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1.3		 abstract
		

						         1.4		    	   keywords 
	

textile design

knitting

filling 

form 

interaction 

transformation

support 

Balls Form Knit explores the relationship between 

spherical objects as a filling material and knit to 

design transformable objects that offer an alternative 

perspective on what anatomical support can be, based 

on bold interaction. The expressive possibilities of weft 

knitting have been investigated from the perspective of 

generating form using the tension created by the filling. 

The elevation of the textile and fillings role from passive 

to active within the context of seating objects has 

been the starting point for this work. Both filling and 

knit have been worked with simultaneously to let them 

contribute to the expression of the design and let the 

meeting between their properties influence the form 

and the way an audience interacts with the objects.

As a final result, the collection consisting of six textile 

objects presents ways in which different knit techniques 

and filling can be combined to create transformable 

objects that offer different interactions and supports for 

the body. Balls Form Knit engages the user to interact 

and be playful while finding support in a way that is 

intuitive and accessible.
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1.5		 design result
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The fundamental purpose of architecture and 
furniture can be reduced to the same core 
principles. To support and render the accessible 
third and vertical dimension of space (Yudina, 
2015). When the vertical dimension of the space, 
the room, is filled, we often tend to find static 
furniture assigned with a particular function for 
that specific space. Furniture is moveable articles 
such as chairs and sofas designed to facilitate 
support for the body. Looking specifically into 
chairs, they are often designed for one specific 
sitting position (Opsvik, 2009). Opsvik (2009, 
p.35) states that the human body is not intended 
to stay in one position for great lengths of time, 
and certainly not when seated. The best body 
position is always the next one. 

In Opsvik’s design practice, he rethinks the role of 
the furniture to enable different sitting possibilities 
for the user. The kneeling chair Variable (1979), 
is designed with two cushions beneath that can 
be used to support your knees, shins or foot, 
depending on the placement of the body (fig. 1). 
The chair is designed as a multifunctional piece 
with an open construction that can be used from 
all sides (Varier, n.d). 

Multifunctionality can be defined and expressed 
as a design that can serve multiple functions for 
either one or several uses. The multifunctionality 
can take place through a transformation of 
function, transformation of function to context or 
transformation to body-type (Ræbild, Hasling, 
Kofoed, 2019). 

The sculptural foam landscape Living Tower 
(1969) by Panton utilizes the vertical space in a 

2.1.1	 field of research 
		  multifunctional furniture

Figure 1.	 Peter Opsvik, Kneeling chair, 1979.  

multifunctional way, making it possible to interact 
and occupy the room in a new way compared to 
the traditional one through a colourful modular 
squared frame consisting of hollows and formed 
seats in four levels (fig. 3). The Living Tower 
accommodates several possibilities for the 
individual sitter to find satisfying and varying 
sitting positions. There is space for several people 
to use and intermate social intercourse within the 
four levels (Horsfeld, 1998). 

Another way to conceive multifunctionality within 
furniture design is to let the transformation depend 
on the user to change its form extrinsically into a 
new function. Array by Gilde (2018) is a series of 
toy-inspired soft shapes that can be connected to 
each other in multiple ways to create a diverse 
arrange of seatings (fig. 2). The function of the 
shapes is not predefined, which leaves it open for 
the user to interpret and re-interpret the way we 
use the living room. 

Within this work, multifunctionality and interaction 
with the user are essential for how to experience 
the design. The textile objects developed as a 
part of this thesis challenge the perception of 
how furniture can be used and interacted within 
a space. The objects are able to transform to 
facilitate alternative seating positions that suggest 
a different perspective on what support can 
be for the body based on bold interaction. Bold 
interaction within this research means to leave 
behind the predefined ideas of how furniture is 
used and to experience it from a new perspective 
through unusual body positions.

Figure 2.	 Studioguilty, Array, 2018. 

Figure 3.	 Verner Panton, Living Tower, 1969. 
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Within this thesis, the expressive possibilities of 
weft knitting are explored from the perspective 
of generating form. Weft knitting is a method of 
forming a knitted material where loops of yarn 
are interlocking in a horizontal direction (fig. 4). 
Weft knitting can be divided into circular knitting 
and flat knitting, according to the type of fabric, 
selection of needle and choice of needle bed 

(Wonseok & Powel, 2005). Weft knitting has 
mainly been used within awpparel. The properties 
of knitting have shown potential within non-
apparel areas which has increased the use of 
three-dimensional seamless knitting technique for 
upholstery, industrial and automotive (Spencer, 
2010). With the seamless knitting technique, one 
entire garment or shape can be produced with no 
cutting and sewing which minimize the material 
waste. For example, on the Shima Seiki knitting 
machine it is possible to incorporate and knit 
multiple tubes, sleeves and body, simultaneously 
to create a seamless knitted garment whereas 
an upholstery for a car seat can be produced as 
one single tube shaped by using different knit 

techniques (Wonseok & Powel, 2005). 

