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ABSTRACT 

 The purpose of this research was to offer guidance to product developers 

through a model that embeds a material selection strategy into the traditional process 

of product development. Through sensory and visual evaluations, the Sustainable 

Material Selection Model (SMSM) guides fashion professionals to make more 

sustainable choices by embedding textile waste (secondary materials) into the product 

development process. The model includes ten steps that offer a hands-on manipulation 

approach while working with secondary materials. Students enrolled in two apparel 

design classes at the University of Delaware used the model during a product 

development activity in a mixed-method experimental research design. Participants 

provided reflective responses to evaluate the effectiveness of the model. Results show 

the SMSM helps product developers to generate ideas, critical thinking, and the ability 

to find patterns, as well as enhance intuition and creativity. The model helps product 

developers to produce ideas to solve environmental issues in their work. 
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Chapter 1 

INTRODUCTION 

1.1 Introduction  

 The textile and apparel industry has been complicit in the current 

environmental crisis. Since the Industrial Revolution, the industry’s negative impact 

has grown unceasingly, contributing to environmental problems from textile material 

manufacture to apparel production to the saturation of landfills with material waste 

(Claudio, 2007). In the prevailing economic model, the majority of apparel brands 

operate within a linear system in which products are produced and then discarded, 

usually into landfills, causing environmental problems such as carbon emissions and 

toxic pollution (Schor, 2005). Consumers’ desire for novelty and newness has driven 

to the current situation of over-consumption and over-production. Consumers have 

adopted wasteful consumption practices as the throwaway fashion culture encourages 

consumers to dispose of a garment after a few weeks of purchase (Gwozdz et al., 

2017). Which, in turn, increases landfill waste and harmful emissions, as well as 

depletion and exploitation of natural resources. Research (Ha-Brookshire et al., 2009; 

Laitala et al., 2015) have shown that discarded garments still have a significant portion 

of their potential useful life embodied at the time of their disposal. 
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 Addressing sustainability issues in the apparel industry is a matter of critical 

importance. In a sustainable system, products are recovered at the end of life without 

disposing at landfill sites. According to Irick et al. (2020), "discarded clothing may be 

transformed into meaningful, functional, and re-valued products through repurposing 

which can lead to substantial decreases in the textile waste stream" (p.280).  Extending 

the life of a used garment can reduce the environmental impact significantly in 

comparison to the purchase of a new product. Woolridge et al. (2006) found that 

approximately 65kWh energy is saved for every kilogram of cotton replaced by used 

clothing, and 90 kWh for every kilogram of polyester replaced. Therefore, developing 

ways in which textile waste is cycled back as source materials for new garments 

would provide environmental savings (Gwozdz et al., 2017). 

 Fashion practitioners play an important role in addressing environmental 

problems caused by the apparel industry. Collectively, apparel designers, sourcing 

specialists, and buyers are responsible for material selection during the product 

development process (Brahma and Lofthouse, 2007; Shaw and Koumbis, 2017). 

Previous study has found that more than 80% of the environmental impact of products 

is determined during the product design phase (Tischner and Charter, 2001). However, 

Palomo-Lovinski and Kim (2014) revealed that apparel designers do not necessarily 

have a clear vision as to how to implement sustainability into their workflow process 

to create a positive impact. The long-standing rationale is, in most institutions, design 

has not been taught in the context of its social and ecological impact (Mackenzie, 

1997). Many designers assume that their area of responsibility is limited to function 
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and appearance. In reality, the role of the designer is changing radically. The 

designer’s task is not to simply create products to sell, and also, design in benefits and 

design out impact.  

  McDonough (2013) claims that questions of resource scarcity and 

sustainability are questions of design, and that design is a tool for positive impact. 

Many of the problems we face as a culture are, at root, design challenges (McDonough 

and Brandgardt, 2013). The United Nations Sustainable Development goals offer clear 

motivators for 21st century sustainable design in relation to health and well-being 

(goal 3), industry and innovation (goal 9), as well as responsible consumption and 

production (goal 12). Sustainable approaches to design are a planetary imperative.  

 Scholars who focus on the area of textile and apparel have provided 

researchers with several types of apparel design and production models and 

frameworks for educational purposes (LaBat and Sokolowski, 1999; Lamb and Kallal, 

1992; Watkins, 1988). However, little attention has been given to the designers’ role 

in environmental sustainability in the apparel design and production models (Gam et 

al., 2009), nor do they consider tacit knowledge. According to Mareis (2012) “tacit 

knowledge and design are commonly linked to a perspective either on characteristic 

design activities, such as sketching or modeling, or on more general activities, such as 

showing, presenting, mimicking, and trying out” (p.63). Many designers use their tacit 

knowledge gained through years of practical experience when working to solve a 

design problem (Rust, 2004). 
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While technological developments advance towards more sustainable methods 

of production, new understanding, and strategies for designers to meet consumer and 

industry expectations is needed regarding environmental practices. Major apparel 

companies are adding sustainability to their business strategies in order to address 

post-consumption waste. An example is The North Face Renewed program, which 

diverts unwanted apparel from landfills by repairing used garments to keep them in 

circulation. Other apparel companies such as Patagonia, Eileen Fisher, and REI are 

also examples of apparel companies that are incorporating post-consumption waste 

into their designs. 

 Despite the growing necessity of environmental practices in the apparel 

industry and the number of apparel brands that started working with textile waste, 

little research has explored methods to guide current and future fashion practitioners 

toward incorporating textile and material waste (secondary materials) into their 

designs. Irick et al. (2020) noted, “a formal process for utilizing textile waste (pre or 

post-consumer) in the design and production process has yet to be established” (p. 

281). Therefore, the purpose of this research is to offer guidance to fashion 

practitioners through a model that embeds a material selection strategy into the 

traditional process of product development. Specifically, this research will involve the 

development of a model as well as initial testing to evaluate the effectiveness of the 

model.  
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1.2 Statement of the Problem 

 Addressing environmental and social issues caused by the textile and apparel 

industry is critical, as it is estimated that 70 pounds of garment and textile waste are 

added to landfills each year for everyone in the United States, and the overproduction 

of garments is depleting natural resources (Council for Textile Recycling, 2020). The 

2017 Ellen Macarthur Foundation report “A new textiles economy: Redesigning 

fashion’s future” offers a vision of a fashion system that is circular, ideally creating no 

waste by design, while strategically capturing value from recycled content.  Goal three 

of the Ellen MacArthur report findings suggest the radical improvement of recycling 

by transforming clothing design, collection and reprocessing.  Due to the growing 

amount of textile goods going to landfills every year, it is imperative to consider 

strategies that apply the use of secondary materials in the design of apparel or other 

softgood products. Increasing consumer environmental and social awareness brings 

the consumer’s expectation that apparel companies will accept environmental (and 

social) responsibility. The understanding of how the apparel industry can incorporate 

textile and material waste into their production is a critical need as well as a 

tremendous opportunity.  More than $500 billions of value is lost every year due to 

clothing underutilization and the lack of recycling, according to the Ellen MacArthur 

Foundation. Incorporating waste back into the supply chain as ‘raw materials’ helps 

companies reduce waste, reuse valuable resources, and save costs on virgin materials 

at the same time. 
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 Previous literature suggests that there will be increasing opportunities for green 

apparel products because of growing consumer environmental concerns. Nevertheless, 

apparel companies have adopted this trend as a competitive opportunity. One possible 

reason may be the lack of guidance and procedure for utilizing textile waste in the 

design and production process. Therefore, developing strategies to guide apparel 

designers and students to incorporate back to production the many tons of textile waste 

produced to satisfy the constant demand for new fashion is needed. 

1.3 Research Objectives 

 

 The primary objective of this research study was to develop a sustainable 

material selection model that embeds the use of textile waste (secondary materials) as 

one option in the materials selection step of the apparel product development process. 

The second objective was to evaluate the effectiveness of the model in the apparel 

development classroom/lab.  

1.4 Research questions 

To achieve the objectives of this study, the following research questions were 

addressed. 

Model Development  

1. What considerations are required to develop a model that embeds secondary 

materials into the apparel product development process? 
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2. How might a process model guide apparel product developers toward more 

sustainable choices? 

Evaluation of the Model 

3. Can a sustainable material selection model based on sensory and visual 

evaluations guide future fashion professionals to make more sustainable 

choices in the product development process? 

4. Can a sustainable material selection model based on sensory and visual 

evaluations help/guide future fashion professionals to embed secondary 

materials into the apparel product development process? 

5. Do the perceptions of the model differ based on discipline or curriculum 

focus (i.e., merchandising/business, design/creative)? 

1.5 Definition of Terms 

Secondary materials: textile and apparel industry waste, which includes pre-

consumer and post-consumer waste. 

Model: a system or thing used as an example to follow or imitate. It is the presentation 

in schematic form, often in a simplified way, of an existing or future state or situation. 

