  

 provide content and support the production. 

TAPANI VUORINEN, CHEMARTS PROFESSOR
A semi-structured, discussion like interview to map out expectations and to define the 

target group.

 HIGHLIGHTS TO PAY ATTENTION TO 

 When the book’s main target group is university level students, we could create 

 a complimentary version to inspire kids and adults to explore nature and work on

 bio-based materials together. The population holds notable innovation potential 

 beneficial to all. 

VELI-MATTI IKÄVALKO, AALTO JUNIOR COORDINATOR
A semi-structured, discussion like interview to get tips on content creation for teaching  

from a teacher point of view.

 HIGHLIGHTS TO PAY ATTENTION TO 

 How deeply teachers address topics is up to a teacher, some prefer free assignments,  

 some more precise. Freedom during assignments could, for example, allow

 students themselves to discover where a material leads them. The instructions could  

 support variating needs of different teaching styles, from playful to informative.  

 Ikävalko gave great tips to look into organizations, such as Suomu muotoilukasvatus,  

 and Opinkirjo, and books like Kemiaa keittiössä. 

VERONIKA NAVAS, ESPOO INTERNATIONAL SCHOOL TEACHER
A semi-structured interview that took place after the 7th graders bio-material workshop to 

discover coordinator’s experiences; what worked well and what could be developed further.
  

 HIGHLIGHTS TO PAY ATTENTION TO 

 Students do not always read the instructions and might therefore not know what to  

 do. Video tutorials have been used/tested, but sometimes students might have hard  

 time to concentrate on those too. There is a lack of knowledge when working with  

 new cellulose based materials – an information package could be handy, answering for  

 example, on what the materials are used in general and how they behave in use,  

 when exposed to moist, etc. This knowledge kit would help planning the assignments  

 and choosing materials that are not too employing to work with. The workshop was  

 messy, cleaning can create challenges in tight schedules. Primary school resources  

 can be limited, this can be seen in access to relatively small amounts of protective  

 gloves, bowls, spoons and blenders. 

IINES JAKOVLEV, CHEMARTS ALUMNA (BECAME A CHEMARTS TUTOR 
SOON AFTER THE INTERVIEW)
An semi-structured interview to map out the textbook user’s needs from a lead user point of 

view. A lead user here means a master level student creating own materials with a mindset of 

sharing the results with other students working on cellulosic material research. 

 HIGHLIGHTS TO PAY ATTENTION TO

 How to communicate material properties to both novice and more experienced readers,  

 what additional features could support the book?

EEVA SUORLAHTI, THE COOKBOOK'S PHOTOGRAPHER
A semi-structured interview to discover if visual narration, more precisely photography, 

would bring additional notions to consider. 
 

 HIGHLIGHTS TO PAY ATTENTION TO

 The pictures inhold great potential to tell about material properties. Taking pictures  

 from materials can be very different from other kinds of photography.
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INSIGHTS

Future Chemarts students were selected to be the most important focus group, so recipes 

of the book should be designed primarily to suit university level students. The recipes can 

nevertheless be designed so that they can, in some extent be used by others. To discover how 

well secondary focus groups can utilize the final book could be tested during the writing 

process or when the book is ready.  These tests could discover, for example, how well primary 

school teachers will find the information needed to compile teaching material of their own 

and observe how easily they will find recipes suitable for teaching, matching the suitable 

challenge level and the available resources. 

Teachers and children were involved in the thesis design process to map out some of their 

needs, but because they were not the main target group, left out from the iteration phase.

 

Informative and enjoyable bio-material 
recipes are wished for both Chemarts 

activity and primary school level 
education. A workshop model and 

material info packets with carefully 
planned material infos would save 

primary school level teachers' time and 
make cellulose-based materials easier to 

be approach by all. 

4.4 OBSERVING EIS 
STUDENTS
 

Espoo International School (EIS) collaborated with Chemarts and Aalto 
University when arranging 7th graders' interdisciplinary unit (IDU) studies 
which combine chemistry, biology, visual arts and physics. Aalto University 
participated in the studies during three days; first day excursion to Aalto 
University, during which the students were divided in two groups, one visited 
Chemarts laboratory (where they participated in a material exploration 
workshop, followed paper making and observed plants with a high quality 
microscope, while the other half attended in a sensorial workshop in Aalto 
Junior premises (organized by Sara Lucía Rueda Mejía). Days two and three 
were organized at EIS premises, where I got a much appreciated possibility 
to observe and help in arrangements and the workshop teaching. During 
these days, I was able to follow teachers producing teaching materials, 
preparing the space, teaching and cleaning the space after. The workshop 
was organized twice by different teachers for 80 students in total (divided 
in four groups). Chemarts was invited to a feedback session afterwards, 
and it was valuable to be able to read the comments from the students 
and all participating teachers. After the workshop, I also interviewed one 
of the coordinating teachers Veronika Navas, see '4.4 Case Study related 
interviews'.

OBSERVATIONS

DAY 1, CHEMARTS LABORATORY EXCURSION’S MATERIAL TEST  Even though 

there was a short introduction in the beginning on what exploration can be, we 

realized that less guided or free experimentation on chosen materials seemed 

to be quite chaotic with 13-years old children. Many of the students clearly 

enjoyed the workshop. Experimentation was done with enthusiasm, but many 
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children seemed to miss an aim. To give an example, food dyes, that can be 

added few drops at the time, where sometimes added by pouring larger amounts 

without considering the color combinations or observing how dark the tone 

gets. It would be interesting to research how to instruct students so, that they 

could concentrate more on the process while having freedom to explore. What 

causes what and why, thinking before doing. 

DAYS 2 AND 3, BIO-BASED MATERIAL WORKSHOP AT EIS  The students did 

several small material experiments combined later in a final assignment 

(CMC sheet, pulp foaming, CMC balloon, MFC cup, shape and extrusion). The 

teacher produced workshop’s instructions which were shared as printouts and 

shown with a document camera in the beginning. Some of the students seemed 

to have difficulties to concentrate to follow and read through instructions, 

but because each table had an assisting tutor, the workshop ran smoothly. 

The workshop took half of a day, including instructing, tests and cleaning 

the space. Could it be possible to design the instructions in a way that helps 

students with difficulties to concentrate and still go through them, and so 

that the workshop would be effortless for teachers to conduct on their own? 
The time use seemed efficient for the workshop, but the space created it’s own 

challenges. One was that the school didn’t have ovens for drying the samples. 

