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Abstract: The role of hand processes in design has evolved through history and in
the present day, designers frequently employ digital methods. This brings
opportunities but can limit material knowledge and it is therefore timely to reflect
on the significance of hand processes. This paper explores the potential of craftbased woven textile approaches to designing sandals for large-scale manufacture. It
addresses the research questions: what is the current situation/market in
footwear/woven textile design; what are the benefits/drawbacks of a handson/craft-based approach to footwear design; does the approach have the potential
to facilitate improved sustainability and if so, in what capacity? The paper presents
findings from a practice-led study and key advantages of a craft-based approach
were identified in generating in-depth knowledge of constructions and materials.
This led to design outcomes that have potential benefits in sustainability through a
zero/low-waste construction. However, the findings indicate difficulties in logistics,
timescale and cost efficiency.
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1. Introduction
Hands-on interaction with material leads to the acquisition of knowledge (Cross, 2001, p.54-55;
Leader, 2010, p.408; Philpott, 2012, p.56; Sweet, 2013, p.32) and has the potential to facilitate
innovation and creativity (Yair and Schwarz, 2011, p.312; Treadaway, 2007, p.35). Wallace and Press
(2004, p.44) describe how “craft finds beauty and design puts that beauty to work.” This principle has
relevance to this study and the exploration of how the utilisation of craft-based textile processes can
promote design for sustainability in the ‘ready-to-wear’ market.
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The proposal of an approach that has potential for application in a commercial market is an
important aspect of this research, with the potential impact for sustainability being far reaching in
comparison to the production of bespoke products or small-scale production runs. An investigation
of footwear markets revealed opportunities within the ‘ready-to-wear’ sandal market. A study of
textile manufacturing identified narrow weaving as having the potential to be an appropriate method
of production of sandal uppers, with the opportunity to produce single piece woven constructions
that could minimise the material waste usually associated with the footwear manufacturing process.
In the footwear industry a large amount of waste from excess materials is generated during the
production process and around 25-35% of leather and 20-25% of textiles are discarded (Afirm Group,
2010) and so a zero/low waste product could have a positive environmental impact.
Practice-led research in the form of a design project case study revealed a key advantage of hands-on
approaches in gaining in-depth knowledge and was supported by the findings of the literature
review. Potential was identified in increasing designer awareness through the knowledge gained,
thereby providing a catalyst for innovation and sustainable production brought about by a holistic
craft-based approach in which form, construction and material are considered in parallel.

2. Products and Markets
2.1 Sandals
Thornton (1970, p.21-23) presents the theory that any modern sandal can be classified in terms of a
small number of basic types that are taken from the traditional footwear of different cultures. This is
based on the premise that all methods of attaching a sole to the foot have been discovered since the
first production of sandals in 3500 B.C. (OKeeffe, 1996, p.22). Schaffer and Saunders (2012, p.132)
state the importance for designers to have knowledge of basic types of footwear and reinforce that
even the most directional designs are likely to refer back to a traditional style. Therefore, in a woven
textile approach, designers will conceivably need to reference and have an awareness of a number of
traditional styles. A list combining the categories defined by Thornton (1970, p.21-23) and Schaffer
and Saunders (2012, p.132-134) is outlined below.
• Toe-peg/toeknob
• Toe-band
• V-strap/thong

• Instep-band
• Crossed-band
• T-bar
• Sling-back

• Multi-strap
• Peep-toe

When referring to footwear in terms of a fashion product, three main market categories can be
identified: bespoke/haute couture, ready-to-wear and mass-produced (Waddell, 2004, p.ix).
Within the ready-to-wear sector, novel/innovative design and quality are driving factors but, unlike
bespoke/haute couture footwear, designs are produced on a mass-scale. This makes them accessible
to a wide customer base (Verdu-Jover et al., 2008, p.1881). The mass-produced market is not
suitable in terms of timescale and efficiency as emphasis lies in price (Verdu-Jover et al., 2008,
p.1881) and speed to market (Cohen, 2011, p.12; Patriquin, 2012, p.41).