Material selection: a step in the process of designing any physical object. In the 

context of product design, the main goal of material selection is to minimize cost 

while meeting product performance goals (Dieter, 1997). 

 

 



 8 

1.6 Assumptions 

1. Future fashion professionals need develop skills to work with pre-

consumer and post-consumer waste for their future careers. 

2. Apparel design students and practitioners develop product development skills 

as well as sustainability knowledge in their coursework.  

3. A sustainable material selection model will help apparel design students and 

practitioners make better, more sustainable choices in product development.  

1.7 Limitations  

This study is limited by small sample size. The target participants for this study 

will be apparel design students at one university. The participants will be recruited by 

a convenience sampling method. Thus, the sample may not be representative of the 

entire population, and the results may not be generalizable. 

1.8 Significance 

 Currently, apparel companies have started to incorporate pre-consumer and 

post-consumer waste into their design to divert unwanted apparel from landfills (e.g., 

Patagonia, 2020; The North Face, 2020; Eileen Fisher, 2020). However, there are no 

standard guidelines or procedures to operationalize the use of textile and material 

waste in apparel product development. Therefore, developing guidelines for current 

and future apparel product developers/designers is of great value.   
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Chapter 2 

REVIEW OF LITERATURE 

2.1 Overview  

This section will review the impact of the fashion industry, apparel design and 

product development processes, sustainable apparel product development processes 

and strategies, and how these are currently being used in the apparel industry. A 

contextual review of industry projects will further elaborate on this. This literature 

review will justify the development of a sustainable material selection model.    

2.2 The Fashion Industry: An Environmental Concern  

 In recent years, the textile and apparel industry has been focused on increasing 

efficiency in production to keep the price of the final product low (Claudio, 2007). 

Hence, the fashion cycle has become shorter and shorter, and products are designed 

and produced according to pivotal trends that enable quick profit (Schor, 2005). In 

2020, the global fashion industry was worth 1.5 trillion U.S. dollars, and it is projected 

to grow in value to about 2.25 trillion dollars by 2025 (Shahbandeh, 2021). These 

numbers reflect the increasing demand for fashion products across the world. 

 In the prevailing economic model, the majority of apparel brands operate 

within a linear system in which “resources are extracted, shaped into products, sold, 

and eventually disposed of in a “grave” of some kind, usually landfill or incinerator” 

(McDonough and Braungart, 2002, p27). In the linear model of production, products 

are not designed with the end of life in mind. According to Gwilt and Pal (2017),” 

once purchased, all garments go through a cycle of wearing, laundering, storing, and 
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perhaps repair and alteration before final disposal” (p.149). Consumers have little 

acknowledged of where and how to dispose of unwanted garments (Laitala et al., 

2015). The majority ended in landfills, causing environmental problems such as 

carbon emissions and toxic pollution (Hawley, 2011).   

 On average, 25 billion pounds of textile waste is generated each year in the 

United States, and the amount has doubled over the last 20 years (Council for Textile 

Recycling, 2010). In 2018, over 17 million tons of textile waste was generated, 

according to the Environmental Protection Agency (EPA) (2020). Americans dispose 

of approximately 70 pounds of used clothing per person per year, and nationally, it 

costs cities $45 per ton to dispose of old clothing (Council for Textile Recycling, 

2020). Only 14.7% of the total textile waste was diverted from landfills by the 

recycling industry in 2018 (EPA, 2020). Landfilling is the main form of waste 

management in the United States, and the environmental fate of textiles in landfills 

depends on the fiber material. Textile waste is not usually considered an issue in waste 

management because textile waste often is not regarded as toxic (Weber et al., 2017). 

 Textile waste is generally categorized as pre-consumer and post-consumer 

waste. Pre-consumer textile waste consists of manufacturing waste that has not 

reached the consumer, which typically includes (a) textile swatches (leftover textile 

samples from production), (b) cut-and-sew textiles (textile scraps generated during 

garment manufacturing), (c) end-of-rolls (factory surplus waste leftover from garment 

manufacturing), (d) damaged textiles (unused textiles that have been damaged, for 

example with color or print defects), and (e) clothing samples (part-finished or 
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finished clothing samples from the design and production of clothing, which have not 

been worn by consumers), to cite a few (Hawley, 2006).  

 Post-consumer waste includes any type of garment or household article made 

from manufactured textiles, such as clothing, footwear, fashion accessories, towels, 

bedding, and drapery that have already been purchased and then discarded by 

consumers (both used and unused) (Hawley, 2006).  

 Previous research has indicated that around 80% of the environmental impact 

of today’s products is determined in the product design and development phase 

(Brahma and Lofthouse, 2007; European Commission, 2011). Billions of dollars are 

lost every year due to clothing underutilization and the lack of recycling, according to 

the Ellen MacArthur Foundation (2017). Research (Ha-Brookshire et al., 2009; Laitala 

et al., 2015) has shown that discarded garments still have a significant portion, almost 

70%, of their potential useful life embodied at the time of their disposal. With textile 

waste growing, it is increasingly important for apparel designers and product 

developers to consider ways to employ strategies to incorporate secondary materials 

(textile waste) back into the product development process of apparel for the sake of 

our planet.  

2.3 Academic Apparel Design Processes (Frameworks + Models)  

 Armstrong and LeHew (2011) have noted that “frameworks for apparel design 

and product development have been articulated largely by apparel and textile 

academicians for educational purposes and are consequently prescriptive rather than 
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descriptive” (p.36). Many of the apparel product development processes described are 

heavily influenced by models from other fields and follow similar prescriptive design 

methods. There are a few apparel design models proposed by scholars to guide 

designers and students in the development process of apparel, creative thinking, and 

problem-solver (LaBat and Sokolowski, 1999; Lamb and Kallal, 1992; Watkins, 

1988). 

 Watkins (1988) presented a step-by-step design process from the Universal 

Traveler (Koberg and Bagnall, 1981) as a way to prepare students to become creative 

problem-solvers. The model included seven steps: (1) acceptance (to get motivated 

and to find reasons to devote time and effort to a problem), (2) analysis (to conduct 

exploratory research and find everything about the problem), (3) definition (to decide 

the most important aspects of the problem: a statement of goals), (4) ideation (to 

develop as many ways to solve the problem as possible), (5) idea selection (to select 

the best idea), (6) implementation (to try out the best idea), and (7) evaluation (to 

analyze what happened when the action was taken) (Watkins, 1988). This design 

process operates as a cyclical if the evaluation shows that the solution is not a 

successful one, the whole or part of the process may be repeated (Watkins, 

1988).  Further, in this model, a designer is continually alternating between divergence 

or spreading out to look for a wide variety of ideas and convergence or centering on 

one idea.  

 Using Watkins’ (1988) work as the foundation, Lamb and Kallal (1992) 

proposed the functional (fit, mobility, comfort, protection, donning, and doffing), 
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expressive (value, roles, status, and self-esteem), and aesthetic (art elements, design 

principles, and body-garment relationship) (FEA) model to guide the development of 

garments that meet consumer needs. Using FEA as design criteria, Lamb and Kallal 

(1992) developed an apparel design framework that has six steps: problem 

identification, preliminary ideas, design refinement, prototype development, 

evaluation, and implementation. The first five steps correspond to Koberg and 

Bagnall’s (1981) steps that problem identification is the incorporation of acceptance, 

analysis, and definition; preliminary ideas is similar to ideation; design refinement is 

similar to idea selection; prototype development is similar to implementation; and 

evaluation is the same (Lamb and Kallal, 1992). The last step, implementation, is the 

culmination of the design process and may not be reached until the previous steps 

have been repeated, and a final design is refined (Lamb and Kallal, 1992). Lamb and 

Kallal’s framework can be applied to both fashion design and functional apparel, and 

they demonstrated the application of the framework in figure skating costume design, 

cleanroom garment design, and a customized design for a client with spina bifida 

(Lamb and Kallal, 1992). 

 In order to provide guidelines for how creative thinking evolves in the textile 

product design process, LaBat and Sokolowski (1999) developed a three-stage textile 

product design process. The design process was developed after reviewing design 

processes for architecture and environmental design, engineering design, industrial 

product design, and clothing design (including Watkins’, 1988 and Lamb and Kallal’s, 

1992 work). Three common stages among these processes were found: problem 
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definition and research, creative exploration, and implementation. Figure 2.1 is the 

detailed textile product design development process. LaBat and Sokolowski (1999) 

showed the application of the three-stage design process in an industry-university 

project to redesign an athletic ankle brace. 

Figure  2.1. Textile product design process stages (LaBat & Sokolowski, 1999). 

2.4 The Apparel Product Development Processes  

 Similar to apparel design, apparel product development is a highly iterative 

and simultaneous process that entails multidisciplinary interaction and collaboration in 

order to meet the strategic vision and creative design with the use of technology, 

production processes, and distribution planning to develop products for a target market 

(Armstrong and LeHew, 2011). The majority of apparel product development 

processes presented in the literature demonstrate a straightforward sequence from 
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research (market, trends, materials) and line development to considerations for 

sourcing, distribution, and retailing (ibid.). 