Combining the seamless knitting technique and 

different thread qualities makes it achievable 

to apply three-dimensional knitted forms 

multifunctional applications, which is seen in the 

work Soft Vessel (fig. 5) by SNETAK (2020). The 

vessels contain applications such as reversibility, 

self-reliance, portability and customisability.   

Studio Skrabanja created a collection of 3D 
knitted furniture upholstery (2019) made of one 

2.1.2	 field of research 
		  knit 

Figure 4.	 Loops interlocking in a 
horizontal direction. 

Figure 5.	 SNETAK, Soft Vessel, 2020. 

single material to showcase the qualities of an 
alteration of knit bindings that can support and 
hold the shape of a sofa (fig. 6). The knitted 
upholstery serves more than function; it covers 
the layers and holds together the materials within 
the construction.

The properties of circular knit is explored in 
Dolleman’s chair Local Optimum (2018) (fig. 7). 
The circular knitted tube is the main element of 
the construction and the tension of the knit makes 
it useable for user to sit on it. 

What is intriguing about knitting is that the form 
is not there initially; you start with the yarn. The 
concrete form is not there until the expression 
is there. It is within one process that everything 
is produced and shaped. This thesis focuses on 
how to shape tubes by using different knitting 
techniques in combination with filling materials. 
Different sizes and shapes of tubes are explored 
through circular and flat knitting. The material 
knitted on the circular knitting machine is shaped 
through jacquard patterns. The patterns are 
based on stripes where the front and back layers 
of the textile are knitted on separate needle beds 
creating tubes that can be filled. In between 
the tubes, the two layers are knitted together. 
Whereas with flat knitting, the tubes are knitted 
using knit techniques such as increase, decrease 
and partial knit combined with the material’s 
properties to shape. Within both techniques, 
mechanisms to manipulate form are knitted into 
the textile, such as openings for hooks, tubes for 
drawstrings and ropes. 

Figure 6.	 Studio Skrabanja, 3D knitted furniture, 2019. 

Figure 7.	 Studio Nando, Local Optimum, 2018.
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Upholstery for furniture is often used to cover a 
rigid frame to create comfort. Many layers are 
built up to make the proper support and comfort 
for the body. Lastly, the textile is added to hold 
together the construction while adding softness. 
Textiles used for seating furniture are often used 
in a static way limiting it to decoration or comfort 
as a cover, not influencing the form of the design. 

If the textile were present in the design process 
initially, it would change the seating design—a 
design where the textile and non-textile 
component would have an equal proportion, and 
each material’s properties would be utilized in the 
shape and functions (Agersund, 2008). 

By having the textile and the filling leading the 
shaping of the furniture it elevate its role and 
purpose within the design. In Latta chair (fig. 8) 
by Anna von Schewen (1997) the construction of 
the textile is based on a corset. When the filling, 
wood, is inserted into the textile it forms a flexible 
and supporting seat. The seat is sold by metre as 
a textile, which makes it up to the user to decide if 
it should be a chair of a sofa. The filling within the 
form is what gives it the characterictisc shape. 

Another way of using filling is seen in the couch 
(fig. 10) by Chamberlain (1970-71). Foam serves 
as the main base of the piece and presents a 
spacious comfort zone for several bodies to find 
individual support. The textile is loosely draped 
around the static foam serving as a soft cover. 
It is the big block of foam with carved areas that 
guides the way the furniture is being used.

2.1.3	 field of research 
		  form and filling

Figure 8.	  Anne von Schewen, Latta Chair, 1997. 

Figure 9.	 Erwin Wurm, UNTITLED (TENNIS BALLS),1998.

The purpose of filling within seating objects is to 
create form, volume and comfort the body. But 
can filling be something else? 

In the one-minute sculpture UNTITLED (TENNIS 
BALLS) (1998) (fig. 9) by Erwin Wurm, tennis 
balls are placed underneath the body creating a 
distance between the floor and body, giving some 
kind of support for the body. The balls are not 
connected, which means that they only support 
specific points on the body. The tennis balls can 
be moved when the viewer is not performing the 
sculpture, taking up as little space as possible 
when not being used.
 
Within this thesis, the elevation of the textile and 
fillings role from passive to active is essential. Both 
filling and knit are worked with simultaneously to 
let them contribute to the function and expression 
of the design. Balls in different sizes are explored 
in relation to knitting as a filling material. It was 
explored how the transformation of a shape can 
be influenced by having the filling statically fixed 
or dynamically moving. When combined, the 
knit and fillings properties and their behaviour 
influence the transformation of form and guide 
how we interact with the objects.

Figure 10.	 John Chamberlein, Couch, 1970–1971. 
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In our daily routine, we encounter many objects 
to support the body in different situations. Often 
the objects serve one function. If looking further 
into furniture design, a single sitting posture has 
been standardized and become a dominant part 
of our everyday lives, the chair. The human body 
commands an incredible repertoire of sitting 
postures, but it still spends most of its time sedated 
in the same position. Opsvik emphasizes the 
humans need to move: "The body is constantly 
signalling that we should change position. Even 
while sleeping, we are constantly shifting to 
another position. Children are a case in point - 
they obey their body signals - and it is entirely 
unnatural for them to 'sit still' "(p.37). The body 
is dynamic and transformable, and so should the 
objects that we use for supporting our body be 
too. The body’s need to move can be implied in 
design trough the use of materials and the form 
language.  

