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Figure 1: To overcome barriers in designing and adopting bespoke fabrication tools, we collaborated with artists and engineers
to iteratively develop (A, B) Dispray - an augmented airbrush with embedded assistive technology and AR guidance that
supports learning to spray electroluminescent materials. (C) We demonstrate the tool’s functionality through interactive
applications such as signage on a bottle. (D) We evaluate our design process through interviews and walkthroughs with original
stakeholders and assess the tool’s effectiveness in a multi-session learning study with novice users.

ABSTRACT
Recent advances in material-centric personal fabrication have en-
abled the use of custom inks and paints with functional properties to
create free-form displays. However, working with these materials,
such as through airbrushing, remains a skill-intensive process that
limits non-specialist access, adoption, and further development. To
address these challenges, we developed Dispray, an AR-augmented
airbrush tool for fabricating electroluminescent displays. The tool
was shaped by insights from a study with artists and engineers and
refined through iterative prototyping. We evaluated Dispray by
re-engaging with the original artists and engineers and conducting
a follow-up study with novice users, demonstrating its effective-
ness in supporting both skill acquisition and functional fabrication.
This work contributes a novel approach to connecting emerging
material fabrication with accessible, user-centered tools, advancing
the democratisation of interactive device creation.
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1 INTRODUCTION
Personal fabrication within the field of HCI has advanced signif-
icantly in recent years. This progress includes novel fabrication
methods, many centered onmanipulating activematerials [4, 21, 63].
More specifically, numerous works are now investigating material-
centric personal fabrication as a way to create free-form displays
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[23, 27, 49]. For example, a range of works explore disparate dis-
play materials such as electroluminescent (EL) [55, 90, 91], elec-
trophoretic [22] and electrochromic structures [39]. These works
also propose various deposition methods such as screenprinting
[55], spraying [28, 89] and hydroprinting [20].

However, prior research has highlighted the complexities and
diverging approaches in the material-centric fabrication of displays
[21]. In the context of personal fabrication this is particularly pro-
hibitive to the non-specialist maker. Working with inks that require
precise deposition and complex handling presents significant chal-
lenges. Makers must engage with a broad range of technical knowl-
edge, raising barriers to entry and limiting widespread adoption
and further innovation. Moreover, the lack of integrated support of-
ten forces makers to rely on time-consuming trial and error, which
slows development and risks producing structures unfit for practical
use. To accelerate progress, there is an opportunity in developing
supporting tools that embed domain expertise, assistive technology,
guidance, and teaching features. We argue that such tools are essen-
tial to address the inherent complexity of advanced material-centric
fabrication processes.

To demonstrate the design of a tool for fabricating free-form
displays, we present a series of studies that have shaped the design,
development, and evaluation of Dispray, an AR-augmented airbrush
tool to support spraying electroluminescent (EL) materials. Dispray
enables users to engage in the complex process of spraying layered
materials to create effective free-form displays. By providing real-
time guidance and learning support, Dispray lowers the barriers
posed by the domain-specific knowledge and precision typically
required for this type of functional fabrication [59, 88, 92].

We focus on the case of spraying EL materials [9, 90] because of
the versatility of this technique. EL has been shown to be directly
manipulable by makers through accessible tools and materials, such
as in PrintScreen [31, 55] as well as promising application to non-
planar surfaces such as in Objectskin [20] and ProtoSpray [23].
Furthermore, EL materials deliver functional advantages relative to
other display materials, including higher refresh rates, improved
visibility, greater reliability, and structural simplicity [27, 28, 37, 89].

By exploring the design and evaluation of Dispray and more gen-
erally spraying active materials, we hope to pave the way for more
accessible, skill-bridging tools which can empower a wider range of
makers to engage with advanced material-centric fabrication pro-
cesses. This work aims to inspire future research and development
in assistive technologies that will not only lower barriers but also
foster creativity and innovation in personal fabrication.

This work makes the following contributions:

• Design insights for developing a tool to spray EL materials
for the purpose of free-form display fabrication, derived from
a study with 12 stakeholders (artists and engineers).

