The impact of Advanced Knitwear Technology:  Fashion, Sustainability and Innovation.
Abstract
The ability to knit and construct complete garments on one flat bed knitting machine was commercially achieved in 1995 after many years of development. One of the key advantages driving the technical advancement was the elimination of waste, an inevitable side effect of most methods of clothing manufacture. The machine builders, enthusiastic to promote implementation of the technology emphasised its capacity to reduce labour, costs and yarn consumption, innovate the knitted garment and even radically influence fashion. It was however the issue of labour reduction that appeared to be the prominent factor of influence regarding knitwear manufacturers’ decision to invest. This paper describes a qualitative investigation to determine the benefits derived by knitwear producers through implementation of complete garment technology. The UK has a rich knitting heritage and a long history of innovative practice. In the currant climate where traditional manufacturing industries are threatened by cheap imports, remaining competitive is problematic. Two surviving knitting Industry clusters in the Scottish borders and East Midlands are made up of highly specialised niche companies. A number of these have begun to invest in complete garment technology. Case studies were conducted over a period of a year in the UK with purposively selected complete garment manufacturers all from these cluster regions. Findings relating to the experiences of the manufacturers are discussed, in particular a complex and uneasy relationship between the potential to create a more sustainable product and the urgency to satisfy a market demanding increasingly rapid change. Attitudes and perceptions of those responsible for developing the products show that the very nature of creating fashion also generates the notion of short term gain. 
Introduction

Many of the clothing manufacturers in the UK who have survived recent industry decline, operate within highly specialised niche markets. The knitwear industry in the Scottish borders and East Midlands have been identified as examples of these (Mintel 2008). In an intensely competitive global market, knitting manufacturers in high labour cost regions need to identify sustainable ways to remain competitive. Innovative complete garment technology is claimed to enable producers to create new garment design, improve garment quality, eliminate material waste and reliance on manual labour (Nakashima and Karasuno 1996; Mowbray 2005). It would therefore seem opportune, to make an assessment of the true benefits of complete garment technology. Particularly in regards to its ability to help sustain both niche producers of a luxury product and those trying to satisfy the fashion demands of the high street retailers. 

Historically knitwear manufacture in the UK has generated both economic (Chapman 2002; Barty King 2006) and technological advancement (Brackenbury 1992; Spencer 2001). An expansive market for hand knitted stockings at the end of the sixteenth century is credited with initiating the impetus for mechanising the knitting process. (Black 2001; Spencer 2001). In contrast to the tubular stockings created by the circular method of hand knitting, the new knitting frame produced a shaped flat piece of knitted cloth that was sewn together to form the garment. (Brackenbury 1992; Power 2007) This has had a lasting impact on manufacturers utilising traditional flatbed knitting machinery, as it necessitates post production labour, often blamed for causing delays and bottlenecks (Eckert 2001). Knitting fully fashioned panels is a far less wasteful process than cut and sew manufacturing. However the ability to shape using flatbed knitting technology is limited and a degree of cutting is required to generate the desired dimensions of the finished garment. Traditionally the cutting is done by hand causing additional labour cost and material waste. In the current global market, massive disparity of labour costs between developed and developing countries provides added impetus to UK knitters to reduce these labour intensive bottlenecks.  
Implied benefits through implementation of complete garment technology
Flatbed knitting technology with the capability to knit and construct the garment and therefore eliminate the need for post production processes and material waste was commercially launched in 1995 by the Japanese company Shima Seiki (Spencer 2001; Hunter 2004b; Mowbray 2005). Previous research leading up to this achievement had been in progress since 1940, with many different commercial companies competing and collaborating (Brackenbury 1992; Hunter 2004a; Power 2007). The German company Stoll are credited with introducing important developments that enhanced commercial viability (Hunter 2004a). Currently Shima Seiki and Stoll are at the forefront of commercial application (Choi and Powell 2005). Reports in trade journals documenting the experiences of the first manufacturers to utilise complete garment technology have documented a range of benefits such as; reduced sampling and production times, the ability to produce unique, innovative, garments, reduced yarn consumption, alleviation of skills shortages and the creation of increased garment comfort and fit (Mowbray 2001; Mowbray 2002; Davis 2003; Curtis 2007; Hunter 2008). None of these advantages however are fully explained and it is difficult to gain a balanced view regarding how effective the utilisation of complete garment technology really is for knitwear manufacturers.
Technology, fashion and sustainability
Scaturro (2008) suggests that the use of technology can help to create growth of sustainable fashion practices through thoughtful manufacturing processes. In relation to complete garment technology and its ability to eliminate material waste, this statement could be justified. However, other factors must be taken into consideration when making an evaluation on sustainable practice. Technology utilised to enable manufacturing efficiencies for fast fashion systems, driving rapid and constant product change (Davis 1992; Wilson 2003) and built in obsolescence, cannot be perceived as generating sustainable practices, aiming to negate environmental depletion and safeguard future generation’s needs (Thomas 2008). It is therefore the attitudes and motivations of the technology users that will determine whether a more sustainable approach to fashion production and consumption is adopted.

