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Exploring the abilities of
3-D printing and its viability
for consumption in the
fashion industry

Laura C. Corral*, Kaitlyn ]. Walker', and Stephanie K. Hubert®

Abstract

The fashion industry encounters its most general difficulties regarding cost of samples, lead time,
sustainability, and fit. An emerging technology that could solve these issues is 3-D printing, which
utilizes computer-aided technology and a variety of filaments to construct an object. Though 3-D
printing technology offers the ability for rapid prototyping, a condensed supply chain by way of
creating samples domestically rather than internationally, and a sustainable additive manufactur-
ing process that results in manufacturing with zero excess material, there is question as to whether
consumers are ready for 3-D printed clothing to enter their wardrobes. The purpose of this study
was to construct a 3-D-printed garment and measure consumer response to the application of this
technology to ready-to-wear clothing. Wearability was achieved with the 3-D-printed garment,
meaning it mirrors a traditional ready-to-wear garment. The survey instrument measured three
factors: perception of 3-D printing, fashion interest, and opinions of the 3-D-printed project gar-
ment. Data were analyzed using a t-test for male versus female responses and descriptive statisti-
cal methods were utilized to report means and compare responses on the three factors from each
age group and ethnicity. Overall the responses for all three factors were positive. The results of this
research indicate that a major transformation in ready-to-wear style is feasible and beneficial to
the apparel industry because of 3-D printing.

* Laura C. Corral is an honors program May 2017 graduate with majors in Apparel Merchandising & Product Development
and German, and a minor in International Business.

T Kaitlyn J. Walker is an honors program May 2017 graduate with a major in Apparel Merchandising & Product Development
and a minor in Marketing.

$ Stephanie K. Hubert, the faculty mentor, is an Instructor in the Apparel Merchandising & Product Development program
within the School of Human Environmental Sciences.
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Introduction

With the ever-evolving state of today’s technology, de-
signers and retailers in the apparel industry are seeking out
new technological methods to revolutionize and individu-
alize their brand as well as meet consumer needs and pref-
erences. An emerging technology is 3-D printing, which
utilizes computer-aided technology, filaments, and heated
extruders to create an object from a computerized vector
drawing. The technology of 3-D printing has been referred
to as the “third industrial revolution” because of its po-
tential to dramatically shorten the supply chain, utilize
sustainable additive manufacturing techniques, and maxi-
mize customization possibilities through inexpensive rap-
id prototyping (Markillie, 2012; Istook, 2000; The United
States Congress, 2014).

Designers have already begun exploring the capabili-
ties of 3-D printing for jewelry, footwear, and clothing
(Vanderploeg et al., 2016). A pioneer in this area is Iris
van Herpen, who has utilized 3-D printing in her haute
couture collections since 2010 (Howarth, 2013). While
her collections show the artistic and avant-garde expres-
sions of 3-D printing for fashion, designer Danit Peleg has
completed collections created solely from household 3-D
printers (Peleg, n.d.). Peleg’s more wearable garments re-
flect the possibility that this medium for clothing produc-
tion could supplant traditional fabric garments and reduce
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Fig. 1. Final tile designed by the authors, printed in
thermoplastic polyurethane (TPU) filament.
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waste. However, there is question as to whether or not con-
sumers are ready for 3-D-printed clothing to enter their
wardrobes. Research in this area of consumer preference
toward 3-D printing for fashion has not been conducted.
This study aims to test the authors’ prediction that con-
sumers will have a positive perception of 3-D printing be-
ing integrated into ready-to-wear clothing.

