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Abstract. Communication between different members of a design team often poses difficulties. This
paper reports on the results of a detailed empirical study of communication in over twenty British,
German and Italian knitwear companies. The knitwear design process is shared by the designers,
who plan the visual and tactile appearance of the garments, and the technicians, who have to realise
the garment on a knitting machine. They comprise a typical but small design team whose members
have different backgrounds and expertise. Knitwear design allows a detailed analysis of the causes
and effects of communication breakdown. Designers specify their designs inaccurately, incompletely
and inconsistently; technicians interpret these specifications according to their previous experience
of similar designs, and produce garments very different from the designers’ original intentions.
Knitwear is inherently difficult to describe, as no simple and complete notation exists; and the rela-
tionship between visual appearance and structure and technical properties of knitted fabric is subtle
and complex. Designers and technicians have different cognitive approaches and are very different
people. At the same time the interaction between designers and technicians is badly managed in many
companies. This paper argues that improving the accuracy and reliability of designers’ specifications
would significantly enhance the design process. It concludes with a description of the architecture of
an intelligent automatic design system that generates technically correct designs from the designers’
customary notations.
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1. Introduction

The strength of a design team often lies in its diversity, but diversity can also made
teamwork problematic. Every person has a particular personality and works in a
different way; each brings different expertise and experience to the task. Designers
with different expertise and areas of responsibility can have radically different
conceptions of designs and the activities involved in producing them. How different
members of a design team communicate is a major factor influencing any collabo-
rative design process, and communication breakdowns can cause severe problems.
How do patterns of interaction and the means by which ideas are communicated
influence the success of design processes?
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This paper presents the results of an ethnographic study of the patterns of
communication observed in the knitwear industry with an analysis of the diverse
factors contributing to the communication breakdown. It discusses how computer
support for collaborative design can alleviate these problems.

1.1. KNITWEAR DESIGN AS A DOMAIN

Knitwear design is the creation of a technically complex product according to
aesthetic considerations – the relationship between the appearance of a knitted
structure and its structural characteristics is subtle and complex. While being
an important industry in its own right, the knitwear industry shares important
characteristics with both other aesthetic design industries and engineering design.
Knitwear design is shared primarily between the designers, who design the visual
and tactile appearance of a garment based on fashion trends and customer require-
ments, and the knitwear technicians, who are responsible for programming knitting
machines to realise these design ideas. The knitwear design process is essentially
linear: the key communication act is the hand-over of design specifications to a
different team member (usually but not always nearby). Significant inefficiencies
in the design process stem from problems in the communication between designers
and technicians: partly from the fact that itis a hand-over between separate people
doing separate activities; and partly from the form that the specifications take. For
the comprehension of this paper it is essential to note that knitwear design is not an
activity carried out jointly and concurrently by the designers and the technicians,
but that technicians are expected to realise design ideas in whose creation they have
not been involved.

The designers undertake the conceptual design of the garment, which as in
other industries is usually skeletal, vague and tentative. In developing the knitting
machine programs the knitwear technicians work out the detailed design of the
fabric. Pattern cutters construct the cutting pattern for the shape of the garment
and assemble the sample garment thus defining the details of the shape. The back-
ground and training of the person constructing the cutting pattern varies; in the
UK they have often risen from shop floor sewing and fabric cutting tasks and are
therefore referred to by their old title as “pattern cutter” or “make up person”. In
some smaller companies the designers do this job. The division of labour between
the knitwear technicians and the pattern cutters is changing, as more and more
knitwear is not cut to shape, but knitted to shape. Both technicians and make up
people play an important role in detailed design; however what they do is not
recognised as designing in the culture of the knitwear industry. The knitwear design
team is small compared with those designing complex engineering products, but is
typical in that different team members have different responsibilities, interests and
expertise but their collaboration is essential for the success of the product. A typical
knitwear company has two or three designers, one or two knitwear technicians and
one pattern cutter, who also does some garment make up. The largest companies we
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visited had seven or eight designers and a design director, about four technicians to
program the machines, and one dedicated pattern cutter. Some of the smaller ones
use freelance designers and only have one technician.

The analysis of the causes of failures of communication in the industrial knit-
wear design process presented in this paper forms one part of a detailed analysis
of the structure of the process (Eckert, 1997), which was intended to guide the
development of intelligent support systems for knitwear design (Eckert and Stacey,
1995; Eckert et al., 1998, 2000).

1.2. OVERVIEW OVER THE PAPER

Section 2 places the study of the knitwear design process discussed in this paper
in the context of other empirical studies of work processes in particular in design
(section 2.1), before explaining the methodology employed in this study (section
2.2) and the range of companies and experts it has covered (section 2.3). Section
3 provides a more detailed description of the technical characteristics of knitwear
which affect communication (section 3.1), gives an overview over the knitwear
design process (section 3.2), outlines the characteristics of commercial CAD
systems for knitwear (section 3.2) and describes the interaction between designers
and technicians in this industry (section 3.4). The failure of these two groups
to communicate successfully is analysed in section 4, which looks at different
factors contributing to communication breakdown. Intrinsic problems concerning
the effort and commitment involved in communicating early design ideas are
discussed in section 4.1; and in describing knitwear in section 4.2. Section 4.3
looks at cognitive factors, while section 4.4 addresses organisational factors and
section 4.5 cultural and social factors contributing to the communication bottle-
neck. The section concludes with a reflection on international differences and the
relative importance of these factors. Section 5 presents a computer tool that enables
the designers to build clear and unambiguous representations of garment shapes.
Section 6 summarises the results of the study and draws conclusions for other
fields.

2. The study

While ethnographic studies of design processes are becoming increasingly popular
in other domains, this paper reports on the first detailed study of the knit-
wear industry, which has included visits to over 25 different companies. The
methodology draws both on ethnography and knowledge level modelling.

Knitwear design in many respects is engineering design of complex products in
a nutshell. It shares the interaction of technical constraints with aesthetic consid-
erations and material properties. Knitwear is never designed in isolation; every
design is deeply influenced by the context created by previous and contemporan-
eous designs, as well as by the wider design culture, and in turn contributes to
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this context. There is a constant tension between being sufficiently different from
other products to attract customers and being sufficiently similar to be bought and
worn with other garments; the garment must fit within the envelope of acceptable
designs in a particular fashion. In the same way engineering products need to be
sufficiently different from other products to fulfil a specific market need or simply
to attract customers, while being similar enough that they meet needs the customers
recognise, and can be used in conjunction with other products.

2.1. BACKGROUND OF RESEARCH IN OTHER FIELDS

The study presented in this paper has been the first extensive study of the knitwear
industry, and one of the first large ethnographic studies of the textile industry.
Pycock and Bowers (1996) have looked at the organisation of the tailored clothes
division of a mail-order company. As no design occurs in the mail-order companies
themselves the emphasis of this study was on quality control, which is the main
challenge faced by all mail-order companies. Scaife et al. (1994) developed a
prototype system to record and modify design information in a database, based on
a detailed study of the tailored fashion industry, in which they identified the lack of
consistent recording of design information as a major problem. Alas, the fashion
industry has still not taken these findings on board, and tends to reassemble most
of the information associated with a design when it is modified. Mäkirinne-Crofts
et al. (1996) also remark on the lack of recording and reuse of design informa-
tion. They investigated the potential for improving computer systems for fashion
designers, basing their analysis on forty-five structured interviews with designers
and a questionnaire. They developed a theory of the fashion design process and of
creativity in general, based on quantum mechanics (from an uncritical reading of
Penrose (1989)), psychoanalysis, and mother-child bonding in early infancy. They
view idea generation as the ‘the great mystery’.

Ethnographic studies are increasingly employed to as a method to inform the
development of information systems and other software tools, especially CSCW
systems (see Viller and Sommerville, 1999, for a review and a description of an
ethnography-informed approach to system design). Meyer (1991) has combined
ethnographic observation with conventional knowledge acquisition techniques in
expert system development.

Ethnographic or participatory observation approaches have been applied to the
design of artifacts, most famously by Bucciarelli (1988, 1994) and Henderson
(1999), and within the German design research tradition by Badke-Schaub and
Frankenberger (for example 1999). Some other studies rely on interviews (for
instance Busby, 1998). However much of the research on teamwork in design is
based on experiments (for example Tang, 1989, 1991; Kvan et al., 1997; Cross and
Cross, 1997; Ullman et al., 1997). These experiments have varying relationships to
real-life design. Minneman’s (1991) research combined an extensive observational
study with experiments in which people from different fields of expertise were
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required to develop design by work in parallel in small groups in separate rooms,
exchanging messages by sending emissaries. Valkenburg and Dorst (1998) studied
team working in a student competition.

Software design has been studied extensively from a work studies perspective
by people who are interested in building computer support systems (see for an
overview and example Symon, 1998). While software development as a design
activity has many characteristics in common with visuospatial design domains,
such as engineering, architecture or knitwear design, it differs in some fundamental
ways. Software design does not generate a physical product: the elements of a
software product are purely functional. The representation designers use to express
designs is the medium for generating code, so the distinction between designing
and making is blurred. Although paper and pencil notations are used to express
designs more abstractly, they share the structural characteristics of the code. Not
only is visuospatial thinking not an essential part of software development, but
software developers do not have the problem of needing to translate design ideas
into a different form to express them, nor of needing to abstract away from
concretely imagined design ideas. Similarly software design does not involve the
issues of dealing with and communicating uncertainty and provisionality inherent
in visuospatial design (Stacey and Eckert, 2000). Apart from the problems involved
in understanding the users’ requirements, software development does not normally
involve bridging divisions between alternative ways of understanding designs or
dealing with multiple readings of representations. Software design is well provided
with conventions for expressing system designs, such as UML (Booch et al.,
1998; see Fowler with Scott, 1999), and techniques for developing specifications
and designs, which are understood and applied by a large fraction of the user
community, as well as well-developed methodologies that string these together
into procedures for organising projects and generating designs, such as SSADM
(see for instance, Goodland with Slater, 1995), OMT (Rumbaugh et al., 1990) and
the Unified Software Development Process (Jacobson et al., 1999). Engineering
has some design methodologies, for example those of Pahl and Beitz (1996)
and Ehrlenspiel (1995), but these mainly provide process guidance rather than a
set of techniques for creating designs. In engineering drawing conventions play
an extremely important role, but primarily for detail design and communication
between designers and manufacturing engineers (see Henderson 1999, ch. 6). Knit-
wear design has no methodology, and as we discuss later no complete, consistent
and manageable notation. Software can also be developed in an incremental and
modular way, so that changes to the system can easily be integrated provided
the interfaces between modules have been clearly defined; moreover building and
testing prototypes is often an integral part of refining both requirements analyses
and designs. Most other design domains require far more attention to integrating
components and satisfying different sets of requirements and constraints simultan-
eously; and building prototypes to refine conceptual designs is usually infeasible.
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Because of these differences we believe that software design is no more relevant to
the problems discussed in this paper then any other work activity.