• A design space derived from stakeholder insights, developed
through low-fidelity prototyping and iterative exploration,
culminating in the concept of Dispray.

• Ahigh-fidelity implementation ofDispray, an AR-augmented
airbrush tool.

• Feedback on the usability and applicability of the Dispray
tool, as well as its potential for integration into real-world

practices, derived through a study where we re-engaged
in-person with the original artists and engineers.

• An exploration into Dispray’s capability to support learn-
ing and independent fabrication with the outcome of the
tool being positioned as both a teaching aid and an acces-
sible tool for engaging with EL spraying. This exploration
involved carrying out a follow-up study with 4 novice users,
each using Dispray in three 1-hour sessions and additionally
completing three 30 to 45 minute interviews.

2 RELATEDWORK
2.1 Active Materials in Personal Fabrication
The integration of active materials into personal fabrication has
opened new opportunities for creation of interactive devices with
novel form factors, enhanced functionality, as well as the poten-
tial for automated production [4, 52, 63]. DisplayFab differentiates
material-centric methods from component-based personal fabrica-
tion processes, contextualised with convergence of material-centric
input sensing and the divergence of material-centric digital output
functionalities [21]. We draw from the roadmap the need for tools
that lower barriers for non-specialist engagement to enable adop-
tion and further development. Within the space of input sensing,
manipulation of malleable [69] or fluid material [11, 94] has allowed
work to explore the fabrication of free-form sensing structures. Au-
tomation of these processes has enabled significant work towards
on-demand creation of custom interactive devices. 3D printed con-
ductive traces allow for capacitive sensing through rigid structures
with programmable creation of form factors[7, 72]. Extensions to
this work enable 3D printing of deformable materials through resis-
tive sensing [67]. Further work extends the concept of automated
deposition to hand-held devices with Pourjafarian et al. [60] intro-
ducing a hand-held printer to layer on conductive material as sens-
ing patterns and Klamka et al. [32] exploring ironing as a fabrication
method. These works contribute to lowering the barrier to entry
for fabricated interactive devices through custom self-contained
handheld tools.

Personal fabrication of material-centric displays was first intro-
duced in PrintScreen [55], expanding the form factors of electrolu-
minescent (EL) displays through a fabrication method presented
covering screen- and inkjet- printing. This project has been ex-
tended into the space of programmable paper by Klamka et al. [31],
exploring the potential for an EL research platform to enable ex-
ploration of fabricated digital surfaces. Objectskin allows layering
active materials on irregular topologies through hydroprinting [20].
ProtoSpray and Sprayable User Interfaces [23, 90] introduced depo-
sition of active materials through spraying. Wessely et al. showed
the benefits of spraying active materials for irregular topologies
using projection and computer generated masking to guide depo-
sition. In ProtoSpray, Hanton et al. show these methods can be
used to integrate active material deposition with the benefits of
programmability and object creation through multi-material 3D
printing. This is further extended by Child et al. who support ex-
plorations of sonolithography including EL electrode patterning
[9]. Development of novel EL manipulation such as stencil-less
solutions and using conductive 3D printing lower the barrier to
entry for the whole EL fabrication process. However, these methods
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still rely on a user’s manual handling of EL spraying and as such
have a fundamental baseline of user domain knowledge, leading
to a need for tools that support non-specialist learning and fabri-
cation. EL offers rapid refresh rates and applicability to a range of
surfaces, meanwhile the Decochrom project [5, 27, 38] has explored
the use of electrochromic (EC) material through a combination of
craft and programmable methods such as inkjet printing. Other
works further extend this divergence of both material type and
application process. Zhu et al. explore the portability of activation
systems for photochromic materials [97] extending the explorations
of handheld devices to span the gap between craft-based fabrica-
tion and automation. Zhu’s work further extends existing work
laying the foundations for photochromic as a digital output fabri-
cation material [24, 28, 62, 89]. In recent advancements exploring
automated fabrication, Moon et al. develop processes for building
custom structures of thermochromic material [49] extending prior
work on thermochromic materials [58]. Meanwhile, Hanton et al.
employ unconventional upcycling and make the argument for the
optimal properties of E ink, and its potential within personal fab-
rication [22]. Due to its early stage of development, a significant
focus of active material fabrication is on the development of novel
methods with limitations regarding consideration of the user at the
center of personal fabrication [21]. This paper is motivated by the
need to take complex fabrication processes that are on the edge of
personal fabrication and explore the extent to which these can be
made available to non-specialists, through supporting each stage
of complex fabrication methods and the long-term development of
non-specialists domain knowledge.

