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€«

. any fool can do it
- yet it is extremely difficult, complex, involved.”

Joanne Turney - The Culture of Knitting



RESEARCH QUESTION

How can a combination of automated knitting
and design software inform practice-based ex-
periments towards the development of new jac-
quard techniques that are both highly auto-
matic and yet responsive to artistic notions
of hue, shading and the respresentation of
depth?



KNITTED PAINTINGS is a textile design project
examining the significance of design and
technology in knitted textile production,
using practice-based investigations as a
means of facilitating unique contributions

to contemporary modes of knitting.

This project utilises sophisticated knitting
technology to explore new techniques 1in
digital design. It respresents an evolution
of expectations of knit design processes,
through the use of new programming techniques
that expand potential design aesthetics of
knitted materials.

This investigation aims to consider the tech-
nical and artistic challenges contemporary
knitted textile designers face when accessing
new knitting technologies.

Through a discussion of the unique qualities
of Jacquard knit techniques and design, the
contextual framework informs practice-led
investigations into new modes of colour work
in knitted textiles. It investigates a method
of programming that can minimise technical
complications in manufacturing and increase
pictorial aspects while still engaging in
traditional tactic design processes.
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INTRODUCTION

Contemporary knitting practices involve
digital solutions to programming and manufac-
turing that have largely dissolved
complications in material production.
However designers remain challenged by the
rapidly expanding knowledge required to use
such design software and machinery within
this shifting technological environment.
Contemporary knit designer-makers are re-
quired to have a comprehensive understanding
of modern technology and production whilst
engaging in design processes that rely on
both traditional and innovative design ex-
perimentations (Newton, 1992). This research
explores how collaboration between softwares
(Photoshop and Shima Seiki Software) can ex-
pand concievable knit outcomes to achieve
designs traditionally limited to woven and
printed texitles.

Chapter One in this research discusses
the contextual framework surrounding knit-
ting, from cultural and historical accounts
of knitted textiles in art and text, to
contemporary perspectives of the craft of
knitting, this sets the boundaries within
which this research contributes too.

Next, observations of knitted materials
introduce clearer understanding of empirical
modes of creation, common in knit manufactur-
ing processes. This section is largely
concerned with understanding how various
designers have previously achieved achieve
colour, image and depth in knitted materials
through a variety of processes’.



The second part of Chapter One discusses the
technical elements of knitwear programming,
manufacturing and construction. This section
articulates common language and techniques
used in knit design in order establish the
current limitations existent in contemporary
processes’.

Chapter Two introduces key research
methodologies used for attaining information
within the investigative process, formalis-
ing the translation of practice-based findings
into a systematic action-research cycle.

In Chapter Three, practice-led experi-
mentations respond to contextual boundaries
through the development of new knitted
textile programming methods that employ
simplified processes, minimising complications
in material production. The resulting design
practice utilises a range of beginner to
advanced technologies to exhibit a range of
knitted textiles that encourage the material
potential and communicative capacity of
contemporary digital knit technology.

The intention of this research is to ex-
pand outcomes from automatic knitting soft-
ware through the development of new jacquard
techniques which are both highly automated
and yet unlimited in terms of design
potential.

INTRODUCTION
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1.CONTEXT 1.KNITTING 1.HISTORY

Establishing the earliest examples of knit-
ting presents a difficult task. The oldest
surviving knitted items were for many years
thought to be socks and small items of Coptic
origin from the first centuries A. D. but were
later proven to be of the knotless netting
technique (Turnau, 1991).

Technology has assisted in material
manufacturing processes since the first centu-
ry A.D. in Egypt - where Coptic tissues were
found containing a structure resembling
contemporary woven tapestries (Tabard, 1978),
however knitting, distinctive through its use
of two needles and early use of one or two
colours, can be traced as fragments of
Arabian origin dating to the early middle
ages, though it is impossible to date them
accurately (Zilboorg, 1994).

Displays of knitting became common fea-
tures in Cathedral frescos, as depicted in
Madonna Knitting by Bertram of Minden (See
Figure 2). Mentions of Christ’s knitted robe,
or references to the knitting woman Penelope
are found across various biblical texts, yet
surviving examples of knitwear are a rarity.

Few knitted objects survived until the
establishment of knitting guilds as early as
the thirteenth century (Turnau, 1991) which,
by the sixteenth century, guilds had evolved
to become a common custom throughout Europe.



Though knitting techniques remained rela-
tively un-evolved during this time, knitting
guilds contributed towards the wide scale
embrace of simple knitted garments, such as
stockings (See Figure 3), into everyday
Renaissance attire (Currie, 2017).

The commonality of stockings spread
throughout Europe by the 1l6th century, how-
ever due to the course nature of wool used in
such garments were deemed uncomfortable and
purely function items (Brackenbury, 1992).

The development of the knitting frame,
or ‘stocking frame’ by William Lee in 1589
led to innovations in automatic knitting ma-
chinery, alleviating the intensive labour
associated with hand knitting (Spencer,
1983). Continuous improvements and adapta-
tions in technology since Lee’s invention
have encouraged the development of various
machines appropriate for a range of knitting
tasks.

Invention of the fully-fashioned
hand-knitted silk hose and William Lee’s
Stocking Frame demonstrated some of the ear-
liest forms of mechanical knitting (Black,
2002), establishing the separation between
the traditional craft of hand-knitting and
emerging automatic mechanical knitting
processes (Brackenbury, 1992).

1.CONTEXT 1.KNITTING 1.HISTORY

06



Q7

NOIHSVd 2 ONILLIINM'T 1IX3INOOD T



Knitwear has developed within and along-
side fashion movements for decades, however
its complicated manufacturing processes, and
functionality as a material, have often
consigned it to minor roles within larger
collections (Black, 2002).

Through examining unique designs and
evolutions in knit, this research introduced
key designer case studies across several
decades of knitting practices to form an
advanced understanding and historical context
of the transfer of art and pictorial images
into knit.

The infamous ‘little black dress’ (See Figure
4) designed by Gabrielle Chanel in 1926
contributed towards a significant shift in
knitwear, most notably through the integra-
tion of fabric more commonly found in men’s
underwear into everyday womenswear (Gulvin,
1984).