2.2. METHODOLOGY

The original objective of this research was to build an expert system supporting
grading of garments through placing pattern elements automatically on a garment;
therefore the author intended to apply classical artificial intelligence knowledge
acquisition techniques (see Scott et al., 1991). However it was not possible to get
a dedicated expert who was willing to put in the time required for a conventional
knowledge elicitation process, therefore observations and interviews become the
only feasible options for knowledge acquisition. In undertaking the research it
became apparent that it was essential to understand how designers and technicians
saw their own work and work context. As social and cognitive issues became
increasingly important the author adopted a consciously ethnographic approach.
Ethnographic research aims to understand how people in the observed group under-
stand what they do. This involves maintaining a dual perspective: coming as far as
possible to share the viewpoint of the insiders; while at the same time keeping an
outsider’s distance, questioning and analysing the insiders’ assumptions in order
to describe and explain what they take for granted (see Agar, 1980; Hammersley
and Atkinson, 1995). An essential part of the author’s research was developing a
significant part of the knitwear designers’ and technicians’ expertise, perceptions
and tacit skills.

Researchers concerned with applying the methodologies of the social sciences
to system development disagree on what ethnography is (and hence on whether it
includes what we have done) – some regard it as an approach to data collection
(see for instance Dourish and Button, 1998); others reject this view, defining it as
a style of reportage (see for instance, Anderson, 1994). For the pragmatic reason
that we wish to relate our methodological approach to existing methodological
viewpoints and techniques, we side with the data collection camp, but only our
choice of phenomena to investigate and describe is in serious conflict with the
aims and procedures of mainstream analytical ethnography (Lofland, 1995).

As the research reported in this paper sought to gather declarative and proced-
ural knowledge of how to design, as well as cultural knowledge, the ethnographic
approach to data gathering was combined with techniques drawn from artificial
intelligence for analysing and describing problem solving knowledge. Both the
need for a design support system to support a wide range of different designers
with different styles and approaches, and the unavailability of data about the details
of designers’ cognitive processes, made cognitive modelling of design thinking an
inappropriate approach for this project (see Smithers, 1996, for a relevant theoret-
ical argument). Accordingly the project used hypothesis-driven ethnographic data
collection to built knowledge level models of design. We later termed this approach
knowledge level ethnography(Stacey and Eckert, 1999). The termknowledge level
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was introduced to artificial intelligence by Newell (1981), who describes a knowl-
edge level model as a model of behaviour in terms of what an actor needs toknowto
be capable of doing what it needs to do. Knowledge level models analyse behaviour
in terms of information, knowledge and competence to use it. This concept was
extended and applied to knowledge acquisition for expert systems in the Common
KADS methodology (for instance, Wielinga et al., 1992; Schreiber et al., 1993,
1999). Smithers (1996, 1998) applies the concept to design, arguing that the devel-
opment of design support systems require theories of design behaviour formulated
in terms of what designerscando and what designersmustdo.

In this study of the knitwear industry the ethnographic approach provided a rich
insight into social behaviour, organisational processes and culture in the companies
observed, while AI knowledge description techniques were applied to describe
designing behaviour. A basic understanding of the product was used to derive
an initial model of the design process, which was then iteratively refined. The
information gathering through observations and interviews hinged round gathering
information contradicting the current models as well as information widening
the scope of the current models, while assessing the typicality of behaviour.
The process modelling concentrated on how information is created, combined,
manipulated, and used to create aninformation artefact: a design. This involved
understandinghow information is generated and communicated, as well aswhat
information is created and communicated, hence it modelled information flow
rather than other aspects of social processes. (We don’t share the view expressed
by Henderson (1999) that information flow doesn’t exist (or isn’t a useful way to
analyse design activities); however it is essential to remain aware that information
flow is an emergent consequence of contingent and flexible human behaviour that
is directed to achieving a variety of goals, not always compatible with the collective
goals of the organisation (see Anderson, 1994).)

2.3. DATA COLLECTION

This research draws on visits to thirteen British, nine German and three Italian
knitwear companies, made over a period of four years. The interactions ranged
from one-hour interviews with designers and technicians, to observations of design
activities lasting up to one week; and involved over 80 designers and techni-
cians. As the typical design time per garment adds up to about one day, it was
possible to observe complete design episodes within the time scales permitted by
the fieldwork. While the selection of companies was unavoidably opportunistic, the
research aimed to get a balanced view of the industry, by investigating companies
in different sectors of the market, and whenever possible comparing direct compet-
itors. The enables generalisation and comparisons across the industry in Britain
and Germany, and some international comparisons. The selected companies ranged
from fashion leaders, such as Missoni and Escada, to the suppliers of mail order
companies and retail chains at the cheapest end of the market; however most were
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suppliers to middle of the range retail chains. In about half of the companies it was
possible to interview and observe both designers and technicians.

The author has also acquired some of the knowledge, skills and perceptions
of the designers and technicians herself, by taking pattern cutting and design
classes for undergraduate knitwear designers at De Montfort University, Leicester,
attending knitting machine programming courses for professional knitwear techni-
cians at Universal GmbH, and by designing garments.

2.4. COMMUNICATION SCENARIOS

Design communication can take many forms, and one should be wary of gener-
alising from conclusions reached by studying one type of situation. Interactions
between designers differ on at least the following dimensions:
• Time: synchronous in real time – asynchronous
• Location: co-located – remote
• Problem solving: separate – joint
• Expertise: shared expertise – complementary expertise
• Hierarchy: equivalent importance is attached to tasks carried out by the

participants – the task of one participant is subordinate to the task of the other
Two factors are particularly important in understanding how communication
works: the extent to which the participants share context and share expertise, and
the tightness of the feedback loop. In face to face communication, failures of
comprehension can be identified and corrected very quickly, and speech, gesture
and sketches are used to explain and disambiguate each other (see Tang, 1989;
Minneman, 1991; Neilson and Lee, 1994). In less tightly coupled exchanges, the
need to prevent rather then correct misunderstanding is correspondingly greater.

Knitwear design is a small-scale example of the sequential ‘over-the-wall’
design processes that were once almost universal and are still common in
engineering. In such processes organisational loyalties are to departments rather
than projects. Different aspects of the design are developed in sequence, and the
design is passed from department to department. Some tasks are subordinate to
more central design processes: they have to deliver what is specified. The view of
which task is subordinate to which can vary significantly between participants in
a design process; this is a potential source of problems. The flow of information
between tasks is ideally linear. The results of the main task are only changed if
the subordinate task fails. Knitwear design has a linear information flow between
the designers and the technicians. The technical realisation of a design is seen is
subordinate to the aesthetic design.

In contrast concurrent design, which is now widely accepted as the most suit-
able approach to engineering design, is carried out by a team where different
members have different roles, but design decisions are based on negotiated trade-
offs between different team members responsible for different aspects of the
design. The object of concurrent engineering is to consider all the important factors
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early in the design process, to eliminate the mistakes and suboptimal choices that
arise from neglecting important considerations in conceptual design. An important
aspect of concurrent engineering is group loyalty to projects before departments.
Kvan et al. (1997) present a cyclic model of collaboration in design teams, which
fits the framework of concurrent engineering: (1) Joint meta-designing to plan the
design process (2) Joint negotiation (3) Parallel separate activities (4) Joint evalu-
ation of the new state of the design. In the past decade many engineering design
processes have been reorganised to follow a concurrent design model. The distinc-
tion between concurrent engineering models and linear handover tasks is often
one of granularity. The activities that are restructured to facilitate multidisciplinary
input are on a much larger scale than the activities involved in joint problem solving
and decision making. Individual tasks can still be organised in an asynchronous and
solitary fashion. However restructuring group loyalties, processes and communica-
tion channels in the large can facilitate more joint designing activity. We know of
one knitwear company where a concurrent engineering design process has been
introduced, very successfully, but this is not generally known about in the industry,
still less copied.

A global economy with competition for manufacturing work from low labour
cost countries has let to a geographical diversification of design processes, so that
many concurrent engineering processes now involve remote and asynchronous
interactions with relatively few meetings. The same geographical distribution of
work has happened in the textile industry, in the relationships between design
companies and their customers and between design companies and their manufac-
turers (as illustrated for example in Pycock and Bowers, 1996). The interaction
between designers and their sampling technicians in the knitwear industry has
remained a handover task in a sequential design process in all but one of the
observed companies. As many manufacturers have moved their sampling capacity
away from their design location to their suppliers, the process has become
geographically distributed and remained sequential. The reliance on communi-
cation through documents without interactive discussion has increased. In these
situations companies have a dual need for recording information effectively: first
to generate clear specifications that do not need interactive explanation; and second
to enable designers to reuse and adapt previous design work more efficiently in the
future (see Scaife et al., 1994).

CSCW research has concentrated on supporting collaborative designing, that
is concurrent and synchronous, but remote, joint activities. Most of this work has
aimed to develop technology that enables designers to create designs in shared
workspaces (notably Tang and Minneman, 1990, 1991; Ishii and Kobayashi, 1992;
Scrivener et al., 1993; Moran et al., 1998), and use the same modes of expres-
sion (especially, speech, sketching and gestures) in the same ways as they do in
face-to-face interaction (Bly and Minneman, 1990; Minneman and Bly, 1990; see
Tang, 1989, 1991; Minneman, 1991). The aim of both this and related work on
supporting asynchronous collaborative design (Minneman and Harrison, 1999) is
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to provide information in its customary form as and when required (Minneman and
Harrison, 1999, Wagner et al., 1999). However Hollan and Stornetta (1992) point
out that communication processes are influenced by the medium; they question
the assumption that systems for supporting remote communication should try to
provide the same set of resources as face-to-face communication.

3. The communication bottleneck in knitwear design

This section outlines how the interaction between knitwear designers and knitwear
technicians fits into the whole of the design process.