Many of the bio-based materials will take days or even a week to dry at room 

temperature. If multiple students use the same space, the workshop samples 

can fill the drying space for relatively long period of time. Slow drying can 

also expose samples to mold. We noticed that schools' resources can be very 

limited, for example students used the same gloves troughout the workshop, 

nevertheless, this worked well. The workshop can require more bowls and 

spoon what the facility normally might have, this can be noted with future 

workshops. The bio-based material workshop seemed to create quite a mess 

among 7th graders (it’s fairly messy among other education level students too). 

EIS was prepared to the messiness extremely well, for example, by placing 

removable plastic covers on top of the tables to protect them. The cleaning and 

minimizing mess can be taken into account with future workshops. 

FEEDBACK FROM SUBJECT AREA OF DESIGN & ART

"The preparative work in art 
lessons made students to think 
the coming IDU and understand 
the meaning of it. Students need 

to understand the meaning of 
material explorations for the 
sustainable product design & 

Finnish economy."

 "Next year there could be an 
exhibition right after the project 

of the outcomes."

"Workshop could be designed to 
make a certain art or design work 

together." 
 – Feedback session and the interview
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INSIGHTS

For students to understand the meaning 
of material exploration, the topics, 

experiments and items created could 
be designed to support sustainability 

thinking and to fit into subject areas such 
as art, biology, geography, chemistry and 

physics. 

Feedback session and the interview

Relevant practicalities in similar 
workshop can include recipe instructions 
and assignments related to sustainability 

(use of a video could be considered as an 
inspiring way to share a procedure and 
minimize need for assistants), duration 
(relatively quick assignments seemed to 
work), space recommendations and 
tips for cleaning and for acquiring 

equipments. 

Observations, the feedback session and the interview
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"... somethimes we 
couldn't finnish something 

cause we didn't have 
time."

–  Feedback from an EIS student 

CO-IDEATION 
WORKSHOP
Next chapter
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4.5 CO-IDEATION 
WORKSHOP
 

Co-ideation workshop was designed to support thesis' discovery phase. 
The workshop lasted for two hours and it was divided in three phases all of 
which were recorded to support later analyses. The workshop participants 
were experienced in material development and interested in cellulose 
based materials, but without previous opportunity of exploring them. This 
setup was important because many of the cookbook’s users can feel that 
cellulose based materials are new to them. The workshop aimed to produce 
qualitative data by creating a more intimate and relaxed atmosphere to 
foster conversion and to cover topics more in depth. To achieve it the 
workshop was kept relatively small, with two participants familiar to 
each other (co-founders of a company creating a material innovation). The 
participants' background was in design, both sharing a material developer's 
lead user mindset. 

WORKSHOP

PARTICIPANTS:  2 Collaborative and Industrial Design students (Master level)

PARTS:   Discovery through DISCUSSION and BRAINSTORMING. 

   CO-IDEATION ON A USER SCENARIO. 

   (Additional part: MATERIAL PICTURE CARDS to learn from   
   communication through images).

STRUCTURE
SEMI-STRUCTURE DISCUSSION  to map out participants' experiences on material 

research, for example, to discover how a design process begins with materials previously 

unknown for designers, how familiar cellulose based materials are for the participants, 

what are their impressions on these materials and how they see cellulose based materials 

being used in future.

A BRAINSTORMING TOOL  with an aim to lead participants' minds into their own 

material development and then to widen up the topic to collect more general ideas that could 

support bio-based material exploration.

CO-IDEATION ON USER SCENARIO  to create a user scenario for cellulose based material 

development to discover new ideas or supporting features for example for the book. 

CO-IDEATION ON MATERIAL PICTURE CARDS  was an additional part for the 

workshop in case there would be time left in the end (and there was). The assignment 

aimed to discover how participants read pictures of cellulose-based materials to develop 

recipe descriptions and communication through images. Finally, the real materials were 

shown to the participants to discover how the impressions might change. 

DISCUSSION

Cellulose based materials were highly interesting materials for the workshop designers, but 

same time the materials' impact on nature concerned them; if increasing amount of cellulose 

is made from wood, what does it mean for the forest, and if for example, old forest is used 

to produce cellulose, more efficient carbon sinks vanish than using young trees instead. The 

participants were aware that cellulose can be obtained from other plant based sources such 

as grass and were wondering could cellulose be cultivated instead, to ensure effective and 

sustainable sourcing. What cellulose based materials are, seemed not to be too familiar for 

the workshop designers. This was seen, for example, from following quotes: "Rarely you see 

a product purely made out of cellulose, when not counting in normal recyclable packages. 

It might be that I have seen products made out of cellulose, but I didn't realized they were 

made from it.", "Material samples we have seen have been highly interesting but brittle, 

the material development seems to be still in early states. Do new materials evolve fast 

enough to compete with existing materials". The participants saw cellulose being branded 

as a future material of Finland and mentioned man-made cellulose fibers produced from 

trees as an example. The participants have been searching information about cellulose 

based materials, for example materials that are edible and stretchy, they noticed that it was 

challenging to find material specifics online. When they found articles, it was hard to know 

if the material described was under development or existed already. Online search seemed 

to start by Googling. If the found information was informative enough, they knew if to dive 

deeper or nor. Often there was no reason to dive deeper and to look into scientific articles. 

One specific detail they tried to search was if cellulose is edible, and the best answer was 

given to them by Tapani Vuorinen and Pirjo Kääriäinen in an event organized by Chemarts.
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COLLECTION OF BRAINSTORMED IDEAS
 
Idea to collect and share bio-based material information: An application to scan materials 

by taking an image or with a QR code showing how to make the same material on your own 

and to share material related information / Playing cards, image on one side, a recipe on the 

other / Book for first recipes you can do at home and if one gets excited, courses you could 

attend after to take the interest further / A kit to support first experiments / A material 

sample palette (fan) to support tactile perception / A website to research material by their 

properties / A website with a community to share recipes and to discover like-minded people 

for future collaborations and to discover opportunities, spaces, laboratories etc. / An online 

data bank, collecting recipes and scientific research on cellulosic material research (for 

example with an possibility to collect your own interests in a folder, etc) / Process pictures 

to support experimentation (or a series of pictures or a video) / A possibility to ask questions 

related to the process / Possibility to follow how a recipe evolves by other users / Visions 

of potential usages for the materials, not only material properties / A material bank with 

physical samples.

USER SCENARIO 

The participants built a user scenario based on a product development case. They visioned 

an familiar scenario where a user is a designer who invents an idea and then focuses on 

implementation, in this scenario emphasis being on material innovation. The user starts the 

material discovery by contacting friends, colleagues and professors and discovers an interactive 

platform where it is possible to contact like-minded people, browse through materials and 

order samples from materials with most interesting properties. Through the platform the user 

could share the idea to discover partners: "I'm looking for people experienced or interested 

on working with selected materials to join our project". A concern over sharing ideas on an 

open platform could be avoided with a login and user accounts. Searching materials could 

be done through material properties. Contacting material developers was seen essential. 