2.2 Tool Design for Personal Fabrication
Many projects look beyond active materials to create personal fab-
rication tools that support adoption, introduce new fabrication
processes, and connect existing maker practices with emerging
approaches. In "Drill Sergeant", Schoop et al. [73] apply software
methods, instructional workflows and guidance to non-smart tools.
In a recent exploration, Adroid [81] uses projected AR and a ro-
bot arm to support analogue craft-based fabrication tasks. Knibbe
et al. [33] explore a smart maker space with embedded domain
knowledge for tools and DIY processes. For specific tools, in Turn-
by-wire Tian et al. [82] proposed a lathe with integrated haptics,
and while turn-by-wire explores interactive design, it’s design pro-
cess is not explored in depth. FreeD [98] looks at a mixed control
milling set-up with computational input and handheld control from
the maker. Takahashi et al. [80] combine a 3D pen and 3D printer
to prefabricate skeleton structures for rapid prototyping. Similarly,
in ProtoPiper [1], Agrawal et al. explored a single handheld tool
for rapid prototyping integrating it into 3D design itself. Extending
the focus on contained handheld fabrication tools, Roumen et al.
[66] explore mobile fabrication with human assisted handheld laser-
cutting. In River’s et al.’s work [64] they explored error correction
within real time fabrication within 2D settings. Further explorations
extend these concepts to span interactive fabrication, the process of
continuous or turn taking real-time intervention in automated fabri-
cation processes [92]. In "Interactive Construction" [54], Mueller et
al. develop a system for interactive lasercutting and drafting. While
Reform [87] researches how the flow between digital input and

physical output can be made bidirectional with real time changes.
Fossdal et al.’s work [17] explores extending interactive fabrication
to craft based practices for glass-work. These works develop and
underpin themes of compactness and self-containedness within
tools, as well as exploration of hybrid guidance enabling creativity
with computational support.

Recent work explores the intersection between fabrication meth-
ods that can enhance creative expression such as clay 3D printing
and computational processes [51]. In SculptAR, Passananti et al.
explore direct manipulation of material through AR [57]. Devendorf
et al. explore the design of interactive systems through artist resi-
dencies [13], while Friedman-Gerlicz et al. employ this approach
to develop a step-change slicing tool [18]. Meanwhile, Bourgault
et al. address the core intersection of how digital fabrication and
craft practices can intersect [6]. The development of personal fab-
rication tools, engagement with maker-culture and integration of
user-centered design principles provide foundations for the tool
development necessary to enable adoption and development of
active material fabrication methods. There is currently a gap in ex-
isting research of explorations into tools that support the personal
fabrication of interactive devices, especially for material-centric
fabrication methods.

2.3 Computational Spraying Tool Development:
Beyond HCI, many studies investigate computer controlled spray-
ing for art and functional coatings, mainly using traditional paints,
from handheld methods to fully automated systems, examining
spray deposition automation. Vempati et al. introduce "PaintCopter"
[85], a spraying drone extended to a multi-drone set up by Urya-
sheva et al. [84]. The PICARSO project introduced a wall-mounted
spray system [26], while Elsdon et al. develop a way of combining
computer controlled motion with a handheld device [16]. Luk et
al. introduced a tool for digital expression via spray paint [42],
meanwhile Shilkrot et al. developed a 6 DOF system using cam-
era tracking to support 2D design, limiting paint flow relative to
the maker’s hand’s position [76]. Prevost et al. used webcams to
track a spray can whose nozzle can automatically deposits material
[61]. Further works explore fully automated spraying in academic
[26, 47, 74, 79], industrial [14, 86, 96] and non-academic artistic
[29, 83, 93] contexts. We draw inspiration from these works in
the context of a technical augmented airbrush but we note that
these projects focus on non-active materials. We identify that while
these works span broad system types and implementations, none
explore either active materials or the precision needed for finely
controlled conductive traces compared to manual airbrush manipu-
lations [35, 90].