 Han et al. (2017) have examined a variety of design models articulated and 

outlined in the literature in order to summarize and create a standard design and 

production process model (figure 2.2). The authors developed the model based on 

processes outlined by McKelvey and Munslow (2003, 3); Jenkyn Jones (2005, 128); 

Burke (2008); Matharu (2010, 88), and Armstrong and LeHew (2011, 37). In each of 

the design models examined by Han et al. (2017), the process usually started with a 

brief, which outlines the design task or problem, then followed by research of the 

market and of the creative aspects of the range to be produced. The design process is 

where the problems are solved, and potential solutions generated. Then the process is 

followed by the making of sample products, which form the basis for promotion and 

marketing, before the products are manufactured and distributed to retailers, ready for 

consumers (Han et al., 2017). 



 16 

                 

Figure 2.2. Standard design and production process model (Han et al., 2017). 



 17 

2.4.1      Material Selection (within product development process)  

 The research and design process phase are where designers or product 

developers select the materials that go into the products. In the fashion industry 

collectively, apparel designers, sourcing specialists, and buyers are responsible for 

material selection during the product development process (Brahma and Lofthouse, 

2007; Shaw and Koumbis, 2017). Material selection is the focus of this study due to 

its critical aspect of the design process of an apparel product. Ljungberg (2007) has 

noted, “material determines the use of our natural resources as well as the amount of 

energy used for the production and the use of the product” (p.470). Further, it can 

significantly impact the cost of a product’s life cycle (Armstrong and LeHew, 2011). 

As a general rule, designers and product developers should aim for four goals in 

material selection (Graedel and Allenby 1995: 240):  

• Choose abundant, non-toxic, non-regulated materials if possible. If toxic 

materials are required for the manufacturing process, try to generate them on-

site rather than by having them made elsewhere and shipped. 

● If possible, choose natural materials rather than synthetic materials. 

● Design for minimum use of materials in products, processes and service. 

● Try to get most of the needed materials through recycling streams rather than 

through raw material extraction. 
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2.4.1.1 Wearable Product Materials Research Model  

 Material selection is an important aspect of the design process of an apparel 

product (Ljungberg, 2007). However, materials selection is usually overlooked in the 

general apparel design processes, and they are not recognized as a central role in the 

success of the design (Bye and Griffin’s, 2015). Therefore, Bye and Griffin’s (2015) 

developed a model to provide guidelines for material selection for designers to use in 

conjunction with the product development process. 

 The Wearable Product Materials Research (WPMR) model developed by Bye 

and Griffin (2015) supports material experimentation through a systematic visual, 

tactile, and sensory evaluation of the material selection process, which encourages the 

designer to think about the application of the material and the user simultaneously. It 

was developed to complement existing design processes and practices and to guide 

designers during the material selection phase. The model can be used in the classroom 

setting and the industry.  

 The model (figure 2.3) has five steps, and the initial phase begins with the 

selection of materials according to the design requirements and user needs. Once 

potential materials are selected, the first step in the model asks designers, “does the 

material bend and allow movement?”. That is a relevant aspect of any material 

intended to be used in wearable products because the product needs to be worn on the 

human body, a surface that moves, bends, and changes shape. If the material cannot 

bend or allow for movement, the designer is asked if these elements can be 

manipulated through the design, pattern, joining or seaming method, material 
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manipulation, or cutting. If the designer says no to a step, then the designer should 

select another material to move through the process. The second step is to determine if 

the material can hold adequate shape and structure based on the design needs. For the 

third step, the designer is asked if the material can be joined (sewn, welded, etc.) to 

self or other components using available manufacturing methods. The fourth step 

addresses the necessity for humans to be able to dress and undress the designed 

product by asking if the material can sustain closures such as zippers, hook and loop 

tape, buttons, etc. The fifty and last step is for the designer to determine if the material 

addresses user expectations and perceptual qualities needed for product success. Bye 

and Griffin (2015) demonstrated the application of the WPMR model by applying in 

the development process of two functional apparel products – a nursing bra and a 

commercial cooling vest. 
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Figure 2.3. WPMR model (Bye and Griffin, 2015). 
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2.4.1.2 Design for Disassembly 

 Many textiles nowadays are cocktails of different fiber materials blended 

together. Forst (2020) described blends as “the combination of two or more different 

components, fibers, yarn or fabric elements, in the same yarn or cloth to create a 

variety of technical or aesthetic effects” (p.175). There are many reasons for 

combining fibers such as to compensate for weak performance in one of the parts of 

the blend and improve the overall performance of the output, aesthetic effects, to 

improve the efficiency of processing, to reduce costs in the production, and so on 

(Forst, 2020). However, finding a way to separate blended fiber materials so that they 

can be recycled according to their own system is a challenge (Ellen MacArthur 

Foundation, 2017). Therefore, researchers are exploring design for disassembly 

strategies to apply to the development of textiles.  

 The design for disassembly method is defined “as the creation of materials or 

products that can be easily and economically taken apart at the end of their useful life 

allowing for re-use in appropriate cycles” (Forst, 2020, p.176). Hence, a fundamental 

element for enabling disassembly for textiles re-use and recycling is the consideration 

and development of impermanent joining methods and connections. As an example, 

the company Climatex developed a blended textile with an innovative weaving 

technique which allows the fibers to be separated and fully recycled (Climatex, n.d.). 

Further, Forst (2020) explored solutions from a design and making-led perspective 

through experimentation in a studio in sampling textiles for disassembly. The author 

tested a variety of unique techniques (dovetail, minimalist, and laser cut) for 
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assembling textiles components at the yarn and fabric scale. Forst (2020) research 

findings lead to original recyclable textiles that combine not only resources for 

optimal performance but also aesthetics. Forst (2020) findings can serve as guidelines 

for the creation of textiles for disassembly. 

2.5 Sustainable Apparel Product Development Strategies  

The apparel product development is associated with natural resource depletion, 

contribution to overflowing landfills, and often relies on the exploitation of human 

labor (Hawley, 2011).  In order to address these issues, sustainable design strategies 

have been largely discussed by academia and practitioners. According to Gwilt (2015), 

“fashion designing for sustainability involves engaging in strategies and approaches 

that can help reduce or avoid the social, environmental, economic and cultural impacts 

associated with the production and consumption of fashion clothing” (p.62). In the 

following section, a few sustainable design strategies will be discussed. 

2.5.1 Sustainable Apparel Design and Production Model (C2CAD) 

 To provide practical guidance for apparel designers and manufactures to 

develop sustainable apparel product, Gam et al. (2009) incorporated cradle to cradle 

model (McDonough and Braungart, 2002) into existing apparel design and production 

models (LaBat and Sokolowski, 1999; May-Plumlee and Little, 1998) to develop a 

sustainable apparel design and production model C2CAD (cradle to cradle apparel 

design). The C2CAD model (figure 2.4) has four steps: problem definition and 
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research, sample making (including “material selection and testing” and “cost and 

design evaluation” parts), solution development and collaboration, and production 

(Gam et al., 2009). The significant concept of the C2CAD model is that sustainable 

features are considered to make decisions during the design process. Designers and 

manufacturers select fabrics and materials based on their inherent human and 

environmental health and safety. This model addresses the three sustainability pillars 

(people, profit, and planet) during the clothing design process. The C2CAD model was 

applied in the design of children’s knitwear (Gam et al., 2009) in a knitwear 

manufacturer in Kyunggi, Korea, and men’s jacket (Gam et al., 2011). 

 In the sample making of the C2CAD model, designers assess materials based 

on their feasibility as biological or technical nutrients (Gam et al., 2009). The 

biological nutrient is a material that can be composted, returning nutrients to the earth 

(McDonough and Braungart, 2002). On the other side, the technical nutrient is an 

artificial material that can be recycled into a new product of the same quality level as 

the original (ibid.). Consequently, in the C2CAD model, the chosen materials need to 

be recyclable at the end of its life. Therefore, this model does not acknowledge pre and 

post-production textile waste, such as deadstock fabric and upcycled materials, to the 

process of developing sustainable apparel design. Due to the growing amount of 

textile goods going to landfills every year, it is necessary to consider incorporating 

these materials in the design process of sustainable apparel. Incorporating waste back 

into the supply chain as ‘raw materials’ helps companies reduce waste, reuse valuable 

resources, and save costs on virgin materials at the same time.  



 24 

 

Figure 2.4. Cradle to cradle apparel design (C2CAD) model (Gam et al., 2009). 

2.5.2 The TEN  

 In order to guide textile and fashion designers regarding sustainable design 

strategies, the Textile Environmental Design (TED) created a toolbox called The Ten. 