Searching collaborative partners could be supported by tagging interests and skills.

MATERIAL CARD NOTIONS

The participants were asked to write down adjectives from shown pictures of materials. When 

showing dry samples many of the adjectives where tactual and speculated the strength of 

the sample (brittle, crumpling, etc.) or how the surface feels (rough, sleek, powder-like, 

etc.). Notably smaller amount of adjectives concerned visuals (matte, transparent, shiny, 

etc.). When the materials in the images were wet or in liquid form the speculative adjectives 

seemed to vary more; for example, tactual adjectives includes temperature-related adjectives, 

one olfactory adjective (strong-smelling) and many referred to familiar substances such as 

yogurt, glue and syrup. Pictures with a hand or a spoon, the participants considered more 

informative: providing hints of measurements, weight and safe handling of the materials.

INSIGHTS

Products and concepts of cellulose based materials seemed 
to be more familiar than raw materials themselves (also for 
designers showing interest towards them). Communication on 
what 'cellulose' and 'cellulose based materials' are could 

be enhanced. Could more efficient knowledge sharing take 
place when the products and concepts are displayed on 

mentioned in media?  

The cellulose based materials are seen as highly potential 
replacements for nonrenewable materials – at the same 
time, well aware designers do question environmental 

impacts of materials they are less familiar with. General 
package on wood based raw materials' sustainability and 

forestry's effects on ecosystem in comparison to other 
sources of cellulose could serve designers and design 

education.

A community and possibility for asking help could support 
individual material exploration when answers turn out 

hard to find or feeling insecure. How designers do material 
research and how well scientific articles support design 

work could be looked into.

Majority, 68% of the material adjectives mentioned were 
tactual. When designing recipe descriptions - if there is no 

possibility to touch the samples, tactual adjectives could be 
picked with care to support perception. Attention can be 

paid on details which support future concept development, 
such as if a material is used by an industry, if its edible, etc. 
Attention should be paid to images too: could they contain 
additional information one material strength, weight and 

hints of a scale, for example. 
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4.6 CO-CREATION 
WORKSHOP
 

Co-creation workshop was a service design tool used in the thesis project’s 
transition state form discovery phase to development phase. Co-creation 
workshop brought together a diverse set of stakeholders with an aim to 
learn more about user needs, gain user visions and find possible solutions 
to support thesis proposal and to share understanding between the user 
groups. The workshop took place in a space created for the event in Aalto 
University CHEMARTS laboratory. The workshop contained three parts, 
BEGINNING, DESIGN SPRINT and A CO-CREATION. Primary stakeholder group 
were represented by Chemarts students from CHEM and ARTS. Chemarts 
activities' interests were represented by a Chemarts professor (CHEM), 
Chemarts lecturer and a doctoral student (CHEM). Other actors from 
Aalto University's campus were presented by Aalto Junior coordinators 
with a versatile background in pedagogy (Art and Chemistry).  It was not 
intentional that all the participants were native Finnish speakers, several 
international participants canceled their participation last minute. Among 
the cancellations was also the third stakeholder group: 'Individuals, 
nationally and world wide'. All together, the workshop had eight 
participants. To foster conversation participants where divided into two 
tables in the same space. Both of the tables had a student, Chemarts and 
Aalto Junior representatives and mixed backgrounds in ARTS and CHEM. To 
support later analyses the workshop was recorded with two video cameras 
and a voice recorder.

WORKSHOP

PARTICIPANTS:  3 Chemarts students
   2 Chemarts representatives   
   3 Aalto Junior coordinators

PARTS:  Introduction, DESIGN SPRINT, CO-CREATION

DURATION:  1 h 45 min

STRUCTURE

INTRODUCTION: A short introduction to the thesis topic, workshop and Chemarts activity 

and a moment for participants to present themselves.

DESIGN SPRINT: with an individual concentration assignment and utilizing a design 

sprint tool called Crazy 8. The session started with an mental exercise by creating a moment 

for the participants to concentrate on their own field or line of work and after, imagine a 
recipe or a recipe collection and vision how could it serve themselves in the best 
possible way. Crazy 8 was chosen as an ideation tool because that it is an effective mean to 

generate numerous ideas in a short time-frame and because it allows everyone being heard. 

The ideation was done individually and its results were shared within the group. All group 

members concentrated on each idea by choosing favorites from all of the presenters. The 

ideas were then grouped into subtopics to support perception and to foster conversation and 

analysis, and further ideation and development within the group. 

CO-CREATION: with an aim to create an 'interface' together from the knowledge shared 

during THE DESIGN SPRINT. To support the co-creation I designed a co-creation tool that 

consists of plates of various shapes (image on a page 84). The participants could draw and 

write on the plates with erasable pens with a good visibility, and organize them freely. The 

assignment was to co-create a recipe interface or a layout from a simple base recipe given to 

both of the groups. The teams were allowed to define themselves what an interface means; 

if it is, for example a book, platform or something else. The tools' variating shapes gives 

freedom to create a visual presentation of a vision of their own. In the end, both of the tables 

presented the final results, after which there was time for free conversation. 

DESIGN SPRINT NOTIONS 

During the result analysis, one of the groups created three categories for the idea cards: 

visuals, values (aspects such as sustainability and social impact) and practicalities (where 

to find the materials, instructions for different user groups, such as adults working with 

their children). This division served the group well in the next phase of the workshop. One 

participant noted that the target group thinking can create a great challenge when producing 

the content: a beginner level material explorers need whole different kind of support than 
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more experienced ones. Even among teachers there are differences, in comparison with 

subject teachers (e.g. a chemistry teacher) classroom teachers would benefit from a different 

kind of information package.

