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Sustainable fashion design practices have become a central focus in the fashion 
industry due to mounting environmental concerns (Caniato et al., 2012; Kim & 
Damhorst, 1998). In response to the increasing waste generated by fast fashion, zero-
waste design has emerged as an innovative approach to optimize fabric usage and 
reduce environmental impact (Rissanen & McQuillan, 2023). Zero waste design 
strategically eliminates fabric waste through pattern-making (Gam & Banning, 2020). 
While the sustainability benefits of this approach are immediately apparent, 
considerable challenges are evident in teaching zero-waste design as it integrates the 
patterning process during the conceptual and creative design phase (Carrico & Kim, 
2014). Therefore, fashion designers and students face both creative and execution (e.g. 
garment construction) challenges requiring them to think critically within strict 
constraints (Gam & Banning, 2020). 

Integrating secondary techniques and technologies, such as laser cutting, can 
help overcome some of the challenges posed by zero-waste principles. The integration 
not only expands creative possibilities during the design phase but also offers potential 
advantages in the execution phase (Chen et al., 2024). Laser-cutting techniques and 
technologies create dry and clean sustainable textile production methods that are used 
not only for cutting but also to create design features such as engraving and fading 
(Unal et al., 2020). By incorporating such secondary techniques, designers can expand 
the technical possibilities of zero-waste design while also enhancing the aesthetic 
value of their creations. Aesthetic value is an important aspect for consumers, making it 
an notable consideration while teaching sustainable practice (Kim & Lee, 2022). The 
integration of new technologies could offer the opportunity for creative problem-solving 
and might enrich the aesthetic qualities of zero-waste designs without compromising 
sustainability goals. Therefore, the purpose of this research is to explore the integration 
of secondary technologies, specifically laser cutting, into zero-waste design projects in 
a university junior-level fashion design program. Specifically, the study investigates how 
the introduction of laser cutting – serving as a sample secondary technique – impacts 
the technical execution, complexity, sustainability, and creativity of the design process. 
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The following research questions were developed to explore this purpose: 1) How do 
the technical execution and complexity of the zero-waste patterns from students in two 
cohorts compare, particularly regarding the integration of a secondary technique like 
laser cutting? 2) What visual differences exist between the zero-waste patterns from 
cohort 1 to cohort 2, with respect to design complexity and aesthetic quality? And 3) 
How does the integration of a secondary technique affect the technical execution and 
sustainability of the final garment designs? 

Method. The participants consisted of two cohorts of junior fashion design students 
from a southern U.S. R1 university for two consecutive years. The Year 1 (2024) cohort 
(n=38) completed a zero-waste design project without the use of any secondary 
techniques, while the Year 2 (2025) cohort (n=29) integrated laser cutting as a sample 
secondary technique into their designs. Both cohorts were evaluated using a detailed 
rubric assessing complexity, technical execution, sustainability, originality, and 
aesthetics, (see Table 1), with a score range of 1 to 5 for each criterion, yielding a total 
possible score of 25 points per project. A stratified sampling approach was employed to 
select a representative subset of projects from both cohorts, ensuring diverse 
performance levels were included (top, middle, and bottom quartiles based on initial 
grades of the assignment). To ensure consistency, four raters independently assessed 
the projects, with a calibration session held beforehand where raters scored sample 
projects to align with the rubric’s application. Some projects were rated by multiple 
raters to assess inter-rater reliability. Descriptive statistics (mean, standard deviation) 
were calculated for each criterion to summarize student performance across both 
cohorts. Independent t-tests were used to compare the Year 1 and Year 2 cohorts on 
each rubric criterion. 

Table 1. Evaluation Rubric for Zero-Waste Design Projects 

Criterion 

Technical 
Execution 

1 (Poor Execution) to 5 
(Excellent Execution) 

Description Score Range 

1 (Very Simple) to 5 
(Highly Intricate) 

Sustainability Measures how well the design minimizes 
fabric waste and adheres to zero-waste 
principles. 

Complexity Evaluates the complexity of the design, 
considering the level of detail, intricacy, 
and problem-solving. 

1 (Minimal Effort) to 5 
(Highly Sustainable) 

Assesses the precision and accuracy of 
the design and execution, including the 
integration of laser cutting or other 
techniques. 
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Originality 

Evaluates the creativity and innovation in 
the design, particularly with respect to 
zero-waste principles and the integration 
of technology (e.g., laser cutting). 

1 (Lacks Originality) to 5 
(Highly Original) 

Aesthetics Assess the visual aesthetic properties of 
the design including balance, proportion, 
harmony, and the effective application of 
color, texture, and form in the design. 

1 (Lacks Formal 
Aesthetic) to 5 
(Exceptional Use of 
Formal Aesthetic 

Results. An independent samples t-test was conducted to compare the means of 
Complexity, Technical Execution, Sustainability, Originality, and Aesthetics between the 
2024 and 2025 cohorts. The descriptive statistics showed that the 2025 cohort 
consistently had higher mean scores in most categories. For Complexity, the 2024 
cohort (N = 48) had a mean score of 2.90 (SD = 1.036), whereas the 2025 cohort (N = 
38) had a mean of 3.53 (SD = 1.224). In Technical Execution, the 2024 cohort had a 
mean of 2.94 (SD = 0.976), while the 2025 cohort scored higher at 3.47 (SD = 1.084). 
Sustainability showed a slight decrease in the 2025 cohort (M = 3.24, SD = 1.550) 
compared to the 2024 cohort (M = 3.48, SD = 1.271). Originality scores increased from 
3.08 (SD = 1.145) in 2024 to 3.63 (SD = 1.172) in 2025. Similarly, Aesthetics scores 
were significantly higher for the 2025 cohort (M = 3.89, SD = 0.981) than for the 2024 
cohort (M = 2.94, SD = 1.119). The independent samples t-test revealed significant 
differences between the two cohorts in Complexity (t (84) = -2.585, p = .011), Execution 
(t(84) = -2.409, p = .018), Originality (t(84) = -2.182, p = .032), and Aesthetics (t(84) = -
4.159, p < .001). No significant difference was found for Sustainability (t(84) = .797, p = 
.428). The effect size analysis using Cohen’s d indicated that the differences in 
Complexity (d = -0.561) and Execution (d = -0.515) had moderate effect sizes, while 
Originality (d = -0.474) showed a small to moderate effect. The most substantial effect 
was observed in Aesthetics (d = -0.903), suggesting a large impact in this category. 
Sustainability had a negligible effect size (d = 0.173). 

Conclusions. In conclusion, the results suggest that the 2025 cohort, which 
incorporated laser cutting outperformed the 2024 cohort in Complexity, Execution, 
Originality, and Aesthetics, with statistically significant differences observed in these 
categories. No significant difference was found in Sustainability scores indicating that 
while laser cutting enhances technical execution, complexity of design, and aesthetics, 
its impact on sustainability remains consistent. These results underscore incorporating 
secondary techniques like laser cutting in advancing zero-waste design education, with 
implications for future curriculum development and assessment. Future research should 
explore other secondary techniques and assess long-term sustainability perceptions 
through qualitative and cross-institutional studies. 
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