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Figure 1: PatchProv fits into the common improvisational quilting workflow of interleaving design and sewing. The user can
capture physical pieces of fabric, experiment with the design in PatchProv, and then continue to iterate in the physical fabric.

ABSTRACT

The craft of improvisational quilting involves working without
the use of a predefined pattern. Design decisions are made “in the
fabric," with design experimentation tightly interleaved with the
creation of the final artifact. To investigate how this type of de-
sign process can be supported, and to address challenges faced
by practitioners, this paper presents PatchProv, a system for sup-
porting improvisational quilt design. Based on a review of popular
books on improvisational quilting, a set of design principles and
key challenges to improvisational quilt design were identified, and
PatchProv was developed to support the unique aspects of this
process. An evaluation with a small group of quilters showed en-
thusiasm for the approach and revealed further possibilities for
how computational tools can support improvisational quilting and
improvisational design practices more broadly.
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1 INTRODUCTION

Quilting is a traditional craft with a rich history and a nuanced
relationship with technology [28]. The practice of patchwork, in
which small pieces of fabric are sewn together to create larger
designs, has been found throughout history but gained popularity
during the Great Depression as a way of upcycling fabric from worn
clothing into warm quilts [3]. More recently, the low cost of the
industrialized production of textiles has shifted the role of quilting
to be more of an art form, albeit a functional one [23]. Large quilt
shows around the world, from Paducah, Kentucky, to Tokyo, Japan,
attract tens to hundreds of thousands of attendees to admire quilts
and celebrate the craft [53, 58]. While modern quilts are celebrated
for their craftsmanship, it would be reductive to position quilting
as standing in opposition to technology. Computerized long-arm
sewing machines have been widely adopted by practitioners to
stitch the layers of quilts together, and it can be argued that the
popularity of the modern quilting movement is in part due to the
ease with which designs can now be shared on social media [23].
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While the practice of quilting has been in uenced by techno-
logical innovations and practitioners have shown a readiness to
adopt technology into the process ofeatingquilts, the process of
designingquilts remains largely manual4, 28. This is particularly
the case for modern quilting techniques, suchiagprovisational
piecing which involve designing and creating quilt tops without
reference to existing or pre-de ned patterns. While digital tools,
such as Quiltster49 and Electric Quilt 48 do support quilt de-
sign, these tools require adherence to strict constraints, such as
speci c block libraries, patterns, and fabrics. These tools do not
support improvisational design because in the process of improvi-
sation, design decisions are made in the fabric, without guidance
from a pattern or strict plan. Fabric may be cut free-hand, without
precise measurement, and design decisions are interleaved with
the creation of the artifact itself, guided by rough frameworks or
scores rather than precise instructions. Designs are often staged
and experimented with on physical surfaces called design walls
(Fig. 5). Design constraints emerge organically during the process
of creation and take many forms, such as adhering to a limited color
palette, abstract shapes, symmetric patterns, or visual bala@8e [

The nuanced relationship between quilting and technology mir-
rors an ongoing shift in the problems and domains to which comput-
ing technology is applied. As the cost and availability of technology

has dropped, the uses that are of interest to researchers, designers,
and developers have broadened from large-scale endeavors that pri-

oritize e ciency, to more subtle uses, such as supporting creativity
or preserving traditional cultural practices2p, 32 47. Creativity
support tools have been an area of focus in the HCI community in
recent years 14, and while these tools do support creative freedom
in many di erent domains, they are focused on work ows in which
the designer has a plan for a nished artifact and are not designed
to support improvisation. A compelling question is whether the
unique practice of improvisational quilting might be supported
through design tools to address challenges faced by practitioners
and lower the barriers to novices. These challenges include the di -
culty of getting started working improvisationally, becoming stuck
part way through a design, experimenting with costly materials,
and communicating the design process that leads to a completed
artifact [15 18 41, 6. Moreover, a tool to support this process
must address these challenges without creating signi cant new
work or challenges for practitioners or constraining their creative
space or design process in undesirable ways.

Motivated by the broader goal of understanding how to support
improvisational design practices, a collection of popular books on
improvisational quilting was reviewed to identify common chal-
lenges in the practice and to distill a set of design principles to
guide the development of a tool to support improvisational quilt-
ing. Based on these principleBatchProva system for supporting
improvisational quilt design (Fig. 1), was designed and developed.
PatchProv is a lightweight tool designed to work alongside a quilter
who is working in the fabric. A quilter can load photos of pieces of
fabric into the system, engage in digital quilt design experimenta-
tion that would be di cult to do using physical fabric, and easily
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The rest of this paper is structured as follows. First, a review
of the HCI literature on supporting improvisation, hybrid digital-
physical design tools, computational textiles, and craft practices is
presented. This is followed by a more detailed de nition of the im-
provisational quilting design process and design principles distilled
from popular books on the topic. Based on these design principles,
we present the design dPatchProvFinally, an evaluation with
four quilters is presented, which indicates that PatchProv can be
e ectively integrated into improvisational quilting work ows and
has clear bene ts to quilters, particularly in lowering the cost of
experimentation.