COLLECTION OF DESIGN SPRINT IDEAS

Instructions where the to get the materials and what you can collect or produce by yourself 

(e.g. pigments or color pans) / Not only guide how to do but also foster understanding  / 

For teachers ready made formats would make it easier to organize workshops / Bio-based 

materials from an artistic aspect, what kind of connotations and meanings materials can 

transfer / Ready made or easy to prepare -kits to ease up preparations in a classroom – 
"just add water"/ Consider how bio-materiality fits into curriculum topics  (referring to 

comprehensive school level education), for example, bio-material related topics that could 

compliment circular economy and polymer education / Include basic information on the 

materials to support people with little or no existing knowledge / Fun trivia in the recipes 
/ Supporting information in a story form: introductions on how the materials are produced 

and what products are made of them, for example / Visually inspiring, appealing and clear 
layout / Tips where additional information can be found and for good reference sources to 

support, for example, writing about your cellulose scientific point of view (a comment from 

a design Chemarts alumnus) / Tips on how recipes can be combined / Work safety notions 
(e.g. if something is hazardous to eat when working with children) / What materials can be 

found from nature, for example when working outside or e.g., at summer house / Images 

on how the material and the process should look like / Material categories might be helpful 

/ Additional comments or tips for classroom teachers -"pay attention to this step, students 

might need support here" / Camps designed for families could be arranged as a side feature, to 

guide and support the exploration / Concrete outcomes from the experiments, e.g. Christmas 

presents / The recipes and the activity can bring additional visibility to the university and 

increase interest towards the studies / To foster interdisciplinary collaboration, for example, 

between other Aalto University Schools too / Tips how different disciplines could be 

utilized in material exploration / Could the recipes include both theoretical information 

and practical guiding / Own creativity and genuine innovation could be encouraged, in a 
school world there is too little space for those / How to create holistic understanding on 

the process of making; not just follow steps to create an item without understanding the 

actions / Follow the material and see where it leads the explorers / Guiding to consider the 

life cycle of a product or material / Support environmental thinking, why this can be seen to 
be important for the world  / Video material can be used to visualize the making process and 

show the material for example as a link / Material exploration as a hobby, what you could 
do by yourself (DIY) / Affordable materials available to everyone / Open up new worlds: 

"such things can exist" / Other than cellulose based bio-materials could be presented to some 

extend too / Recipes could be short and easy to read, proceed logically one step at the time, 

mentioning all the relevant information such as amounts, time and temperature / Additional 

material for teachers, including tips to ease up their work and coordinating.

CO-CREATION 

The workshop continued with chosen ideas to develop them further in groups. Even though I 

thought I divided participants into two very similar groups according to their expertises, the 

co-creation tool (created for the workshop) worked beyond expectations in the other group, 

but was used only partly by the other. To analyze the phenomena better the tool should be 

tested for several times and more feedback collected. Without repetition, reasons can only 

be speculated. One could be that the background of the participants in the table utilizing 

the tool more was a bit more art-oriented. In this table one participant in particular showed 

strong initiative and easily adapted the tool by starting to write and draw while working with 

the rest of the group. The end result from this table was a visual presentation on how a recipe 

could be like. In the other table the tool supported conversation well, but creating a layout 

took place to some extend only. Another speculative reason could be, that the time for the 

assignment was fairly short (20 min) and the other table started working few minutes earlier. 

From the workshop I got good feedback on how the tool could be designed further. I could for 

example develop clear instructions for the tool, written guide with pictures on how the tool 

can be used. This time I decided not to guide participants to produce anything specific not 

to restrict creativity– I chose only to observe and learn how participants used the tool. Also I 

would love to design the tool's shapes further (form, color and material).

NOTIONS

Through conversation the teams validated shared visions and built an interface to meet the 

various needs. Similarities were found from conversations in both of the tables. To name a 

few; a wish for clear instruction for recipes, indications for a recipe's difficulty level, and 

guides on how to proceed with the experimentation. During the co-creation new features 

were ideated as well, such as a place for own notes. Interesting conversation was born on 

how concrete the recipes should be and what the user groups found inspiring. For example, 

more advanced users saw open instructions inspiring (e.g. how material test series can be 

conducted with examples from research); for young audience more concrete ideas were 

mentioned (such as products with room to innovate). The participants found a middle 

ground – to include both aspects in the book: wide recipes with tips for iteration and recipes 



83 84

with more concrete outcomes. One of the teams solved the dilemma by first instructing how 

to do a small material test without iteration, and then encouraging to continue iteration 

towards an own concept idea. The cellulose material, MFC, used in the co-creation was new 

for Aalto Junior participants, they wished to have a material introduction with pictures. The 

workshop's structure seemed to work well (co-creation continuing with the chosen ideas 

from the design print). This could, for example, be seen in the end of the workshop when the 

visual presentations were getting ready. The team that categorized the cards (visuals, values 

and practicalities) noticed that value creation could be further developed in their interface 

and innovated an info box for the purpose.

FEEDBACK FROM THE WORKSHOP

To collect feedback a Webropol survey was created and shared though email. Survey was 

planned not to take longer than a few minutes and was designed so, that it provided a 

possibility to add personal needs for working with bio-based materials (because the thought 

process might continue and new ideas pop up after the workshop) and to map out personal 

interests towards the book. The survey gathered experiences from the workshop and collected 

ideas on how it could be improved in future. Feedback was mainly positive, workshop was 

thought to be inspiring and well arranged. Webropol platform worked well for collecting 

the feedback: having all the answers in same location made the analysis easy. Four of the 

eight participants answered and both tables were represented in the answers equally. Tools 

used for ideation were complimented. Few development ideas were shared: a participant 

commented that the co-creation's topic could have had been more focused: e.g. on content, 

pedagogy and layout and recommended that if the areas could be developed separately, more 

time would be needed. It would be interesting to conduct the workshop again so that it would 

be longer (e.g. take place on multiple days). One of the groups made a notion from the table 

size: it would have been handy to have more space to work on during co-creation. All of the 

comments were highly valuable for developing workshops and the co-ideation tool further 

for the future. 

ONE OF THE RECIPE LAYOUTS 
INNOVATED WITH THE  

CO-CREATION TOOL  
DESIGNED FOR THE  

WORKSHOP 83
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WORKSHOP IN 
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QUOTES

"If materials are not 
available, then the 

practical implementation 
crashes into it, even if one 

wants to try"

– Aalto Junior coordinator, Co-creation workshop

 "Art! Horticulture in 
nature ('hortoilu') and 

gathering material 
myself"

– A lively reply for a feedback survey, answering on what sort of content 
would interest you personally.

"I see potential in 
fostering interdisciplinary 
collaboration, for example, 

between Engineering, 
Arts and Business." – "The 

perspective that is not 
purely in natural science 

can appeal to teachers 
with various backgrounds 

– encourage to utilize 
their own mindsets in 

exploration."

– Complementing thoughts, a piece of an conversation  
between a Chemarts professor and Aalto Junior coordinator 

in the Co-creation workshop.
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4.7 DEVELOPING THE 
RECIPE
 

After the thesis' discovery phase, the recipe development moved to 
development phase and the gathered knowledge was later used for 
recipe creation. Selected features from the discovery phase were tested. 
Questions such as; how detailed instructions are needed to produce holistic 
understanding over the material and process, and how to support intuitive 
use and to create understandable and appealing content for the future 
users were sought to be answered. Recipe creation included rounds of user 
tests and iteration resulting into a recipe layout. 