Filling and interaction 
Chairless (2010) is a simple tool for sitting for 
situations where a chair is not available (fig. 11). 
In this case, the body serves as the frame and 
the filling for the textile form to be functional. The 
textile strap stabilises the body and releases the 
body’s tension, bringing comfort into a usually 
uncomfortable seating position. Although it is 
made for one specific sitting position, it becomes 
transformable depending on the person using it 
and the situation it is used within. When not in 
use, it takes up minimal space, as it is the body 
itself that fills up to create support.

The series Humanoídes (2001) consists of a 
collection of figures made with polyamide and 

2.2  	 state of the art 	
		  knit, filling and interaction 

Figure 11.	      Alejandro Aravena for Vitra, Chairless, 2010.

Figure 12.	 Ernesto Neto, Humanoídes, 2001.

Figure 13.	  Zanotta, Sacco, 1986.

styrofoam. These materials together create a 
perfect accommodation for the body’s anatomy 
to find support and comfort while allowing the 
user to observe and touch the shape, surface 
and texture within the filling (fig. 12). The figures 
absorb the body creating a new spatial experience 
while finding support. Another aspect (fig. 13) 
of an anatomical easy-chair is the iconic Italian 
designed bean bag, Sacco (1986), consisting of 
the same filling material. This design can easily 
adapt to any body in any position; it is a functional 
piece that serves more than one support within 
the form. The movement from the human 
interaction challenges the material and creates a 
fluid transformation of the shape. 

Cloud Garden (2014) allows spectators to play 
in and around the voluminous shapes of inflated 
spheres covered in a translucent mesh material 
(fig. 14). The mesh is dominated by the shape of 
the spheres, which forms the overall aesthetic of 
the installation. When interacting with the large 
soft bodies, a variety of playful figures occurs. 
The temporary pop-up and reusable piece can 
be deflated easily; the state of being flat makes it 
possible to be moved and rebuilt in a new setting 
in a matter of minutes.

Knit and interaction 
The elastic properties of knit have been used in 
Revealed Relationships (2019) to create form and 
volume (fig. 15, 16). The flexibility of the rib material 
is used in the torus shape; the voluminous filling is 
made through the rolling technique itself. Letting 
the properties of the knitted material determine 
the shape of the sitting object differs from how we 
usually see textiles used in a furniture context. 
The torus shape communicates the function and 
invites the user to be playful and creative when 
interacting. The seven torus modules can be 
stacked to gain height or used separately to find 

Figure 14.	 DOTS, Cloud Garden, 2014.

Figure 15.	 Maria Antonia Wolff Metternich, Revealed Relationships, 2019.

Figure 16.	 Maria Antonia Wolff Metternich, Revealed Relationships, 2019.
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Figure 17.	 Ana María Gómez, Oruga, 2018. 

Figure 18.	 Ana María Gómez, Oruga, 2018. 

Figure 19.	 Ana María Gómez, Oruga, 2018. 

comfort, making it possible to use them in different 
ways in a spatial context.
In Oruga (2018) the properties of different knit 
bindings are used to create a unconventional 
take on quilt, a padded covering (fig. 17, 18, 19). 
The textile is constructed as tubes connected and 
filled afterwards, which form a rhythm of coloured 
lines. The piece is shaped as a square and adapts 
actively to the body when finding comfort. When 
interacting with the form it can be reshaped into 
different positions to support the body, such as 
lying down or covering, sitting on and leaning.  

This research derives from an interest in exploring 
ways to elevate the textile’s role within an interior 
object from solely being the material covering 
a rigid, static frame, moving away from the 
recognisable and playing with the abstract idea of 
what supportive objects can be. The properties of 
knit, such as elasticity and its shaping qualities, are 
explored in combination with well known and less 
common filling materials to develop transformable 
shapes with alternative aesthetics and functions. 

The filling can be an extra material that is added, 
but in the design by Metternich (fig. 15,16), the 
filling occurred from the technique she used to 
shape form. By rolling the knitted tubes within 
themselves, the shape evolved naturally from the 
knit’s behaviour to roll. The influence of the filling 
challenges and enhances the properties of the 
knit. In Cloud Garden (fig. 14), the filling powers 
the comprehensive aesthetic of the object; without 
the knitted mesh material, the soft bodies would 
not be functional. The properties of the spheres 
affect the way one interacts with the installation.