Clarke (2008) includes the concept of ‘locality’ into building sustainable fashion production. The use of local resources, skills, knowledge and materials, should promote fashion diversity not homogeneity. UK knitwear companies, using traditional materials and local skills to generate products that reflect a rich knitting heritage would satisfy this step towards sustainable practice. Innovation and newness are also crucial considerations when producing a fashion product (McRobbie 1994; McKelvey and Munslow 2003) Utilisation of complete garment technology could introduce an innovative approach but would also result in the loss of local skills and traditional craft production. There is therefore a compromise between adopting novel methods to overcome current problems and maintaining traditional evidence of locality and individuality. Through case study research conducted in three UK knitwear producers, this report evaluates the impact of implementing complete garment technology on the traditional knitwear producer and those supplying high street fashion retailers in relation to production of a sustainable product.
Methodology

Literature identified a variety of implied benefits through utilisation of complete garment technology. Case studies that include multiple methods of data collection enable  the  investigation of a contemporary phenomenon within its real life-life context (Yin 2003), appropriate to gain deeper understanding regarding the true value of complete garment technology and its impact on garment development, fashion and sustainability. A process to map the UK knitwear industry was initiated. This entailed cross referencing data collected from primary and secondary sources. The final case study sampling frame consisted of seven UK companies, utilising complete garment technology. Table 1 illustrates the process through which the sampling frame was established. Those companies selected for case studies were all located within traditional knitting heritage regions.  

Semi structured interviews were conducted with personnel from each company, nine in total. Each one was audio recorded and fully transcribed. The method of analysis followed one developed by Knodel (1993) Pre-established themes informed the questions and formed the initial coding for analysis. A secondary level of coding corresponded to new themes that emerged during analysis. Working documents explaining company practices were also collected. Photographic data formed the basis for observational analysis through which to evaluate garment innovation. 

Table 1 Case Study sampling frame

	Knitwear manufacturers utilising complete garment technology (Case study sampling frame)



	No. of sources of identification
	Source of Identification

	B S Attwall
	3
	 2, 3, 6



	Glenbrae high performance knitwear (Spectrum yarns)
	2
	1, 3



	Hawick cashmere company Ltd
	3
	1, 3, 6



	John Smedley 
	4
	1, 2, 4



	James Johnston & Co. of Elgin Ltd
	3
	1, 2, 6 



	Quantum Knitwear Ltd
	5
	1, 3, 4, 5, 6



	Viva knitwear 
	2
	2, 3
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Case study results and discussion

An outline of each case study company background is provided. Significant is that two of the companies can be categorised as traditional niche producers and the third company supplies high street retailers in the UK. It is therefore possible to make data comparisons between companies who are potentially compromising their heritage tradition and one which is using the technology for quick response to a fashion led market.
John Smedley 