2.2 Textiles
Wilson (2001, p.13) divides textiles into two categories: “constructed” and “printed”. Constructed is
used to describe fabrics that are designed by determining their construction, for example woven or
knitted, while printed is used to describe a fabric that has been worked into or embellished to
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generate a new design, for example dyed, printed or embroidered. Elsasser (2010, p.137) describes
different categories of constructed textiles, grouping them according to how they are made. Fabrics
can be constructed from chemical solutions, fibres or yarns and Figure 1 shows the types of material
that fall under these categories. An important aspect of material selection for textile design is the
consideration of relevant properties of fibres and subsequently the fabric. Glanville et al. (1934,
p.103-104) describes the way in which the nature of materials affects design in the field of footwear
and the essential balance between creativity and functionality. Schaffer and Saunders (2012, p.136139) describe the way in which material selection is influenced by fashion trends and suitability for
manufacture. Material choice is one of the main ways in which designers have addressed
sustainability in textile design (Fletcher, 2014, p.3-4) and interacting with materials at the early
stages of the design process has been found to have the potential to increase the designer’s focus on
the qualities of a material (Bezooyen, 2014, p.286). In order for textiles to be sustainable, the whole
product lifecycle must be considered (Fletcher, 2014, p.5) with the potential for the integration of
textile and product design increases awareness of the lifecycle by embedding the material design
into the creation of the end product.

Figure 1. A diagram showing categories of constructed textiles as identified by Elsasser (2010, p137).

Textiles can be manufactured using a number of different methods and may be done by hand or
using digital technology. Integrated computer aided design (CAD)/ computer aided manufacturing
(CAM) systems are common-place in woven and knitted textile production and Grady and Hamouda
(1995, p.24) describe how engineering technology for these types of textile manufacture lead the
way in terms of utilising CAD/CAM. Woven fabrics are commonly fabricated on a loom, this piece of
equipment is central to the construction process and exists in a number of different forms (Elsasser,
2010, p.141).
Narrow fabrics are woven textiles that are produced in narrow widths. From the mid 1600s it has
been possible to produce several woven tapes on a single loom in a process that can now be
mechanised (Thompson and Dick, 1952, p.14). This makes it a viable method of production for the
ready-to-wear market where designs are produced on a large scale (Verdu-Jover et al., 2008,
p.1881). The narrow width of the fabric also makes it applicable to sandal design. A number of
structures can be achieved using narrow weaving and different classifications of narrow fabric, as
3
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identified by Posselt (1917) and Thompson (1952), are shown in Figure 2. Some of these structures
have been identified by the authors as having potential for use in sandal upper construction as
follows:
1. Open structures and leno – Sandals have an upper which exposes the foot and so
open work has potential to be utilised
2. Multiple cloths - It is common for sandals to have multiple straps and so multiple
cloths may be used in this way
3. Figured - Extra threads can be trapped in a figured weave, these could create straps
while also providing potential for the introduction of pattern
The way in which a loom is set-up is dependent on the desired weave structure, therefore analysing
relevant structures is not only important when considering manufacture but it provides design
inspiration through the imposition of technical parameters. This can aid creativity by allowing the
designer to focus on the possibilities of what might be achieved within the necessary constraints
(Shillito et al., 2001, p.199). Additionally, this example demonstrates the way in which hands-on
woven textile designers must possess an awareness of and consideration of construction from the
beginning of the design process.

Figure 2. A taxonomy of narrow fabrics

3. Design Processes
Design is a decision-making process, using creative problem solving (Collis et al., 2007, p.2) to realise
ideas, transform them into products (Wilson, 2001, p.13) and generate a solution to a design
problem (Lawson and Loke, 1997, p.8). It is an activity that can become highly complex and there is a
need for structure within it. Such structures often relate to the requirements and deadlines of an
organisation (Tovey, 1997, p.13). Wilson (2011, p.58) developed a design process model and outlined
the main activities as being: need/requirements, research, ideas generation, design development,
design realisation/finished design, and evaluation (see Figure 3). Although designers do not
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necessarily follow a formal model, there are common elements (McDonagh-Philp and Lebbon, 2000,
p.32) and innovation can occur when creative thinking is applied to existing knowledge and
processes (Collis et al., 2007, p.3). The general design process is interdisciplinary (Wilson, 2011, p.57)
and it is not uncommon for designers to experiment in disciplines outside of their own, which is a
way in which innovation may occur (Lawson and Loke, 1997, p.7). While the researchers
acknowledge that the design process is a personal activity and is not linear, in the context of this
research, the division of the design process into stages based on the purpose of the activity has aided
the qualitative analysis of the case study data.