3 METHODOLOGY
We provide an overview of our approach, explain our qualitative
data analysis and participant selection, and detail each experimental
setup in its respective section.
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3.1 Research Questions
We evaluate the following research questions to explore the funda-
mental questions around designing a handheld tool for EL display
fabrication:

RQ1: What are the design parameters for creating a low-cost, com-
pact augmented tool to support active material fabrication
through EL?

RQ2: How effective is the Dispray high fidelity prototype in sup-
porting both users’ learning and their ability to enact active
material fabrication?

RQ3: What is the scope for adoption of active material processing
from participants?

3.2 Overview
We use a user-centered design approach to incorporate diverse
perspectives and address challenges such as understanding maker
experiences, handling technical complexities, and considering real-
world usage contexts. This is especially important given that the
area is still not widely adopted. We employ qualitative methods
and work closely with groups of participants to capture the subtle
nuances of individual maker perspectives and the contexts in which
design and fabrication decisions occur. This approach aims to cre-
ate a more inclusive, intuitive, and effective tool [78], ultimately
supporting broader adoption and ongoing development.

Step 1: Our first step is a study with 12 stakeholders to guide
the design of a tool for spraying EL materials, aimed at enabling
the creation of free-form displays (Study 1).

Step 2: After analyzing the feedback, needs, requirements, and
ideas gathered from step 1, we define a design space for the tool. This
process involved low-fidelity prototyping and further gathering
of informal feedback from novice users, eventually leading us to
converge on the concept of the Dispray tool.

Step 3: We then implemented a high-fidelity version of Dispray
which uses AR techniques combined with an airbrush.

Step 4: We re-engaged with the original stakeholders in a new
study to gain deeper insights into its usability (Study 2). We were
able to gather feedback, through in-person walk-throughs and 1:1
interviews, not only on the tool’s design and functionality but also
on its broader applicability, limitations, and potential for integration
into real-world practices.

Step 5:We followed this with a further three-day study (Study 3)
involving novice users to evaluate how effectively Dispray supports
learning and independent use of EL spraying, assessing its potential
as both a teaching aid and an accessible fabrication tool. Each day
the users spent 1 hour working with the tool under observation
and then gave their perspectives in a 30-45 minute interview.

3.3 Participants
3.3.1 Stakeholders: For Steps 1 and 4, we recruited 12 participants
divided into: 6 engineers (2 women, 4 men; P1–P6) specializing in
3D printing and engineering, and 6 artists (4 women, 2men; P7–P12)
specializing in novel materials and their applications. These spe-
cialisms were chosen to reflect the overlap of personal fabrication
and artistic methods relevant to display creation. Participants were

recruited via email, word of mouth, and posters, with clear commu-
nication of required expertise and an overview of EL spraying, em-
phasizing curiosity about its function and potential. Figure 2 shows
the distribution of expertise. Among the engineers, we recruited
a student who 3D prints as a hobby, a technician for an Optomec
3D printer [56], two founders of fabrication-related startups, an
electronics specialist, and a material science researcher. The artists
comprised one full-time mixed-media artist, two full-time painters
interested in spray techniques, two part-time painters/hobbyists,
and a graphic designer. All participants had experience with adja-
cent technologies (3D printers, electronics prototyping, or spraying
tools), but only one (P5, the materials scientist) had prior experi-
ence with EL materials. Participants received a £10 voucher and
£15 more if they participated in step 4.

3.3.2 Novice Users: For Step 5, we recruited 4 novices (2 women,
2 men; P13–P16) to explore the process of learning EL technology
from scratch. Participants self-reported having no background in
3D printing or the arts, although several expressed prior interest
in the technology. All participants provided informed consent and
were free to withdraw from the study at any time. They received
30GBP each.