The textile industry is one of the world’s major industries and the knitwear
industry is a substantial component of it. Knitwear is designed, manufactured
and sold in a wide range of countries, and is the subject of a large amount
of international trade. This international trade intensifies cost pressures on the
design process: western knitwear companies face severe competition in East Asia,
primarily Hongkong and China; and in the late 1990s British retailers have put
their suppliers under intense pressure to manufacture abroad to reduce costs. At
the same time, the knitwear design process is subject to severe time pressures.
For all fashion-related products, the beginning of a new season in shops sets an
unmoveable deadline for delivery of the final products. Due to the requirements of
production and the retail chains’ need to select co-ordinated collections, the design
process for a season begins one to two years before garments reach the shops.

3.1. INTERTWINING OF DESIGN AND TECHNICAL REALISATION

Design of all consumer products from cars to coffee cups involved a combination
of product design, which is concerned with the visual and tactile appearance of
the product, and which is driven by aesthetic considerations as well as functional
requirements, and designing to meet technical considerations. However there are
few products were the visual appearance and technical realisation are as closely
linked as in knitwear design.

In knitwear the shapes of the garment pieces are designed at the same time
as the fabric. The pieces are either knitted to shape (‘fully fashioned knitwear’),
or cut out from rectangular sheets of fabric (‘cut-and-sew knitwear’); and then
assembled into complete garments. Knitwear design thus combines the scope of
fashion design, which is concerned with the shape of garments, and textile design,
which creates fabric with woven or printed patterns.

Technical and aesthetic design can never be completely separated in knitwear,
even though the work culture imposes a sharp separation through the division of
labour between designers and knitwear technicians. A detailed analysis of the influ-
ence of the technical properties of knitwear on design is far beyond the scope of this
paper. The complexity that knitted structures can have can be seen from textbooks
on knitwear technology, for example Spencer (1989). In this paper we are only
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Figure 1. Lace wave pattern.

concerned with why the technical properties of knitted fabric make communicating
conceptual designs of garments problematic.

The time it takes to knit a piece of fabric on an industrial knitting machine is a
major contributor to the cost of the garment made from it, partly because of labour
costs (of the machine operators) and partly because knitting machines are very
expensive. Quite subtle changes to a knitted structure, or to the relative positions of
design elements on a piece of fabric, can make dramatic differences to the knitting
time.

The capabilities of each individual machine limit the space of possible designs;
only people who work regularly with a machine know what it can and cannot do.
What is possible also depends on the type of yarn; for instance mohair is relatively
weak and will break if knitted into an elaborate cable, such as cable (ii) in Figure 2,
while attempting the same cable in strong but unstretchable cotton would break the
needles on the knitting machine.

The relationship between the stitches in a piece of knitted fabric and its size
and shape depends primarily on the types and combinations of stitches. For
simple stitch structures, such as knit and purl patterns1 and straightforward multi-
colour patterns (fair isle2 and intarsia3 patterns), the rows and columns of stitches
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(i) (ii) (iii)

Figure 2. Technical realisation of cables technically routine: (i) standard arran Pattern; (ii)
difficult technical problem: three groups of stitches crossed; (iii) technically impossible
problem: cables with shadows.

are straight, so that relating conceptual design to implementation and predicting
appearance from structure is relatively easy. Holes (in lace patterns) and other
complex combinations of stitches cause the size and shape of stitches to vary,
so that the rows and columns are not at all straight (see Figure 1). In some lace
patterns the arrangement of the holes cause the rows to form undulating waves. In
these cases appearance cannot easily be predicted from structure, nor can appro-
priate structures easily be derived from an intended appearance. It is also extremely
difficult to predict by looking at a structure how hard it is to realise on a knitting
machine. For example cable (i) in Figure 2 is a standard cable. A designer would
be strongly discouraged from using cable (ii), because the yarn might break in
crossing three strands. The shadow effect produced by a second colour in cable
(iii) can only be achieved in hand knitting.

Fabric is often designed separately from the shape of the garment, and it is
difficult to predict whether the pattern will fit onto a shape. Imagine a Fair Isle
overall pattern with a small motif, say a swan, of 10 rows by 25 columns, which
needs to be placed onto a simple set-in sleeve shape. Ideally the swans should not
be cut. The width of the garment is however specified to be 105 stitches. What is
the best placement? Can the garment width be changed?

The major sources of complexity and difficulty in knitwear design are predicting
the shape and appearance of the fabric from a structural specification, and the
reverse problem of understanding the structure from the visual appearance, as well
as developing a structure to match a visual specification. They are thus the major
sources of difficulties in design communication.

3.2. COMPUTER SUPPORT FOR KNITWEAR DESIGN

Industrial knitting machines are among the world’s most complex machine tools,
with around 100 000 parts. An industrial knitting machine with CAD system can
cost over £30 000. The major manufacturers of flatbed knitting machines are Shima
Seiki in Japan, and Stoll and Universal in Germany.
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Knitting machines are controlled by programs for knitting garments that are
developed on highly sophisticated CAD systems produced by the knitting machine
manufacturers; the capabilities of the CAD systems are a vital factor in selling
the knitting machines themselves. These CAD systems provide visual program-
ming environments in which designers or technicians can create schematic graphic
depictions of garments using symbols or colour codes for different types of
stitches. They use embedded expert systems to support automatic programming
of industrial knitting machines by compiling their symbolic notations into machine
instructions.

Despite marketing claims to the contrary, these CAD systems are primarily
tools built by knitting machine manufacturers for knitting machine technicians
to program knitting machines, rather than as design tools for designers. Using
these systems requires considerable understanding of the technicalities of knitwear
design. Working out how a knitted structure is created is a mental activity quite
similar to programming in assembler. The first computerised knitting machines
were programmed using assembler-like languages which required a thorough
understanding of how stitches are formed. Modern CAD systems have graph-
ical programming environments which compile into the earlier assembler-like
programs. Knitwear technicians can modify programs on both levels, and can in
principle create a wider variety of stitch structures working directly in the low
level languages. However technicians now never develop the skills to do this, so in
practice the range of designs they can create is restricted.

Modern CAD systems can generate simulations of knitted structures, but only
when the program for knitting a garment or a piece of fabric is fully complete.
Either the designers create the designs themselves or they have to communicate
them to the technicians. Simulations provide faster feedback on the results of knit-
ting machine programming than fabric swatches, but the initial communication
problem remains. A designer described this process of simulation as “The Shima
[CAD] system can knit the fabric onto paper”. Designers complain that computer
simulation does not give the feel of the fabric, and they can visualise the fabric
themselves, but praise it for communication and marketing purposes. In reality
the CAD systems have become the medium of choice for designers to design
colour patterns, where each colour in the CAD system stands for one colour on
the garment, but designers very seldom use them for complex stitch structures or
for defining shapes.

3.3. THE KNITWEAR DESIGN PROCESS

In current industrial practice knitwear design is a nearly a linear process (see
Figure 3). Designers and technicians work mainly independently. There is no
organisational provision for joint problem solving, even though some partic-
ular individuals work collaboratively. The author has encountered one exception
mentioned above, where the design process has been re-engineered along concur-
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rent engineering principles similar to those recommended by Eckert and Demaid
(1997). This company’s designers regard this change as a great improvement.

3.3.1. The stakeholders and their social and educational background

Three main participants share the knitwear design process: knitwear designers,
knitting machine technicians and pattern cutters, see section 1.1. The have different
tasks and outlook on life. They are very different people in most respects, who do
not naturally interact outside their jobs. The designers who are responsible for the
visual and tactile appearance and timeliness of the design are young university or
polytechnic educated women with artistic aspirations in a job that is not highly
paid. The knitwear technicians’ task is to realise these design ideas on power knit-
ting machines. Almost all knitwear technicians are men. They see themselves as
working class, and have little interest in fashion or other artistic aspirations. They
are typically recruited from knitting machine operators, and have no education
beyond secondary school, even though the job is as challenging as other types of
computer programming. Pattern cutters are typically women recruited from shop
floor sewing, cutting or linking operatives, who have risen as far as is normally
possible in their careers and feel they have fulfilled their career ambitions. Both
technicians and pattern cutters are hard to replace, and usually stay for a long time
in one company. They are better paid than designers, which contributes to their
generally much higher job satisfaction. Designers and technicians rarely socialise.
There are exceptions to this pattern, including companies where designers and
technicians socialise. Eckert and Stacey (1994) present a more detailed analysis
of the gender and other differences between designers and technicians, and their
differences in aptitude for technical work and access to computer technology.
When we wrote that paper, we had never heard of a female knitwear technician; we
have since encountered one, who said she did not suffer from sex discrimination.

3.3.2. The design process

As Figure 3 illustrates, the designers begin working on a new season with what
they call ‘research’: investigating the coming fashion trends and selecting the yarns
used for all the garments in a season. They then plan the types of garments they
intend to create for the season. At this point many fundamental design decision
are made before anybody thinks that design has happened. The results of the
research process are represented in so-called “mood boards” or “theme boards”,
which present a collection of images and sketches of possible garments that define
parts of the range for a new season. Most designers begin what they think of
as designing by designing fabric swatches, though many will already visualise
concrete ideas for garments during research. A swatch is a sample piece of fabric
that is a prototype of a motif or other stitch structure that is independent of garment
shape. Shapes are often developed in parallel independently of the pattern placed
on them. Many garments are later designed by selecting a shape and using stitch
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Figure 3. Basic stages of the knitwear design process.

structures developed in these earlier sample swatches, and supplementing them
with additional swatches designed for the garment. Other garments are designed
in a holistic way designing both shape and fabric at the same time. Swatches,
shapes and garments are usually selected by the entire design team. Designers
create specifications (see section 3.4.1) for each of the designs they want to see
turned into sample garments, in the form of atechnical sketchdescribing its shape
and appearance, which is the conceptual design of a garment (Figure 4 shows an
example).

In Figure 3 boxes with thick lines show tasks done by designers; boxes with
thin lines show tasks done by technicians. The decisions in the shaded area are
made either by the designers or the technicians, or the two together. The shaded
area shows the area of collaboration between designers and technicians.