Created using ‘cut and sew’ methods
typically reserved for woven materials, these
designs reflect the increased prominence of
knitwear as key pieces in contemporary ward-
robes (Power, 2007).

1.CONTEXT 1.KNITTING 2.FASHION

08
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1.CONTEXT 1.KNITTING 2.FASHION

During the 1960’s, John Carr Doughty’s knit-
ted garments (See Figures 5 and 6) were
state-of-the-art prototypes demonstrating new
structures, and therefore aesthetics, that
were emerging through knitted materials of
the time. A prominent figure in the develop-
ment of early knitting machines and
techniques, Doughty’s knitted garments are
distinguished examples of developments 1in
knit that cater towards obtaining image and
detail in knitted materials, despite the
complexity of developing such structures.

Most notably his tromp 1’oeil patterns,
inspired by illusionary baroque and roco-
co wall frescoes, incorporated designs that
made knitted materials appear more complex in
structure despite using minimal colours and
a relatively simple jacquard technique. The
technique of Jacquard knitting, explained in
further detail in Chapter 2, is the focus of
this research project as it consists of
multiple colour knitting which can form
effective pictures or patterns in knit.

As figures 5 and 6 show, garments use
jacquard structures to create the illusion of
a suit. The appearance of tailored lines are
not essential to the structure of the
garment, but rather serve as decorative
features encouraging audiences to adopt the
simplicity of knitted attire over traditional
woven garments.



Doughty’s career intergrated the jobs of

both designer and technician into a singular
role in order to seek further possibilites in
knit.

I believe knowledge formed at the in-
tersection between two paths of investigation
- designer practice nd technicial expertise -
is how knitwear can achieve a fuller state of
potential for object outcomes. This is where
this research study is postioned - between
the designer and technical nexus.

1.CONTEXT 1.KNITTING 2.FASHION
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Another designer who incorporated a strong
understanding of technical knowledge into a
knitting practice is British designer Martin
Kidman. As creative director for ‘Joseph’,
Kidman influenced the successful adoption of
kitsch knitwear across fashion movements in
the mid 1980’s. Technology was instrumental
in shaping Kidmans interest in knitting, who
was once quoted saying

“.. I decided to change to fashion when I saw a
friend using a knitting machine - I couldn’t

believe it, the possibilities of this mechanical
thing that could turn out a length of knitting.”

(Lacey, 1997).

Ornate patterns, animal motifs (See Figures

7 to 9) and bight yarn choices became typical
examples of Joseph’s heavy, strikingly pat-
terned knitwear (Lacey, 1997), drawing from
Kidman’s love of fine-arts. Such aesthetics,
though simple in design, popularised kitsch
knitwear in fashion and influenced a revival
of craft movements across various design and
fashion communities.

However towards the end of the 1980@°’s,

the popularisation of sportswear and jer-
sey apparel encouraged a sharp decline in
hand-knitting, reducing the craft to a niche
past-time and encouraging a general distance
from knitwear altogether (Memon, 2018).

1.CONTEXT 1.KNITTING 2.FASHION

12
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1.CONTEXT 1.KNITTING 2.FASHION

10.

The rise of globalisation in fashion indus-
tries saw knitwear designers, particularly
machine knitters, assuming more roles with-
in larger brands. Continued advancements in
technology supported automatic modes of knit-
ting. Specialised skill-sets began to be
replaced by computer aided design software,
expanding access to basic knitwear technology
for designers while simultaneously threaten-
ing the advancement of knitwear knowledge for
technicians.

After becoming Moschino’s creative
director in 2014, Jeremy Scott incorporated
a wide range of pop-culture symbols and
images (See Figure 10) into knitted materials
using relatively uncomplicated structures and
automatic programming techniques (Scottsman,
2004 ).
Helping the global Moschino brand appeal to
both high and low-end consumers, knitwear
sales continue to be an essential aspect of
the companies ready-to-wear range, often
utilising basic jacquard and intarsia struc-
tures across various collections and garment
designs.

Though the development of such designs still
requires substantial knitwear knowledge,
structures used within ready-to-wear ranges
often utilise the same or similar 1intarsia
and jacquard stitch structures (See Figures
11 to 13) across collections - encouraging

a continued limitation in the appearance of
knitted apparel and textiles, particularly
within the development of pictorial or jac-
quard techniques.
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While weaving, print, embroidery, appliqué
and other techniques have evolved to become
widely embraced across fashion movements -
crossing into fine art spheres (Black, 2002),
knit has either been developed through hand-
crafted or industrial processes, with each
method requiring highly specialised knowl-
edge.

Divides between knitting methods divulge
the ways in which knitted objects are placed
as both high end luxury items and functional
knitted attire. As described by Sandy Black
in Knitwear in Fashion, “Knitwear is univer-
sal —everyone wears it in some form, either
as underwear, hosiery outerwear — but its
domestic and mass market connotations have
until recently consigned it to a minor role”
(Black, 2002).

Outside of the industry, common attitudes
towards knitting remain influenced by domes-
tic associations (Cox et.al, 2015). Knitting
evokes immediate nostalgia formed through
personal relationships with knitters and the
highly domesticated environments, knitting 1is
seen to take place in.



On the surface knitting is ostensibly an ordinary
activity associated with the domestic sphere and
on the surface has little connection with post
modernity or the postmodern. Yet because knitting
is so firmly established within popular culture
through its iconology and iconography, it is an
ideal genre to exploit, manipulate and challenge
(Turney, 2009. pp-77).

Past attitudes towards knit, both as material
and pastime, have distinct connections be-
tween cultures of class and gender that tend
to limit its significance as a conveyer of
social meaning. Whilst knitwear is often rec-
ognised for its contribution to homeware and
fashion design practices, this investigation
asserts knitted textiles can operate as both
a functional material while also presenting
cultural narrative through its design and
mode of make.

This research hypothesises that a significant
advancement in knitted materials requires

the need for knit research based in aesthetic
and structural developments. This needs to be
void of commercial production influences that
typically limit material experimentation,
through which the focus on one technique in
particular can advance, contributing new
knowledge to fields of knitwear manufacturing
and design.

1.CONTEXT 1.KNITTING 2.FASHION

16



1.CONTEXT 2.TECHNIQUE 1.STRUCTURE *

15.

14.