USER INVOLVEMENT  

DESIGN MEETS BIOMATERIALS 
COURSE  
Tests and iteration was conducted during 

the Chemarts spring course; Design Meets 

Biomaterials, with 65 student from both BA 

and MA levels with mixed backgrounds, 

most of which were from Aalto University 

School of Chemical Engineering and the 

School of Arts, Design and Architecture.

HAUKILAHTI, NORTH-TAPIOLA 
AND OLARI UPPER SECONDARY 
SCHOOL STUDENTS  
Usability tests took place during upper 

secondary schools' one-week intensive course 

with 16 students. The course was organized 

to take place mainly in Aalto Bioproduct 

Center's (Abio) Chemarts laboratory. The  

intensive course was supervised by the upper 

secondary school's teachers and Chemarts 

personnel.

OBSERVING INDIVIDUALS
In the final states of the development 

project, I got a change to follow one chemical 
engineering student following all the recipes 

and to make alterations together with her. 

Two more chemistry students joined after 

and went through all the recipes to validate 

recipe functionality and to make sure that 

mistakes would not go unnoticed.

CHEMARTS STAFF 
Close collaboration on developing the recipe 

layout.

INSIGHTS

Different user groups have varying needs (even among 
teachers), the recipe collection can aim to fill many 

needs with a versatile content, but one recipe doesn't 
necessarily have to meet them alone; how the content 

aims to inspire and fulfill the user needs could vary 
between the recipes.

In school environment there can be little space for 
tests and genuine innovation only, while at home a 
there is a wish for creative crafts and hobbies. If 'a 

base material' is instructed to be repeated precisely, 
additional features could support discovery, future 

innovations and personal creativity. 

Holistic understanding of the making process is 
important for decision making and material iteration. 
When developing materials further, sustainability of 

and social impact could be addressed. 

Next time when using the a co-creation tool, 1h 45 min
workshop is too short: longer workshop would 

support participants working in different speeds and 
gives time for personal thinking process.

When designing recipes, visioned 
categories:'visuality', 'values' and 'practicalities' 
could not only support the recipe creation, but be 

used in validation of the outcome too.
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COMPARE VERSION 1
Elements taken from discovery and 

co-development phase: 

AN INTRODUCTION WITH HINTS 
TO FUTURE RESEARCH IDEAS 
AND ON HOW THE MATERIAL 

COULD BE UTILIZED BY 
INDUSTRY. A SHORT STEP BY 
STEP INSTRUCTIONS  & A TIP 
PARAGRAPH TO ADD VALUE 

AND TO INSPIRE. 

AND VERSION 2
Approach widely used in scientific 

articles. Informative and in-depth 

content to foster comprehensive 

understanding over the topic. 

COMPARISON

4.8 DESIGN MEETS 
BIOMATERIALS COURSE
 

Design Meets Biomaterials (DMB) course offered an excellent opportunity 

to test and iterate first recipe versions with relative large number of Aalto 

University students. The recipe creation and user tests started from two 

base recipes created together with Chemarts professor Tapani Vuorinen to 

discover participants' experiences on both. Then continued to validation of 

the discoveries and iteration. 

TESTING FEATURES
An idea of using video came up 

several times in discovery phase:

USING VIDEO WITH QR CODE 
AND A LINK WAS TESTED AS A 

FEATURE FOR A RECIPE. 

IDEATED ITERATION
Many testers disliked using QR-

codes and URL in printed format: 

A SERIES OF PICTURES WAS 
VISIONED AS AN ALTERNATIVE.

ITERATION

1

2

3

COMPARISON 
 
The tests took place in the beginning of Design Meets Biomaterials course. The week was an 

introduction to how to work in laboratory and experience cellulose based materials. During 

the introductory week all the students were divided in groups of five to six. Recipes were 

tested within all of the groups. Groups were encouraged to divide themselves in two and with 

this division, test both of recipe versions independently. In this way all DMB student could 

participate and learn the same procedure of separating long fiber bundles from willow inner 

bark. The teachers and tutors were present and assistance was available when needed. After 

the recipes were tested, the teams were asked to unite again and encouraged to discuss their 

experiences and compare the recipe version 1 (V1) and version 2 (V2). Feedback was collected 

through conversation, observations and with a printed feedback form. The feedback validated 

that the usability on the V1 was experienced more intuitive and user-friendly. Same time with 

the recipe V1 and V2 two other pages were shared: one with a picture only showing how the 

fiber bundles look like when the recipe is ready, and another with process pictures and a 

QR-code and an URL address. The QR-code and the ULR landed onto a Vimeo page with a 

tutorial video showing how debarking is done right, a part of a recipe that can be demanding 

to gasp in without additional help – "what is inner bark of a tree compared to outer bark 

and how the pealing looks like". The QR-code was selected, because many of the current 
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phone cameras automatically read them (e.g. iPhones).  Both the QR-code and the link got 

neutral to negative feedback. The written link was commented as cumbersome to use. Later 

the Vimeo statistic backed up the observation that only few people did watch the video.  

Some students commented that a picture series could work better than a link to a video within 

printed format. Something worth mentioning is, that having teachers and tutors present 

offering help when needed might have influenced the need for video tutorials.

ITERATION

We chose to go with recipe V1 and additional pages with iterations based on the feedback 

collected. The iterations were to be tested with the next user group, Haukilahti, North-Tapiola 

and Olari Upper Secondary School students (Chapter 4.9). 

 The conversations in particular showed improvement areas and gave tips for further 

development. Something that was missing was a description of material properties. Several 

other interesting development ideas came up as well, one of which was an idea of communicating 
material properties efficiently though slider graphics. The student had tested the idea during 

a previous course group assignment, interesting conversations to be considered later.

NOTIONS 

Collecting feedback proved out more difficult than assumed. Almost all of the feedback forms 

were left blank. This was a pity because the forms were planned to be the main feedback 

channel while having 80 students and only few teachers. Because of this it remained unclear 

how much teams talked about the recipes and compared them in teams, even though the 

discussion was encouraged. Observing the groups while working, asking questions and having 

conversations with all the teams (and with almost all the students) proved out to be the most 

efficient method for collecting the feedback. I can only speculate why the forms weren't filled 

properly; it might be that students in general are not accustomed to give feedback, or filling 

the feedback felt optional when the user research was announced to take place aside the 

regular teaching (not a workshop solely for recipe development purpose), or because there 

was no assigned time for filling the forms in the end and the students were more focused on 

cleaning. Even though some feedback might have been left uncollected, the conversations 

on the recipes and the valuable comments on both versions felt to provide me with enough 

information to move onwards with the recipe development. The experience of collecting 

feedback with a printout was a valuable learning outcome on conducting usability tests for 

large group of participants; in future, more efficient ways of collecting feedback can be looked 

into or enough time, for example 15 min, should be reserve for writing the feedback.