2 RELATED WORK

This work builds on prior HCI research on improvisation, creativ-
ity support tools, design and making in hybrid digital-physical
scenarios, and crafts and textiles. Each area is reviewed below.

2.1 Improvisation

Improvisation is a technique common in many di erent perfor-
mance domains, such as theatre, dance, and musi2g 30. It

is characterized by its encouragement of spontaneity16, 30.
While it may seem that improvisational performances are free-form
and lack structure, in fact, improvisation requires a high level of
domain-based skill for succesg, [47]. Researchers in music and
neuroscience have argued that jazz improvisation is similar to spo-
ken speech, with predictable patterns that performers have learned
and know to use in the appropriate setting29 46. Some general
planning of what to play occurs shortly before the performance, and
there are rules, which some have viewed as having an algorithmic
nature, that dictate when to use each pattern [29].

Due to its prevalence in the performing arts, much of the prior
work in improvisation emphasizes the social nature of the practice
[7]. Uses of improvisation in the HCI community have largely fo-
cused on applying the social properties of improvisation to support
brainstorming and design work16, 17, 19 or introducing com-
putational systems or agents into musi6,[22 44, 60 and dance
performances 27]. While improvisation in the performing arts
often emerges in social environments, improvisational quilting is
typically an individual practice. Another distinguishing feature is
the time scale of the activity. While music or dance performances
often last minutes or hours, a quilt can take hundreds of hours to
complete. Spontaneity is important, but quilting does not have the
urgency created by a live performance. Overall, these di erences
mean that a system to support improvisational quilting does not
necessarily require real-time input and responsiveness and must
also account for longer-term re ection and planning.

2.2 Creativity Support Tools

Creativity support tools support the open-ended creation of new
artifacts [9]. Shneiderman distinguisheproductivity support tools,
whose development was rooted in economic objectives (e.g., in-
creasing productivity, reducing manufacturing costs, and so on),

keep track of the process, e.qg., the steps needed to sew the designfrom the emerging class afreativity support tools, whose focus

in the physical fabric. The system also provides features to help

was to extend users' capabilities to make discoveries, innovate, and

users get started, such as design prompts, and to get unstuck, such engage in creative activitiessf. He also distinguished the means

as displaying layout suggestions based on the current design.

used to evaluate these systems productivity tools are typically
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evaluated using well-de ned objective measures, but measures of
success for creativity support tools are typically subjective and less
clearly de ned.

Creativity support tools can minimize challenges or barriers to
creative expression in a domain. These tools seek to provide fea-
tures, support, or new abstractions that help lower the barriers for
novices or amplify the capabilities of experts. Motif, for example,
guided users through the editing of narrative videos by providing
templates based on common storytelling patter3g[ PortraitS-
ketch, on the other hand, supported novice sketch artists in learning
to draw through an interactive tool that provided automatic, real-
time adjustments to a sketch [64].

Tools targeting advanced users can o er new or modi ed ways
of working that extend existing practices. Animation software, such
as Draco, has enabled the creation of novel animation-authoring
interfaces with advanced feature83. Work by Jacobs et al. sup-
ported the creation of generative art pieces by developing new
programming languages and environments for visual artis2§][
These types of systems often require users to learn new skills or
ways of working but provide advantages, such as enabling users
to work more quickly on tedious tasks, such as rotoscoping vi-
sual e ects 3§, editing rough cuts of videos37], or designing
industrial knitting patterns [35]. When designing such systems, it
is important that these tools preserve the creative decision making
process so that users can follow well-established work ows or use
alternatives that are just as expressive.

PatchProv brings creativity support tools to the novel context
of improvisational quilting by lowering the barrier to entry and
extending existing practices. The iterative design and execution
phases and lack of pre-planning in improvisational quilting pose
special challenges to designing creativity support tools. PatchProv
is designed to work within existing improvisational quilting work-
ows, capturing aspects of the quilter's process in a digital tool and
supporting more uid experimentation than is possible in physical
sewing materials alone.

2.3 Hybrid Digital-Physical World Tools

There has been extensive prior work in the HCI community on tools
that bridge physical and digital domain84, 56 65. In this work

we emphasize one common challenge that arises in these types of
tools: keeping the digital and physical environments synchronized.
Because the software contains a model of the physical world, it
is important that this model remains updated whenever changes
occur in the physical world. In the domain of simulating and debug-
ging circuits, for example, several systems have been proposed that
use sensing and signal processing to track the state of the physical
world [13 63 or cameras coupled with optics in augmented 3D ob-
jects [B4. The ElectroTutor tutorial system uses a semi-automatic
approach, with the user placing sensing probes and providing in-
put about which tutorial steps have been completeadl]. Likewise,
DemoCut [L( and Spyn b2 use a combination of visual input and
user annotations to connect the physical world with a software
system. PatchProv uses a similar technique, relying on the user to
take and upload photos of the quilt pieces being created, which
are then processed using lightweight computer vision techniques.
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The goal of keeping the physical and digital environments synchro-
nized also di ers from prior work in that the objective is to enable
design exploration during a long iterative design and execution
process, rather than debugging incorrect behavior or sensing when
particular goals have been met. For an improvisational tool the goal
of supporting design exploration can still be met with imperfect
or incomplete synchronization between the physical and digital
domains.