The toolbox helps designers to navigate the complexity of sustainability issues and 

offers approaches to design products in a sustainable manner (TED, n.d.). The set of 

design strategies includes ten approaches. The first five tactics focus on material, 
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process, and technological solutions, and from six to ten, the approach is more 

conceptual, encouraging radical innovation (figure 2.5). 

 

Figure 2.5. ‘The TEN’, buttons from the TED website 

2.5.3 Upcycle and Reconstruction  

 Upcycling is an activity of creating newness or better quality from used or 

waste materials while adding value (Sung, 2015). In the fashion industry, upcycling 

means prolonging the life of waste textiles through creativity. Wilson (2016) defined 

upcycling as a “practice of refashioning something useless into something useful” 

(p.395). This sustainable design technique utilizes textile waste to create products with 

a higher retail value than traditionally recycled goods. There are many approaches to 
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upcycling, for example, using existing waste fabrics to make garments or turning the 

fabric back into fiber. This reuse and repurposing of existing materials allow a 

designer to divert textile matter away from incineration or landfill. Thus, prolonging 

the life cycle of the original textile and reducing further unnecessary textile 

production, which in turn decreases the demands on natural resources.   

 Similar to upcycling, reconstruction is a sustainable design strategy of making 

new garments from waste formed of previously worn clothing or preformed finished 

clothing products. This process involves first deconstructing garments and then 

reconstructing the waste materials into new designs. There are a variety of ways to use 

and apply this sustainable design technique. After deconstructing a garment, the fabric 

can be cut using pattern blocks, can be draped, and through ripping and shredding a 

completely new fabric can be created. 

2.5.4 Modular Design Strategy 

 As a transformable design approach, modular fashion refers to clothing items 

that have detachable pieces, allowing the aesthetics and functionality of the items to be 

converted into multiple styles and functions to meet consumers’ needs and tastes over 

time (Koo et al., 2014). According to Niinimäki and Hassi (2011), “this design 

concept offers the possibility to upgrade the product or to personalize the product 

through modifications, e.g., some pieces of the clothing can be changed, or the 

consumer can select the details according to his/her favorite colors or materials” 

(p.1880). Its ability to be taken apart and reassembled allows consumers to replace 
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only damaged parts of a garment rather than purchasing an entirely new garment. 

Modular clothing may also require less washing since users may opt to clean only the 

parts of the garment that are easily dirtied (Fletcher, 2008). Modular clothing aligns 

with a few different aspects of environmentally ethical fashion design. For one, a 

garment made in a manner that can change appearances easily may encourage 

consumers to buy fewer clothing items (Cao et al., 2014) due to its versatility. In 

addition, enabling consumers to change the design of a garment, it may cause them to 

feel more emotionally attached to the garment, delaying disposal (Cao et al., 2014; 

Koo et al. 2014), and finally expand the garment life cycle, as consumers repeatedly 

transform them, reducing consumer needs for new garments (Koo et al. 2014; Rahman 

and Gong 2016). 

2.5.5 Zero-waste 

 Zero-waste design is a sustainable way of manufacturing products by 

eliminating waste at the design stage. Thus, the concept of zero-waste in apparel 

design strives to eliminate any wasted textile fabric from the production of clothing by 

developing products that utilize 100% of a length of fabric so that no scraps hit the 

‘cutting-room floor’ (Carrico and Kim, 2014). There are several ways of making a 

zero-waste garment, such as through pattern cutting, draping, and through fully 

fashioned knitting. Regardless of the approach, the aim should be no textile wastage at 

the end of the design stage. Zero-waste fashion is not a new concept - early examples 
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of zero-waste or near zero-waste garments include the Japanese kimonos and Indian 

saris. 

2.6 Context: Current Industry Based Sustainable Product Development 

Strategies   

In recent years, fashion brands around the world have increasingly been 

incorporating sustainable practices into the product development process by engaging 

in repurposing used clothing from take-back programs. Also, they have been involving 

the consumer to restyle and repair their used garments. In this section, some of these 

programs will be discussed in detail. 

2.6.1 G-Star C2C 

 G-Star RAW is an example of a company that has been developing solutions to 

minimize the impact of denim production on the environment. Their mission is to 

create the denim classics of tomorrow through continuous innovation and design, 

respect for people, the planet, and work transparently (Galijasevic, 2020). G-Star 

RAW took their denim iconic styles that have been selling well and applied circular 

principles to these designs. While working collaboratively with fifteen partners, the 

company has developed a 100% recyclable denim fabric. The fabric is produced with 

100% recyclable cotton, a clean indigo dyeing process, 100% renewable energy, and 

eco-friendly sustainable washing techniques. The water used in production is recycled, 

leading to zero water waste. Also, the stretch fiber used in the new fabric is called 

Roica, which is considered a healthy material (Galijasevic, 2020). This new innovative 
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product received the world’s first Cradle to Cradle gold certified for a stretch denim 

fabric in October 2019 (Galijasevic, 2020). According to Sofie Schop (2020) - G-Star 

RAW’s Sustainability Director, “Cradle to Cradle certification is the most rigorous 

because it looks at the design from five different perspectives — the material health, 

water stewardship, social fairness, material utilization, and reuse of renewable 

energies” (para.6). With G-Star RAW achievement, there is no doubt, the brand is 

leading the way and pushing the industry to move towards a sustainable approach. 

According to Adriana Galijasevic (2020), going to the certification process has 

enabled them to build a design toolbox to share throughout the industry. Working 

collaboratively, they can inspire and encourage other companies to apply sustainable 

practices in their development process. Furthermore, the brand’s sustainability goal by 

the end of 2020 is to have 100% sustainable cotton and 90% sustainable material. 

2.6.2 Eileen Fisher: Waste No More 

 The Fashion brand Eileen Fisher is known in part for being a pioneer of 

sustainability in the clothing industry. Since 1984, the company has been designing 

garments for longevity, along with a conscious effort to protect social and 

environmental rights by creating a buy-back program that has collected more than one 

million garments in just ten years to upcycle them into eco-preferred products (Eileen 

Fisher, n.d.). The pieces still in perfect condition are given a good-as-new cleaning 

and resold through their Renew program. The clothes that aren’t in shape to be resold 

are used in their Waste No More campaign. The Waste No More team transforms the 
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clothing into one-of-a-kind artworks, pillows, and wall hangings using a custom 

felting method. The idea behind the creation of these new materials is developing new 

technology that decreases the environmental impact overall, like a unique needle-

punch felting technique that no longer requires water or dying, making it better for the 

planet. In addition, recycling wasted materials and turning them into something 

instead of disposing them into landfills. The brand wants to bring more awareness to 

the importance of being more conscious of the massive environmental impact that the 

fashion industry continues to have on the planet. 

2.6.3 Patagonia: Worn Wear  

 As the secondhand market becomes a bigger part of the retail industry, in 2017, 

the outdoor retailer Patagonia launched Worn Wear online, a resale business in which 

Patagonia buys customers' products in decent condition back in exchange for store 

credit. These products are then repaired, buffed up, and resold on the site. For years, 

Patagonia has been hosting Worn Wear pop-up events, where customers were invited 

to bring their used clothing items for repair or exchange. Due to the program's success, 

Patagonia launched the permanent online version of Worn Wear. So far, Worn Wear 

has sold more than 100,000 repurposed Patagonia items (Patagonia n.d.).  The Worn 

Wear website also includes detailed product care guides for all fabrics carried in 

stores. Hence, Patagonia's Worn Wear program aims to reduce environmental impacts 

by encouraging people to change their relationship to stuff, through repair and reuse of 

what they already have, and by celebrating quality and durability. 
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2.6.4 Nudie Jeans: Repair for Life 

 In order to engage consumers in sustainable practice and provide them ways to 

prolong the lifetime of their clothing, Nudie Jeans offers a free repair service on all its 

denim. Thus, every pair of Nudie Jeans comes with a promise of free repair for life. 

Consumers can bring their pairs of worn-out Nudie Jeans to a repair shop, which is 

well-equipped with high profile repair stations (Nudie Jeans, n.d.). And even if 

customers live far from a Nudie Repair Shop, they can still get help to mend their 

jeans by ordering a free repair kit online and watch their videos to show how jeans can 

be repaired. This approach contributes in many ways to prolong the lifetime of the 

jeans. Not only does it recognize that denim can be repaired, but it also actually 

celebrates the act of repairing - thus adding emotional value to the new chapter in their 

lifecycle. In addition, Nudie Jeans products are made with 100% organic cotton 

denim, social responsibility, and transparent production. They also resell their second-

hand products and recycle worn-out products.  

2.6.5 The North Face Renewed  

 Much like the Patagonia Worn Wear program, in 2018, the outdoor brand The 

North Face launched a design program called Renewed. The North Face Renewed 

features a collection of clothing refurbished to Like-New condition. The program aims 

to divert unwanted apparel from landfills by repairing used garments to keep them in 

circulation. The renewed process has eight steps and six quality controls. The steps are 

as follow (The North Face, n.d.): 
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● Step 1: Pre-sort. Designers identify the type of the product and select for 

renewal based on its condition. Everything that can't be renewed is upcycled 

through the REMADE collection, donated or recycled. 