3.4 Data Analysis
We collected written responses from all participants, notes taken
by organizers and interviewers, and transcribed audio recordings.
To analyse our qualitative data, we employed mixed methods. In
our initial study (Step 1), we used content analysis to identify the
criteria participants wanted to see in the system, as well as to
highlight their ideas and constraints. This helped us group the
key requirements and expectations for the tool. In Steps 4 and 5,
we used thematic analysis [10] to gain a deeper understanding of
participants’ feedback and the contexts in which the tool might
be used. After reviewing the material, two coders independently
generated codes, then met to align them for reliability. Codes were
grouped into broader themes reflecting shared concerns and ideas,
supporting the project’s goals of creating a spraying guidance tool
while capturing individual maker and artistic perspectives.

4 STUDY 1: DESIGN SESSIONS
We ran design workshops to explore maker perspectives and gen-
erate design ideas [15], addressing RQ1 on tool design parameters.
Our approach was deductive, focusing on grounding the process in
real-world needs and experiences.

4.1 Experimental Set-up
The first workshop was carried out with engineers (P1-P6) and
the second with artists (P7-P12). Each lasted 60 minutes including
a 10-minute presentation of existing methods in personal display
fabrication. We scoped the project as exploring the development
of the technology: deposition of EL materials via spray (building
on prior work: [35, 68, 90]). We thus presented an overview of EL
technology, and the use of an airbrush as state-of-the-art in the
personal fabrication of displays.

We used Zoom and a shared Miro board [48], enabling discursive
and visual idea interaction. Remote sessions eased recruitment,
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Figure 2: Self-assigned levels of specialism for the stakeholders in two groups: Engineers (P1-P6) and Artists (P7-P12). Averages
of each group are indicated by vertical lines.

allowed multiple specialists to join simultaneously, and broadened
participation internationally.

The workshops comprised three exercises. First, participants
ideated applications for fabricated displays as an icebreaker to
explore potential uses, which we do not discuss further, though
it encouraged speculation. Second, they examined constraints on
the process based on their expertise. Third, they designed an active
material spray tool. Below, we present the results of the latter two
exercises.

4.2 Results: Constraints Surrounding EL
Spraying

Our analysis identified four categories of constraints in EL spraying,
described below.

4.2.1 Fabrication Setup: This category encompassed the maker’s
identity, the location of fabrication, equipment, costs, and substrate
preparation for spraying active materials. The maker’s skill level
and dexterity are key constraints, with P5 highlighting the dif-
ference between user and fabrication and P3 noting accessibility
concerns for people with disabilities. P1 and P3 raised concerns
about "working in different environmental conditions" and the need
for equipment like compressors (P1, P2). The substrate is crucial
for adhesion and conductivity, with P4 noting multiple facets like
"cleanliness, roughness, and adherence." The high cost of EL mate-
rials also limits adoption, with P2 emphasizing cost as "always a
constraint". A tool should minimize waste, be portable [66] and
accessible.

4.2.2 Fabrication Factors: Constraints on a fabrication process re-
lying on a handheld tool were raised both for limitations regarding
the skill of the maker including concerns over "...fine motor skills"
(P3), and "repeatability" (P2). P1 and P10 had concerns over the
domain knowledge required, suggesting that this could be part of
the tool design. P10 raised the issue of designing for interaction
and how one could preempt what a display would look like. P1 and
P3 discussed time taken with P3 raising concerns over "time and
drying... in practice that is a big issue".

4.2.3 Display Features: Participants were concerned over fidelity
of output with P11 wanting deposition that is "carefully patterned"
to display nuanced information. P10 and P3 both emphasised the
need for colour displays. P2 and P7 each explored robustness of
output display. Regarding power and control, P4 notes the constraint

of "safely attaching control", while P7 alludes to the need for tool to
support connection of power and control.

4.2.4 Display Impact: The final constraint to the fabrication pro-
cess is the contextual situation and interactions surrounding an
end-device. The choice by makers to actively display information
without consent was discussed by the artists. P7, P12 and P11 high-
lighted questions around pranks, vandalism andmisuse questioning
"How to prevent misuse while still allowing fair use?" (P11). In con-
trast to temporary displays raised by P7, P6 explored longevity
asking "how easy is it to repair?" with P4 raising concerns over
"environmental impact", suggesting integration within a tool of
responsible use information.