Figure 3: Design process model (Wilson, 2011, p.58)

3.1 Footwear Design Process
The footwear design process has a number of possible approaches and, as with the general design
process, it is not linear. Different companies/designers approach it in a variety of ways depending on
product type, market and personal preferences (Wilson, 2001, p.19-20). This section focuses on
design for manufacture as opposed to designer-makers, where the final design is also the finished
product (Schaffer and Saunders, 2012, p.157). Footwear design requires a balance of creativity and
functionality (Glanville et al., 1934, p.103); it “combines a full spectrum of concerns,” and a
successful design is “both an appealing object and a feat of engineering” (Huey and Proctor, 2007,
p.165). With such complex products, accuracy and detail is key (Schaffer and Saunders, 2012, p.121)
and this is reflected in the design process. The early stages of footwear design are commonly
undertaken through drawing, either by hand or using digital software such as Adobe Photoshop
(Schaffer and Saunders, 2012, p.150; Joneja and Kit, 2013, p.214). The shoe last 1 is also generally
designed/selected at an early stage as it has a significant impact on the look of the shoe (Glanville et

1

A foot shaped that mould determines the shape of a shoe
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al., 1934, p.104). In the development stages of the process, the designer generally creates
specification sheets (Schaffer and Saunders, 2012, p.156-159) so that the manufacturer can
undertake rounds of sampling, before a final product is signed-off (Sterzing et al., 2013, p.611). So,
generally, except in the case of designer/makers, footwear designers will have very little 3D hands-on
interaction with the product or materials.

3.2 Textile Design Process
Wilson (2001) presents a comprehensive overview of the textile design process, where the main
function is described as, to “design and produce, to an agreed timetable, an agreed number of
commercially viable fabric designs” (p.10). The design process is usually one of intuition, based on
experience and there is a certain amount of trial and error (Adanur and Vakalapudi, 2013, p.716).
However, in the discipline of woven textiles, while there is an opportunity to generate unexpected
results on the loom (Wilson, 2001, p.15) a great deal of planning is relied upon (Bate and Rudman,
2014). Weavers must work within the constraints of the warp whilst using creativity, intuition and
judgment to make decisions (Hemmings, 2012, p.7). In woven textile design, inspiration may be
gathered from a wide range of sources (Clarke, 2011, p.170) and design ideas may or may not be
drawn prior to sampling. Once the concept has been identified and initially researched, it is possible
to determine some of the details required in order to progress with generating design ideas. This
includes the colour palette, which is generally an evolution of a current palette developed in
response to colour trends (Wilson, 2001, p.15; Clarke, 2011, p.178-180). Once the colour palette has
been developed, materials can be chosen, for example, in woven textile design this is the stage when
suitable yarns would generally be identified (Wilson, 2001, p.15). In hand-woven textile design,
specification sheets are required in order to begin to generate design ideas on the loom, they
provide the details needed to set up the equipment and then begin weaving (Shenton, 2014, p.10).
Designs are often made by hand, initially in the form of small “sample blankets” (Wilson, 2001, p.15)
that test yarns, colour and structure before moving on to larger development samples. It is therefore
more likely that the textile designer will engage in hands-on interaction with materials in comparison
to the conventions of footwear design.