The technicians then take over the development. The knitwear technicians
program the knitting machine and knit the prototype garment pieces. This involves
doing a lot of detail design in the course of interpreting the technical sketch in
structural terms; the technicians often deviate significantly from the designers’
intentions. The pattern cutters create cutting patterns for the shape, and make up
the complete sample garments (prototypes). The knitwear technicians have often
already been in involved in creating fabric samples to select new yarns and knitting
idea swatches for fabrics.
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The technicians create complete swatches or garments that get as close as
possible to what the technicians think the designers wanted, and present them to
the designers. If an idea cannot be realised, the technicians often have to “prove”
this, by showing unsuccessful attempts to produce what is asked for. Designers
are usually only able to comment on the modifications made by the technicians
when they have produced swatches or sample garments. Technicians generally try
to develop designs as far as they can without “bothering” the designers. If they have
problems with specified designs, they often only approach a designer if they feel
they can offer the designer a suggestion for a solution, or can discuss alternatives
fully. For example a designer specified the left-hand cable in Figure 8, but the
yarn broke in several attempts to knit a swatch. The author observed the technician
investing about two hours in producing a swatch of the right-hand cable, before
going to look for the designer with all his swatches. As the designer was away,
the technician approached her boss in the corridor, who had previously not been
involved in the particular design, and explained what had happened and asked her
whether he could use the successful, but very different cable. The author observed
several similar episodes in other companies. Besides designs that are technically
infeasible, designs that are too expensive to knit at a given price point need to be
modified to make them cheaper. These simplifications are also done by technicians
and can require several rounds of modifications.

Designers can accept the sampled version or comment on what they would like
different. Designs are modified until they are good enough to be presented to a
buyer or the company runs out of time. There is often insufficient time to refine a
design until it really corresponds to the designers’ original intentions, or to allow
the designer to improve on their idea. Some very simple garments can be sold using
the first sample. Other designs, like complex cable patterns or patterns of multi-
coloured stripes which need to be balanced, often require many sample rounds. A
typical garment would go through about three or four sample rounds. The finished
sample garments are selected internally and often also by external buyers. Only
once a decision has been made to produce a design will it be graded (reproduced in
different sizes). At this point designs are sometimes adapted to make them cheaper
to produce or reimplemented for another knitting machine.

3.3.3. The efficiency of the process

Practitioners do not normally comment on the efficiency of the process as such,
unless they speak about improvements that they have achieved. However the design
process appears to be inefficient by the following indicators:

• Ratio of Design Ideas to Samples: Ideas are cheap. Each designer produces
hundreds or even thousands of design ideas in each season, which they visu-
alise mentally as garments. In all of the three competing supplier companies
to a large British retail chain that were observed by the author, only about 50
to 100 designs are specified as technical sketches and about a third of these
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are produced as sample garments. Of the 20 to 40 sample garments, the retail
chain buys fewer than 10.

• Technical feasibility of designs: Almost all technicians complain about the
designers’ lack of technical knowledge. Only about 30% of all the designs
specified as technical sketches can be turned into sample garments that can be
manufactured at the specified price point. The technicians attribute this to the
designers not understanding what can and cannot be done, and for how much
knitting time.

• Time pressure during sampling: All participants in the knitwear design
process complain about having to work overtime before presentation dead-
lines. They often have to settle for sub-optimal design or technical realisation
because iterative improvement is infeasible.

3.4. INTERACTION BETWEEN DESIGNERS AND TECHNICIANS

The lack of interaction between designers and technicians is a major contributory
factor to the inefficiency of the process, because designers specify designs which
can not be knitted and designs are evolved through numerous sample rounds to
a compromise between what the designer wants and what is not only technically
feasible but affordable.

3.4.1. Technical sketches

The handover of designs is done through so-calledtechnical sketches. A technical
sketch is the formal specification of a design through which it enters a company’s
records and achieves official recognition as entity in the design process. It is written
on a form occupying one side of a sheet of A4 paper, and comprises a brief written
description of the type of garment (seldom more than a couple of phrases), a set
of values for the dimensions of the garment, called measurements, and a freehand
sketch (usually only one), usually of the front of the garment as though laid flat.

Technical sketches are classic instances of what Star (1989) termsboundary
objects. These are documents and other objects that facilitate communication
across the boundaries between interests and disciplines, because they can be
read differently by people with different concerns and expertise, in terms of the
different sets of entities, properties, relationships, and principles that make up what
Bucciarelli (1988, 1994) terms differentobject worlds.

The most reliable part of the specification is the brief verbal description (“Ladies
Viscose Chenille A line Tunic” in the technical sketch shown in Figure 4).
Designers usually guess the measurements based on previous garments. These
are often aninaccuratedescription of the designers’ idea. The measurements are
often incomplete, because the designers do not know a measurement or leave it out
deliberately as an attempt (not always successful) to initiate a dialogue with the
technicians and pattern cutters. The measurements are also mutually dependent,
and can therefore beinconsistent. For example the style, the retailer-standard
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Figure 4. Industrial example of a technical sketch.
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Figure 5. Raglan sleeve.

distance from neck to wrist, the shoulder width and the sleeve width (given by
the designer) together determine the shape of the sleeve, but often other measure-
ments are given (see Eckert and Bez, 2000, for a mathematical explanation). It is
relatively unusual for designers to put in the necessary effort to ensure that their
sets of measurements are accurate and consistent. Pycock and Bowers (1996) draw
attention to over-specification in garment shape specification, which is likely to
involve inconsistent specification of mutually dependent values, as a major source
of consumer dissatisfaction with garments, because suppliers produce sub-optimal
shapes that comply with as many measurements as possible rather then focusing
on the desired effect.

The designers often complain that the technicians ignore their sketches. Tech-
nicians often do not take information from sketches, even when they cannot get
the information from any other part of the specification. For example the exact
shape of a raglan sleeve can be seen most easily from a sketch, as specifying in
any other way requires a description of the intersection between a line and a curve
(see Figure 5). Designers sometimes supplement technical sketches with garments,
swatches or photographs of garments. These supplements are likely to get lost
during photocopying.

3.4.2. Ambiguity of technical sketches

A typical technical sketch is highly ambiguous. Not only is the freehand sketch
itself ambiguous, but it also often contradicts what is specified through the
measurements and the verbal description. For example in Figure 4, the sketch
shows one straight sleeve and one that is narrower at the elbow. The elbow measure-
ment is also less than the cuff measurement. During the observation the pattern
cutter constructed a straight sleeve.

Knitwear designers have no way to disambiguate their technical sketches by
indicating the intentions behind the elements of their specification in terms of
their importance or degree of commitment or intended precision. This is the key to
resolving many problems in asynchronous communication. We discuss this issue
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elsewhere in relation to a typology of forms of imprecision in design specifications
(Stacey and Eckert, 2000). By contrast section 5 proposes a different approach
to design support: trying to eliminate ambiguity in design descriptions by using
a design support system that generates consistent, complete and unambiguous
garment shape specifications.

The inherent ambiguity of sketches is well known to researchers studying
collaborative design, although some analyses of the role of ambiguity in communi-
cation (notably Minneman, 1991) conflate ambiguity with indication of impreci-
sion and provisionality (see Stacey and Eckert, 2000). Studies of designers using
sketches to develop designs jointly in meetings by Tang (1989, 1991; Tang and
Leifer, 1988), Bly (1988), Minneman (1991) and Neilson and Lee (1994) have
shown that designers use speech, sketches and gestures in combination, using each
mode to explain and disambiguate the others. In individual design, sketches often
serve as external memory. Sketching also facilitates idea development, because
designers can reinterpret their externalisations to mean or suggest something they
did not intend when drawing them (for instance Schön, 1983; Goldschmidt, 1991,
1994; Goel, 1995; see Purcell and Gero, 1998, for an excellent survey of research
on sketching in design). McFadzean et al. (1999) point out that this reinterpret-
ation is driven by dissatisfaction with the current design. For this, vagueness and
ambiguity can be an advantage. However, in asynchronous, sequential design – like
knitwear design – ambiguity can be a major obstacle to successful communication
(Stacey et al., 1999; Stacey and Eckert, 2000).

3.4.3. Interpretation of specifications rather than negotiation

The negotiation of meaning is a very important part of social activity, which is
widely discussed by social scientists, including researchers on CSCW for design
(notably Minneman, 1991). In this research tradition, negotiation constitutes a
paradigm for understanding communication. In a negotiation process a proposal
is followed by a reaction to it and possibly by a counter-proposal, which in turn
might be followed by another proposal. Negotiation of understanding happens on
two different levels:
• Negotiation for clarification, where different parties negotiate to reach an

understanding of each other’s position.
• Negotiation for joint problem solving, where different parties negotiate a joint

solution, with the aim of satisfying as many as possible of their own concerns
and objectives, which might involve a change of position or a compromise by
either party, as well as clarification.

The role of ambiguity (see Stacey and Eckert, 2000) is very different on these two
levels of negotiations. In negotiations for clarification it is important to understand
the scope of vagueness and imprecision in an expression to understand which
aspects of a design each party is committed to. In negotiation for joint problem
solving ambiguity can play an important role in facilitating exploring and sparking
of creativity through reinterpretation, in the same way as it does in some individual
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design activities (see above). Only when negotiation for joint problem solving
occurs “everything is up for negotiation” as Minneman (1991) claims. Negotiation
for clarification is often a necessary step towards negotiation for joint problem
solving. In a sequential problem solving situation, where a design is handed over
to someone who is expected to develop it further (such as knitwear design), nego-
tiation for clarity only occurs when it is perceived to be necessary, that is, when
ambiguity is recognised and not one interpretation (ones own) taken for granted.

In many knitwear companies technical sketches are produced in batches and
handed over to technicians without further explanation. Designers often rely on
earlier unrecorded discussions to give the technician a context for each design. It
is an important part of the culture that technicians try to work as far as possible
without “bothering” the designers. As long as technicians think they know what
a designer wants they pursue it as far as possible. There are very few clarifica-
tion conversations or discussions about design alternatives before the technicians
have tried to generate a swatch. Technicians do not see it as their role to “tell
designers what to do”, as little as they think that the designers should tell them
how to program machines. The technicians and designers both see a technician as
the person who realises the designers’ intentions. The shaded area in Figure 3 could
give the misleading impression that there is a negotiation over each specification
before the technicians begin to program the knitting machine. The evaluation –
modification cycle in developing samples from a specification is typically done
by the technicians alone; and the designers are only involved when the technician
fails to find a solution to the problem of meeting the specification. Negotiation
only begins when the design has failed, either because it was technically infeasible
or the result that the technicians have produced does not correspond to what the
designer had in mind. The design is then discarded or the designers and technicians
discuss alternatives. Again this is often done in such a way that the designers tell the
technicians what they want to have done. However we have also observed isolated
occasions when the technicians proposed solutions.