The  properties of weft knitting, both flat- and 
circular knit, are  investigated with the aim to 
create form. Form that  either  evolves  and  
shapes  from  a  circular  knitted  tube  as  seen  
in  Revealed  Relationship  (fig. 15,16) or tubes 
that are programmed and shaped directly in 
the machine by using different knit bindings as 
in Oruga (fig. 17, 18, 19).  The filling can be an 
extra material that is added, but in the Revealed 
Relationships by Metternich (fig. 15, 16),  the  
filling  occurred  from  the  technique she  used  to  
shape  form.  By  rolling  the  knitted  tubes within 
themselves, the shape evolved  naturally  from  
the  knit’s  behaviour  to  roll.  The  influence of 

2.2.1	 motivation	 the filling challenges and enhances  the properties 
of the knit. In Cloud Garden  (fig.  14),  the  filling  
powers  the  comprehensive aesthetic of the 
object; without the knitted mesh material, the soft 
bodies would not be functional. The properties of 
the spheres combined with the knit  influences  the  
way  one  interacts  with  the installation.

In this research, human interaction is needed 
in the development process to help the shapes 
emerge and transform. In the designs by Neto (fig. 
12) and Zanotta (fig. 13), human interaction is an 
essential element to activate the potential of the 
textile bodies. The weight and placement of the 
body shape the seat and comfort. In contrast, the 
movement and playfulness from the observer are 
used in the design Oruga by Gomez (fig. 17, 18, 
19) to actively transform the shape and construct 
of a variety of comfortable and supportive positions 
within one textile shape. Whereas with the design 
Chairless (fig. 11), the presence of the body is 
needed for the form and support to emerge. 

The  main  interest  of  the  research  is  to  design  
textile  objects  that  are  transformable  in  space  
compared  to  static  furniture.  The  properties  of  
the knitted textiles and different fillings influence 
each other and shape the bodies of the objects. 
Each object designed signals a specific way for 
the  user  to  interact  and  transform  the  shape  of  
the  designs  using  different  mechanisms  and  
guidelines incorporated in the textiles, such as  
using  colours,  hooks  and  drawstrings.  The  
transformation of the objects takes place during 
the interaction, and it is up to the user to interpret 
and  discover  new  supports  by  exploring  the 
properties  of  the  objects  and  leaving  behind  
the predefined ideas of how furniture is usually 
used by being bold and having fun while finding 
support.
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In this section, relevant findings throughout   
previous design projects are discussed to 
explain what led to the direction of this research. 

The projects conducted as a part of this design 
programme are presented in chronological order. 

2.3  		  design programme
		

To begin with, the notion of form was explored in 
knitting on a domestic flat knitting machine. The 
aim was to explore how to knit and shape three-
dimensional shapes based on tubular knitting 
to search for new expressions and bodies. The 
potential of the knitting techniques to increase, 
decrease, and partial knit was pushed and 
explored to shape tubes into new shapes. The 
new shapes all had origin in the tube, but the 
shape language of the tube, a long, hollow 
cylinder, was less dominant in the form.

The samples shown in the two pictures (fig. 20, 
21) display the various ways the techniques have 
been combined to shape a tubular form and how 
the different materials influence the properties of 
the form. Comfil, a heat-reactive shrinking yarn 
knitted into the samples with cotton made the 
shapes shrink after steaming, which gave the 
forms better shaping qualities and the possibility 
for being self-supportive because of the stiffness 
from the comfil (fig. 21). Before washing, the 
samples in wool (fig. 20) were flat. They showed 
no three-dimensional qualities, but after washing, 
the material felted, and the pieces became more 
stable and firm, which gave them better three-
dimensional properties.
The methods of increase and decrease showed 
great potential for shaping the outer shape of 
the tube from wide to narrow, making it possible 
to shape an elongated tube into circular and 
triangular shapes. With partial knit, it made it 
possible to change the direction of the tubes and 
create more volume within the forms. 

The knowledge gained from this exploration 
has formed the basis for further research. How 

different knitting techniques affect how a tube 
can be shaped and how the material influences 
the subsequent properties of the shape when 
out of the knitting machine. 

						      2.3.1	       design programme
                              shaping knit

Figure 20.	 Shapes knitted in wool and felted to create stability within the 
shapes. 

Figure 21.	 A selection of shapes knitted in cotton and comfil. When 
steamed the comfil shrinks and makes the samples stable, which makes 
them self-supportive. 
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To challenge the mindset to work in an opposite 
way than usual new mediums and methods were 
explored with a focus in the design programme. 

As a starting point, the knitted samples (fig. 
20, 21) were used as a base for investigating 
activation and interaction by exploring the 
transformation of the form in relation to the body 
and space (fig. 22) and when being filled or the 
filling leaving the form (fig. 23).  

When the samples  were placed in relation to 
humans in a video, they showed new potential 
for how the different position placements in 
the shapes could be used as spatial objects 
to support the body in different positions (fig. 
22).  Whereas when the knitted samples were 
filled with small spheres (fig. 23), the shape of 
the form changed according to the location of 
the filling inside when interacting. As the filling 
slowly began to leave the form, it became less 
malleable. These two experiments showed that 
form could be influenced both from the inside 
and the outside while interacting. The inner 
influence comes from the filling, and the outer 
is based on how the persons move and interact 
with the form, but  in combination, they also 
influence each other. 

Another experiment in this series was based 
on finding existing material second-hand 
and manipulating it to fit within the area of 
transformable objects that can support the 
body. A lampshade was bent and reshaped into 
a new shape. Pictures of the form placed in 
different positions were taken and subsequently 

2.3.2	 design programme
		  search for methods 
		

Figure 22.	 Screenshot from video showing interaction.