John Smedley was founded in 1784. In 2006 a number of complete garment machines were introduced (Smedley 2007). They promote themselves as a traditional, quality knitwear manufacturer, emphasising their use of local skills to produce hand finished garments. The literature also stresses their use of new technology and lists collaborations with internationally renowned designers such as Vivienne Westward and Comme des Garcons. An online sales facility includes a complete garment range, described as seamless garments with superior moulded fit and unique futuristic qualities. (Smedley 2008). 
Hawick Cashmere

Originally the Hawick Hosiery Company founded in 1874, they changed their name to Hawick Cashmere in 1990, It is clear from their promotional material that they place value on this knitting heritage. Significantly, there is no mention of the use of advanced technology or innovative garments. Hawick cashmere were reported to have invested in complete garment technology in 2005 (Mowbray 2005c). They place themselves within a luxury market sector and operate eighteen of their own retail outlets. 

Quantum Knitwear

Quantum Knitwear was a subsidiary of a large UK clothing company, formed after a management buy out of Coates Viyella in 2000. Quantum claim a history dating back to 1865. Their promotional material emphasised innovation and an ability to provide a highly responsive service with a fast turnaround. Operating eighty complete garment machines, they produced 600,000 garments per year (Quantum 2007). At one time reported to be the most profitable knitwear company in the UK (Mowbray 2002), In 2009 however, after the case studies for this research had been conducted Quantum ceased to manufacture in the UK. 
Complete garment technology implementation.
Primarily the motivational factors that encouraged each case study company to invest in complete garment technology were investigated. Most significant and common to all were recruitment issues. Skilled labour shortages were perceived to be reaching critical levels at Hawick Cashmere. Radical strategies to encourage new employees, such as recruiting Eastern European workers had been unsuccessful. John Smedley faced a similar situation, finding it increasingly difficult to locate skilled personnel for fine hand linking and sewing processes. Comments from the Quantum personnel also show that implementation of the technology enabled circumvention of difficult to find skilled labour. 
Principle Advantages of implementation experienced

Analysis of the interview responses identified three principal advantages of complete garment implementation; flexible production capability, garment innovation and product diversification, although experiences from each case study company varied There is therefore some deviance particularly regarding John Smedley’s experience of flexible production capability. 
Flexible production capability
The complete garment production capability had been tested to its limits at John Smedley. A range of fashion garments incorporating novel sculptural shaping was found to be over ambitious for bulk production. As a result garment faults were high and knit times excessive causing delays in delivery. This had influenced interview participant’s attitudes regarding the potential for a more flexible approach to production. The technical manager concluded that although the process had been problematic it had greatly increased his skills, knowledge and abilities. Additional difficulties have been experienced with integral neck trims and it has been necessary to link neckbands on as a post production operation. John Smedley was the only company producing fine gauge complete garments. This it was acknowledged increased the production problems experienced.

Production flexibility at Hawick Cashmere was noted as a positive benefit. Styles could frequently change without suffering serious production inefficiencies. Perhaps the greatest indication of production flexibility was that garment customisation, demanding the ability to construct one off individual garments had been introduced. This it was claimed would have been impossible without the new technology. John Smedley interviewees also reported interest in initiating a customised complete garment service.

At Quantum knitwear respondents described the elimination of post production bottle necks as a considerable advantage. The technical director claimed that their ability to deliver small batches on a fast turnaround was greatly under valued by their retail customer. This failure resulted in an inability to fully exploit the machine capabilities. 

Experiences regarding production processes varied between the case study companies. Hawick and Quantum were clear about the benefits, John Smedley interviewees, conscious of problems that were occurring at the time, were less positive.
Garment innovation
Analysis of garment innovation was conducted through interview data to ascertain the interviewees’ opinions regarding the relationship between utilisation of complete garment technology and garment innovation. In addition photographic evidence was collated and documented to support this analysis 
John Smedley have introduced innovative methods of shaping the complete garment such as zigzag armhole shaping, (figure 2) parachute necklines, dresses and skirts shaped integrally to create even flare from waist to hemline. The fashion range described as testing the machinery to its limits in the section above (figure 2) also shows that the introduction of new methods of manufacture has increased the ability to produce a very different type of knitted garment.