4.3 Results: Tool Requirements for EL Spraying
Stakeholders explored ideas around the input to the tool, the output
to the user and specific tool features.

4.3.1 Input to tool: Computational input can be categorised into
on-device and off-device sensing, with sensing including camera
based visualisation tools and inertial measurement units (IMU) to
calculate relative position and movement. Discussion between both
groups of participants explored options for system input and output.
Here, a split was identified between manual systems, automated set-
ups and hybrid solutions. To create a truly interactive computational
airbrush, the tool and system require accurate input of factors such
as tool position, angle and movement. Users within both design
workshops identified a range of different set ups to calculate these
factors focused around cameras and sensors with P2 suggesting
a combination of both set ups. Suggestions of sensors such as an
accelerometer (P11) or full IMU (typically an accelerometer and
gyroscope) (P1) were made. P1 suggested a "Camera that tracks
success of painting, can provide data for feedback to user to go over
certain areas again" while P3 promoted "Capability to scan an uneven
surface so that the distance from nozzle to surface is known". The
exploration of attachment to a robot arm to provide precise location,
while technically promising represented a trendwith non-contained
optionswhere a broader spacewould have to be developed, arguably
going beyond the bounds of personal fabrication.

4.3.2 System output: Computational output can be categorised
within a continuum from manual systems and set-ups to automated
set-ups going through hybrid features. P6 advocated for a manual
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Figure 3: Low- to high- fidelity iterative prototyping: A) an early-stage cardboard mock-up of the Dispray tool to feedback
interactive features placement, ergonomics and design of form; B) a low-fidelity test of whether a laser pointer enhances
functionality and feedback to user; C) an early-stage prototype of Dispray’s AR environment and UI.

tool stating "it’d just be like a sketching tool.... Other participants in-
cluded discussion over guidance systems or automated intervention
providing the basis for our system development choices. Within a
guidance system, GUIs were discussed with P9 suggesting a "symbol
to show the angle you are spraying" and P7 suggesting use of an "AR
display with options to change colour and/or design". P4, P7 and P6
discussed the use of a projector to guide user’s spraying, meanwhile
P1 and P4 explored haptic feedback for guidance. On the other hand
P1 and P3 advocated for intervention through hand-held gimbles.
Meanwhile, P10 and P1 promoted full automation through "con-
trol from afar" and use of a telerobot. Automation was a common
theme in both discussions with P7 suggesting a wall-plotter with
a "roomba-like bot that climbs walls and sprays your design for you
on it" while P4 suggested a set up where we "fix the spray head
and move the part". P5 suggested the use of "ultrasonic sensors... to
control the position of the spray nozzle" [9, 75], building on their
specialism (Figure 2).

4.3.3 Specific tool features: Many designs and features were in-
cepted and ideated on by participants. Participants identified the
need for the compactness of the system and whether it is formed of
multiple devices, engagement with a wider community set up and
design transfers. Integrated design emerged as key concept with
participants with P9 suggesting "pre-made designs" and P3, P7, P9
and P11 each discussing community knowledge transfer in various
forms. From a software and design perspective, P11 suggested a
quantity/cost estimation. Regarding functional implementations, P1
suggested "Flow detection, clog detection [and] estimate [of sprayed]
thickness". P10 and P12 suggested stabilisation: "Shake control/ cor-
rection to make smoother lines" (P10). P10 also suggested integrating
a UV light: "If [material is fluorescent] could have fluorescent light to
help with application".

4.4 Summary
This study identified both a range of key constraints and tool de-
sign options that should be considered for the Dispray tool (RQ1).
Participants highlighted challenges around user identity, skill level,
and accessibility, particularly regarding dexterity and technical
knowledge. Concerns over portability, environmental conditions,
and additional equipment, such as compressors, were raised, with
cost seen as a major limitation due to expensive materials. The

complexity of material preparation, fine motor control, and repli-
cability were also barriers for non-specialists, underscoring the
need for accessible design. The study also highlighted the need for
ethical and sustainable solutions. Both artists and engineers were
enthusiastic about the potential of Dispray to support innovative
uses of EL materials, but their expectations diverged. The artists
expressed caution over impact and implementation with questions
around expression and breadth. The engineers provided a broader
range of technical solutions but a narrower scope of constraints.