● Step 2: Sort. With a more critical eye, technicians inspect garments to identify 

issues and prepare them to be refurbished. Practitioners identify if the repair 

can be done without being visually perceptive. The goal is to repair the 

garment in a way that consumers will not be able to differentiate refurbished 

apparel from the new condition. 

● Step 3: Identify. Sort techs match products to their original data. If a style has 

been recalled or has known quality issues, it will be removed from production. 

New bar codes are added to track renewal and impact data. 

● Step 4: Clean. Garments are cleaned to factory grade standards either using the 

Tersus CO2 cleaning system or high-capacity commercial washing machines. 

● Step 5: Inspect. Repair technicians identify the processes that need to take 

place to restore garments to LIKE-NEW condition. Repairs are assigned based 

on time, complexity and capacity. 

● Step 6: Repair. Garments are repaired based on standards provided by The 

North Face quality control team.  Highly trained sew technicians ensure that all 

aspects of the repair meet or exceeds The North Face requirements. 

● Step 7: Finishing. Finishers polish garments up removing any signs of lint, 

loose threads, or wrinkles. 
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● Step 8: Quality assurance. Quality assurance certifies that every garment meets 

or exceeds The North Face standards and there are no signs of exterior visible 

repairs, defects or imperfections.   

 With the Renewed program, The North Face is shifting from a traditional, 

linear model to a circular model where people share, resell, repair, and recycle 

clothing to keep them out of landfills and in the value chain. In order to train and 

educate their designers on the principles of circular design, the brand has created The 

North Face Design Residency. In the program, practitioners learn purposeful solutions 

that consider the complete lifecycle of garments. Designers apply these concepts while 

working on the repair and redesign to make future products more repairable, reusable, 

or recyclable. The of the designers that practiced in the program, Rebecca Homen 

(2020), reflected on the challenges to work with secondary materials because there is 

no protocols nor guidance to follow. Also, the challenge of creating design standards 

while creatively repairing damaged products. One outcome of the program is the 

creation of new standards to up-cycle and repair products. Moreover, design-led repair 

tech-packs allow the planning team to standardize processes and forecast future 

production. 

2.7 Summary 

 Literature related to academic apparel product development processes, 

sustainable apparel product development processes, and how these are currently being 
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used in the apparel industry was reviewed in this chapter. This overview of the 

literature has provided the background for conducting this research. 

 Although the existing academic apparel product development models are 

helpful tools to guide students and designers to develop functional and sustainable 

apparel according to user needs, common apparel design processes often overlook the 

central role of materials to a successful design. Finding guidance for material selection 

is required because material plays an important role in the apparel design process. 

Existing sustainable apparel product development models do not acknowledge pre and 

post-consumer textile waste, such as deadstock fabric and upcycled materials, to the 

process of developing sustainable apparel products. Due to the growing amount of 

textile goods going to landfills every year, it is necessary to consider incorporating 

these materials into the design process of apparel. Incorporating waste back into the 

supply chain as ‘raw materials’ helps companies reduce waste, reuse valuable 

resources, and save costs on virgin materials at the same time. Therefore, apparel 

product developers must have methods to assist them with secondary use materials in 

the product development/design process. 
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Chapter 3 

MODEL DEVELOPMENT  

3.1 Overview 

Collectively, apparel designers, sourcing specialists, and buyers are responsible 

for material selection during the product development process (Brahma and Lofthouse, 

2007; Shaw and Koumbis, 2017). Despite the growing necessity of environmental 

practices in the apparel industry, usually, apparel design and fashion merchandising 

students are not taught to incorporate secondary materials into the product 

development process. Most apparel design and fashion merchandising students are 

trained to think in a linear way in which products are designed, produced, and 

eventually disposed of with virgin materials chosen largely by aesthetics and personal 

taste. 

 In the industry, there is a lack of protocols to assist fashion practitioners to 

incorporate secondary materials into the product development process. Likewise, 

academic models of product development do not consider secondary materials, nor do 

they consider tacit knowledge. Bye and Griffin (2015) noted the importance of a 

hands-on manipulation approach while working with material because it encourages 

experimentation, which can lead to innovation. The author stated that “working 

directly with materials can help individuals make new original connections by 

enhancing their intuition, critical thinking, and ability to find patterns” (p.150). 

Consequently, fashion practitioners could use their tacit knowledge gained through 
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their experience to solve environmental issues in their work. Hence, a model is needed 

that maps out the questions to ask when adopting a secondary material for product 

development. The main research questions for this study were: (1) can a sustainable 

material selection model based on sensory and visual evaluations guide future 

fashion professionals to make more sustainable choices in the product 

development process? (2) Can a sustainable material selection model based on 

sensory and visual evaluations guide future fashion professionals to embed 

secondary materials into the apparel product development process? 

3.2 Model Development  

  The purpose of this research was to offer guidance to product developers 

through a model that embeds a material selection strategy into the traditional process 

of product development. Specifically, this research involved the development of a 

model as well as initial testing within a design process to evaluate the effectiveness of 

the model. To achieve this, the researcher followed a three-phase design approach that 

involved (1) generate criteria, (2) model development, and (3) test/evaluate the model 

in the design classroom. 

 

Phase 1: Generate criteria 

 The objective of phase one was to generate criteria to determine constructs for 

developing a sustainable material selection model. Through exploratory practice-led 

materials research, the researcher gained better understanding of potential criteria 
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including evaluative and design approaches. In addition to exploratory design 

exercises, (see appendix F) the researcher conducted literature review and contextual 

market review to determine constructs for the development of the new model. In this 

phase, the author aimed to address the following questions: 

1. What considerations are required to develop a model that embeds secondary 

materials into the apparel product development process? 

2. How might a process model guide apparel product developers toward more 

sustainable choices? 

Phase 2: Sustainable material selection model development  

 

 During phase two, the Sustainable Material Selection Model (SMSM) was 

developed based on criteria generated from phase 1. The criteria included the 

importance of developing a holistic model that had a combination of information, 

guidance, and education, along with well-considered content, proper presentation, and 

easy access (Lofthouse, 2006). Product developers are motivated by visual-based 

content and prefer information presented, with maximum graphics use and minimal 

text (ibid.). Hence, criteria such as design/user-friendly, interactive, visual/sense 

forward were adopted for the model development. Moreover, the content provided in 

tools for sustainable fashion design needs to be presented in an appropriate language 

for product developers, thus, avoiding technical/scientific jargon (Kozlowski et al., 

2019). In this sense, the language selected for the SMSM consists of existing simple 

‘nuggets’ of information appropriated for fashion product developers, along with 
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visual demonstrations. Such as demonstrations of the importance of fiber content, 

structure, properties, condition, design details, and surface elements. Finally, the 

model access was another important criterion. A web-based format was chosen due to 

its practical, ease, and timing saving access (Lofthouse, 2006). This approach also 

allows for the content to be derived in a highly visual and interactive way, making it 

very appropriate to the product developers’ way of working (ibid.). 

 The SMSM consists of ten steps including (1) identification of fiber content; 

(2) identification of fabric structure; (3) fabric stretch; (4) grain; (5) surface finishing; 

(6) identification of fabric condition; (7) identification of trims and findings; (8) 

identification of trims and findings conditions; (9) identification of design details; (10) 

identification of decorative stitches (see figure 3.1). 

 Step 1 - identification of fiber content. Fibers are spun into yarns, which are 

used to manufacture fabrics, which are in turn used to manufacture products such as 

apparel, curtains, bedding, and so on.  Therefore, all textile artifacts contain fibers that 

can be natural or synthetic (man-made) (Fashionary, 2020). Fiber identification is 

important because different fiber types have distinct characteristics. A particular fiber 

or even fiber blend could impact the material’s overall performance qualities such as 

drape, insulation, and wash care. Thus, it is an essential first step in predicting the 

behavior of a textile artifact in various designs and environments. Moreover, knowing 

the identity of the fiber helps the product developer plan appropriate designs for the 

future product, conservation treatment(s), and/or storage methods. 
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 Step 2 - identification of fabric structure. There are three types of fabric 

structures woven, knit, and non-woven (Fashionary, 2020). Woven fabrics are made 

by interlacing two or more sets of yarn. Knit fabrics are made by inter-looping yarns 

and stretch in both directions. Non-woven refers to fabrics that are neither woven or 

knitted. They are fabrics formed through methods that entangle and bond fibers 

mechanically, thermally, or chemically. Each fabric structure has different distinct 

characteristics and behavior, all of which affect their end-use. Therefore, identification 

of the fabric structure is important because it can indicate which item the product 

developer could create. Also, it can guide the selection of fabrics that will behave as 

needed for a particular design. 