Knitted materials are defined by the forming
of fabric consisting of vertical columns
through the 1looping of a continuous yarn
(Stoller, 2003).

Knitted fabric consists of loops that inter-
mesh across, known as ‘courses’, and vertical
rows known as ‘wales’ (see Figure 14).



Unlike woven materials (Figure 15), when con-
structing garments knitted structures boast
unique properties, offering more stretch and
flexibility as a fabric compared to the high-
ly structural behaviour of woven cloth. More-
so, ‘knit-to-shape’ applications of knitted
textiles can minimise waste compared to cut-
and-sew construction methods popularised in
industrial garment manufacturing (Willard,
2012).

There are two basic stitch structures, knit
and purl, which work together to achieve a
vast range of patterns and designs (Daw-
son, 1984). Individual stitch structures may
be noticeable or subtly presented depending
on each loops relation to the surrounding
stitches with variations of design being con-
structed through adaptations of colour, yarn
and knit structure which all work together
to form unique material outcomes (Spencer,
1983).

As techniques have evolved from hand-made to
machine constructed, varied styles of knitted
materials have become commonplace in fash-
ion and textile markets - yet the practice of
knitting between both domestic and commercial
spheres has become a highly specialised meth-
od of making (Hollows, 2006. pp-106-7).

This research looks to multiple technologies,
which are readily available to the machine
knitter, to increase colour images through

an investigation of new design processes and
methods which simplify the process whilst re-
sulting in complex colour design outputs.

18
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1.CONTEXT 2.TECHNIQUE 2.JACQUARD

The structural capacity of knitted textiles
limits the number of colours available for
use within final designs when produced on in-
dustrial knitted textile machinery, ultimate-
ly constricting design opportunities in knit-
ted textiles compared to printed and woven
textiles. Typically, multi-coloured designs
are integrated into knitted textiles through
two major established techniques - Intarsia
and Jacquard.

Intarsia structures (See Figure 16) are no-
ticeable when an area of design, usually con-
trasting in colour, gives the appearance of
being inlaid in the fabric. Intarsia struc-
tures display sharp, clearly defined areas of
knit that have no overlapping colours, with a
reverse side free from floating yarn or birds
eye backing, which are more characteristic of
jacquard knits (Spencer, 1983).

Jacquard cloth (Figure 17) 1is constructed on
knitting machines using jacquard mechanisms
which help to achieve complicated designs
through more controlled methods of needle se-
lection and using a limited amount of
colours.

Resulting jacquard structures will gen-
erally use more yarn that intarsia knits, but
can produce consistent balanced structures
on the reverse side of the material (Figure
18) that can simplify programming capabili-
ties and take less production time to develop
(Willard, 2012).

This project acknowledges the materi-
al limitations associated with use of colour
in knitted fabrics and seeks to resolve them
through new approaches to achieving multiple
colour and image detail in knitted textiles.
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Colour is a fundamental quality of textile
design and manufacture, especially in out-
puts intended for decorative purposes (Klein,
1965). The effect of colour is attained
through various means, depending on material
composition, from the application of surface
prints commonly found in contemporary prac-
tices, to the natural and specific custom-died
yarns used commonly across a history of woven
and knit processes (Geijer, 1979).

Selection of colour is an integral aspect of
designing knitted materials. Colours not only
shape aesthetic design outcomes, they also
form the structural foundation of the materi-
al itself (Newton, 1992). While colours are
sourced depending on the intended final de-
sign, they often require particular tones to
be dyed specifically, or alternatively utilise
a mixture of yarns to achieve a desired shade
(Duncan & Bull, 1978).

Colours incorporated into commercial
knitwear designs are generally limited to a
few in order to maximise profit and minimise
structural complexities in knitwear program-
ming and construction (Geijer, 1979).

Painting techniques formed during the emer-
gence of impressionist art in 18th century
France, specifically Pointillism, is adopted
as a primary technique for translating imag-
es into knitted textiles across this research
investigation. Optical illusions of colour,
formed through the blending of small dots,
are seen to have been incorporated into tex-
tile designs in early examples of woven cloth
(Ward, 1973), with traditional techniques 1in
tapestry making also utilising pointillist
techniques to obtain richer tones and complex
colour arrangements in final designs
(Phillips, 1994).

22
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This method of image production through the
use of the technique of pointillism has al-
lowed this research to move the image pro-
duction in knitted textile designs when com-
bined with the knit technique of Jacquard, to
an advance knowledge level of how to utilize
a variety of colour palettes as well as in-
crease image complexities.

While colour hues can be modified (See Fig-
ure 21) by placing them in juxtaposition with
other colours (Duncan & Bull, 1978), methods
of design through Photoshop used in this
research process assist in predetermining the
success of colour outcomes before knit
programming and sampling is required.

Colour ratios, determined by the amount of
colour in any one composition, further influ-
ences the appearance of colour tones. A blue
and red knitted or woven next to each other
can achieve purple tones, however the same
blue and red printed on a fabric surface may
appear duller, even brown or black (Ward,
1973).

Varying proportions of colour will affect
tonal values, for example, even amounts of
red and blue will form a balanced purple -
but different amounts of red or blue will
shift the result towards warmer or cooler
tones of purple.

24
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1.CONTEXT 2.TECHNIQUE 3.COLOUR

22

Using processes in Adobe Photoshop, the basic
principles of colour blending can be automat-
ically translated into bitmap images
(See Figures 22 and 23), where minimal
selection of colours can be further adapted
into pictorial images in knit with ease.
Acknowledging the additional design
possibilities achievable through a mixture of
Photoshop and more advanced knitwear software
systems, this research has developed ways to
maximise the depth achieved in knitted
materials by employing previously unrelat-
ed design techniques and methods throughout
practice-led investigations.
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1.CONTEXT 2.TECHNIQUE 4.SCALE

Stitch size is an apparent variable between
the scale of fine, machine crafted commercial
knits (See Figures 23 and 24) and chunky,
large stitch knitting (See Figures 25 and
26) often associated with domestic crafted
outputs.

Gauge 1s generally understood as the
number of stitches against a standard mea-
surement (Little, 2018). Gauge formalises
the differences between tension, yarn and
needle size to create consistent results
among variable knitted material constructs.