Designers sometimes leave measurements out deliberately to force technicians
to come and talk to them. This is not guaranteed to succeed. This is the only
deliberate use of vagueness in specifications that we have observed. Designers
would want to generate unambiguous specifications, but can’t do so given the
time constraints. Increasingly knitwear designers for preference use CAD systems
to specify designs that are within their competence (primarily colour patterns),
even if the CAD system they use is not compatible with the company’s knitting
machines, primarily so they can produce unambiguous specifications. Knitwear
designers often have problems getting CAD training, because it is expensive and
the managers of knitwear companies sometimes perceive technical knowledge as
harmful (Eckert and Stacey, 1994; Eckert et al., 1999b).

Contradictions between measurements, verbal description and sketch are
resolved by the design technicians through an implicit prioritisation of the compo-
nents of the specification. They accept the verbal description, which is the most
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abstract, as correct and prioritise the measurements according to the extent to which
they are independent of human anatomy. They accept the length and the width of
the garment, but almost as a rule ignore designers’ specifications of neck width.
Technicians claim not to use the sketches, and designers complain about techni-
cians ignoring sketches. However, technicians take the proportion and balance of
pattern elements on a garment from the sketches, as these aspects of the design are
not specified in any other way.

The technicians’ interpretation is influenced by the designs that they have
produced in the past, which for them are the standard exemplars of categories.
For the designers, the standard meanings of their category terms come from the
shapes and features used in an emerging fashion, in fashion forecasting mate-
rials, catwalk garments, and other companies’ garments. These define the space
of acceptable designs for their target market in the season they are designing for.
For example designers complain that no matter what raglan sleeve they specify,
the same sleeve comes back on a sample. With the discrepancy in the seasons
designers and technicians are working on, the frames of reference of designers and
technicians can be three or four seasons apart. The shapes that the designers specify
are the final shapes of the garments, whereas the cutting patterns that the pattern
cutters construct are the shapes the fabric pieces need to have to achieve these
shapes. From these pieces complete samples are produced. Designers cannot tell
whether their garment designs fail to come out as they had envisioned them because
of inadequacies in their specifications, or because something else has gone wrong.
Therefore they have little chance to learn how to improve the quality of the their
specifications. As designers and technicians get to know each other over years they
will of course get better at understanding each other. However the lack of clear
and specific feedback slows the learning process. Busby (1998) describes similar
problems in engineering.

3.4.4. Mutual distrust as an effect of communication failure

Designers and technicians are often dissatisfied with each other. Designers are frus-
trated that their specifications are ignored, while technicians feel that they cannot
get designers to give them the information that they need. Technicians do not trust
the designers’ specifications, because they know from experience that the designers
often define impossible designs. Several technicians have quoted 30% as the ratio
of designs that are technically possible in the chosen yarn on an available machine
at the intended price point. With some justification technicians attribute the fact
that designers specify impossible designs to their lack of technical aptitude and
knowledge.

Many designers complain that if they specify a new structure, the technicians’
initial reaction is “that can not be done”. Later the technician comes back with
an entirely satisfactory solution (which may be a significant modification of the
designers’ original request). Some designers assert that technicians will say that
a design is impossible to program because they are unwilling to put in the effort
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to develop something difficult. Technicians complain that they often have to waste
time to prove to a designer that a certain design can not be produced, when this is
entirely obvious to them from the beginning.

4. Reasons for communication breakdown

Differences in responsibilities, interests, expertise, culture and language can be
overcome if the participants in a design process have a notation in which to say
exactly what they mean, if the notation is complete, precise, and cost-effective
to use. Conceptual designs are by nature incomplete, imprecise and provisional.
Communicating them inevitably involves a certain degree of uncertainty; but this
does not mean that the representations used to convey imprecise and provisional
ideas are necessarily vague or ambiguous (Stacey and Eckert, 2000). But saying
exactly what one means requires that the recipients of ones communications can
understand them appropriately; reading pictures and diagrams is a learned skill.
As Henderson (1999) illustrates, the use of CAD systems can severely disrupt
design communication: completeness and exactitude isn’t enough – messages and
communicative objects must match the interpretive skills of the recipients, and
convey the information they actually need. But given sufficient shared expertise,
and representations that tightly constrain their interpretations, it is possible to
communicate effectively between object worlds.

Knitwear designers and technicians are not so fortunate. They do not have
any exact model with which to communicate a knitted structure short of an
actual knitted structure. All the available notations are either incomplete, clumsy
or very complex (see section 4.2.1). Information about complex knitted struc-
tures is inherently difficult to communicate – harder than in other branches of
textile design – because the relationship between the combination of stitches in a
knitted structure and its size, shape and appearance is subtle, and dependent of the
technical properties of the yarn. However difficulties in communication between
designers and technicians arise from a number of different factors. Designing
appropriate computer support tools and strategies for collaborative design requires
an understanding of all aspects of the problem.

4.1. EFFORT AND COMMITMENT IN COMMUNICATING CONCEPTUAL DESIGNS

In most design domains an accurate description requires a large investment of effort
in working out details, and so a high degree of commitment to a design (Cross,
1989). It is a well-known problem in engineering that designers frequently pick
the first plausible solution and work it out in detail, without ever searching for
alternatives. This can be attributed partly to the difficulty of specifying designs
at the earliest stages of development exactly enough for them to be evaluated.
Moreover needing to commit to details in order to create a representation of a
design forces designers to make decisions prematurely that they would prefer to
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defer. In knitwear design the problem is somewhat different. Designers typically
produce technical sketches for a very large numbers of designs, without putting a
great deal of effort into any one. Designers together with managers and sometimes
buyers narrow these down to a small subset for further development, before they
seek any kind of technical input from the technicians. The limited investment of
effort in describing each design restricts the ability of the technicians to interpret
the designers’ intentions, because designers don’t put enough effort into precision
and consistency to eliminate the ambiguity stemming from sloppy descriptions.

4.1.1. Greater accuracy entails greater commitment

Many designers explore options at the conceptual design stage by generating and
evaluating mental images, often without any sketching; and sketches created as part
of idea generation may be unintelligible to anyone else. Aesthetic aspects of visual
appearance, such as exact shapes of curves, and balance and proportions of colours
and design elements, are difficult or impossible to convey by words.

A detailed and accurate specification of a design requires committing a signifi-
cant chunk of the designer’s time to a specific design. A detailed sketch that
contains clear information for technical implementation needs to be drawn to scale
with all parts in proportion, and details need to be worked out. For example a
detailed sketch of garment with an animal border would require working out how
many animals knitted in the chosen yarn fit on the desired shape, which can be
rarely be decided before the fabric has been sampled. Accurate sketches are also
against the ethos of fashion drawings, which use distortion as a means to express
style. As they put effort into a design solution, they also become more emotionally
attached to that solution. As we argue in section 4.2, knitwear does not have an
intuitive and easy notation for specifying designs accurately. So by working out a
design sufficiently to specify it accurately, with a sketch or in a symbolic notation,
the designers have to devote quite a long time to it, and make a mapping between
their mental representation and the representation they are using on screen or on
paper. The degree of precision and reliability is proportional to effort. By investing
this time into a specific design, designers have to change focus away from concep-
tual design: in the case of knitwear designers, thinking about their requirements,
their sources of inspiration, and the demands of fashion.

4.1.2. Conflict in the intended degree of detail in a sketch

An important problem faced by knitwear technicians is that it is often hard to
interpret from a sketch which aspects of a design are specified accurately, and what
is deliberately left vague.

Knitwear designers often use sketches to specify aspects of a design that would
otherwise be difficult to describe, for example the angle of a raglan sleeve (see
section 3.4.1). The rest of the sketch of the garment is often just a placeholder
providing the context for the particular aspects that are unusual or important.
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However, the technicians do not know which parts of the sketches contain the
important information, and so should be taken seriously and studied carefully.
Designers frequently complain that technicians ignore their sketches, and produce
designs just like those they have always produced, applying standard procedures
according to the category descriptions. This can be attributed to the failure of the
technicians to recognise the intended degree of detail and precision with which
design features are depicted in sketches. This is largely due to the conflict in degree
of accuracy to be found both between sketches and between parts of the same
sketch. The problem might be alleviated by explicit indications of how seriously to
take different parts of the sketches, but we have never observed anyone trying that
approach.

4.2. DESCRIPTIONS OF KNITTED STRUCTURES

None of the ways of representing knitwear used in the industry are at the same
time unambiguous, complete, and easy to read and write. Each possible notation is
a compromise and leaves scope for interpretation. In industrial practice designers
communicate their ideas to technicians in a number of ways.

4.2.1. Describing knitwear

Currently no notation exists for knitwear that is complete, unambiguous and easy to
use. Knitwear is often described by reference to other knitted garments or pictures
of garments. Communication by reference is used amongst designers who share
the some cultural references as well as strong visual memories, and therefore
can reconstruct the visuospatial properties of the design from a verbal reference
to a commonly known design and an explanation of the changes to it. But such
descriptions are hard to understand for technicians who are not involved in fashion
research, and therefore don’t share the same reference points. Eckert and Stacey
(2000) argue that references to other objects form a language for design. Garments,
swatches or photographs are often attached to design specifications. Sometimes
technicians physically take the fabric apart to reverse engineer it; otherwise they
have to reconstruct it by inferring structure from appearance, which can be difficult.
Designers often use drawings or sketches, which as we note above are inherently
ambiguous. They also use made-up notations, such as crosses for colour patterns,
which need to be interpreted according to context.

Designers often describe swatches or changes to designs during later sampling
rounds verbally. All observed companies did produce technical sketches for the
formal handover, but one company we heard of did also do this verbally. Hand
knitting notations, such as the schematic diagrams and instructions found in knit-
ting magazines for amateurs, are not used by professional designers, because they
express designs as a sequence of hand knitting actions, which are totally different
to machine knitting operations.
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Figure 6. Loop description of part of a cable pattern (Universal, 1996).