Materials and Methods

To create a 3-D-printed textile for garment assembly,
several repeatable square tiles were designed using the 3-D
building freeware 123D-Design (Fig. 1). To test each tile’s
strength and repeatability, prototyping was conducted on
the Raise 3-D N2 and N2 Plus 3-D printers, first in poly-
lactic acid (PLA) and then in thermoplastic polyurethane
(TPU). The PLA was useful for quick prototyping as a low-
cost hard plastic filament, and TPU was chosen as the final
print material due to its flexibility and rubber-like proper-
ties. The final tile was then repeated at a half-step pattern
to create a single sheet of textile, and 13 sheets in total were
printed measuring 206.375 mm long by 206.375 mm wide
by 0.9 mm high (Fig. 2). These sheets were then combined
using JB Weld Plastic Bonding Glue to create a full piece of
‘fabric, which allowed for cutting out the flat pattern piec-
es (Fig. 3). The pattern pieces were then assembled into a
top using the welding glue, and TPU filament was used to

Lo el
Fig. 2. Sheet of 3-D printed textile in thermoplastic
polyurethane (TPU) filament.
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lace up the side seams, which served as the closure for the
garment. No traditional stitches were used in creating the
garment.

To test the viability of 3-D-printed clothing in the appar-
el marketplace, a 36-question 5-point Likert scale survey
was created to measure consumer response to the project gar-
ment and was administered on the University of Arkansas
campus (with two days in the Student Union and one day
in an introductory apparel course). The 3-D-printed gar-
ment was displayed on a mannequin for the subjects to
examine as they completed the survey.

The survey data were tested for sample adequacy and
significance before conducting a factor analysis. The num-
ber of respondents was 116 (sample size, N = 116) and
the number of survey questions was 36. To test for sample
adequacy and significance of the variables, the Kaiser-
Meyer-Olkin (KMO) and Bartlett’s test of sphericity were
used, respectively. The KMO results showed the sampling
adequacy as 0.718, which satisfied the criterion of being
greater than 0.7 and therefore met sample adequacy. In
addition, the Bartlett’s test of sphericity was reported at
<0.001, which is less than the alpha of 0.05, thereby meet-
ing significance. All tests were performed using SPSS 23.0
(SPSS Inc., Chicago, IIL.).

A factor analysis was run to divide the 36 survey ques-
tions into groups to assist with the data analysis. The fac-
tor analysis divided the questions into three groups: prior
exposure to 3-D printing, innovative fashion interest,
and opinions of the aesthetics of the 3-D-printed project
garment. Each factor was then tested for reliability using
Cronbach’s Alpha test and a total of 25 out of 36 questions
were retained within the factors to ensure the strength of
each group of questions. Data were entered into MS-Ex-
cel spreadsheets and divided into the three factors, and a
mean score was calculated for each respondent based on
their response to each item within the factors. The data
were then organized based on gender, and a -test with un-
equal variances was conducted to test whether there was
a significant difference in responses between male and fe-
male respondents for each factor. In conducting the t-test,
a P-value of 0.05 or less was used to indicate a significant
difference in gender response. Additional descriptive sta-
tistics were utilized from the data means to illustrate the
range in responses received from various ethnic and age
groups. These demographic questions sought to under-
stand what ethnic groups and age ranges were participating
in the survey. The ethnic groups reported were American
Indian (0.86%), Asian (3.45%), Black (14.66%), Hispanic

Fig. 3. The authors assemble 3-D printed top
with welding glue.
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(11.21%), White (62.93%), and Other (6.03%). Age ranges
reported were 18-20 (52.59%), 21-25 (35.34%), 26-30
(6.03%), 31-35 (3.45%), 36-40 (0.86%), 41-50 (0%), and
51+ (1.72%). These ranges were chosen based on the au-
thors’ general understanding of the youthful demographic
makeup of the University of Arkansas campus.

Results and Discussion

3-D Printed Top

The final 3-D-printed garment achieved the project
goal of wearability (Fig. 4). The design allows it to look
very similar to a traditional fabric top made of lace, and
some respondents even likened the TPU to leather when
given the opportunity to leave additional comments on the
survey. Additionally, the flexibility of the TPU allowed for
the garment to have slight drape and it fit the body well
with dart shaping.