 Step 3 - fabric stretch. By identifying the stretch direction and stretch 

percentage of textile, the product developer can determine the appropriate use of the 

material according to its given characteristic and behavior. 

 Step 4 – fabric grain. Grain is the direction of the yarns in a fabric. The grain 

is very important when constructing garments because it determines and affects the 

drape of the garment greatly (Fashionary, 2020). 

 Step 5 – surface finishing. A finishing process is an additional chemical or 

mechanical treatment applied to change a fabric’s appearance or properties 

(Fashionary, 2020). A finishing process is often used to change the aesthetic or 

function of a fabric, including printing and dyeing. 

 Step 6 – identification of fabric condition. The fabric condition can 

determine its use. As an example, in case of the presence of defects or damage in a 
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textile, the product developer could find creative solutions and appropriate design use 

for the material.  

 Step 7 – identification of trims and findings. Analysis of all components in a 

garment besides the actual fashion fabric. Thus, it could be trims, labels, threads, 

elastics, underlying fabrics, zippers, buttons, closures, and so on. 

 Step 8 – identification of trims and findings conditions. A similar idea from 

step 6, The trims and findings conditions condition can determine the material used. 

 Step 9 – identification of design details. Garment details or component parts: 

elements of garment silhouettes that provide aesthetic interest or provide functionality. 

Examples include collars, cuffs, pockets. (Keiser and Garner, 2012, p. 229) 

 Step 10 – identification of decorative stitches. Decorative effects: 

Embellishments that are added to the fabric of a garment, such as smocking, quilting, 

tucking, and embroidery (Keiser and Garner, 2012, p. 524) 
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Figure 3.1. Sustainable Material Selection Model 
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Phase 3: Test and evaluation of the model 

 The objective of phase three was to apply the SMSM to a design process and 

then evaluate the effectiveness of the model. Further details of this phase are discussed 

in the evaluation methodology section. In this phase, the author aimed to address the 

following questions: 

3. Can a sustainable material selection model based on sensory and visual 

evaluations guide future fashion professionals to make more sustainable 

choices in the product development process? 

4. Can a sustainable material selection model based on sensory and visual 

evaluations guide future fashion professionals to embed secondary materials 

into the apparel product development process? 

5. Do the perceptions of the model differ based on discipline or curriculum 

focus (i.e., merchandising/business, design/creative)? 
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Chapter 4 

EVALUATION METHODOLOGY 

 This research involved the development of a model as well as initial testing 

within a design process to evaluate the effectiveness of the model. In order to evaluate 

the effectiveness of the SMSM, the model was applied to a design process in an 

apparel development lab setting. This section will cover the methodology used to 

evaluate the effectiveness of the SMSM. 

4.1 Design  

The method of inquiry for this study follows mixed-method experimental 

research design consisting of questionnaire and pre-post testing. Two online 

questionnaires were used to obtain knowledge about the participants and collect 

responses to specific questions directed at their attitudes, beliefs, behaviors, or 

perceptions (Wrench et al., 2019). A mixed-methods design is characterized by the 

combination of at least one qualitative and one quantitative research component 

(Johnson et al., 2007). Therefore, both questionnaires (pretest and posttest) developed 

for this study consisted of open- and close-ended questions. The mixed-method 

questions were implemented to gain a depth understanding of participants' 

perspectives on the use of the newly developed model. According to Nataliya et al., 

2006, “when used in combination, quantitative and qualitative methods complement 

each other and allow for a more robust analysis, taking advantage of the strengths of 

each'' (p.3). Specifically, surveying with open-ended questions can offer the researcher 
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valuable, deep, unconstrained participant responses to general questions, allowing 

participants the possibility to express their perspective using their terms and 

expressions (Wrench et al., 2019). 

To capture valuable insight from student participants, a pre-post test method 

was selected as it “is mostly implemented by social scientists to evaluate the 

effectiveness of educational programs, the restructuring of social groups and 

organizations, or the implementation of behavioral interventions” (Allen, 2017, p.2). 

The pre-post test consisted of similar questions asked before and after the model 

activity. Both questionnaires were designed to gather participants' general knowledge 

about secondary materials, criteria to select materials and perceptions about the use of 

the SMSM.  

4.2 Procedure 

 

 The Internal Review Board (IRB) accepted the parameters of this study with 

exemption. The Human Subjects Protocol, Informed Consent to Participate in 

Research, and IRB Approval forms can be found in Appendices C-F and with the IRB 

Net reference number 1704018-1. Upon approval from the University of  

Delaware IRB approval, the researcher developed a product development activity to 

be applied in two undergraduate courses. The activity had two phases, and it was 

expected to take 1 hour of the class time. Phase one participants were asked to explore, 

manipulate, and evaluate the secondary materials they had. They used the SMSM to 
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guide this exploratory phase. In phase two, participants were asked to use the 

information they collected in phase one to create a new fashion item with the 

secondary materials they had just analyzed. Participants were asked to sketch their 

designs. The activity was completed via the online learning platform Canvas, which 

allows students to access course materials, grades, assignments, and quizzes through 

their own account. A quiz was created by embedding the videos, images, and gifs into 

the question boxes. 

 Prior to the product development activity, all the participants were asked to 

answer a pretest questionnaire, where participants' (a) knowledge about secondary 

materials, (b) previous experience with upcycling and repurposing, (c) criteria to select 

materials, and (d) demographic information were assessed. 

 A posttest survey was conducted after participants had completed the product 

development activity. On the posttest survey, participants provided reflective 

responses to evaluate the effectiveness of the SMSM in the product development 

process. The survey consisted of questions concerning: (a) knowledge about secondary 

materials, (b) criteria to select materials, (c) perceptions about the SMSM, and (d) 

demographic information. Both pretest and posttest questionnaires were administered 

through Qualtrics.  

4.3 Participants 

The population of interest for this study were current and/or future fashion 

professionals involved in the product development process. Participants were recruited 
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through convenience sampling. The researcher contacted two professors who teach 

undergraduate fashion courses at the University of Delaware. With the professors’ 

assistance, the researcher sent the invitation to participate in the study to the students 

via email. Classes included Advanced Apparel Product Development and 

Management (APDM) and Research and Discovery (RD). APDM covers all phases of 

apparel product development for a targeted market from conceptualization through 

execution of sample garments for mass production, and RD covers research methods 

and discovery in carrying out projects generating new knowledge and solutions to 

problem-solving.  

The email sent to the students briefly explained what the research study was 

about, what will make them eligible to participate, how interested participants could 

participate in the study, and the Informed Consent Form with the IRB approval. The 

Informed Consent Form briefed the participants about the study procedure and other 

information such as risk/ discomforts and benefits of participation, and assurance of 

anonymity. Additionally, the Informed Consent Form provided the contact 

information of the University's Institutional Review Board for questions about the 

study and participant rights. 

 Pretest. Participants were 24 females who were of traditional college age (18-

24) enrolled in two apparel design classes at the University of Delaware. Classes 

included Advanced APDM (n = 8) and RD (n = 16). The majority of the participants 

were academic juniors (46%, n=11), while 42% (n=10) were senior, 4% (n=1) 
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sophomore, and 8% (n=2) other. The academic associations of the students were as 

follows: 54% (n=13) were Design major; 46% (n=11) Merchandising major. 

 Posttest. Participants were 25 females who were of traditional college age (18-

24) enrolled in two apparel design classes at the University of Delaware. Classes 

included Advanced APDM (n = 10) and RD (n = 15). The majority of the participants 

were academic seniors (48%, n=12), while 44% (n=11) were junior, and 8% (n=2) 

other. The academic associations of the students were as follows: 60% (n=15) were 

Design major; 40% (n=10) Merchandising major. 

4.4 Materials and Instruments 

 The SMSM was used during phase one of the product development activity to 

guide participants to evaluate the secondary materials used in the activity. A design 

worksheet (see appendix A) was developed to guide participants during the whole 

product development activity. The secondary materials used in this study included 

participants' unwanted or unusable personal clothing. The activity was completed via 

the online learning platform Canvas in a quiz format (see appendix B). 

 To measure participant’s perceptions of the SMSM, items from Davis et al. 

(1992) perceived usefulness and ease of use scale were used. All the selected items 

were adapted to fit the context of this study (table 4.1). The questions were measured 

on a 5-point Likert scale (1 being “Strongly agree” to 5 being “Strongly disagree”).  

Table 4.1.Items adapted from Davis et al. (1992). 

Construct Items 
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Perceived usefulness It would be difficult to develop a fashion product which 

embeds secondary material without the sustainable material 

selection model.  

 Using the sustainable material selection model improved my 

design performance.  

 The sustainable material selection model addressed my 

design-related needs. 

 Using the sustainable material selection model saved me 

time. Using the sustainable material selection model made it 

easier to do my design process.   

 Overall, I find the sustainable material selection model 

useful.  