 

HAUKILAHTI, NORTH-
TAPIOLA AND OLARI 
UPPER SECONDARY 
SCHOOL MATERIAL 
EXPERIMENTS
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VALIDATION

4.9 HAUKILAHTI, 
NORTH-TAPIOLA, OLARI 
UPPER SECONDARY 
SCHOOL STUDENTS' 
USABILITY TESTS
 

Haukilahti, North-Tapiola and Olari Upper Secondary Schools' week long 
collaboration with Aalto University and Chemarts provided an excellent 
opportunity to test multiple recipes with young adults (approx. 17-18 years 
old) as a target group. The course was an elective course, meaning that all 
the participants selected the course among variable content courses based 
on their motivation, for example, an interest towards Aalto University, 
chemistry, design or bio-based material development. 
 

Three recipes were produced and tested with variating features to collect 
feedback and validate decisions for final recipes. The recipes guided the students 

on how to prepare: long fiber bundles from willow, transparent CMC films and 

flexible nanocellulose fiber films. The young participants were a bright bunch 

of students with comprehensive language skills. Before the intensive week, we 

made a decision to test the recipes in English (same as the final recipe format 

of the cookbook), even though the course language was set to be Finnish. The 

difficulty level of the language didn't seem to pose a problem. Few words were 

wondered out loud, such as 'homogenize'.

  

Improvement ideas were encouraged to be shared during material exploration. 

The ideas were gathered during short, casual conversations with students one 

at a time. The conversation was facilitated with small variations and changing 

features from a recipe to another: one example being validation by comparing 
a recipe with a picture series into one with a video tutorial. The feedback from 

the high school students was in line with the earlier results. The reception 

for QR-codes was more positive, but the picture series felt more convenient in 

comparison. The prints included additional pages with supporting features, 

such as material introductions, in-depth knowledge over the topic and tips. I 

noticed that many of the students started straight away with the procedures 

barely glancing through the additional pages and only minority seemed to read 

trough it all carefully. 
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FEEDBACK

During the course, feedback was collected through conversations and with 

an improved feedback form, and later, with an online questionnaire shared 

with all the students by the coordinating teacher from Haukilahti Upper 

Secondary School. While the group size was smaller than in the DMB course, 

the conversations and observations seemed to be an efficient way to map out 

user experience. How take the notes could be rethought to catch everything 

while actively listening and keeping up conversation. I carried a phone for 

taking pictures, but some kind of recording could be considered in future. 

The improved, printed feedback forms with more engaging visuals (e.g. with 

check box options) were left mainly unfilled once again. The reason remains 

unclear. The most efficient method to collect additional feedback was with 

an online feedback form made by the Haukilahti coordinating teacher. This 

feedback form mapped out students experience during different parts of 

the intensive week, such as, how interesting and difficult the lectures and 

recipes were experienced to be. All of the recipes were found interesting or 

clear to conduct. The recipe long fiber bundles from willow was once marked 

uninteresting and the recipe flexible nanocellulose fiber film demanding 

by another student. Overall feedback gave an clear indication, that the 

difficulty level of the tasks given suited the target audience well. An overall 

impression, based on the well written and thorough feedback was that the 

students experienced the intensive week to be highly interesting and a positive 

experience. Many students mentioned that the week increased their interest to 

include Aalto University chemical engineering as an option for future studies.

FINDINGS

The usability tests provided valuable feedback and the comparison of different 

layouts validated user-led improvement ideas. Development ideas came up too, 

for example, the recipes could support creativity for more variable outcomes 
and making items that can be taken with. Although more freedom was asked, 

still feedback proved that clear guidelines are also wished by others.

TO TAKE INTO CONSIDERATION

How could some of the recipes 
be written so that the material 
outcomes would vary or have 

lots of space for creativity?   
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"The recipes could 
provide more room for 

variation."

"From my opinion, every 
research work requires 
clear instructions (such 
as a recipe), for example 
on paper. Mostly it was 
like that, with the last 

assignment I missed this."

QUOTES

– Anonymous feedback from secondary school students

5.0 INDIVIDUAL 
USABILITY TESTS
 

Because the earlier user tests involved presence of teachers and access to 
guidance, it was important to mimic occasions where an individual tester, 
with no or little previous experience on cellulose-based materials, repeats 
the experiments only relying on the written recipes. Working closely for 
one week with one of the testers provided an opportunity to observe her 
work. My aim was to follow how the instructions were understood and see 
what the end result was without interference. No advises were given, for 
example on methods or tools to be used. Still, help was always available 
when asked. Two other testers started a bit later when all the recipes were 
written. The testers' role was to go through the done recipes to make sure 
that no mistakes would go unnoticed and to see if additional guiding was 
needed.

NOTIONS

Considering the cookbook, the final testers were extremely valuable and highly 

appreciated. They eased up pressure of leaving mistakes in the recipes, for 

example, by pointing out material ratios that could be tweaked (Fibre bowl 

recipe), helped on finding optimal solution percentages (Non-acrylic paint 

recipe) and indicated some material defects, one from hobby clay from cellulose 

recipe that I fixed later with a large test series to discover the optimal material 

properties for the book. Simultaneously while spotting the mistakes, testers 

validated the interface: understandability of the layout, procedures and chosen 
terminology. When working closely with one of the testers, it was important to 

keep the conversation on to make it easy for the tester to share development 

ideas when they occurred. When testing the common reed panels recipe it was 

especially interesting to discover how the tester understood the described 
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tools, such as a silkscreen and a tightenable collar, and how these tools were 

used. The tests indicated, that even though the usage was slightly different 

from what I imagined, the result came up exemplary. 

FINDINGS

The results and observations indicated, that the chosen terminology was 

understandable for a university level chemical engineering student to be 

repeated alone. The procedures were followed well and they led into successful 

material samples. One of the testers took artistic freedom while conducting 

her experiments. This made me think that recipe introductions and tips 

sections were written successfully to support alterations or that the tester had 

a creative personality. Feedback was collected, for example, on how recipes 
were experienced and by rating the difficulty level of the recipes. Many of the 

recipes were pictured to be fluent and easy to repeat. 

