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Statement of Purpose - Zero-waste design offers a sustainable solution to address fabric waste from the mass production process for apparel. Gradeability has been a driving issue creating some resistance to zero-waste design in the industry, as well as the lack of fitted apparel products across apparel classifications (Carrico, 2014; McKinney et al., 2020; Rissanen, 2014). A team of design scholars has begun exploring the Carrico Zero-waste Banded Grading (CZWBG) technique as an option for providing standard sizing within the zero-waste framework. The purpose of this research is to detail how the design scholar team has navigated the challenge of providing standardized size ranges within a zero-waste framework to achieve the goal of presenting the CZWBG technique to industry professionals for adoption. 
[image: A diagram of a process

Description automatically generated]	The following model (see Fig. 1) was created to document the workflow of the design scholars. The model is a variation of an iterative model developed by Green and Watanabe (2018), which was altered to accurately reflect our process. Past design scholars (Hahn, 2021; Chen & Lapolla, 2021) have used iterative multi-staged models to demonstrate how multiple design inquiries using similar techniques can be linked to build knowledge. Critical stages within the present model are Design, Evaluate, Consult, Reflect, and External Evaluation.



Figure 1 – Design Workflow Model



Methods - Six design scholars analyzed the design process using the CZWBG technique (Carrico, 2018; 2020) and completed a first product design iteration within six apparel classifications from Menswear to Sportswear (Carrico, 2021; Dragoo, 2021; McKinney, 2021; Stannard, 2021; Rougeaux-Burnes, 2021). Scholars tracked their process, noting both areas of challenges and efficiencies in the design, cutting, and sewing processes of production (Carrico et. al., 2022). Following the initial 2021 ITAA design exhibition, both qualitative and quantitative juror feedback from all garments was discussed and considered by the team.	
The team of design scholars then selected a second design each and went through the iterative design and production process again. Each design scholar altered their approach based on findings and critiques of the first process. Between the first and second test phases, scholars also consulted with an experienced production expert from the apparel industry to review the work and process approach and identify areas of alignment with common production practices and challenge points. The second round allowed designers to reflect and modify their design and production approaches to more closely align with industry-standard practice (Carrico, 2022; Dragoo, 2022; McKinney, 2022; Stannard, 2022; Rougeaux-Burnes, 2022). 

Findings and Results - Through the three product design iterations, the design scholars recorded their thinking and design process. After each phase, the team evaluated the design outcomes both individually and as a group to assess the feasibility of the CZWBG technique for industrialization. An apparel production expert was then consulted to review and give feedback on the successes and challenges in preparing to move forward in the industrial production process.
	During the reflection process, the team identified both pros and cons of utilizing the CZWBG technique for industrialization. Positive outcomes could include reduced material costs due to the zero-waste layout and reduced marker and cutting costs as a result of being able to cut pieces for multiple sizes with a single cutting stroke. Furthermore, this technique can produce fitted and sized zero-waste apparel across apparel classifications to include girth and length that could be highly appealing to consumers. The ultimate positive outcome of validating this technique with industry and consumers would be increased sustainability in the apparel industry.
When considering the shortcomings, in general, this technique will have increased design costs (time and prototype development) due to the exploration of unique design and grading approach and possible impacts from lack of familiarity with the technique. There will be increased manufacturing costs due to the extra seams that are required to insert the bands. Similarly, increased costs would possibly occur when operators try to assemble unique pattern shapes, aligning notches as sizes increase with the banding, and constructing garments with varying seam allowances, pleat depth, and gathering density from size to size. Banding size variations (whether bias or straight grain) could also cause challenges in the bundling and assembly process. Fabric must also be determined early in the design process so patterns can be made to the corresponding width. The overall aesthetics of adding banding to the garments and the differences between the banding sizes could impact consumer acceptance.

Discussion and Conclusions - As the fashion industry strives to become more sustainable, design scholars must innovate and explore solutions. Through a model of Evaluation, Reflection, and Consultation, this team of scholars demonstrates the CZWBG technique is a viable, sustainable solution for providing standardized size ranges within a zero-waste framework. During each phase of the work, the team identified challenges and opportunities for improvements to the designs and then addressed those opportunities in subsequent designs. 
Although additional time and cost are expected in production to apply the bands and other unique CZWBG construction nuances, the expenses saved in materials, transportation, and the disposal of textile waste will potentially offset these costs. Furthermore, the individual design iterations are a one-off prototype that could impact the designers’ time and attention needed to complete the garment with the insertion of the bands and the added construction details. Therefore, putting the same garment through a mass production process with skilled workers could help lower the expected production times and costs.

Recommendations - As the design scholars continue to experiment with the CZWBG technique, their next step is to utilize an industry panel of experts to evaluate the applicability, efficiency, and financial feasibility of the method for both domestic and overseas production. The research team is building and validating an evaluation rubric for industry critique, assessing variables of production efficiencies, sizing standard alignment, and specification complexities. Further investigations will take the research to consumer testing, evaluating consumer acceptance of the aesthetic differences between sizes, market aesthetics, and product fit and wear testing. 
Implications of this research are far-reaching, with method validation leading to industry and consumer acceptance that could reduce textile waste significantly in apparel production. Industry transparency and consumer education regarding sustainability could further support the use of zero-waste practices and inspire significant global impacts.
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