The only complete and accurate notation is a so-called loop description, which
describes the structure in terms of the how the stitches look on a knitting machine
looking at the needle beds from the top, thus showing the path of the yarn. However
this requires technical knowledge to use, is extremely lengthy and does not show
the appearance of the fabric. Designers cannot generate this notation and would
find it extremely difficult to understand.

Most CAD systems (see section 3.2) use different colours for different types of
stitches. However there are more different types of stitches then there are easily
differentiable colours. Using the colour coding requires familiarity with the code
and some understanding of the technicalities of creating knitted structures. Colour
coding camouflages the original colours of multicoloured designs; and makes
certain parts of the design more salient than others. With suitable familiarity with
the codes, colour coding is the fastest way to specify stitch structures, and is the
most accurate notation that gives an impression of the visual appearance of the
fabric. As the colour code expresses the structural form of the design, it is necessary
to work out how something can be knitted, before it can be expressed in the colour
code. Designers typically don’t have this expertise. The arbitrary choice of colour
codes by the knitting machine manufacturers makes some features more salient
than other equally important features; for example the white stitches in Figure 8
stand for cross over to the right and the blue stitches stand for cross over to the left.
The colour codes lose the visual coherence of pattern elements.

Knitwear designers and knitwear technicians do have not a notation in common
that both understand and can use fluently.

4.2.2. The only model of a knitted structure is a knitted structure

Model house designs are built from cardboard, model car designs are made in
reusable clay, but is not possible to create a mock up of a knitted garment in
another material to communicate the design without creating knitted fabric. Only
a swatch can communicate accurately both an intended visual appearance and the
structural properties of a fabric. A swatch can also be taken apart to give infor-
mation about the creation process. As the simulation programs require complete
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Figure 7. Colour coded structure (cable pattern on the right) (Shima Seiki, 1996).

knitting machine instructions (see section 3.2), they do not solve the problem
of communicating design ideas before they have been developed into complete
designs.

4.3. COGNITIVE FACTORS

The specifications discussed in this paper are the manifestations of the designers’
mental images of their design ideas. Mental images are extremely difficult to
research or observe; however designers’ and technicians’ powers of visualisa-
tion are reflected in their attitudes to commercial simulation software (see section
3.2). Both designers and technicians can mentally visualise knitted structures and
manipulate them. Experienced designers have commented to the author that visu-
alisation ability is the most important talent a designer requires. Designers can
visualise garments on different people and imagine the drape of garments. Tech-
nicians can visualise complex knitting operations, such as the creation of cable
patterns. However, the way in which both groups visualise designs is different:
designers think in terms of visual and sometimes tactile emergent properties
whereas technicians think in terms of the structural characteristics of fabrics.

4.3.1. The difficulty of describing mental images

The problem of communicating a mental image of a design to someone else
is comparable to trying to explain a picture over the telephone. Our language
can express symbols and categories, but is inadequate for the task of describing
subtleties of shape and texture, and can be ambiguous. Even when the explanation
is long and detailed, a listener who does not see a picture still only has a partial
understanding of what it might look like. It is possible to recognise a picture from
a description, but unlikely that a complex picture can be recreated from a verbal
account no matter how detailed. But this is exactly what needs to happen in the
design process: the mental model that the designer has of a garment needs to be
translated into a garment by someone else. As a designer has phrased it: “the
technicians need to knit what the designers think”.
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4.3.2. Different mental representations of designs

It is always difficult to access mental models. The following remarks rely on
comments made by designers about their they visualise their designs, and answers
to debriefing questions given by designers who participated in an experiment on
adaptation of sources of inspiration (Eckert and Stacey, 1999). Inferences can also
be drawn from the way designers and technicians talk about the fabrics and designs.

The designers think primarily in terms of the visual and tactile appearance of
the fabric or the garment. They design to achieve an effect. They talk to each
other about the effects they are trying to create, for example a crochet effect, or
an ocean wave look. These effects are emergent perceptual properties of the fabric.
The designers have to force themselves to think about the structural properties
required to achieve the desired effect. They see a design primarily as an overall
concept within the context of fashion, which fulfils a function and expresses a pre-
decided mood. Designers think in terms of complete garments or swatches from the
time they start looking at yarns and forecasting material. For example one designer
commented that as she looks at yarns in a yarn show she pictures them as garments
that she would make from them and experiences the exposure to materials as the
most creative time in the entire design season. They have the subjective sensation
of seeing complete designs as pictures of garments. One should be wary of making
assumptions about how much detail and how many different aspects of a design
a subjectively complete image includes. Some designers see garments in colours,
often from their current standard colour palette; others are not initially aware of
colours or see colour contrasts (one designer commented that she sees a black and
white image), and then colour in their images. Designers have no names for many
concepts they use to conceive designs (such as complex shapes), and describe them
by describing changes to other objects (Eckert and Stacey, 2000).

Technicians think about and describe knitwear in terms of the structure of
the pattern, i.e. as combinations of stitch types, or as combinations of machine
operations. For example when the technician talked about the “crochet” pattern,
mentioned above, he described it as a racking pattern, referring to the technique
he used – rather cleverly – to create it. When technicians are suggesting altera-
tions to a fabric they sometimes try to maintain the structural characteristics of
the fabric and not the visual appearance. For example the author has observed a
technician changing a cable pattern from Figure 8(a) to Figure 8(b), because in
the specified design the yarn broke as a result of crossing two adjacent cables in
opposite directions. The visual effect of these cables is very different, even though
they are structurally very similar. For the technicians the emergent properties are
the goal of the reasoning process, not the beginning.

4.3.3. No overlapping expertise

Knitwear designers don’t receive much technical training in the construction of
knitted structures or programming CAD systems during knitwear design courses
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(a) (b)
Figure 8. Different appearance of cable patterns with similar structural properties
(taken from Burda, 1975).

at college. Universities cannot afford the hardware to give each student adequate
access to CAD systems or power knitting machines, and the manufacturers do not
offer educational licences for their CAD software. Many knitwear designers in
industry are trained in fashion or textile design and are not taught knitwear any in
depth. Of all the designers included in this study only two were able to program
power machines, but never did any programming. Most British designers used the
CAD systems sometimes to enter colour designs. When the issue was raised, all
British designers commented that they regret their lack of technical knowledge and
would like to have to time to learn more about knitting machine programming,
while their German counterparts did not considers programming at all relevant.
Designers acquire technical knowledge piecemeal through practical experience of
seeing how their designs are realised, and therefore explain technical issues by
reference to the designs that had incorporated certain features. This knowledge
is not systematically passed on to younger colleagues. Many technicians have
commented to the author that they would like their designers to have greater tech-
nical knowledge, so that they know what is feasible and cheap, and what is not;
they think that better technical training for designers would be the single thing that
would improve the design process the most.

Technicians do most of the detailed design of knitted garments when they are
translating the designers’ rough specifications into fabric or shapes. Technicians
don’t have design training. They rarely have an interest in fashion and don’t follow
design developments. Only one company the author has visited takes technicians
along to fashion and yarn shows; it proved beneficial to them. With practice techni-
cians learn design principles, such as balance of pattern elements or colours. They
adapt to company house styles and learn to fit into the style of individual designers.

4.4. ORGANISATIONAL FACTORS

The organisation of the knitwear design process in industry creates communication
difficulties, some of which could be alleviated by better management (see Eckert
and Demaid, 1997).
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4.4.1. Getting hold of each other

In many companies the offices of the designers and technicians are quite a long
way apart. The technicians’ offices are close to the sample machines, which are
often kept close to the production to enable the technicians to attend to production
machines. Designers often are located elsewhere in a quiet corner of the site,
as knitting machines are very noisy. Seeing each other takes effort. In several
companies designers and technicians noticed it as a relief when moved closer
together. Designers and technicians often have to wait a long time until they can
catch up with each other when they need critical input. For example a technician
needs to show an unsuccessful swatch to a designer before trying a different solu-
tion. The machine is set up, the program is loaded and two minutes designer time is
required. If the technician cannot find the designer, he has to begin a new task and
think his way into a new problem. Designers are often in internal meetings, seeing
buyers, customers or yarn sales people, at shows and on shopping trips, and are
therefore out of their offices. In most companies there are fewer technicians than
designers, so the designers have to wait until the technicians have finished a task
for a colleague. Interaction is very much more efficient and successful in the one
company the author has visited that has reorganised its design process according to
concurrent engineering principles and located its technicians next to the designers.

4.4.2. Overlap of seasons – different frames of reference

The fashion of each season is defined by the garments that are created for it
and the sources of inspiration used for them (Eckert, 1997b). For the designers
these garments and objects set the context and subtly influence their perception.
Designers comment that designs often look dated to them by the time they reach
the shops. The mental context for technicians is provided by the garments that they
are currently working on or have recently worked on. As designers and technicians
are working on different seasons, they work in different contexts.

A season lasts for 6 months from January to June and July to December. Many
companies have now moved to four seasons a year; however they still have the one
and a half years time span between research and sale. Figure 9 shows a simplified
picture of the activities occurring in a company during one season. The season
N on sale is given as a reference point. Production on a season continues for a
while before production moves on the to the next season N + 1. The technicians
sample the season N + 1 until it has reached production, and assist with production
problems of season N. At the same time they produce swatches for designers for
season N + 2. The designers are engaged in design for season N + 2 and begin
the research for season N + 3. When technicians encounter problems in sampling,
the designers have moved a full year ahead in their fashion context. Designers and
technicians are working with different frames of reference and interpret assertions
accordingly. Designers would like to concentrate fully on the research on the new
season and are primarily interested in the new work, but they are often interrupted
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Figure 9. Parallel activities during one season.

to sort out problems with the previous season’s garments. Many designers complain
that they spend more time troubleshooting the previous season than researching the
new season, but not in an organised manner. The problems created by the overlap
of seasons are increased by last minute adjustments to ranges for presentations
to buyers, which require new designs or modifications to existing designs. Both
groups require each other’s support at times when it is not convenient for the other
group. This leads to inefficiency and frustration.

4.4.3. Record keeping

The lack of design records has been identified by Scaife et al. (1994) as a major
problem in other parts of the textile industry. Our findings in the knitwear industry
confirm this. During the design process the only records are technical sketches,
such as the one shown in Figure 4. Most designers initially produce sketches
for their designs, but they usually don’t keep them or show them to the techni-
cians. Conversations between the designers and the technicians are informal and
unrecorded. Perry and Sanderson (1998) have highlighted the equal importance of
informal communication in engineering companies’ design processes.