Knitting gauge collates the complex
variables associated with knitting, forming
a design language to articulate the scale of
both the individual stitch and the overall
swatch scale (Newton, 1992). Gauge also dic-
tates stitch ratios using multiple colours
of yarn within a knitted fabric outcome.
Understanding gauge a necessary factor of
designing knitted textiles as it encourages
different design outcomes depending on the
size of yarn and needles being used. - and
therefore the pictorial detail achievable
within a knitted application.

24.
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Industrial knitting practices rely heavily
on the supply of fine, strong, uniformly spun
yarn to ensure high quality construction,
therefore yarn choice is a critical element
in developing a successful knitted material
(Spencer, 1983). Designers must consider the
final use of the material outcome and ensure
yarns chosen are structurally appropriate
and aesthetically relevant to the outcome.

Like any textile fabric, there are in-
numerable compositions available utilising
traditional organic materials through to the
latest in synthetic fiber. Understanding the
properties of various fibers is essential in
textile design practices, where appropriate
yarn selection is determined based on the
final function and desired appearance of the
textile.

As this research practice has a strong
focus on colour work, cotton fiber has been
used as the predominant material within this
design experimentation process due to the
wide colour ranges available in cotton yarns
and the suitability for machine use and
scale of image required.

1.CONTEXT 2.TECHNIQUE 5.MATERIALS
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1.CONTEXT 2.TECHNIQUE 6.TECHNOLOGY

Technology has had unprecedented effects on
aesthetics in art and design movements, par-
ticularly though evolutions in methods and ma-
terials used in construction processes. Con-
temporary textile processes are more reliant
on technology than ever, utilising computers,
software and digitally controlled machinery
to enhance textile design outcomes.
Sophisticated machinery and software
programming methods utilised in contempo-
rary processes result in virtual diagrams
of knitted textiles, editable in digital
form before being taken to final manufactur-
ing. Shima Seiki software (See Figure 28)
establishes production issues and advises
any necessary changes before physical knit-
ting ensues. This mode of development become
an intentional knitwear production method -
void of potential structural complications.



Before the Industrial Revolution, tac-
1t knowledge was inherently integrated into
textile production — where practices used
entirely handmade processes to construct
objects. This hand-made level of production
inspired unique design outcomes developed
by individual makers (See Figures 29 and
30), as explained by Barty Phillips in
Tapestry:

Medieval European tapestry images were largely
pictorial and full of humour and surprises. There
were touches of the weaver’s own imagination in
the turn of a toe or the expression on a face,
and small animals and birds were included at the
weaver’s whim. These personal touches must have
made weaving pleasurable, besides contributing
to the interest and enjoyment provided by the
finished piece. (Phillips, 1994. pp-9)

29.

30.

1.CONTEXT 2.TECHNIQUE 6.TECHNOLOGY
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1.CONTEXT 2.TECHNIQUE 6.TECHNOLOGY

Advancements in technology and manufactur-
ing have supported a move away from indi-
vidualised, traditional hand-made processes
and towards automated modes of design where
“artists and artists are .. embracing two
opposites - hand and technology.” (Wada,
2002, p.145)

The wide embrace of digital processing in
knitwear production has eased technical
complications with knitwear development.
This is particularly seen however new chal-
lenges are presented when attempting to de-
velop unique knitted
materials that differ from results achieved
via the use of automatic systems which are
now commonplace in commercial production.
Practice-led research conducted through
this investigation expand outcomes from
multiple software processes to facilitate
development of new jacquard techniques which
are highly automated, yet retain various
avenues for future design potentials.



The technical components of knitwear design,
programming and manufacturing, encourage the
separation of roles between designers and
technicians. A contemporary knit-design pro-
cess “..generally sees a clear distinction
between the art of an object and the sup-
port structure used for that art.” (Conklin,
1997), consequently the role of the techni-
cian can be overlooked as a focal element of
a design process. Contrary to this, under-
standing technical elements of manufacturing
can enhance a practice, as discussed by Jane
Taylor and Katherine Townsend:

Designer-makers have integrated a wide range of
digital media and tools into their practices,
many taking ownership of a specific technology
or application and learning how to use it for
themselves, often drawing on their experiential
knowledge of established practices to do so.

(Taylor & Townsend, 2014. pp-155-174)

Despite efforts by machine manufacturers to
make complex knitting software more accessi-
ble and user friendly “.. the digital inter-
face remains a significant barrier to knit-
wear designer-makers.” (Taylor & Townsend.
2014. pp-155-174).

1.CONTEXT 2.TECHNIQUE 7.TECHNICIAN
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1.CONTEXT 2.TECHNIQUE 7.TECHNICIAN

While present-day modes of manufacturing
have advanced the capability of production,
tactic explorations within a design process
are limited due to the largely automated
state of modern machinery. In Ways of know-
ing and making, Rachel Philpott notes that

There are both advantages and limitations to
such methods. Although the utilisation of rapid
prototyping as a tool for manufacture revolu-
tionises patterns of production and distribu-
tion, .. the material output of the rapid proto-
typing process is currently limited, narrowing
both the performative possibilities of the
product and the sensual experience of the users
of such items. (Philpott, 2010. pp-32)

Contemporary art and design processes, par-
ticularly relating to textile products, are
now heavily reliant on technical skills to
achieve desired results as much as artistic
direction from the designer-maker. The gap
between technician and designer is a modern
issue that has presented limitations over
outcomes and development created in material
making.

The introduction of machine processes
has influenced an increased need for techni-
cal skills, shifting the experience of mak-
ing and designing into two seperate roles;
that of the technician and the designer.

This research, due to the researchers tacit
knowledge and previous design experience and
technical knowledge, operates across this
technical-design divide - extending design
possibilities through a combination of mul-
tiple manufacturing processes used across
practice-led experiments.
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2 .METHODOLOGY 1.PRACTICE-BASED RESEARCH

As with traditional methods of attaining
scientific and academic knowledge,
‘practice-led’ research seeks to gain deep
knowledge and potential application through
design practice experimentation (Vaughan,
2017).

Emerging paths of contemporary academia
describe growing demand for the inclusion of
the ‘designer-practitioner-researcher’ as

a key element of design research processes.
Articulated by Peter Jarvis in his publica-
tion The Practitioner-Researcher: developing
theory from practice, the core of ‘design’
and ‘research’ is, in fact, practice
(Jarvis, 1999). He argues that emerging
practitioner-research investigations are

as essential as academic and scientific dis-
course, and the inclusion of practice-led
research is a valid and “.. a recognized
method of achieving authoritative research
outcomes” (Vaughan, 2017. pp-10).