The intent of this research was to create a wearable gar-
ment from a 3-D printer, so from the beginning the goal
was to supplant the typical garment construction process
with 3-D printing processes. Using the 3-D printing meth-
od, there are benefits offered by the technology of which
the authors did not take full advantage: reduced waste
and more inventive construction techniques. It seems that
for the potential of 3-D printing to truly be recognized,
the whole process of designing the garment from textile
to construction must be overhauled. In addition, though

TPU provided several tactile benefits during construction
of the garment, this material has many limitations when
compared to the fabrics customers recognize today. Most
notably, the finished garment in TPU still has a mostly
rigid and plastic tactile property, although on average the
survey respondents found the texture to be smooth and
the garment likely somewhat comfortable to wear. Further
research is needed to explore alternative materials for cre-
ating wearable garments. The usability of these materials
depends on the design of the garment and the ability of the
3-D printer to work with them, as not all printers can print
with all materials. As 3-D printing technology improves,
print materials could be designed to match current fabric
and fiber properties more closely.

There are also some important considerations that the
apparel industry should take in adopting 3-D technologies.
For one, 3-D printing offers a sustainable solution to waste
in the apparel industry by being an additive manufactur-
ing process. Designers and manufacturers should research
the abilities of 3-D printing to create a garment with zero
waste; whereas this study applied subtractive manufactur-
ing clothing production techniques in cutting out pattern
pieces from a larger textile and, therefore, created waste
from the scrap pieces of material. In addition, 3-D print-
ing also offers the opportunity for a dramatically decreased
lead time. Studying the effects of a condensed supply chain
with minimal to no sample lead time will provide the in-
dustry more insight into how 3-D printing could affect jobs

Fig. 4. Final 3-D printed top.
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and logistics. Lastly, further research is warranted into the
possibility of mass customization through the adoption of
3-D printers for manufacturing and home use, and how
that can revolutionize the way consumers shop at retailers.

Survey

The authors’ prediction that consumers will have a pos-
itive perception of 3-D printing being integrated into
ready-to-wear clothing was supported by the data. Based
on the overall average for all the three variables, the sub-
jects showed:

1. High interest in and a positive perception
of 3-D printing,

2. High interest in innovative fashion, and

3. A positive opinion on the aesthetics of
the garment created by the authors.

The sample size for this project allowed for a t-test as-
suming unequal variances on the gender demographic.
The results of the t-test between male (31% of sample)
and female (69% of sample) respondents showed a sig-
nificant difference (P-value = 0.003) in the responses for
the second factor: innovative fashion interest. On a scale
of 1-5, female average response was 3.68 and male average
response was 3.16. A total average for innovative fashion
interest was 3.52, signifying that there is fashion interest
in the sample. Since the data from this study show that
women reported a higher interest in innovative fashions
than did men, the authors suggest further integration of
3-D printing into womens apparel first as this segment
may be more willing to try new technologies and innova-
tions in their clothing, according to the results from the
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survey data. In comparing means, there was not a signifi-
cant difference in response between the ethnic groups nor
between age ranges. This could be due to the homogenous
nature of the age demographic data reported: 87.93% of
the respondents were in the 18-25 age range. No mean-
ingful data can be reported based on those demographics.
Averages for each factor are shown in Fig. 5.

Conclusions

The results present evidence that 3-D printing can be
used to create a wearable garment and consumers, on aver-
age and overall, are interested in its potential and would
like to see further application of this technology in fashion.
Because the results of this study show 3-D printing to be a
technology that consumers are ready to start seeing regu-
larly, future research should be conducted to measure con-
sumer preference and design wearable garments. Future
research, however, should gather a larger pool of responses
by having a longer survey time and diversify survey re-
sponse by expanding the sample population outside of a
university campus. Additionally, with the large positive
impact that this technology could have on sustainability,
dramatically decreased lead times, and mass customiza-
tion, future research should explore the total effects and
integrations of utilizing new 3-D processes to test fully the
viability of the apparel industry adopting this technology
on a wider scale.
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