Knitwear companies don’t keep many records of the designs of previous
seasons. Some companies keep all finished sample garments, others only sold
garments or selected designs. The technical sketches are kept for one or two years
and are then thrown out. Successful swatches are seldom kept in any organised
manner, and swatches of previous versions of fabrics are not kept. Theme and mood
boards are recycled after the end of the season; and are never used for communi-
cation between designers and technicians. The records are kept in the memory
of the participants. Yet designers and technicians frequently use old designs to
describe new designs in terms of changes to them (Eckert and Stacey, 2000), and
copy measurements from old designs or technical sketches. New designers have
to put significant effort into learning the house style, so that their style fits in
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with their colleagues’ style and the requirements of the target customers. This is
highly problematic as many designers don’t stay in a job for more than three years,
because they are afraid of burning out and can often only advance their career
through changing jobs (Eckert et al., 1999b).

4.5. CULTURAL AND SOCIAL FACTORS

The social organisation of the knitwear industry and the cultural attitudes and
beliefs of its participants are not responsible for the communication problems, but
they do little to counteract them. Designers and technicians typically come from
very different social groups. Managers have rarely been designers or technicians
in the past and therefore don’t have the skills and attitudes to counteract differ-
ences between the groups. Eckert and Stacey (1994) present a much more detailed
discussion of the social and cultural influences in the industry and its attitudes to
creativity.

4.5.1. View of creativity

In both universities and industry the view is held by some people that excessive
technical knowledge restricts the designers’ creativity. There is some justification
for this view, as technically experienced designers tend to design to the ability of
the machine, rather than push it to its limits by demanding novel designs. With
increasing expertise designers acquire a repertoire of design components which
they include in new designs as a way of working quickly under time pressure.
They acquire procedures for creating certain types of design efficiently, and also
shy away from types of designs that have proved problematic in the past. In Eckert
et al. (1999b) we discuss this in more detail in the context of designer burnout.
However there is no evidence that the creativity as such is restricted, rather that
designers have found ways to design feasible designs fast and are rewarded more
for this than for novelty.

4.5.2. Skill profile of design managers

Only in the last few years the largest of the British knitwear companies included
designers in the management of the company by creating the job of design manager.
The other managers tend to be male and usually have degrees in textile technology
or business studies, or have neither a degree nor any training in textiles, but have
risen from sales. They cannot assess technical arguments and often have only a
partial understanding of fashion; and have little understanding of design thinking.
Therefore they cannot mediate between designers and technicians. The fashion
industry has also no theory or methods for managing processes or generating
designs, as engineering does, that could be used to guide managers and explain
design acts abstractly to them.
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4.5.3. Power struggles between the designers and the technicians

Most companies declare that they are committed to realising the designers’ inten-
tions as closely as possible, because the design ultimately sells the garments.
However they rarely give the designers formal power over the design process. It
is difficult to find skilled technicians, because few people able to program highly
complex CAD systems are to be found operating knitting machines on the shop
floor. Colleges and universities produce a surplus of designers, and designers find
it difficult to get a job. Companies don’t have problems recruiting skilled designers,
but sometimes find it difficult to find designers with management skills. This differ-
ence in job security gives the technicians power over the designers who know that
if they antagonise the technicians, they are likely to leave and not the technicians.

4.6. SOME INTERNATIONAL DIFFERENCES

The analysis presented in this paper applies equally to knitwear design in Britain
and Germany. (The three Italian companies visited in this study were too few and
too idiosyncratic to draw general conclusions from them, but are significant for
an understanding of the industry as a whole). However there are some differences
between these countries resulting from their different training patterns and labour
costs. In Britain most knitwear designers are trained at least to some extent in
knitwear design and know at least in principle how to operate a knitting machine,
by being taught how to operate a hand knitting machine. Usually student designers
don’t have access to power knitting machines, but have their fabrics made by
college technicians. They are interested in the construction of knitted garments
and often express great regret that they don’t have the time to learn more about the
technical side of knitting. On the other hand Germany does not have specific knit-
wear design degrees and most German knitwear designers are trained as fashion
designers (tailored garments) and do not know about the technical side of knit-
ting; nor do they consider it their job. In consequence German designers often
reuse stitch structures from other designs or from swatches that they buy. This is
compensated for by the better theoretical understanding of the German knitwear
technicians, resulting from the high standard of a training comprising three-year
apprenticeships – often at the knitting machine manufacturers’ headquarters – and
a year of professional training. By contrast the British technicians are trained on
the job and through courses put on by the knitting machine manufacturers. In
consequence German designers and technicians discuss design problems less than
their British counterparts.

Due to high salary levels and strict legislation on issues like overtime many
German companies have moved their production abroad since the early 1990s and
only kept a sampling department in Germany. In recent years some companies have
also closed down their sampling departments and sample at their suppliers. If the
designers and technicians are no longer in the same company and do not speak
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the same language the need for accurate written specifications increases. The high
Sterling exchange rate is forcing British knitwear companies to do the same.

The Italian knitwear industry has on the whole a different division of labour.
Italy does not have specific knitwear design degrees, and many knitwear companies
hire British knitwear design graduates as fulltime or freelance designers. Knitting
machine programs are often developed in dedicated software houses that specialise
in programming knitwear machines of all kinds. Top range German companies
use these Italian software houses and Italian manufacturers in spite of high labour
costs in Italy, because they are most able to push the capabilities of machines to
their extremes.

4.7. RELATIVE IMPORTANCE OF THE REASONS FOR COMMUNICATION

BREAKDOWN

The difficulty of expressing conceptual ideas in knitwear is at the heart of the
communication problem. As there is no complete and accurate representation of a
complex knitted structure other than a knitted structure (and reverse engineering
a swatch is not a trivial task), communicating a design with the precision and
accuracy needed to avoid confusion is very time-consuming and would disrupt
the creative process. The existing relatively complete and precise notations can’t
be used before the detailed design is done.

The imprecision and ambiguity inherent in most of the means of expressing
designs gives scope for interpretation. The interpretation is likely to differ from the
original idea, if the recipient’s frame of reference differs from that of the sender.
As technicians do not share the designers’ research on target seasons, they interpret
designs based on what they have done in the past.

The most fundamental problem is, however, that the industry in general does
not recognise that a communication problem exists, and therefore does nothing
to counteract it. In the few companies that have seen the problem, designers and
technicians have actively worked on finding a shared language, for example by
defining a common vocabulary for cables. Once a communication problem is iden-
tified, each group can put effort into finding ways to clarify their ideas as much
as possible, and develop a mechanism of interaction through frequent meetings or
an intermediary person. In general this improves the communication situation, but
does not change the culture of bulk handovers of technical sketches with little or
no explanation.

The culture of the knitwear industry does very little to create a common under-
standing. Designers are not taught to program knitting machines and technicians
don’t take part in fashion research. Moreover, misunderstandings are viewed as
incompetence or unwillingness to try. Facilitating frequent easy interaction can
help, as designers and technicians become more familiar with each other’s work
and tasks.
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Even though knitwear designers and technicians come from extremely different
social groups (section 3.3.1) this is not the cause of the communication problem,
but merely a factor in the lack of compensation for the communication problems
inherent in the division of labour in knitwear design. If designers and technicians
came from more similar groups they would be more likely to socialise and talk
about their work; thus addressing problems as they arise in an informal manner.
Common interests, and similar backgrounds and ages would give the two groups
a greater shared understanding of cultural references, such as fashion trends or
inspiration material.

4.8. WHY THE PROBLEM PERSISTS IN INDUSTRY

Good practice in the textile industry does not spread from company to company,
because there is little discussion between companies on processes; and the people
moving between companies either don’t have the power to change the culture, as is
the case with designers and technicians, or the understanding to recognise process
problems, as is the case with managers.

The underlying problem is that no one in the textile industry has a theory of
design process, or a way of sharing knowledge between companies about design
processes. The issue is barely touched in the few existing trade journals, such as
Textile Horizonsor Knitting International, which concentrate on technical issues
or global changes. There is no intellectual interest in design processes in textiles,
either in university textile departments or in industry, comparable to that shown by
many engineers and architects; nor much teaching of design management in either
design courses or textile management courses.

5. The role of computers in overcoming the communication bottleneck

Computers have already played a significant role in easing the communica-
tion difficulties in the knitwear industry by facilitating exchange of information
electronically through standard tools like E-mail and providing consistent represen-
tations of knitted structures. But the available computer tools (see section 3.2) still
have major limitations as support for conceptual design, because designers find it
difficult and time consuming to translate their ideas into forms the systems can use,
even if they have the expertise to do so, which most designers do not. However, a
CAD system that turns the incomplete and inaccurate specification the designers
currently produce into clear and accurate representations of their ideas could break
this bottleneck.
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5.1. EFFECT OF EXISTING COMPUTER SUPPORT ON COMMUNICATION IN

KNITWEAR DESIGN

So far the main contribution by commercial CAD systems to facilitating design
communication has been to make the creation and specification of colour patterns
significantly easier, so that designers can define their own colour patterns. Designs
that were a matter of weeks twenty years ago are now completed in a few hours.
If the designers are willing to invest the necessary time and effort these designs
are communicated precisely. For more complex designs, designers would have to
acquire the skills of the technicians to program the machines. This would upset
the division of tasks in the industry; and would increase the workload of the
designers. Technicians now spend much less time on the programming of simple
designs. However the basic work pattern has remained the same. Technicians have
commented that their workload has remained the same over the years, because the
designs have become more complex as computer technology has made program-
ming easier. The increased level of technical complexity of the designs makes
efficient communication more important than ever before.

5.2. APPROACH TO COMPUTER SUPPORT FOR COMMUNICATION

As we argue in section 3.4 the communication problems in knitwear industry
arise from incorrect interpretations of incomplete, inconsistent and inaccurate
specification. The problems can therefore partially be partially be overcome by a
computer program that aids the designers in creating complete and correct specific-
ations quickly; and enables them to elicit technical feedback fast. Eckert (1997;
Eckert and Stacey, 1995; Eckert et al., 2000) proposes a system to create concep-
tual designs of garments automatically from designers’ customary specifications
(category descriptions and sets of measurements). These suggestions can be eval-
uated visually and edited by the designers while maintaining internal consistency.
The design that the knitwear designers pass on to the technicians corresponds to the
designers’ intentions, is technically correct and complete; and can be presented in
multiple representations. An automatically generated design solution has a reliably
consistent quality of specification, and the generators and the receivers can learn
to interpret and trust it (See Eckert et al., 1999a, for a discussion of the role of
generative systems in design processes and design cognition).