Practice-led design research, unlike scien-
tific investigation, ideally doesn’t predict
the outcome of research. Instead, investi-
gations are encouraged to grow alongside the
research as it progresses.

Findings, or ‘arguments’, emerge from prac-
tices (Gray, 1998), as further questions are
raised and new possibilities are formed.
Insight gained from such processes can typ-
ically result in the development of new,
unique design outcomes being actualized, and
therefore adding new knowledge to an area of
research (Ehn, Ullmark. 2017).



Explicit knowledge offers translatable find-
ings into a practical framework of research
- where the knowledge is easily verbalised
and discussed. Implicit knowledge differs
from explicit knowledge because it requires
more intuitive processes where learners are
often required to learn by the action of
watching or doing (Ellis, 2009).

Implicit and explicit learning styles
highlight the unique aspects of design in-
vestigations, which tend to use both a mix-
ture of propositional technical language and
practical skills to achieve learning out-
comes (Prawitz,1990).

The differences between explicit knowl-
edge (formed through sentences or drawing)
and implicit knowledge (perception and in-
tuition based responses) describe the var-
ied paths of research necessary to determine
both technical and design based findings (Mc-
Coy, 2013).

2 .METHODOLOGY 2.IMPLICIT AND EXPLICIT KNOWLEDGE
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2 .METHODOLOGY 2.IMPLICIT AND EXPLICIT KNOWLEDGE

Friedman (2002, p. 210) describes differenc-
es between design and technique as ¢ ‘doing
things right,’’ which is a technical deci-
sion and ‘‘doing the right thing,’’ which is
a design decision.

While Friedman was discussing industrial
design, this theory can be applied to a va-
riety of art and design practices - includ-
ing textiles - because it acknowledges tech-
nical and design research as separate modes
of investigation that are fused together in
experiments and findings (Prawitz,1990).

Dualistic understanding of both techni-
cal and design-based knowledge is essential
in organising experiments and articulating
different learning outcomes achieved through
a design practice and both of these knowl-
edge bases, technical and design have been
utilized within this research.



Action research is a critial aspect of this-
investigation, as it encourages a preflec-
tive process of progressive problem solving
(T.Stringer, 2013).

In Kurt Lewin’s 1944 paper ‘Action Research
and Minority Problems’, he proposes action
research is a “a spiral of steps, each of
which is composed of a circle of planning,
action and fact-finding about the result of
the action” (Lewin, 1944).

While practice-led research describes
the overarching methodological approach to
design research, an ‘action-research cycle’
describes the process and methods of attain-
ing findings through a practice. Methods uti-
lised within the action-research cycle can be
the tools used to achieve a project outcome
(McCoy, 2013).

Action-research cycles encourage reflec-
tive-practices that articulate the implicit
and explicit knowledge gained through design
investigations conducted within practice-led
research, as such these form the main re-
search methods utilized within this design
practice and technologically-based research
investigation.

2 .METHODOLOGY 3.ACTION RESEARCH CYCLE

38
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3.PROCESS 1.INTRODUCTION

My textile practice utilises a mixture of
historical imagery with contemporary compo-
sitional elements to encourage new ways of
designing and developing knitted textiles
(See Figure 31). In particular, a key devel-
opmental focus has been in the increased po-
tential for the colours and details achiev-
able in knitted textiles.

During my honours practice I developed
a unique software programme which allowed
for up to six yarn colours to be success-
fully knitted into any one design (See Fig-
ure 32); while ensuring the reverse of the
fabric remains structurally consistent and
finished (See Figure 33) This method of knit-
ting also moved a little way towards resolv-
ing some previous structural complications
found in the translation of images into
knitted materials.

Development of the unique jacquard
structure assisted in achieving a high-
er level of detail and imagery into a high
quality knitted textile, however as designs
still had restrictions of up to six colours,
opportunities for creating a sense of depth
within the knitted textiles was still limit-
ed.

Following on from initial structural
developments, this current research investi-
gation has further explored the design po-
tential of colour work in knitted textiles
using and developing this technique (Figure
34), while continuing to minimise potential
complications within the technical knitwear
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3.PROCESS 1.INTRODUCTION 2.CONCEPT

As the contextual framework of knitting was
established, and the methodological research
approach defined, the next stage of this in-
vestigation required a range of design ex-
periments to research further potential
outcomes achievable through multiple colour
work within knitted textiles.

This investigation utilised the 6-co-
lour jacquard structure developed during my
postgraduate Bachelor of Design (Honours)
degree, and aimed to find new ways of further
exploiting this same structure to achieve
results that expanded the potential visual
design outcomes when using knitted textile
techniques.

As discussed in the contextual framework
chapter, detail and design in knitted tex-
tiles are limited by structural capacities,
materials and technology which all work to-
gether to create knitted shape and design
possibilities. A common problem in knitwear
programming is the use of multi-coloured de-
signs which are difficult and often unable to
be entirely translated into knitted struc-
tures (Newton, 1992).

Because of these limitations, high
levels of detail, synonymous with fine-arts
painting, photography and other media, are
often poorly translated into pixelated ver-
sions when translated into knitted materi-
als.



Key stages in this research persisted in de-
veloping new solutions for achieving depth,
detail and colour that expanded on the aes-
thetic possibilities achievable in knitted
outcomes.

Research, following the action research
cycle, reflects upon design outcomes, eval-
uates use of colour, scale, gauge, detail
and compositional imagery within each design
experiment in order to establish new methods
of understanding possibilities in knitwear
processing, which could be applied during the
next phase of designed iterations.

A1l experiments were working towards an
exhibition of a final tapestry which aimed to
materialise these new programming and knit-
ting methods into one finished multiple colour
knitted composition.

44
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3.PROCESS 2.PHASES 1.JACQUARD

Knitwear designers have generally faced ob-
stacles when using multiple colours with-

in knitted structures — with manufacturing
methods 1imiting the amount of yarns and co-
lours able to be included in knitwear design
in order to simplify design and programming
processes (Geijer, 1979).