4. The application of craft-based textile approaches
and sustainability
In the field of architecture, Oxman (2012) reports on an increasing interest in the role of materials in
design and presents a theory of “informed tectonics” where there is a relationship between design,
material and structure. This method of design is likened, by Oxman, to vernacular crafts such as
weaving and describes how the logic of such crafts can be extended for use within design disciplines.
This way of thinking can incorporate the utilisation of digital design and construction methods by
considering design, fabrication, production and manufacturing in parallel and thereby employing
craft-based principles within digital processes (Oxman, 2012, p.450). Khabazi (2010) has developed
generative algorithms to design 3D digital structures based on woven textiles. Which, as with
Oxman’s theory of informed tectonics, has potential for applications in the field of architecture.
However, it is arguable that the generation of digital woven structures does not provide the designer
with the same depth of knowledge and understanding as hand processes.
The concept of an informed relationship between materials and design is reflected in a theory of
“materials driven design” developed by Bezooyen (2014). This is an approach in which materials are
introduced at the early explorative stages of the design process. Initial findings indicate that in using
this approach, “designers are more focused on thinking about surfaces, structures, colors, and
6
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sensorial qualities in their idea generation” (Bezooyen, 2014, p.286). Such qualities are commonly
recognised as being important at the early stages of the woven textile design process (Wilson, 2001,
p.14-15). Another example of the use of woven textile principles in other disciplines is the
development of “a loom that weaves in three dimensions,” by design engineers who have combined
the concepts of woven textiles with 3D printing to enable novel methods of creating 3D structures.
This loom has the potential for use within the medical, architectural, automotive, aerospace and
sportswear industries. Structures can be engineered according to the desired characteristics of the
material (Magee, 2014), as is the case in woven textiles (Elsasser, 2010, p.143-159).
In addition to the application of craft-based textile design approaches to other disciplines,
constructed textile designers are also considering and designing directly for end products or
applications such as architecture and fashion. Designer Lucy McMullen creates 3D structures using
woven textiles, thinking of weave as more than a method of creating fabric and notes its potential
for use in engineering and architecture (Hemmings, 2012, p.65). Constructed textile design is
currently being used in footwear but, due to the secretive nature of the industry, it is rarely written
about, thereby limiting available information to patent applications and marketing material. An
example is the Nike Flyknit, a running shoe with a knitted upper that was developed over a period of
four years. The knitted construction of the upper claims to have benefits in performance, weight,
form and sustainability (Nike, 2012). This is an example of how in-depth exploration of materials and
construction can aid innovation, provide multiple benefits and enhance commercial appeal. Similar
approaches are used in the fashion industry in the design of fully fashioned knitwear where garment
panels are knitted to shape (Wilson, 2001, p.103). As the panels are made to the correct, shape little
or no waste is generated and the concept of reducing waste through more informed design decisions
is an area of concern for both designers and researchers and it is an area to which this research
contributes. This is being approached in a number of different ways, with Rissanen and McQuillan
(2016) presenting a pattern cutting approach whereby designers create garments fashioned from a
whole piece of fabric with no waste generated through offcuts. Niinimäki (2013) discusses zero waste
fashion design where the textile process informs the garment. Aspects such as the width of the fabric
and its properties are considered and it is concluded that where the designer creates their own
fabrics, potential for novel outcomes is increased. Piper and Townsend (2016) build on this theory in
their development of a “Composite Garment Weaving system” (p.4) whereby items of clothing are
designed using woven textile approaches and methods allowing them to be woven as a single piece.
This integration of woven textile and fashion design demonstrates a similar approach to that
explored in this paper, with applications in a different discipline. Piper found that by designing the
material and product in parallel there may be associated environmental benefits by engineering
garments to minimise waste in production (Piper and Townsend, 2016, p.7).
The application of craft-based logic in the creation of an informed and holistic design process is a key
area of investigation for this research. Some of the examples discussed incorporate digital methods
into craft-based approaches and the integration of CAD/CAM may aid its application in a commercial
design and manufacturing context where a number of constraints must be considered. For example,
Oxman (2012) describes the way in which CAD/CAM can be utilised in order to employ such logic and
it is conceivable that in order to make the processes developed during this study applicable to
industry, they may need to be integrated with digital approaches. However, in order to develop
digital systems, the physical processes must be practiced to understand them more fully (Philpott,
2012, p.61). Additionally, designers may not experience the same levels of knowledge gain and
control when using digital methods.
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5. Approaches to a hands-on textile-based design
process
To investigate a craft-based approach to sandal design, an action research case study was
undertaken in the form of a design project in which sandal uppers were created through the medium
of hand woven textiles. Data collection was carried out through recording diary entries at the end of
a day of designing (Pedgley, 1997, p.220-221) and data analysed through coding and clustering (Dey,
1993; Eisenhardt, 2002).
Tasks were categorised independently of the outcomes/consequences/what was involved and the
relationship/links between them investigated. Tasks were assigned to a stage of the design process
and then divided by the type of approach used. The approach referred to whether they were 2D or
3D and digital, non-digital or hybrid 2, thereby allowing the process to be investigated in terms of
these categories. The second stage of categorisation involved the outcomes/consequences/what was
involved. It included the labels of “material/physical understanding” and
“focus/inspiration/exploration” among a number of others relating to the data. They were
categorised and linked to the approaches used. Three types of link were identified, led
to/provided/aided, involved/used and informed. It was possible to apply these links to the majority
of the data, thereby viewing them in relation to one another. This paper focuses on two stages of
the design process outlined by Wilson (2011, p.58): the “research” and “ideas generation” stages.
These were the two main areas addressed within the pilot study, with the “need/requirement” stage
having taken place before the case study commenced and the latter stages being areas of on-going
research. During the research stage three different approaches were used:
• 2D digital
• 2D hybrid
• 3D hands-on
2D digital approaches included the creation of digital inspiration/mood boards. This aided the
development of a theme and provided focus and direction for the product to be designed. It also
provided inspiration, informing subsequent stages of the design process. With large amounts of
imagery readily available online, initially this led to excess information but also provided efficiency.
Figure 4 shows an example of an outcome in the form of a digital mood board.