Hawick cashmere initially experienced extensive design restrictions after implementing the technology, through inexperience and lack of knowledge. This has changed and they listed a number of innovative design features incorporated since the introduction of complete garment technology. These include integral button holes, pockets and belt loops. Recently trousers, shorts capes and wraps have been added to the range, styles that would have been beyond manufacturing capability.
At Quantum Knitwear the capability to incorporate a variety of knit structures into a garment had been extensively exploited. This it was suggested had improved Quantum’s capacity to compete in an over competitive fashion driven market, Unique design details such as integral shaping on a dress or skirt (figure 4) were used to differentiate their product. Quantum, have also produced a greater variety of garment styles since the introduction of complete garment technology.
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Product diversification
All the case study companies had exploited the machine capabilities in an attempt to introduce product diversification. At John Smedley the potential to eliminate waste was seen as an opportunity to introduce new luxury fibres into their range. At the time of the study, trials were still being conducted. John Smedley are currently producing garments knitted from cashmere and micron (John Smedley 2009). A children’s range has also been successfully introduced which in terms of production has been made possible through the implementation of complete garment technology.  Hawick Cashmere have introduced a garment customisation service. This is limited to adaptations of garments in the range, predominantly colour changes. They will also make small dimensional adjustments such as lengthening the body or sleeve. Quantum Knitwear have undertaken a number of product development collaborations. These include technical garments for the glass industry, advanced sportswear and medical; garments developed for babies suffering with eczema. Although Quantum Interviewees recognised the potential for such developments they were sceptical of Quantum’s ability to capitalise on this type of niche market. Their primary concern was to produce fashion garments for the high street.

The impact of complete garment technology on the niche manufacturer 

Both John Smedley and Hawick Cashmere exploit their heritage status as a marketing tool. Implementing technology that eradicates the reliance of traditional skills could be perceived as a compromise. This section documents interview data regarding the ability of complete garment technology to enhance the niche product, the strategies adopted in regards to the possible deviance from tradition and the impact of practices introduced as a direct consequence of implementation of complete garment technology. 

John Smedley, have marketed their complete garment range as novel, modern and innovative. They are able to differentiate this new range from their fully fashioned manufacturing tradition, thus maintaining claims to traditional craft production and technological advancement. Perhaps because the core business that of fully fashioned classic menswear was not affected by the new capability, John Smedley’s strategy towards utilisation of complete garment was experimental. This was evident from the description of the collaboration with Japanese designers Intoca. Garments incorporating voluminous balloon shapes and exaggerated proportions, (figure 2) predominantly to be sold in Japan through their distributor.  In contrast to the Intoca range the John Smedley designers have developed complete garments that show more subtle innovation, such as a classic shaped garment incorporating novel zigzag armhole shaping (figure 3). This approach it is hoped will develop new John Smedley classic garments. 

The interview data from Hawick cashmere revealed how strongly they identify themselves with the notions that traditional Scottish knitwear producers signify quality. Interviewees were sensitive to the possibility that eliminating hand skilled processes could threaten this status. They therefore described themselves as a company that is exploring modern methods whilst maintaining the luxury associated with Scottish knitwear. Unlike John Smedley they were not actively promoting their use of new technologies to demonstrate an innovative approach. Hawick claim they were unable to find designers to exploit the capabilities of complete garment technology. Originally a Japanese designer who was able to liaise directly with Shima Seiki technicians was employed on a freelance basis. This partnership enabled significant improvements in design development at Hawick. Currently a French designer is contracted to Hawick Cashmere. 