2.4 Craft & Textiles

The relationship between craft and technology has long been ex-
plored within the HCI community, from using technical tools to
communicate craft practicep, 42 51] to developing systems to
enhance speci c craft processesd. Prior work on weaving has ex-
plored the potential for master weavers and technical collaborators
to come together to learn from each othet. This work places
emphasis on the value of using deep knowledge from creative do-
mains to develop technical tools alongside domain experts. HCI
researchers have also emphasized the role that technology can play
in preserving cultural practices, for example by documenting tradi-
tional crafts and sharing them with wide audience4 50, 52. In

line with this, PatchProv has been designed with careful attention
to how a computational tool could aid a modern quilting process.
This work takes inspiration from prior work on the value of pre-
serving elements of craft that often go unseen, such as intention
and process32. One of the features of PatchProv is its ability
to capture the non-linear process of improvisational quilt design,
which often goes unseen.

A number of HCI research projects have introduced novel forms
of input and interaction with textiles, primarily through augment-
ing threads with sensors and electronics p1]. Additional work
in computational textiles has introduced creative ways to use craft
tools, such as sewing machine® nd looms B7], as input devices
for games. PatchProv instead focuses on using conventional fab-
rics and augments the improvisational quilting process through a
software tool.

Recently there have been several tools to address the domain-
speci ¢ challenges in textiles that have emerged with new fabrica-
tion technologies 24, 43. Prior work in knitting has emphasized
connections between computation and knitting and enabled new
computational work ows with knitting machines P5 31, 43 495.
Prior work has also created algorithms to help quilters sew layers
of fabric together using pictorial4Q or geometric Il patterns [39.

In contrast to this work, PatchProv focuses on an earlier phase of
the quilting process designing the quilt top and requires no
speci ¢ machinery. As a result, PatchProv can be incorporated into
any quilting design process.

3 IMPROVISATIONAL QUILTING

To gain a deeper understanding of the practice of improvisational
quilting and to inform the design of PatchProv, we reviewed four
popular books on the topic. This section begins with quilting basics
and an overview of modern and improvisational quilting and then

presents key themes that emerged from the review.
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Figure 2: Three improvisational quilts selected to be displayed at QuiltCon 2020. These quilts embody the principles of impro-

visational quilting, which is one category of modern quilting.

3.1 Quilting Basics

A quilt typically comprises three layers: a fabric top, a layer of
soft batting that is not visible, and a fabric backing (Fig. 3). The
term quilting speci cally refers to the act of sewing together
the layers, though it is also used to refer to the overall practice of
creating a quilt. The design of a quilt top is achieved by sewing
together di erent patches of fabric. Traditional designs often follow

a block-based approach, in which geometric patterns are repeated
on each block, and the blocks are arranged in a grid pattern. When
working from a pattern (i.e., not improvisationally), a quilter will
typically start by selecting fabrics for the design, cut them according
to the pattern, and then sew them together. Advanced quilting
designs can have thousands of pieces and utilize complex geometric
arrangements, so many quilt patterns comprise both the geometric
layout of the quilt design as well as step-by-step instructions for
how to sew the design. Itis a widespread practice for quilters to use
patterns and designs created by others. Many experienced quilters
have extensive skill at executing complex and intricate designs, but
little or no experience with creating original designs [41].

3.2 Modern and Improvisational Quilting

The history of modern quilting is a subject of ongoing debate and
discussion, but the term is often used to refer to quilts that have an
aesthetic similar to modern art (Fig. 2), achieved through various
patchwork techniques1, 23 36. One such techniquémprovisa-
tional piecingoften leads to abstract and free-form designs. In this
technique, a quilt is designed without a pre-de ned pattern, with
design decisions made throughout the process of creating the quilt
top by interleaving the design, execution, and documentation of
the design.

Below we summarize key themes from four popular books on
improvisational quilting [15 18 41, 62, selected from the top 20
Amazon.com results for improvisational quilting and advice from

Figure 3: (left) A quilt comprises three layers: the top, the
batting, and the backing. (right) The regions between the
edges of the fabrics and the line of stitching are called seam
allowances, which are hidden between the top and batting.

an experienced local quilting teacher. We also introduce design
principles for PatchProv, based on what each theme reveals about
potential barriers for novice quilters, or ways that the practice of
improvisational quilting might be supported.

3.2.1 Interleaving Planning & Executimnimprovisational quilt-
ing, designs emerge incrementally, with planning and execution
interleaved over the course of creating the quilt. A quilter may start
with some ideas about a design but no complete plan. The goals
may solidify or change over the course of the project. Loomis em-
phasizes the importance of making design decisions in the fabric
as she goes along, rather than pre-planning her design:

Remember, sew rst, plan later... By contrast, let's
contemplate the opposite approach of plan rst, sew
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