Designers are used to receiving suggestions for designs, because technicians
present them with completed implementations of their conceptual designs after
a considerable time delay. Professional designers are highly skilled in evaluating
their own and other designs on a variety of aesthetic and technical criteria, by
perceptually appreciating the characteristics of designs, more than by reasoning
about them (Schön, 1983; Schön and Wiggins, 1992). This enables them to recog-
nise good or technically correct designs, even if they could not create them, and
to see in which ways designs should be amended. Presenting possible designs
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visually exploits the designers’ highly developed skills in the perceptual evaluation
of designs (Eckert et al., 1999b).

This similar fast feedback approach has been introduced in fashion information
systems, such as the Gerber GERBERsuite system,4 where designers can specify
a design for a tailored garment through modifications to older designs, and receive
initial costing feedback by manipulating a two dimensional outline of the garment
and adding and deleting standard features. Doing this for a knitted garment is far
more complex than for a woven garment, because its feasibility and cost depend
on details of the stitch structures and the placement of design elements on the
shape. Describing modifications to an existing garment would not provide enough
information to generate costing feedback, because seemingly small changes to the
design can require radically different technical solutions, and different materials
can behave very differently.

5.3. A PROTOTYPE GARMENT SHAPE DESIGN SYSTEM

Traditionally garment shapes are constructed in industry using a manual craft
approach. The pattern cutters use measurements provided by the designers to
derive the dimensions of the garment; they have remarkable tacit skills in drawing
curves for armholes and sleeves that have exactly the same lengths and the
right shape within company parameters. To create automatic solution suggestions
from categories and dimensions, the construction of garment shapes needs to be
modelled mathematically, to guarantee that two curves that need to be joined have
the same lengths, or lengths in a specified ratio. The mathematical model needs to
enable the design support system to meet the following requirements:

• design starts from the specification of shape categories and measurements, or
from shape categories and default values;

• designs are easy to edit both by direct manipulation of diagram elements
and by changing measurement values, so that users can modify the solution
suggestions;

• the system highlights and modifies inconsistent input measurements;
• the system allows easy use of the intelligent completion of values;
• the system maintains domain constraints;
• the system is adaptable to individual company styles.

To fit into the designers’ customary working practices and thinking style,
garment shapes need to be presented as two-dimensional outlines as in the technical
sketches, so that the proportions are easily visible. These can be translated into
cutting patterns for individual shapes, which is often a better representation for
editing details, as well as into a set of measurements. These shapes represent the
final shape of the garment independent of fabric properties. They could be used by
technicians as a starting point to create the final cutting pattern or the shape of the
garment piece for a specific fabric.
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Figure 10. Prototype system.

Figure 10 shows a prototype system implemented by the author in
VisualWorksr, which is an implementation of Smalltalk-80, to specify garment
shapes based on incomplete input data. The user can specify the garment shape
by choosing the category for the body, neck and sleeve. The user is asked to put
in specific values for the measurements for a garment of the chosen category.
All measurement inputs are optional. Missing values are completed using default
values for a given category. The system could sensibly be extended using case
based reasoning (see Kolodner, 1993, for an introduction; and Voss (1996) and
Voss et al. (1996) for a detailed review of current case-based reasoning systems
with special reference to their use in design). Mathematical models (see Eckert
and Bez, 2000) are employed to generate garment shapes, that are consistent and
conform to the constraints on the shapes of knitted garments arising from the
behaviour of knitted fabric. The shape is displayed as a two-dimensional outline
of the garment and as a cutting pattern (that is, small versions of the outlines of the
garment pieces). It takes less than a minute to specify a garment shape with the tool.
Informal evaluations by designers are highly encouraging, and the development of
the prototype system into a commercial product as part of a commercial CAD
system is under negotiation.
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Figure 11. Mathematical model to improve the communication process.

5.4. EXPECTED EFFECT ON THE DESIGN PROCESS

The grey dashed arrows in Figure 11 show current design practice. A designer
hands a specification that may be incomplete, inaccurate and inconsistent to the
technician, and the technician interprets the specification and makes all the neces-
sary adjustments for customers, fabric properties and shaping instructions in the
course of detailed design.

The black arrows show the process using the prototype system. The tool enables
the designer to generate a description of the shape of the final garment, which
they can modify until it corresponds to what they want. Technical consistency
is built into the model. This specification can then be handed to the technicians,
who can make adjustments to the shape for fabric properties and so on. Discussion
of changes to the garment shape can be grounded in an accurate representation.
The tool will reduce the number of samples needed to reach the same standard of
design quality. However, it is reasonable to expect that this technical innovation like
previous innovations will lead to more complex products, rather than to a reduction
in workload.

6. Conclusions

In knitwear design aesthetic design is inseparable from technical realisation (see
section 3.2). Neither knitwear designers nor technicians, who program the indus-
trial knitting machines, understand both aspects of design, which limits what they
can imagine as well as what they can do (see section 4.3.3). We have observed
that difficulties in communication between designers and technicians are jointly
caused by a variety of different factors, and that the failure of knitwear designers to
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communicate design ideas successfully to technicians has profound effects on the
design process:
• many design ideas are discarded, because they are wrongly interpreted during

sampling;
• many specified design are not technically feasible at a given price point;
• Sub-optimal designs reach the market, because time to improve designs runs

out.

6.1. COMMUNICATION IN KNITWEAR DESIGN

Knitwear designers generate designs in intensive bursts and produce the specifica-
tions for most designs together. The specifications recorded in designers’technical
sketchesare typically incomplete, inaccurate and inconsistent (see section 3.4.1),
which makes them ambiguous. Technicians interpret these specifications to do the
detailed design work involved in developing programs to knit the garments; and
plan their own tasks according to the effort that they expect is required by each
garment. Only when a problem occurs do they contact designers to discuss possible
solutions. This situation is typical of many old-fashioned design processes, where
a design is handed over from one person to the next; and communication only
happens when problems occur.

In the large majority of knitwear companies, technicians do not participate in
developing ideas or designing ranges. Designers and technicians do not negotiate
about the forms that designs should take, either before or during the initial hand-
over of designs in the form of technical sketches. Contact and discussion occurs
once a design has failed; and both designers and technicians spend considerable
time in trouble shooting. However designers often don’t know why a design has
failed. They cannot unpack the influence of the adjustments made by the techni-
cians for technical reasons from the influence of faults in their own specifications,
so they get no feedback on the quality of their specifications from which to learn
how to meet the technicians’ needs.

6.2. CAUSES OF COMMUNICATION PROBLEMS

The communication problems have many different causes, none of which is solely
responsible for the problems in the knitwear culture.

The key problem in knitwear is that designers cannot provide the information
the technicians need with the means available to them. That is, the drawing conven-
tions and notations used in the knitwear industry will not convey this information,
without the designers either leaving a lot of scope for misinterpretation, or investing
an excessive amount of effort (section 4.1.1), or making detailed design decisions
and solving technical implementation problems for which designers don’t have the
expertise (section 4.3.3). A key issue is communicating priorities and spaces for
development and negotiation (see section 4.1.2). Henderson (1999) has highlighted
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this as being a significant problem in some engineering design processes. The
conclusion we draw from this is that when interaction between the participants
in a design process or other complex information manipulation activity is prob-
lematic, understanding and resolving problems involves understanding both the
participants’ information needs and the channels and means by which information
is conveyed. Problems that appear to have other causes may be due to mismatches
between the participants’ information needs, the expressive power of notations
and other verbal and visual representations and the skills in understanding these
possessed by the different participants, as well as the participants’ understanding
of what information their colleagues need.

Designers and technicians have very different mental models underlying their
creation and interpretation of descriptions of garment designs. Designers think in
terms of the visual and tactile appearance of a design, in terms of the style of
a future season. Technicians think in terms of the structural properties of knitted
fabrics, which designers are often not familiar with. In consequence they interpret
the boundary objects through which they communicate (the technical sketches)
very differently. The designers’ limited understanding of how the technicians will
interpret their specifications restricts their ability to provide effective indications of
what changes and elaborations in detailed design are acceptable. Bucciarelli (1988,
1994) has pointed out the importance in engineering design of communication
between object worlds – the sets of things, properties, relationships and principles
with which people think (see also Henderson, 1999). The author has encountered
similar fundamental differences in mental models between systems engineers and
mechanical engineers in a helicopter design team; when the issue was discussed in
a meeting they were quite startled by descriptions of how their colleagues thought.
The conclusion we draw from this is that investigations of communication prob-
lems in other industries where people with substantially different expertise work
together need to examine the object worlds and mental models of the different
participants, to understand both what their information needs are, and how they
interpret messages, sketches and other communicative objects.

The organisation and management of the design process in most knitwear
companies, and the cultural beliefs and attitudes of the participants do little to coun-
teract these problems. In engineering design awareness of the need for managerial
support for communication is greater than in knitwear design. However, there is
still a long way to go before the information needs of engineers are fully understood
and efficiently and effectively met.

The participants in the knitwear industry do not recognise the nature of their
communication problems; they assume that misinterpretations are inherent in the
way knitwear is generated. Problems stemming from the intrinsic difficulty of
communicating knitwear designs with quickly drawn sketches and the available
notations are often blamed on other factors such as the personal relationships
between individuals. The conclusion we draw from this is that explicit reflection
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and discussion of communication problems by the participants are an essential part
of resolving them.

6.3. REMOVING THE NEED TO INTERPRET AMBIGUOUSSPECIFICATIONS

Communication between designers and technicians can be supported and enhanced
by removing the need to interpret vague and ambiguous representations, which is a
major cause of inefficiencies in the knitwear industry. In this paper we present
a prototype design support system that enables knitwear designers to produce
accurate and technically consistent garment shape specifications in less time than
producing handwritten technical sketches to do the same job.
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Notes

1. Knit stitches are the standard stitches that make up most or all of most knitted garments;single
jerseyfabric consisting only of knit stitches is very common, for instance as T-shirt material.
Purl stitches are ‘back-to-front’ knit stitches.

2. Two colour pattern.
3. Intarsiapatterns comprise regions of fabric knitted with different yarns.
4. See http://www.gerbertechnology.com.
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