RECIPE TESTING BY 
HELENA SEDERHOLM
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5.1 THE RECIPE
 

I compiled the recipe layout and chosen features into mock-ups, some of 
which are shown below. The mocks-up were presented for the Chemarts 
Cookbooks' publishing team. The recipes were wished to fit on one spread, 
I innovated an 'half-page'-feature into a middle, to be provide additional 
space when needed. The half-page could contain features such as: tips, 
trivia, stories of projects and makers, picture series for additional 
guidance, a material property slider or stories of other projects basing 
on a same recipe. During the meeting, the idea of an 'half-page' was found 
to be difficult to implement. For lack of space some of the features such as 
the material property slider was not developed further. After the meeting 
the recipe layout was given to the graphic designer with wished features 
such as the difficulty level indication. Even though the graphic designer 
was given free hands to develop the interface further, the recipe's structure 
stayed quite the same.
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5.3 FINAL 
DELIVERABLES
 

As a final deliverable a recipe layout was co-ideated, co-created and 
validated with the users. The recipe layout was used as basis for the 
Chemarts Cookbook recipes launched in spring 2020. With the user-
centered approach, the thesis aimed not only to create a recipe layout, but 
to collect development ideas for Chemarts to be used later if wanted. From 
the thesis process, eleven recommendations stood out and are presented 
in the next pages. Some of these are complimentary to the recipe book. 

   

Deliverables
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1. MATERIAL KITS

To insure that the recipe ingredients are available 

for all, different kinds of material packages could be 

considered. For example, a material multi-package 

could support general experimentation and first tests 

and individual material packages support more focused 

experimentation. Material kits could be tailored for 

various usage scenarios; to support teaching in schools 

(cellulose-based material workshops) or to be sold as 

'gifts'. 

2. MATERIAL LIBRARY

To support material discovery, a possibility to touch 

and experience materials without producing them could 

speed up material development and support future 

material innovations. The library could be designed 

to compliment the recipe collection book and collect 

future recipes and materials to continue the movement 

of sharing knowledge that was started with the book. 

In the library, the materials could be grouped, for 

example, according to their properties (hard, soft, 

flexible, transparent, etc.) An efficient way of marking 

the samples could be innovated, so moving a sample 

would not mean that the material information would get 

lost. The location of the library could advertise Chemarts 

activity and cellulose based materials for wider audience. 

 3. SAMPLE PALETTE & MATERIAL 
DISPLAY

Touching the samples can provide more  information 

than what words and image can convey. To demonstrate 

tactile material properties a material sample palette 

(e.g. a 'fan'-like) could be displayed in Chemarts space, 

showcasing all the 26 materials from the book. If a 

compact material display would be built (e.g. a 'stand' 

or a wall piece like), it could be taken to events and used 

to advertise the book and activity. The material sample 

palette could be a side product for the book too, if it 

would be produced in larger quantities. 

4. COURSES AND WORKSHOPS 

One way to enter into field of material exploration 

could be offered through courses or workshops open 

for all. The activities could support various interests by 

providing introductions and more advantaged content. 

Intensive courses could be targeted for adults or for 

younger audience and could even be popularized by 

mimicking leisure-time activities (such as hobbies). 

These, low threshold activities could empower people by 

giving tools to act for sustainability and bring additional 

visibility for Aalto University and its activities.

5. WORKSHOP TEMPLATES FOR 
SCHOOLS

Workshop templates could ease up teachers' work 

when organizing cellulose-based material workshops. 

The template could include basic material information 

that teachers can utilize in their teaching and provide 

tips on topics that complement schools' curricula and 

open up means to promote interdisciplinary mindset 

in teaching. Tips could also be given for practicalities, 

such as cleaning (to protect tables with plastics or how 

to conduct a workshop outside, etc.) and for ways to 

acquire free to affordable tools and materials. Through 

the workshops, knowledge on cellulose-based materials 

could easily be taught for the next generations. A 

possibility to try material exploration could support 

young when choosing their future fields of study.

11
IDEAS TO 
CONSIDER 
FROM 
THE USER 
STUDIES

6. RECIPES FOR CHILDREN

Well planned recipes could inspire children and give 

room for personal creativity. The instructions could 

aim to create holistic understanding over the process 

– not just instruct to follow steps without a thought. 

The language could be a bit easier than in the cookbook 

and the tools (and materials) picked so that they are 

available, safe and simple to use.

7. BIO-MATERIAL SOURCING GUIDE

It is possible to collect and explore materials from 

nature. Many plants and their residues can be interesting 

to research and utilize. An inspirational guide could 

shared to encourage individuals, teachers and students 

to collect natural materials for research and to deepen 

up connection to nature. Nature is seasonal, the guide 

could include a calendar with tips for seasonal sourcing. 

For example, willow could be harvested in spring and 

some plants and mushrooms used as dyes might have 

a short season in spring, summer or autumn. Children 

with parents could be encouraged to explore nature 

together: what materials can be found from nature when 

spending time outside or at summer house.

8. COMMUNITY & ONLINE PRESENCE

A community could provide possibilities for material 

enthusiasts to connect and find assistance and future 

collaboration partners. Community could mean an 

'online-community', but 'real-life' possibilities could 

be looked into too: such as future collaborations with 

other schools, supporting students' interdisciplinary 

connections and alumni activities. Online community 

could provide ways to collect and share knowledge 

through recipes in future. Interactive platform could be 

used to follow how the recipes evolve. Social media offers 

free possibilities for knowledge sharing (platforms such 

as Instagram). Online presence can bring additional 

visibility for the materials, makers, Chemarts activity 

and for Aalto University. 

9. USE OF VIDEOS

Even though a video format didn't end up being in the 

book, there are still numerous possibilities to use it 

in a world were importance of online presence seems 

to grow. It could be a way to share future recipes and 

share knowledge about cellulose based materials. Video 

could be an efficient way to share material properties 

when there is no possibility to touch the samples. Video 

could be used in workshops to help teachers in sharing 

procedures. User-generated videos could build sense of 

a community, motivate other makers and bring visibility 

for the makers.

10. EDUCATIONAL PACKAGE FOR 
DESIGN TEACHING

To support environmental thinking an info package could 

be tailored to educate about Finnish forestry (especially 

for designers who will work closely with wide range of 

materials). This package could assist decision making 

for future designs from ecological point of view. The 

package could compare, for example, the efficiency of 

various source, material impact on carbon emissions 

(how efficient the growth is as a carbon sink and what is 

the harvests' effect), and cultivations' impact on nature 

(chemical burden on ecosystems, water usage, impact 

on biodiversity). The students are aware and want to be 

responsible. Similar info package could support decision 

making on subject areas that are rarely seen compared 

and not easy to comprehend.

11. OPEN UP THE WORD 
CELLULOSE

An simple introduction on cellulose could be 

implemented in various contexts where cellulose is visible 

for wider audience. Questions such as, 'what cellulose 

is exactly', 'what materials can be produced from it', 

and 'what are the sources for it', can be unclear even for 

people showing interest towards the materials. 
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5.2 DISCOVERIES
 

During the thesis' design process selected stakeholder group representers 
were invited to join the co-design process. From these stakeholder groups, 
Chemarts students had the biggest role, taking part to interviews, co-
creation workshop and usability tests. Other stakeholder groups were 
the Chemarts staff, Aalto Junior coordinators, primary school students 
and staff, upper secondary school students from few schools in Espoo and 
other university level students from Aalto University (non-Chemarts). My 
learning objectives for the design process were to practice human-centered 
design tools, deliver a recipe proposal and to keep my eyes and ears open 
for additional user knowledge that could bring additional value for the 
Chemarts activity.