 

Perceived ease to use I found it easy to follow the material selection model.                    

I found it cumbersome to use the material selection model. *   

 My interaction with the material selection model was easy 

for me to understand  

 The material selection model provided helpful guidance to 

work with secondary materials.  

 The use of the material selection model was confusing. * 

Interacting with the material selection model required a lot 

of my mental effort. * 

 Overall, I found the material selection model easy to use.  

*Reversed coded items 

4.5 Data Analysis 

 The quantitative part of the data was analyzed in SPSS using descriptive 

statistics. A one-sample t-test was run to determine whether the mean of participants’ 

perceptions of usefulness and ease of use of the model was significantly greater or less 

than 3. The independent sample t-tests were used to compare the mean between design 

and merchandising students' major on their perceptions of the model.   

 Thematic analysis approach was used to analyze participants' reflective 

responses. Braun and Clarke (2006) define Thematic analysis as “a method for 
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identifying, analyzing and reporting patterns within qualitative data” (p. 79). This 

method of data analysis has been described as a useful method for researchers because 

it facilitates the organization of data while capturing valuable information (Braun & 

Clarke, 2006). The thematic analysis allows the researcher to interpret responses to 

determine common perspectives among participants (ibid.). The qualitative coding 

software NVivo 11.0 was used for identification and categorization of themes, 

categories, subcategories, and frequencies. Initial categories were identified by visual 

overview of reflections and then subcategories were identified, reviewed, and edited to 

reflect content. Coding was performed by the author of this study and verified by the 

faculty advisor.   
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Chapter 5 

RESULTS 

 This chapter contains the quantitative and qualitative results of the study. This 

section will disclose and overview the significant themes related to the research 

questions as identified from the questionnaires (pretest and posttest). 

5.1 Validation/Evaluation of the SMSM: Quantitative analysis  

 After using the model in the product development process, participants were 

asked to evaluate the SMSM. Participants’ perceptions of usefulness and ease of use 

of the SMSM were used to evaluate the effectiveness of the model. A one-sample t-

test was run to determine whether the mean of participants’ perceptions of usefulness 

and ease of use of the model was significantly greater or less than 3. Overall, the 

means were statistically significantly lower than 3. The means and p-values are 

reported in Table 5.1. and Table 5.2.  

Table 5.1. Statistical results of participants’ evaluation of the model (H0: All 

population Mean = 3). 

Items – perceived usefulness N M SD p-values 

of t-tests 

It would be difficult to develop a fashion product 

which embeds secondary material without the 

sustainable material selection model. 

25 2.80 1.08 .364 

Using the sustainable material selection model 

improved my design performance. 

25 2.08 .572 .000 
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The sustainable material selection model 

addressed my design-related needs. 

25 1.96 .611 .000 

Using the sustainable material selection model 

saved me time. 

25 2.32 .802 .000 

Using the sustainable material selection model 

made it easier to do my design process. 

25 1.96 .735 .000 

Overall, I find the sustainable material selection 

model useful. 

25 1.60 .645 .000 

Note: 5-point Likert scale: 1 being “Strongly agree” to 5 being “Strongly disagree”.  

 

Table 5.2.Statistical results of participants’ evaluation of the model (H0: All 

population Mean = 3). 

Items – perceived ease of use N M SD p-values 

of t-tests 

I found it easy to follow the material selection 

model. 

25 1.12 .332 .000 

I found it cumbersome to use the material 

selection model. * 

25 3.88 1.23 .002 

My interaction with the material selection model 

was easy for me to understand. 

25 1.36 .490 .000 

The material selection model provided helpful 

guidance to work with secondary materials. 

25 1.56 .651 .000 

The use of the material selection model was 

confusing. * 

25 4.24 .970 .000 

Interacting with the material selection model 

required a lot of my mental effort. * 

25 1.60 .645 .000 

Overall, I found the material selection model 

easy to use. 

25 1.32 .476 .000 

Note: 5-point Likert scale: 1 being “Strongly agree” to 5 being “Strongly disagree”.  

*Reversed coded items 
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 The independent sample t-tests were used to compare the mean between design 

and merchandising students' major on their perceptions of the model.  Perceiving the 

SMSM useful did not differ significantly between Design major (M = 1.60, SD =.74) 

and Merchanting majors (M = 1.60, SD =.52) in an independent samples t-test, 

t(22.890) = .000, p = 1.00. 

 Perceiving the SMSM ease to use did not differ significantly between Design 

major (M = 1.33, SD =.49) and Merchanting majors (M = 1.30, SD =.48) in an 

independent samples t-test, t(19.584) = .168, p = .87. 

 Belief that the SMSM provided helpful guidance to work with secondary 

materials to use did not differ significantly between Design major (M = 1.67, SD =.72) 

and Merchanting majors (M = 1.40, SD =.52) in an independent samples t-test, 

t(22.833) = 1.075, p = .29 

 Belief that the SMSM improves the design performance did not differ 

significantly between Design major (M = 2.27, SD =59) and Merchanting majors (M = 

1.80, SD =.42) in an independent samples t-test, t(22.851) = 2.297, p = .03 

5.2 Validation/Evaluation of the SMSM: Qualitative analysis  

A summary of the themes found in participants’ reflective responses is 

presented in Table 5.3, Table 5.4, Table 5.5, Table 5.56, and Table 5.7. 
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Behavior/attitude change 

On the pretest questionnaire, participants were asked to indicate the reasons to 

have chosen the materials for their past three designs. The themes and frequencies 

found in participants' responses are outlined in Table 5.3. Outlined frequencies reflect 

direct statements made by participants. 

Table 5.3.Summary of Student Responses Pretest: Think about your past three 

designs. How or why did you select the fabric(s) or material (s) for those designs?  

Theme: Main ideas (reasons for material selection) Frequency 

Aesthetic 2 

Color 4 

Design Concept 3 

Fabric Characteristic 8 

Fabric Composition 3 

Secondary Fabric 4 

Texture 4 

 In order to identify behavior/attitude change towards material selection, on the 

posttest questionnaire, participants were asked to indicate future considerations or 

criteria they will use to select materials. The themes and frequencies found in 

participants' responses are outlined in Table 5.4. Outlined frequencies reflect direct 

statements made by participants. 

Table 5.4.Summary of Student Responses Posttest: Moving forward for future 

designs, what considerations or criteria will you use to choose fabric and material?  

Theme: Main ideas (reasons for material selection) Frequency 

Durability 2 

Material Characteristic 5 

Quality 2 

Secondary Materials  9 

Sustainability 14 

Texture 1 
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 Results suggest the use of the SMSM impacted participants’ decision-making. 

On the pretest, participants reported texture, color, aesthetic, and comfort as criteria 

used to select fabric and materials to create fashion products. After the use of the 

SMSM, participants expressed that they would consider using secondary materials to 

develop future designs and sustainability principles. 

Model evaluation/validation 

 90% of the participants believe that the SMSM provided helpful guidance to 

the development of the fashion product. The reasons were identified, and it is arranged 

by themes and frequencies outlined in Table 5.5. Outlined frequencies reflect direct 

statements made by participants. 

Table 5.5.Summary of Student Responses Posttest: Did the sustainable material 

selection model provide helpful guidance to the development of the fashion product? 

Why or why not?  

Theme: Main ideas (reasons for helpful guidance) Frequency 

Clear instructions 3 

Helpful to consider details 7 

Helpful to generate ideas 7 

Helpful to material identification 9 

Helpful to sustainability awareness 3 

 90% of the participants indicated that the SMSM was easy to follow and 

understand. The reasons were identified, and it is arranged by themes and frequencies 

outlined in Table 5.6. Outlined frequencies reflect direct statements made by 

participants. 

Table 5.6. Summary of Student Responses Posttest: Was the sustainable material 

selection model easy to follow and understand? Why or why not? 
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Theme: Main ideas (reasons for being easy to 

follow and understand) 

Frequency 

Clear directions 6 

Concise model 2 

Good examples 1 

Helpful to the design process 5 

Length 2 

Simple to follow 4 

Steps-by-step format 3 

Straightforward directions 4 

Video format 5 

 Participants' reflective responses indicated that 88% of the participants 

consider using the SMSM in the future for developing an apparel product that embeds 

secondary material. The reasons for considering using the model were identified, and 

it is arranged by themes and frequencies outlined in Table 5.7. Outlined frequencies 

reflect direct statements made by participants. 

Table 5.7. Summary of Student Responses Posttest: Would you consider using the 

sustainable material selection model in the future for developing an apparel product 

that embeds secondary material? Why or why not? 

Theme: Main ideas (reasons for considering using 

the model) 

Frequency 

Facilitate the design process 6 

Helpful to material evaluation and identification 5 

Length 2 

Sustainability reasons and values 7 

Useful 2 
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Chapter 6 

DISCUSSION & CONCLUSION 

 The results gathered through the two questionnaires offered insights into the 

five research questions proposed in this study. This chapter discusses and analyses the 

results of the study relevant to individual research questions, as well as cross-case 

analysis. 