Figure 23.	 Screenshot from video showing activation of the knit. The knit is activated the filling is 
moving. 

sketched on to explore how a transformable and 
attachable textile could change the new form 
into different seating positions (fig. 24).  Bringing 
second-hand materials from a different context 
into the design process opened up new ways of 
thinking and finding form.  

Figure 24.	 Lampshade shaped into a multifunctional object. 
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The previously discovered methods of working 
and analysing were used as starting point for 
the following project (p. 36-37). Second-hand 
metal frames, camping stools and drying racks 
were collected and analysed in relation to the 
body and space. The choice of using metal 
frames within this project was based on previous 
discoveries (fig. 24). The common feature of 
these frames was that they were all foldable; 
they could go from flat to form. The metal frames 
were explored in relation to knitted tubes in 
different scales and filling materials to discover 
the interaction and relationship between the 
elements to create transformable knitted shapes 
that would change during interaction with the 
objects. The filling and its properties, combined 
with the shape of the knitted forms, influenced 
the way they transformed. 

The final result culminated in a collection of 
five pieces (fig. 25), each with the possibility 
to transform into several forms with support for 
different body positions. The textiles within the 
collection were all based on tubular knitting, 
where techniques such as partial knit, increase 
and decrease were used to shape. The coloured 
stripes within each piece had either a functional 
purpose or a visual purpose for perceiving the 
objects. The frames within each piece played a 
crucial role in how the interaction with the user 
proceeded. During the interaction, the knit and 
filling inside would shape itself according to 
the body or movement of the frame and form 
alternative supportive positions for the user (fig. 
26-40). 

2.3.3 	 design programme
		  design project 1

Figure 25.	 The collection of transformable objects developed within the design project. 

Figure 26.	 support position 1 in piece 1. 

Figure 27.	 support position 2 in piece 1. 

Figure 28.	 support position 3 in piece 1. 

Figure 29.	 support position 1 in piece 2. 

Figure 30.	 support position 2 in piece  2. 

Figure 31.	 support position 3 in piece 2. 

Figure 32.	 support position 1 in piece 3. 

Figure 33.	 support position 2 in piece 3. 

Figure 34.	 support position 3 in piece 3. 

Figure 35.	 support position 1 in piece 4. 

Figure 36.	 support position 2 in piece 4. 

Figure 37.	 support position 3 in piece 4. 

Figure 38.	 support position 1 in piece 5. 

Figure 39.	 support position 2 in piece 5. 

Figure 40.	 support position 3 in piece 5. 
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2.3.4	 design programme
		  design project 2

As a continuation, a decision was made to 
look into the textile shapes developed in the 
advancement project. The foldable frames 
controlled the interaction more than wanted and 
dominated in the constellation with the knitted 
form and filling, which is why a decision was 
made to focus on the filling and its relationship 
when combined with knit. The knitted forms 
were removed from the frames and analysed 
in relation to the body in a spatial context to 
search for their properties and qualities. With 
origin in the previous shapes, new relationships 
between filling and knit were discovered and 
developed into new shapes focusing on their 
spatial qualities. Removing the frames opened 
up the opportunity to work with the room in a 
new way and discover ways to interact and 
connect the objects (fig. 41). The shape of the 
pieces informed a certain interaction based on 
the filling  inside (fig. 42, 43, 44). The objects 
were designed to be transformable in space, and 
the transformations were explored in the form, 
function, surface and colour when the piece was 
interacted with.

The design programme aimed to explore the 
relationship between filling materials and knit to 
design transformable objects for supporting the 
body. The expressive possibilities of weft knitting 
are explored from the perspective of generating 
form. 

Within the design process, the properties of 
the different materials have been explored 
simultaneously to contribute to the shaping of 
the expression and interaction of the objects.

Figure 41.	 The three pieces seen in a spatial context.

Figure 42.	 Piece 1 during interaction with user. The piece 
is hanging from the ceiling connected with carabin hooks. 

The transformation of the objects is designed to 
take place in the form, surface and colour while 
interacting.  

The intention was to design textile objects that 
offer a new perspective on the knit and fillings 
role within seating objects. The materials within 
the textile objects were designed to play an 
active role in guiding the interaction in space 
and relation to the body.

 

Figure 43.	 Piece 2 during interaction with user. The 
tension created within the knit makes the form self-
supprtive. 

Figure 44.	 Piece 3 during interaction with user. When 
hanging from the ceiling the tension within the knit can be 
changed to create support for the body.