Since the implementation of the technology both Hawick knitwear and John Smedley have produced garments designed outside of the UK, detached from the local knitting heritage. At John Smedley however the most successful complete garments are those that have been developed in house. They appear to be successfully marrying innovation and tradition to produce garments that do reflect the classic John Smedley design profile. Hawick Cashmere are pursuing a similar strategy, retaining the classic style of the garment. 

The influence of fashion on complete garment development

In contrast to Hawick Cashmere and John Smedley, Quantum Knitwear were supplying high street retailers in the UK. Exploitation of their capacity to eliminate post production bottlenecks enabled Quantum to provide quick response. Comments showed that this strategy entailed a considerable degree of uncertainty and an over reliance on retailers trading in season. In addition the retailers’ demands for a constantly changing fashion product resulted in the Quantum designers prioritising trend analysis research rather than focussing on exploiting the unique design capabilities of complete garment technology. It was apparent that the Quantum designer’s were under pressure to impress the retail buyers who they admitted had no understanding of complete garment technology or its potential to innovate the knitted garment. All the Quantum interviewees agreed that despite this lack of recognition from their customer they were producing a unique, product.  
Hawick Cashmere were not producing fashion for a change driven fashion market, their garments are expensive and made for longevity. They did however stress that the design process was initiated by trend research. Examples of fashion garments such as a puffball dress were mentioned and they recognised the importance of including some fashion garments for window display. Hawick’s approach is to produce a classic range that changes very little and include a few fashion pieces. John Smedley interviewees consider themselves to be primarily a producer of classic knitwear and it was very apparent they expect style longevity when investing time in development. They also introduce ranges that may only last one season. This enables them to maintain their core classic business whilst still promoting a high fashion profile.

Conclusion
All the companies studied experienced benefits through implementation of complete garment technology Hawick Cashmere and John Smedley had recognised the potential to knit individual garments for mass customisation. Quantum Knitwear were able to offer small batch orders and short lead times for quick response. Each company had developed an individual approach to garment design and innovation. John Smedley, retaining a classically styled garment with a modern slant, Hawick Cashmere preserving their fully fashioned status, had found the ability to incorporate unique integrally knitted features. Quantum Knitwear had exploited the ability to produce garments with a range of differing knit structures. All three companies were manufacturing a much wider range of garments since introducing complete garment technology.

At John Smedley and Hawick Cashmere utilisation of Japanese technology has been influential in their choice to contract Japanese designers, a tactic that could compromise the relationship between the product and its individual locality. Notably these design partnerships have been short term and have served to develop the skills and knowledge of key personnel within the UK. Influence from outside the company has therefore been limited. The acute shortage of knitting skills in the UK had enforced abandonment of traditional knitting methods.

John Smedley and Hawick Cashmere’s classic garments are less susceptible to trend obsolescence encouraging consumer patterns that are more sympathetic to a sustainable approach. Quantum knitwear’s product is more likely to be under valued and quickly discarded by the consumer within the fast fashion market. Case study evidence suggests therefore that within the niche market, complete garment technology if used sympathetically can introduce innovation that enhances a traditional product and sustainable manufacturing approach. Currently high street fashion retailers appear not to appreciate complete garment innovation and therefore it remains largely unexploited within this sector.
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The neckband is knitted separately and linked on as a post production procedure 
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The zigzag shaping on the armhole 
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Innovative zigzag armhole (image 2)
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Figure � SEQ Figure \* ARABIC �2� Intoca balloon sleeve garment





Photograph taken by the researcher on KM1 premises
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The neckband is knitted separately and linked on as a post production procedure 











Other comments





The sleeve is fashioned to create the balloon shaping. The armhole is seamless set in (Image 2) No bust shaping. The rib  waistband shapes the waist
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The sleeves are an exaggerated  balloon shape that forms a point at the widest part (Image 2). The cuffs are extremely long . The ribbed cuffs and hemline create gathering (Image 1).
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Figure � SEQ Figure \* ARABIC �3� Lace skirt shaped integrally
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flared skirt achieved through integral fashioning 
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Waist shaping and fit achieved through utilisation of differing knit structures
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