FINDINGS

SUPPORTING GENERAL KNOWLEDGE:
WHAT ARE CELLULOSE-BASED MATERIALS AND THEIR 
ENVIRONMENTAL IMPACT

For people who have worked closely on cellulose based materials it can be easy to forget, 

that even to understand what 'cellulose' as a term means is not necessarily obvious - even 

though many cellulose based materials have a long history along design. One example being 

paper, still it might not be obvious for all that paper is made from pulp which can be called 

cellulose. The family of cellulose based materials is huge containing many materials, some 

of which are more familiar than the others; such as viscose and Ioncell (as examples of man-

made cellulose fibers) in comparison to nanocellulose, and microfibrillated cellulose. During 

the thesis I wondered that media's interest towards new cellulose based materials provides a 

great possibility to increase public knowledge on the term cellulose. The information could be 

tailored so, that with a sentence or two a greater public would learn the term, what materials 

land under it and what are the possible sources for it. One great example is how the publicity 

around Ioncell is conducted, how they share understanding on cellulose for a large audience 

in Finland.

 Another aspect I paid attention to was environmental thinking and spreading 

knowledge on environmental impacts of utilizing cellulose. Today, what pleases me greatly, 

is growing awareness of people and designers' sense of responsibility towards decisions 

they make. I came across with this same phenomenon many times with the user-centered 

approach. To highlight few occasions: in the co-ideation workshop, the usage of old forests 

was questioned to preserve efficient carbon sinks, while during the DMB course usability 

tests bio-based materials grown in a field (e.g. sugar root) was seen more ecological than 

wood based materials. This could be concluded, that designers in particular could benefit 

from unbiased information on environmental impacts of forestry, alternative sources of 

extracting cellulose and sustainability comparison between wood-based materials and other 

possible bio-based material sources. This comparison could not only support designers but 

also lead into better consumer choices within wider population.

RECIPE LAYOUT AND ADDED VALUE PROPOSALS

When it comes to recipe building, user centered approach provided me with understanding 

over the field and its needs. Many of the findings could be used for recipe creation and some 

produced suggestions that could bring additional value around the recipe book and for 

Chemarts activity. Co-creation was practiced for creating the recipes. Based on the insights 

from the co-creation workshop (and other service design tools used), an early layout was 

created and compared with another, more informative approach familiar to science. The user 

test studies indicated that the layout basing on user centered approach, was received better 

and experienced more intuitive to use. Interesting notion was that the final recipe resembles 

traditional cookbooks. Could it be that users unintentionally model familiar interfaces when 

ideating new ones, or is it because this kind of interfaces could be imagined to work well 

for a similar purpose. Or it could it be me as a designer influencing the layout because I 

benchmarked many traditional cookbooks while comparing what kind of instructions feel 

intuitive to use. Unique features came up with the user-centered approach too, such as 

guidance on work safety and indicators for recipe's difficulty level. 

 Many of the discoveries were not directly for the book, but could be considered to 

support bio-based material exploration and Chemarts activity. These features include for 

example, a workshop guide and an info package tailored for teachers, a material kit that could 

be ordered with the book, a material sample set or a material library to support individual 

perception by providing a possibility to see and touch the samples, instructions tailored for 

children working under adult supervision (e.g. a teacher or a parent), a guide on how to 

collect and source bio-based materials of your own (such as a yearly calendar on what could 

be collected from nature and when), and a community for connections, communicating and 

sharing recipes.
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Conclusions

6.1 CONCLUSIONS

In a world where many of the planetary boundaries and a safe operating 
space for humanity are stepped over (Syke. 2018) the growing awareness 
and responsible behavior among individuals, policy makers and businesses 
are essential. When climate crisis requires urgent actions, the changing role 
of designers brings in new possibilities that manifest in a maker perspective 
and science collaboration for example. By combining knowledge, skills and 
creativity, interdisciplinary teams can tackle today's complex challenges to 
find solutions for humans to coexist with nature. 

When focusing on circular economy and sustainability of materials, it is 
obvious to look into cellulose, the most abundant renewable compound 
existing in all living plants on Earth. In Finland cellulose is mainly obtained 
from forests and its recycling has long traditions in paper and packaging 
boards. Even though Finland is Europe's most forested country, there are 
concerns about utilization of wood based materials. We need to pay attention 
on preserving forest biodiversity, in particular if the demand for wood 
increases in energy production while moving towards carbon neutrality. 
Cellulose should be used primarily in high-value applications such as wood 
products and textile fibers, in which long life time and recycling contribute 
to carbon sinks.

The context area of the thesis consisted of three themes, biomateriality, 
interdisciplinarity and cellulose from forests, within which I was able to 
deepen my knowledge and understanding from earlier. It was enlightening 
to look into the history in particular. For example, without governmental 
interference to deforestation in the 19th century the state of Finnish 
forests could be very different from today. Benchmarking through Dutch 
Design Week and interviewing designers and scientists turned out to be 
an effective and enjoyable way for me to discover what happens in the field 
and to learn from ongoing discussions from the various points of view.
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In the design process service design was used to develop a recipe 
layout for The CHEMARTS Cookbook. Selected stakeholder group 
representers participated in the ideation and co-creation of the recipes. 
Different recipe layouts were then tested and iterated with students from 
upper elementary school and university levels. The chosen service design 
tools proved valuable in guiding the process and validating the steps. I might 
have opened up some discoveries in too many details, but I felt important to 
record and share them within the constantly developing Chemarts activity. 
In addition to the recipe format, the human-centred approach produced 
eleven complimentary recommendations for Chemarts to utilize in the 
future.

The CHEMARTS Cookbook published in 2020 has communicated bio-
based material knowledge efficiently for wider audience globally. The 
book's reception has been exceptional. It has been sold by the Aalto ARTS 
Books and shared as a free PDF in their online store – the PDF being most 
downloaded one of the store. 

Designers have a great responsibility not to use or create materials in a way 
that is harmful for nature and, when possible, invent solutions that remedy 
human impact on environment. I hope that the book and its recipes support 
and inspire individuals and collaborations to explore new materials that 
can make a difference. I close my thesis with the words of Tapani Vuorinen 
from the design processes' discovery phase:

"The wider population holds notable 
innovation potential beneficial 

to all." 
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