2

Hybrid in the sense of using digital and non-digital methods in conjunction with one another
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Figure 4. Example of a 2D digital research outcome

2D hybrid approaches were utilised to generate and refine a colour palette. The non-digital aspects
provided benefits in accuracy of shade/tone but sometimes lacked time efficiency. Digital
methods were integrated to improve efficiency, however, this impacted on accuracy. 3D handson research was initially used to explore potential yarns, involving testing and decision-making
through tacit judgment to gauge the suitability of materials. As discussed in Section 3, stages of
the design process may be revisited and this took place in the case study. Towards the latter stages,
nylon yarns were tested through weaving and finishing processes. An understanding of the behaviour
of potential materials was gained to inform future work. It also highlighted the potential for handson processes to be used to explore materials, providing inspiration and potential for innovation
through exploiting the properties of those materials. This represented evidence of the designer
taking a considered and informed approach. Along with these insights, data analysis revealed that
the most prominent function of 3D hands-on research was ‘material/physical understanding’,
contrasting with the two other approaches, both being ‘focus/inspiration/exploration’.
The idea generation stage also revealed some insights. This stage of the design process consisted of
three approaches:
• 2D hybrid
• 3D hands-on
• 2D non-digital
2D hybrid idea generation involved drawing. Sketching was used to perform the more intuitive
aspects and CAD was introduced where higher levels of accuracy were needed. An example of a CAD
template that has been sketched into, alongside a sandal design (also sketched) is shown in Figure 5.
3D hands-on idea generation was undertaken using two methods: model making with paper and
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weaving on six-shaft floor loom (see Figure 6). Model making aided idea generation, planning and
visualisation, it was time and cost efficient. However, as it was representational it did lack in the
generation of in-depth knowledge of materials. In some instances, weaving was used to visualise and
evolve design ideas that had been conceived using 2D approaches. On the loom, the construction
and materials could be understood in more depth. In some cases, ideas were generated on the loom
with some designs inspiring future ideas. These evolutions were either trialed straight away on the
loom or quick models were made on the last in order to provide measurements for weaving.
D uring
the case study, concerns arose over the effective presentation of 3D uppers with 2D sole designs.
The sketches generated using 2D approaches were not accurate due to the designs evolving on the
loom and they were not presentable. In order to address the issue, the uppers were photographed
on a clear vacuum form of a last before being digitally placed onto the outsole design (see Figure 7).
This digital approach was integral in bringing the designs together for coherent presentation.

Figure 5. Example of a non-2D digital and hybrid design outcome
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Figure 6. Examples of 3D non-digital design processes including paper modelling and sampling on a 6 shaft floor loom

Figure 7: 3D upper and 2D sole brought together for presentation using digital software
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6. Conclusions
Craft-based processes explore form, construction and material as a single process whereas typical
methods of footwear design explore them sequentially. Although these stages may be revisited, as
Schaffer and Saunders (2012) describe, they are generally performed as separate actions. Figure 8
shows these approaches in relation to one another. This logic may be implemented through digital
methods although the same benefits may not be seen with regards to innovation and knowledge
gain. In addition to knowledge and innovation, the literature review revealed that a craft-based
textile approach to design provides potential for improvements in sustainability. Designing materials
and products in parallel can allow for materials to be constructed to the size and shape needed and
therefore reduce waste. Empirical evidence revealed the potential in sandal design through the
generation of uppers that can be woven as a single piece.

Figure 8. A Venn diagram showing a craft-based approach in comparison to more typical footwear design

It has been identified that a craft-based approach is applicable under some, but not all
circumstances. Where innovation and sustainability in relation to construction and materials are
important, it can be argued that hands-on design methods provide benefits. The introduction of
automated manufacture would mean that there is the potential to produce woven textile sandal
uppers on a large scale and, due to high levels of automation, production would not be restricted to
countries where labour costs are low in order to be competitive. This could lead to a viable approach
to ‘on-shore’ production in countries where the product is to be distributed and therefore reduce the
environmental impact of shipping products from other parts of the world. A Hands-on approach has
been identified as having the potential to aid creativity which could impact positively on the sandal
12
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industry in the form of economic growth (Lommerse et al., 2011, p.388). The ability to apply zero
waste design generated via a craft-based approach on a large scale would mean that the benefits
could have a far-reaching impact.
Initial findings suggest that the main benefits of hands-on approaches lie in providing an in-depth
knowledge of constructions and materials. Therefore, there is an opportunity for future work to
consider the impact of this on innovation for sustainability through this increased knowledge,
understanding and consideration of product form, construction and materials in parallel. There is the
potential for collaboration between designer and craft practitioners, providing a commercial outlet
for their work and giving design teams the knowledge and experience needed in order to execute
innovations within a craft-based medium. In light of the potentiality discussed in this paper, further
research is needed in order to consider different approaches to sustainability, including but not
limited to, zero-waste production, local and socially ethical production, longevity and disposal.
Additionally, due to the flexibility in of the production process, there is potential for the further
research into the development of an on-demand system using digital co-design approaches and
modular footwear components.
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