4342

2.4		 aim 
		

The aim is to explore the relationship 

between spherical objects as a filling 

material and knit to design transformable 

objects that offer an alternative perspective 

on what anatomical support can be, based 

on bold interaction.
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Throughout the process, the method has been 
based on practice-based research positioned 
in the approach ’learning by doing’ where the 
research includes designed artefacts as a base 
of the contribution to the knowledge. During the 
investigations, one gains knowlegde through 
the practice and the outcome of the practice. 
In this case, the knowlegde and claims are 
demonstrated through the artefacts. To gain 
a broader understanding of the conducted 
investigation, the claims and context are written 
down in words directly referencing to the physical 
outcome (Candy, 2006).  
The design strategy behind the research has 
been based on the adaptive strategy. Described 
by Jones, ”... the first design action is decided at 
the start. The choice of each action thereafter is 
influenced by the outcome of the previous action. 
This is, in principle, the most intelligent strategy 
in that the search pattern is always being guided 
by the best available information” (Jones, 1992, 
pp. 76), see figure 45. 

To begin with, analysis of previous designs and 
materials leads the research. Based on the 
analysis, the properties found were brought 
forward and explored in a new context with 
new or previous used materials to explore their 
potential from a new perspective. 

3.1.1 sourcing filling material 
The choice of filling materials can be defined 
by chance as it was selected after the amount 
available in the second-hand shops, both physical 
and online. It became clear early in the process 
that some materials were more available than 
others. The search was focused on materials 

that in qualities differed from the previously used 
metal frames, why a decision was made to focus 
on filling in the shape of spheres. The spheres had 
a defined, explicit and recognisable shape that 
each performed differently depending on size, 
the amount and material. A variety of spherical 
objects were selected, and their properties were 
investigated in relation to knit to explore their 
potential. Spherical objects of different sizes and 
materials were selected to create variety within 
the collection. From the smallest sphere, styrolit 
pearls are very lightweight and easily adaptable 
in large quantities. Golf balls are hard and heavy, 
plastic balls are light, stiff and colourful, footballs 
are weighty and firm, and pilates balls are large 
in scale, bouncy and flexible.

3.1.2 material sketching 
All experiments within the research began 
with sketches, small scale models and tests 
performed with the hope of finding something 
worth developing further. The focus of the 
experiments was to find shapes that showed great 
transformation, where both filling and knit played 
an active part in the change. Filling materials 
used in previous projects are brought forward in 
the process along with new materials to explore 
and develop new relations, shapes and supports 
in combination with knit. The experiments were 
always developed by sketching directly with 
knitted material to visualize and explore its 
properties since the properties of knit can not 
be visualized by sketching on paper. Instead, it 
is possible to gain a firsthand insight into how 
the material behaves, which would not have 
been discovered on a piece of paper. Small 
scale models that showed great shaping and 
transformation possibilities were selected and 

3.1. 	 methodology 
		  method of exploration and development

tested on a large scale to explore it in relation to 
the body and space. 

3.1.3 prototyping
To gain an idea and understanding of tangible 
properties like scale, proportion, weight, material 
and colour, prototypes have been the primary 
sketching method used during the research. 
Prototypes are also used to understand better 
how people experience and interact with the 
artefacts. At the same time, the prototype gives 
a firsthand insight into the form and its behaviour 
(Koskinen, 2012). In the stage between small and 
large-scale prototyping, unforeseen changes 
can happen in material, proportion or colour, 
an insight that could not have been achieved 
without making the prototypes.

3.1.4 exploring form through interaction
Human interaction is needed in the development 
process to help the shapes emerge and 
transform. The prototypes in full scale were 
explored with interaction from a human to 
explore its changeability in relation to the body 
and space. 

3.1.5 evaluation 
A set of parameters based on the aim formed the 
foundation for the analysis and evaluation of the 
experiments. The parameters were divided into 
two categories, interaction and transformation. 
For the experiments to be considered successful 
and developed further, various transformations 
should occur in form and colour, whilst a 
significant variation of supports should be 
available during the interaction. The evaluation 
was made from video material and pictures 
taken during the interaction, and sketches were 
made to visualize and reflect upon.  

intial plan

revised plan

revised plan

planning experiments performing experiment

planning new 
experiments based on 
the evaluation of the 
outcome

outcome

performing experiment

outcome

performing experiment
planning new 
experiments based on 
the evaluation of the 
outcome

refinementproduction 

final result

define field and context

scenario 1

outcome

scenario 2

outcome

revised plan

performing 
experiment

revised plan

performing 
experiment

revised plan

performing 
experiment

outcome

outcome

outcome

Figure 45.	 map of design process according to Jones’ Adaptive strategy, 1992. 
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3.2		 methodology 
		  form & knit

Different weft knitting machines and techniques 
have been explored to develop form within 
the research. All shapes developed within 
this research are based on tubes altered and 
explored in different variations with various knit 
techniques.

3.2.1 shaping with flat knitting 
With an intention not to create waste material 
when producing form, the whole garment 
technique was used to knit form on the Shima 
Seiki knitting machine (fig. 46). Knitting whole 
garment means knitting tubular in circles, 
attaching each piece of the garment to itself 
along the way. The garment is knitted three-
dimensionally and seamless in one piece 
avoiding the steps of cutting and sewing that can 
lead to waste material (Wonseok & Powel, 2005). 
The shaping of the form was based on partial 
knit and transferring stitches. When knitting  

whole garment, most needles on the needle bed 
are used because of tubular knitting, reducing 
the possibility of creating structures such as  
rib. Therefore, adding patterns and structures 
through colours and yarns was explored to 
influence the plain weft knit surface. 