6.1 Discussion 

The purpose of this study was to offer guidance to product developers through 

a model that embeds a material selection strategy into the traditional process of 

product development. Additionally, this study sought to validate the newly developed 

model as an effective and valuable tool to be used during the product development 

process.   

 Participants agreed the model was easy to use and useful when working with 

secondary materials. The common reasons found were that the model was “simple to 

navigate”, the instructions were “fairly straightforward”, “clear and concise”. 

Participants also mentioned that “there were good examples of the different concept” 

and “each step was not too long”. In a fast-paced industry, learning and using a tool 

can be time-consuming and become a barrier to implement sustainability into the 

design process (Kozlowski et al., 2019). The feedback from participants shows the 

model was simple to follow and provided clear, concise, and straightforward 

instructions with practical examples. Thus, the results suggest the use of the model 
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would not take much time in the design process and could be carried out on a regular 

basis. 

 Previous research suggests that sustainable tools should “be presented in a 

highly visual and interactive way, making it very relevant to the designers’ way of 

working” (Lofthouse, 2006, p.1388). This study is consistent with this finding. 

Participants liked the video and step-by-step format chosen to deliver the content. 

Several participants mentioned that the videos facilitate the use of the model. 

Participants used phrases including “the model was easy to follow because of the video 

clips given for each step” and “it was primarily easy to follow and understand with the 

help of the videos”. Furthermore, participants also thought “the step-by-step process 

made it easy”. 

 The general reaction of the participants was that the model provided helpful 

guidance to the development of the fashion product because it helps with material and 

details identification. Participants used phrases including “it helped me understand the 

material that I was working with better and pointed me in a direction of what type of 

products that I could potentially design” and “it helped me realize the small design 

components that go into making a garment and whether that can manipulate its 

secondary use". 

 Furthermore, the findings suggest that the SMSM can stimulate and enhance 

the user's creativity. Participants' reflection responses express that the model 

“provided a structure for creating and developing ideas” and “helped me to better 

understand how to utilize material that is already there to create something new”.  
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 The feedback from the participants also indicated that the model had 

educational value in sustainability awareness. Due to the combination of information 

and guidance, participants stated that the model “provides insight to the most effective 

material to use in design to reduce any negative impact to the environment” and “it 

made me aware of the importance to upcycle.”. A summary of additional student 

quotes about the reasons the model was helpful to the product development process  

can be found in Table 6.1. 

Table 6.1. Summary of Student Responses: Did the sustainable material selection 

model provide helpful guidance to the development of the fashion product? Why or 

why not?  

Themes: Helpful to… Participant responses  

Consider details “Yes, the model stepped me through all details I should 

consider when trying to make a new design out of 

existing materials.” 

 “The model made me look into details of the garment 

that I might not have considered which strengthened the 

overall process.” 

Generate ideas “It gave me some new ideas on how to use the fabric 

when designing my new garments.” 

 “It helped me understand the fabric which gave me an 

idea of what it could be repurposed for”. 

 “I think it did because it helps give inspiration for 

designers to think outside the box on how materials 

could be implemented”. 

Material identification “It helped me understand the material that I was 

working with better and pointed me in a direction of 

what type of products that I could potentially design”. 
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 “Yes, because we analyzed the structure of the fabric, 

the fiber content, etc. This helps the designer know what 

the original product is made of which helps in designing 

a future product from the secondary material.” 

Sustainability awareness “I now know how beneficial it is to upcycle.” 

 

 Moreover, 88% of the participants consider using the SMSM in the future for 

developing an apparel product that embeds secondary material. The common reasons 

were that the model facilitates the design process, helps participants to efficiently 

evaluate the material, and incorporates sustainable practices into the design. 

Participants used phrases including “it [the model] keeps you organized and on track, 

so you do not miss any crucial steps in the process” and “I think it is a good start at 

brainstorming what components your garment or secondary materials consist of. It 

makes you aware of all the things or components of a material that should be 

considered”. 

 In alignment with previous literature, participants reflect on the importance of 

sustainable practices in the apparel industry. One participant stated, “unfortunately, 

sustainability can get neglected when designing garments. It is important to continue 

to find sustainable ways to create designs. The model is an important reference to take 

notice of throughout the design process.”  Another participant mentioned, “the model 

made me aware of how beneficial secondary materials are to fashion”. According to 

the findings in this study, the apparel industry still lacks sustainable practices. One 

main reason could be that fashion students are not usually trained to work with 
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secondary materials (Palomo-Lovinski and Kim, 2014). Research suggests the greatest 

opportunity for secondary materials is to repurpose them into new products (Hawley, 

2011). However, education and understanding are scarce of sustainability in fashion 

and tangible ways to enact change in creating clothing (Kozlowski et al., 2019). 

Therefore, the SMSM could serve as an educational tool to be used to train fashion 

students to work with reclaimed textiles.  

 Additionally, the results of this study suggested that the use of the SMSM can 

impact participants’ decision-making. On the pretest, participants reported texture, 

color, aesthetic, and comfort as criteria used to select fabric and materials to create 

fashion products. After the use of the SMSM, participants expressed that they would 

consider using secondary materials to develop future designs and sustainability 

principles. Students used phrases including “I would like to use secondary fabric 

because I feel like there is so much of it so I would like to consider using it in future 

designs” and “I will make sure to consider what materials I already have to include in 

any designs or new upcycle projects”.  

 Finally, the results show that perceptions of the usefulness of the SMSM did 

not differ significantly between participants with no design background and extensive 

design background. This finding suggests that the model could be a beneficial and 

valuable tool to be used by designers, sourcing specialists, and buyers, which usually 

are fashion professionals involved and responsible for material selection during the 

product development process (Brahma and Lofthouse, 2007; Shaw and Koumbis, 

2017). 
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6.2 Limitations and Future Research  

This study is limited by the small number of participants and lack of a control 

group. The participants consist of a convenience sample of apparel design students at 

one university, therefore limiting the sample size and preventing random sampling.   

Further, the sample size is small. Due to the small sample size and sampling 

limitations, the generalizability of the results to other universities must be taken with 

caution.  

This study only provides a preliminary evaluation of the validity of the SMSM, 

and future studies with a greater number of participants need to be conducted.  

The SMSM is a newly developed model with great potential to guide product 

developers to embed secondary materials into the product development process. 

Future application of the model is necessary to further validate the model in a 

corporation setting to understand its usefulness, as well as explore the benefit of the 

model to the product development process. Additionally, further work could include 

an investigation into how the SMSM model could be useful in industries beyond 

fashion. 

6.3 Conclusions and Implications  

 This study successfully developed a model that offers guidance to fashion 

practitioners to embed textile waste as a sustainable material selection strategy into the 

traditional product development process. The SMSM is a highly beneficial and 

valuable tool that serves as a critical need in the apparel industry to guide apparel 
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design students and practitioners to embed secondary materials into the product 

development process. This study builds off previous research, filling a gap in 

sustainable strategies in product development by offering a tool to help apparel 

designers to make better, more sustainable choices in the product development 

process.   

 Through sensory and visual evaluations, the model guides product developers 

to make more sustainable choices within the materials selection phase of the apparel 

product development process. The model offers a hands-on manipulation approach 

while working with materials. “Working directly with materials can help individuals 

make new original connections by enhancing their intuition, critical thinking, and 

ability to find patterns” (Bye and Griffin, 2015, p.150). The model helps product 

developers to generate ideas to solve environmental issues in their work.  

 The results of this study show the SMSM could serve beyond as a potential 

source of inspiration and creativity. The model is a functional tool that provides 

product developers information and guidance they need to get started to embed 

sustainability early in the design process. This combination of information, guidance, 

and education helps product developers to build up their tacit eco-design knowledge, 

and/or support idea generation at the beginning of a sustainable project. 

 The apparel industry is fast-paced. Therefore, product developers need a tool 

that takes up little time and can be referred to as and when required (Kozlowski et al., 

2019). In this context, the SMSM was developed targeting how product developers 

work on a day-to-day basis. The feedback from participants shows the model was 
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simple to follow and provided clear, concise, and straightforward instructions with 

practical examples. In this sense, the model would not take much time in the design 

process and could be carried out on a regular basis. 

 Additionally, feedback from participants suggested the importance of a 

visually based and easy access content delivery. Several participants reported how the 

videos facilitate the use of the model. Product developers are motivated by visual-

based content and prefer information presented, with maximum graphics use and 

minimal text (Lofthouse, 2006). Therefore, the visual and interactive approach of the 

model is highly beneficial in facilitating the use of the model.     

 A model that incorporates sustainable strategies into product development is 

beneficial beyond apparel, offering opportunities for many industries including 

automotive and home goods. Moreover, the SMSM could also serve as an educational 

tool to be used in both industrial and an academic setting. 
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