Unique explorations in knit can require
multiple experiments before final samples are
established - often absorbing expensive re-
sources and time (Black, 2002).

Typically knitwear technicians trans-
late more complicated designs into knitted
materials by compromising initial imagery to
fit into structural limitations of the mate-
rial, easing technical complications across
translation processes.

Techniques introduced across the following
experiments utilise the same jacquard knit
structure among various designs — forming

strategies for achieving a variety of co-

lours and detailed visual compositions 1in

knitted material outputs.



Jacquard structures, unlike Intarsia knit-
ting, can utilise a standard programming
structure across a variety of designs, de-
spite differences in colour and composition

— whereas intarsia structures tend to require
more complex structural programming which are
individual and pertain to each design, this
is why this research has focused on just the
method of construction of Jacquard.

Jacquard knitting has been adopted as
the primary technique within this research to
resolve the problem of too many colours cre-
ating structural complications, such as float-
ing yarn on the reverse of the design (See
Figure 35). This can weaken aesthetic and
structural design outcomes on the right side
of the textile (Willard, 2012).

As Jacquard techniques are already used
more readily within the knitwear industry
as method for achieving multiple colours in
knit, research findings from this investi-
gation are of increased value, and become a
major contribution to the field of knitted
structural techniques and the production of
increased visual detail in the knitted tex-
tile outcome.

3.PROCESS 2.PHASES 1.JACQUARD
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3.PROCESS 2.PHASES 2.PROGRAMMING

High-level technical programming involves
firsthand experience with knitted materials
and a deep understanding of the software to
exploit the potential of digital knit tech-
nology (Taylor & Townsend, 2014), therefore
explorations such as this research assist in
finding ways of simplifying the design pro-
cess which is key for expanding knitwear
design potentials.

Adobe Photoshop is a standard tool in design
processes, especially textiles, offering the
opportunities for creating and editing imag-
es using a variety of digital tools.

Manipulation of images through software
such Photoshop and the Shima Seiki Design
System are key stages within this research
design process, helping to reduce images
into six colours which are further translat-
ed for knitting through knit design software
tools.

Adobe Photoshop is a standard tool in design
processes, especially textiles, offering the
opportunities for creating and editing imag-
es using a variety of digital tools



Using the ‘Index Colour’ function (See Figure
36 and 37), images are able to be converted
into any range of specified colours. As a 1lim-
itation of six colours has been established
as the maximum amount of yarns that can be
used due to structural capacities during man-
ufacturing. The six colours used across this
project reflect the most effective selection
of coloured hues needed for recreating full
colour images in knit. In addition, a limita-
tion of six colours has been established as
the maximum amount of yarns that can be used
due to structural capacities during manufac-
turing.

Bitmep Before processing through specific knit-
Grayscale wear design systems, design through photoshop
Duotone assists in eliminating expected complications

e L when translating colour and detail into Shima

4
\
|

AutoContrast  CORL  myavk color Seiki software available to this researcher,
Auto Color O%B | |ab Color challenging present limitations in knitted
' y Muttichannel textile design processes’.
Image Size... K
Carvas Sare... TEC o B BitsC | S A
Image Rotation L 18 Bi Table: Cusiom g B
Tl'il'l"l,.. e ... . Cai

Duplicate....
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3.PROCESS 2.PHASES 2.PROGRAMMING

Once images have been digitally manipulated
in Photoshop, the Shima Seiki design soft-
ware can be used to translate the final de-
sign into dense structural and technical
knit instructions and information appro-
priate for knitwear programming, eventually
able to translate the image into a knitted
sample. Despite differences between designs,
the same structure can then be used across
a variety of samples, ensuring consistency
among various and multiple knitted outputs
while expanding the potential use of auto-
matic programming systems in this knitwear
design process.

The research investigated through this proj-
ect has established that the above contempo-
rary design programming processes can uti-
lise aspects of automatic software - such
as index colour in Photoshop - to resolve
aesthetic design issues such as colour, line
and scale of application; before any knit
technician input 1is required.

Technical possibilities, which would
otherwise be time-consuming or impossible
to achieve by hand or directly inputted into
knitted computer software, are made more ac-
cessible through the use of the two forms of
software applications of Photoshop and the
Shima Design Systems working together as a
fluid process for design development.
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3.PROCESS 2.PHASES 3.COLOUR

Colour is a significant aspect of this tex-
tile project which seeks to exploit the ba-
sic principles of colour management to de-
velop more complex knit design and image
possibilities.

Insights into study of colour reveal a
complex relationship between the human eye
and light, where our brains interpret ob-
jects as reflections of different hues of the
light spectrum (Duncan & Bull, 1978). The
nature of colour is a dense study in itself
that involves aspects of scientific observa-
tion and art theory outside of the scope or
time frame of this project - however this
project does utilise basic technical under-
standing of colour to create and examine new
image possibilities in knit.

This research investigated aspects of colour
theory to create more detailed imagery and
depth perception across colour work created
within knitted Jacquard structures.

Because opportunities to achieve colour
in knitted materials are heavily reliant
on developing knitted structures that have
enough capacity for the chosen colours, when
manipulating images into bitmaps, colours
juxtaposed next to each other on a small
scale can achieve new tonal values when de-
signs are viewed from a distance (Duncan &
Bull, 1978).



One of the aims of this research project was
to seek to further understand aspects of co-
lour in order to expand the material poten-
tial of knitwear and knitted textiles using
techniques previously found in art and design
movements.

The recognition of a similarity between
the results of traditional pointillism and
modern digital bitmaps heavily influenced this
practice-led research towards challenging the
visual capacity for detail to be increased in
knitted material outputs.

Typical surface printing processes blend
Cyan, Magenta, Yellow and Key (C, M, Y,
K) to achieve correct colour outputs. Due
to structural capacities within knitted
textiles, the blending of colours is more
i1llusionary than that found on surface
prints, which rely on the blending of
these colours when using inks.

Adobe Photoshop’s ‘Index Colour Mode’
helped to determine the most appropriate
colour selection for this unique Jacquard
knit technique. Digital visualisations
within this research experimented with a
range colour and tonal combinations (See
Figure 38) in order to determine the six
most effective colours to use to gain the
best colour results - Red, Blue, Yellow,
Green, White & Black.