3.2.2 color arrangement 
When programming in M1+ for the stoll, it is 
possible to use color arrangement to create 
individual knitting sequences. Within these 
knitting sequences, various techniques can be 
incorporated to develop textiles that contain 
different qualities, such as flexibility and stiffness. 
Within this project, colour arrangement have 
been used to create a knitted form with areas 
that have different properties. Five yarn feeders 
were used to knit all the different sequences 
within the form (fig. 47), each programmed to 
knit with different bindings and yarn.  

Figure 46.	 Whole garment knitting on the Shima Seiki.  

Figure 47.	 Programming for color arrangement on the stoll knitting machine. Five different 
colours are used, which means five yarn feeders are in action. 

3.2.3 circular knit 
Circular knit has been used to scale up the size 
of the tube. The full-size tube was used as a 
parameter for designing the shape to generate 
less waste material. The possibility of creating 
form within a tube instead of shaping the outer 
of the tube is explored using two and three-
colour jacquards patterns (fig. 48). It builds on 
the possibility within the jacquard to separate the 
layers by knitting simultaneously but separated 
on the dial and cylinder needles to create 
openings in the pattern. Different sizes of stripe 
patterns were explored in various materials 
to gain knowledge on how the different yarns 
and different amounts and directions of stripes 
influence the patterns when knitted. The pattern 
and material chosen were designed after the 
size of the filling to create the correct tension in 
the material, which made it possible to let the 
filling contribute more to the end expression of 
the form. Working with circular knit, one has 

the possibility to play with colour and material 
placement to create interesting surfaces and 
patterns in the knitted material. 

3.2.4 linking 
All needles are used in the needle bed when 
knitting tubes, limiting the needles used for 
techniques to create structures and surfaces. 
Therefore another way of constructing form 
based on tubes was developed to add gripping 
surfaces to the objects within the collection. The 
construction was based on rectangular pieces of 
knit linked together (fig. 49) as tubes. It opened 
up a more intuitive way of shaping when linking 
together by hand or machine, making it possible 
to drape and attach the knit to other knitted 
shapes. When draping the rectangular pieces of 
knit, new possibilities for shaping occurred since 
it is not as restrictive as knitting the form directly 
in the machine as when linking made it possible 
to link within the form and not only on the edges 
of the knit. 

Figure 48.	 Knitting jacquard patterns on the circular knitting 
machine. 

Figure 49.	 An example of linking together two pieces of knit by hand. 
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3.3	 	 methodology
		  colour

Fig 9. selected colours. 

Fig 52. Selected colours. 

Fig 53. Selected colours. 
Fig 51. the final colour board. Fig 51. Colour moodboard showing the selected colours for this research. 

Figure 50.	 Selected pictures for colour reference. A selection of colours were picked from 
each pictures using a colour picking tool. 

Figure 51.	 Sorting and organizing colours with ittens colour wheel . 

3.3.1 colour and form 
The colours within this project were sourced from a 
collection of pictures (fig. 50). A variation of colours 
was picked from each photo using a digital colour 
tool to pick palettes within each image (Feisner & 
Reed, 2014). Afterwards, the colour palettes were 
printed, sorted and collected into a colour board 
(fig. 51). The colours were selected using Itten’s 
colour wheel to have a variety of colours within 
each colour field, creating the opportunity to work 
with the contrast between the colours within the 
collection (fig. 52, 53). Each object’s development 
chapter describes a more in-depth colour selection 
for the designs. 

In two-dimensional art, starting with form often 
involves colours when added to a flat shape 
that is first defined by a line. Whereas when 
working three-dimensionally with form, colour is 
often added to a preconstructed model or object 
(Osborne, 2008). The approach within this project 
has been to work from form towards colour. 
In order to figure out how the colours should 
influence the shape, it has been natural to learn 
the properties of the materials and the shape first, 
then design the form while incorporating colour; 
thus, the colours would have the desired effect on 
the textile object. Within the designs developed, 
colours have been used to enhance and guide the 
interaction and the transformation of the objects.

Figure 52.	 Colour moodboard.

Figure 53.	 Colour moodboard.
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4.1		 development
		

		  Modular Motif

Figure 54.	 Modular Motif seen during interaction.
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This experiment started with an analysis of a 
shape developed in design project 1 (p. 40). 
The filled textile form was analysed in relation 
to the body (fig. 57) and space (fig. 58). It 
was discovered during the interaction that 
the body positioned itself on the form or was 
surrounded by the form. The form showed great 
transformation in support positions in relation 
to space, placed against the wall, laying on the 
floor, standing or hanging. Nevertheless, there 
was not a significant transformation within the 
form itself. To further explore the potential of the 
form, a decision was made to open up the shape 
by adding areas that are not filled or cut out for 
the body to interact. Sketches were made (fig. 
56) with inspiration from the original form (fig. 
55) to visualise possible ways of opening and 
reforming the shape. 

experiment 1 
analysis of previous form

Figure 55.	 Sketch of original form. 

Figure 56.	 Selection of sketches made with inspiration in the original form

Figure 57.	 The textile form explored in relation to the body and space.

Figure 58.	 The textile form explored in relation to the space without the body. 
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Based on sketches, a selection of small scale 
models was made to explore their shaping 
potential in a spatial context. The first model was 
based on five circles connected. An inner circle 
was stitched in every circle to create a contrast 
between the filled and non-filled areas (fig. 59). 
The form was filled with styrolit pearls, a light 
weight and flexible filling material. The form 
was explored in different positions to examine 
its qualities (fig. 60).  Afterwards, the same form 
was explored with the inner circles cut out (fig. 
61). New shaping possibilities occurred when 
opening the form; it was possible to drape the 
form around and inside itself (fig. 62), which 
opened up new possible interactions when 
positioning in relation to the body (fig. 63). 

The exact same shape was explored together 
with a piece of foam (fig. 64) to investigate the 
potential of the open areas within the form in 
relation to another object, a foam stick. The 
transformation changed from being centred 
around the form itself to an open shape with 
new shaping qualities centred around the foam 
stick. The foam stick and form together could be 
shaped in several different ways (fig. 65).

experiment 2
small scale models

The small scale models provided an overview 
and knowledge of how the interaction could be 
changed by opening the circular shape using 
holes or non-filled areas. As seen in the pictures, 
there is an apparent change in the behaviour of 
the shape going from being closed and centred 
around itself to being more open in space when 
opened up with cutouts. The filling within the 
form adapted to its new position when shaped 
while keeping the original rounded outer shape. 
Based on the knowledge gained from the 
experiments, a decision was made to continue 
with the form together with the foam stick (fig. 65)
as it showed many possibilities for transformation 
in the filled shape itself and in collaboration with 
the foam tube.

evaluation

Figure 59.	 The shape of the form. The grey areas closed and not filled. The white area is filled.

Figure 60.	 The form placed in different positions. 

Figure 61.	 The shape of the form. The areas marked with a cross are cut-outs. The white area is filled. 

Figure 62.	 When having areas cut out it was possible to tuck the form into itself through the holes 
creating new shapes. 

Figure 63.	 Scale test to explore the potential in 
relation the body and space. 

Figure 64.	 The shape of the two forms. 

Figure 65.	 Adding the foam stick opened up the form and and it was possible to create more varied and voluminous forms.
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A large scale model was made to explore the 
chosen form in scale 1:1. The size of the form 
was designed for the body to step into the 
holes. Therefore, using the body as the other 
shaping element instead of the foam tube was 
explored. When interacting with the form and 
trying to find supportive positions for the body, 
it was discovered that the form was restrictive 
(fig. 68). The possibilities for shaping were 
limiting because the body was inside the form 
while shaping. The same options of shapes 
and supports were not possible to create when 
not having the extra shaping element being the 
foam tube.

experiment 3 
1:1 scale model

Afterwards, the same shape was explored with a 
long foam tube on the same scale as the body. 
Various forms arose and formed support for 
the body in different positions when interacting. 
During the interaction, it was discovered that the 
form allowed to be used in space differently when 
not having the body as the shaping element 
(fig. 69). When finding support, the body could 
be inside or on top of the form (fig. 67, 69). An 
idea arose that the ends of the foam tubes could 
be used as connection points to the room. The 
two ends of the tube could be attached to the 
ceiling or each other to achieve new supports 
and usage of the room. 

Figure 67.	 The same position can be used in two different ways, being inside and on top. 

Figure 68.	 When stepping into the form it limited the way it could be shaped as the body was not able to move. 

Figure 69.	 When interacting with the form in relation to the foam tube it opened up for various supports for the body. It was still possible for the body 
to be inside and outside of the form without resticting the body. 
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evaluation
interaction and form

Another experiment was conducted to explore 
the form attached to the room using carabiner 
hooks. When hanging the tube, it allowed the 
user to focus on the shaping with the circular 
module to find different support positions for 
the body. When fixating the form in the ceiling, 
it became more flexible in space. New ways of 
supporting the body occurred since the body 
was more accessible (fig. 70) in space when the 
form had the opportunity to be positioned and 
fixed in the room. 

The shape and behaviour changed from the 
small scale model to the 1:1 scale model. 
The weight of the filling and the tube changed 
the expression, but it showed good shape 
characteristics during the interaction with the 
body and the space. Various ways of supporting 
the body occurred as the form could be placed 
in space in different ways, either fixed or free, 
making it possible for the body to position itself 
around or within the form. The space became 
an active part of the interaction when using the 
ceiling for hanging the piece. 

The styrolit filling within the form made the form 
shape smoothly around the tube and body. It was 
easily adaptable when placing the body weight. 
In addition, the round shape within the form was 
maintained by using styrolit filling, which created 
a clear contrast between the two shapes, the 
tube and circular module, when combined. 

Figure 70.	 When the foam tube is connected to the room it opened up the form and the transformation of the form was more visible while finding support. 