3.PROCESS 2.PHASES 3.COLOUR
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3.PROCESS 2.PHASES 3.COLOUR

39

Design experimentations shown across figures
39 to 42 show design processing between the
original image (Figure 39), a bitmap of the
original image broken down to six colours
(Fig 40) and the final large-scale knitted
outcome (Fig 41).

As shown in Figure 42, the digital file, once
translated into a knitted structure, can
successfully blend colours at a distance -
creating photographic quality images with-
in knitted jacquard structures (Figure 43)
while also maintaining detail and depth of
colour previously unachievable in knitted
textile materials.
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3.PROCESS 2.PHASES 4.SCALE

The appearance of textiles is largely formed
through the manipulation of scale and gauge
in stitch structures (Newton, 1992). Exper-
imentations within this design practice uti-
lise two aspects of scale to gain effective
aesthetic design outcomes.

A smaller stitch size produces finer
details and more accurate blending of co-
lours; the Shima Seiki N.SES.WG knitting
machine has a fine 14 needle gauge, which
utilises fourteen stitches to the inch. When
the fourteen gauge machine was used for pro-
ducing knitted textiles using the techniques
developed in this research, it effectively
blends tones between each individual stitch,
resulting in more detail of the produced vi-
sual image and truer colour representations
compared to larger stitch size or gauge of
knitting machine outcomes.

This as well as the automation capa-
bilities of the knitting technology means
the scale of samples which were previous-
ly unattainable or difficult to achieve by
hand, are now able to be created by machine
within a reasonable timeframe. This pro-
cess was used to develop and transfer images
into large material outputs, which started
to become reminiscent of historical tapestry
art through the relativity of stylistic fea-
tures.

Experimentation showed that the same image
can be reduced to six colours in a variety
of sizes, achieving a range of effectiveness
in results depending on scale and gauge of
machine used and the initial image selection
as can be seen in Figures 44 and 45.
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Painterly nuances, tonal shifts and colours
previously unimaginable in knitted materi-
als have the potential to be realised through
this technique, expanding the capability of
knit design outcomes, processes and the tech-
nological capacity of programming and machine
functions.

Practice-based experimentations oversaw the
creation of a variety of historical paintings
(Figure 46) and contemporary images (Figure
47) in knit, investigating the compositional
potential of this technique.

Investigations (Figures 48 to 56)
translated a spectrum of works to specifical-
ly analyse aspects of scale, colour and the
potential range of aesthetics achievable when
translated into the same knitted jacquard
structures.

3.PROCESS 2.PHASES 5.DETAIL
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3.PROCESS 2.PHASES 5.DETAIL

New methods for simplifying image-into-knit
using multi-disciplinary software technol-
ogies assisted in the translation and pro-
cessing of detailed colour and images into
knitted textile outcomes. This research de-
scribes the expansion of visual effects in
knit, despite technical machine limitations,
and how to incorporate six colours within a
complex visual fabric structure.

Relying on the optical blending of six
base colours, instead of physically requir-
ing each colour tone, translates photograph-
ic and painterly techniques into knitted
materials with ease, offering more automatic
processes for developing complex coloured
images in a knitted textile or form.

When viewed at an appropriate distance, the
eye can perceive a sense of tonal depth and
a vast variety of colours (See Figures 57
to 59), despite only having used a standard
selection of six limited colours.

This technique in itself is a leap forward
within the field of knitting, where various
coloured areas of a knit design would usual-
ly require unique yarn selections for spe-
cific areas of a design - typically adding to
design and programming and knitting compli-
cations (Geijer, 1979).

Aspects of this technique refer to ba-
sic colour theories formed during 18th cen-
tury impressionistic-pointillism (Foster &
Tudor-Craig, 1987). However, this process
reflects contemporary technology and skills
though the use of automatic digital technol-
ogies used to further inspire new possibili-
ties in knitted design outcomes.
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3.PROCESS 2.PHASES 5.DETAIL

Practice-led experiments aimed at fully max-
imizing an understanding of potential ton-
al variations and manipulations achievable
whilst working within this new mode of pro-
duction. A variety of images were developed
into knits across experimentation cycles to-
wards a clearer understanding of colour hues
and tones created using a limited range of
only six colours.

A variety of contemporary and histori-

cal aesthetics generally excluded from the
graphic nature of knit design (See Figure
60) were processed into a range of textiles
that effectively produce the same image in
knitted form, un-compromised by the material
structure.

Complex nuances found in a painters handwork
or rich detail in photographic images were
able to be translated into knitted textiles
using this basic six colour technique, con-
firming the wide range of design aesthetics
achievable in knit when utilising this tech-
nique.

This technique simultaneously over comes
many of the typical issues associated with
colour in knit, by showing that all of these
designs were made possible using the same
six colour yarns.

Further practice-led research aims so
consolidate the potential commercial and
industrial applications for such manufac-
turing, particularly because of the very
limited range of yarn or colours needed to
produce multiple imagery which reduces pro-
duction costs.
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3.PROCESS 2.PHASES 6.3-D KNITTING

One of the findings from this research and

practice-based experimentation was the po-
tential for 3-D illusions to be translated
into knit using this technique.

Through digital manipulations of the place-
ment of colour within an image, a three-di-
mensional aspect to the imagery could be
created.

In order to develop textiles that had
this further contemporary aesthetic quali-
ty increased, practice-based experimentation
was undertaken where the manipulation of im-
ages into three-dimensional files that could
be further translated into knitted outcomes.

While such three-dimensional outcomes
are usudlly reliant on a high level of de-
tail to achieve tones and colour variations
into dimensional images, the conversions
into six colour Jacquards allowed for a rich
level of tonal detail and colour transfer-
ence into knitted outputs which expanded
opportunities for dimensional iterations of
imagery and designs to be developed.

61.




Widening the interactive capability of knit-
ted fabrics through this additional dimen-
sional process creates further opportunities
for designed outcomes which have never been
explored, and have been previously excluded,
from knitted material outputs.

Because it is considered to be outside of the
current research parameters, the dimension-
al aspect of these knitted images discovered
during this research experimentation process
has not been fully explored within this proj-
ect. It does however provide a potential area
of investigation for further research.

3.PROCESS 2.PHASES 6.3-D KNITTING
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3.PROCESS 3.DESIGN 1.DEVELOPMENT

Adobe Photoshop remained as a key compo-
nent for image design processing in the de-
velopment of ideas for a final exhibition

to demonstrate the findings within this re-
search.

Typically, careful consideration is built
into knitwear processing where limitations
of structure predetermine the capacity of
colours in a final knitted textile design
output. Encouraging knit design processes
to manipulate images through software, such
as Adobe Photoshop, assisted in eliminating
previous complications for achieving colour
in designs; expanding and experimenting with
the design potential before any technical
processing input was required.

A series of seven portrait-style tapestries
(See Figures 66 to 72) were produced to ex-
plore how various colours and tones can be
achieved through the standard six colour
range used within this knitted jacquard
technique.

Each portrait was manipulated through
photoshops colour editing techniques to ob-
tain an overall colour profile, displaying
how digital manipulation can further enhance
colours and tones producible in knit, using
this technique.



3.PROCESS 3.DESIGN 1.DEVELOPMENT

72



73

3.PROCESS 3.DESIGN 1.DEVELOPMENT




3.PROCESS 3.DESIGN 1.DEVELOPMENT

74



75

3.PROCESS 3.DESIGN 2.FINAL WORK

For the final knitted textile work it was de
cided to develop a large-scale knitted tap-
estry design which aimed at demonstrating
and consolidating the techniques and knowl-
edge formed across this practice-based re-
search project into one final work. It was
also used to demonstrate and inform audienc-
es of the commercial and artistic potential
of this new knitted textile technique.

Influenced by the wide range of historical
painting and classical tapestry designs ex-
plored throughout this research, the final
design references the ‘Garden of Eden’. This
is a common scene found across a varied his-
tory of tapestries and art movements, and
interpreted through a variety of mediums -
but rarely found in knit.

Adaptations of the biblical scene allowed
for the use of a wide variety of imagery
across one composition as means of display-
ing diverse examples of scale, detail and
colour achievable through this contemporary
knit process.

Motifs typically associated with tra-
ditional tapestry and fine-arts mediums were
then translated into this contemporary knit-
ted textile medium using these new jacquard
processes developed and understood more ful-
ly through this research.
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The final series of designs explored concepts
of modernising traditional compositions 1in
tapestry and art. Adobe Photoshop was em-
ployed as the key method of producing the
final knit, where designs could be arranged
with ease by utilising these basic tools
within the software. Digital collages adapted
a range of historical and contemporary copy-
right free source imagery - which were fur-
ther edited and manipulated into new composi-
tions (See Figures 73 to 75).

Within this process, colours, scale and
compositional arrangement could be adapted
though a series of reflective design phases
which analysed design effectiveness prior to
physically knitting the swatches.

Processes for design have been drastically
simplified by the incorporation of photoshop
editing before technical programming ensues,
while the six colour Jacquard technique en-
hanced opportunities for image consistency
when translating high levels of detail across
to knitted structures - without compromising
final knitted textile designed visual outputs.

The final design (Figure 76) can be translat-
ed into a largescale tapestry design to be
exhibited within AUT’s St Paul St Gallery
Space. Figures 77 and 78 display images from
this final exhibition display.

3.PROCESS 3.DESIGN 2.FINAL WORK
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FINDINGS AND SUMMARY

This research expanded outcomes from auto-
matic knitting software through the develop-
ment of new jacquard techniques. These tech-
niques indicate expansive knitwear potential
can be realised through the collaboration of
existing softwares (Photoshop and Shima).
Techniques developed should support the fu-
ture potential avenues of software develop-
ment in this field, particularly towards the
inclusion of colour blending theories into
future software applications.

The action-research methods employed
throughout the investigation produced a se-
ries of knitted objects to serve as expres-
sions of possible aaplication, rather cri-
tiques in isolated as works of visual art.

Converting digital imagery through digital
knit design processes is a practice inves-
tigation that yields a series of unique out-
comes. This investigation began as a pur-
suit to achieve richer levels of detail into
knitted textiles, which are traditionally
known for low-resolution translation of im-
ages once applied to knitted structures.
Exploitations of basic colour theories
in combination with knitted structures have
greatly expanded the visual and aesthet-
1c capacity of knitted material outcomes.
With structural restrictions usually limit-
ing opportunities for colour in knit, this
method of design utilised automatic software
through a series of digital technologies,
specifically Photoshop and Shima Seiki Design
Software, to expand designer interaction.



This supported creative opportunities when
using highly specialised Jacquard processes
for knit design, with designs typically lim-
ited to woven or printed textiles made capa-
ble in knit through this technique.

Digital processes’ used across this research
informed this designers understanding of co-
lour, scale and composition all utilised 1in
the final designs. Opportunities to manipulate
material outcomes before engaging with the
more technical programming processes high-
light the potential of applying technical
training and design thinking together.

This research demonstrates that the
pursuit of developing knits using digital
techniques becomes uninhibited by previous
colour restrictions which limited options
for design potential, thus this expands the
designers access of technical knowledge and
enhances an understanding of knitted textile
manufacturing processes and future possibili-
ties for knitted material outcomes.

Across this practice-based research, the
translation of images into knit encouraged
new methods for achieving colour levels, im-
age details and visualises new methods for
approaching knitted images and scale; with
a sense of accuracy previously unassociated
with knitted textiles.

FINDINGS AND SUMMARY
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FINDINGS AND SUMMARY

Experimentation across this investigation
has resulted in several further avenues of
research, including the manufacturing of
objects and garments using such materials,
which have not as yet been explored using
this technique, and the continued exploring
of three-dimensional potentials in knit us-
ing this Jacquard technique, which offers
richer opportunities for human interaction
with knit.

Emerging paths of research stemming from
this investigative design project highlight
additional potential unexplored tradition-
al techniques in knitwear processing that
may also be under-developed in contemporary
industry. This research therefore, demon-
strates that further investigations into the
utilisation of digital imagery, software

and technology during knitted textile design
pre-manufacturing processes, can assist in
exceeding material expectations of knitted
textiles. This is just one traditional tech-
nique that has been explored that of Jac-
quard and this research shows that it offers
increased manufacturing options for knitted
textile design outcomes that have great po-
tential for increased visual imagery use
within industrial and commercial applica-
tions.
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