5 CONVERGENCE OF DISPRAY TOOL DESIGN
The first study produced diverse design suggestions, leading to
many possible fabrication tools. We describe how we refined these
into the final high-fidelity Dispray tool, drawing on 1) related tech-
nologies, 2) iterative prototyping, and 3) six years of experience
with EL technology, including teaching seven students in PhD and
Masters projects.

5.1 Morphological Chart
Figure 4 shows our morphological chart [8] of suggested features
for building an augmented airbrush tool. We developed it from our
workshop results, drawing on constraints, tool design themes, and
specialists’ technical suggestions to shape the tool’s potential form.
We also drew concepts from the related literature as it provides ad-
ditional knowledge about the bounds of what is achievable through
spraying systems. First, we cover the design directions for tools
derived from the design workshops under the categories 1) Input
to tool, 2) System output and 3) Tool features, synthesised through
the lens of related work. We then explain the choices made for the
Dispray prototype presented here. While we grouped artists and
engineers separately to be able to juxtapose differences in their
perspectives, ultimately we weighed their suggestions equally.

5.1.1 Input to Tool: Computational input can be categorised into
on-device and off-device sensing, with sensing including camera
based visualisation tools and inertial measurement units (IMU) rely-
ing on accelerometers and gyroscopes to calculate relative position
and movement. Existing works track the position of the spraying
and record deposition of the system in different ways. Some works
use contained systems with positioning functions (a wallplotter



Dispray - an AR-augmented Airbrush for Electroluminescence CHI ’26, April 13–17, 2026, Barcelona, Spain

Figure 4: A morphological chart [8] for the feature implementations explored in the context of developing an augmented
airbrush tool for spraying EL material. This chart is configured fully as features and modules suggested within the constraints
and tool design sections of the design workshops. We include key academic works that have been used to further converge
design choices.

[26] and 3D printer [23]) to shape traces. Other work used cameras
on or off the spraying device. In a set-up without a camera, [76] uses
an IMU to track airbrush position. A reduced design that doesn’t
track the position of the airbrush and spraying can be carried out
without one of these approaches. Sprayable User Interfaces [90]
has this system with only system output providing guidance to the
user, although this limits the interactivity of fabrication and the
support to the maker.

5.1.2 System output: Existing works implement system output
ranging from manual maker controlled output, hybrid systems
where the user is guided and automated computer-controlled set-
ups. Hybrid systems are typically handheld and either guidance or
intervention based. Wessely et al. [90] use projection to guide the
user on a substrate and pre-configured designs, one of the fewworks
exploring spraying of active materials. Elsdon et al. [16] implement
a single axis custom spray set-up and Prevost et al. [61] both over-
ride maker autonomy through hybrid approaches. Meanwhile, as
both a restrictive and augmentative override systems, Shilkrot and
Luk et al. [42, 76] both introduce restrictions on spraying to enable
automated deposition, while Hooi, Vempati and Uryasheva et al. all
explore fully automated means through wall plotters and drones
[26, 84, 85].

5.1.3 Tool features: Beyond input and output capabilities of the
system we identify a large number of features both from the design

workshops that can support fabrication of EL materials (see Fig-
ure 4). Since the majority of related works focus around accurate
traditional paint deposition (rather than EL specific set-ups), we cat-
egorise these features in the context of EL spraying works [23, 90]
only. Within the morphological chart, we categorise these features
such that they display their inherent modularity to a fabrication
system.

5.2 Convergence to Dispray
Based on the morphological chart and design synthesis, we pro-
duced several design iterations (Figure 3), ending with the current
high-fidelity Dispray prototype presented in the next section. We
clarify a set of parameters through which we made choices building
off the design choices presented within the morphological chart,
and specifically fitting into the need to develop a tool that sup-
ported non-specialist users, was handheld with high usability,
could improve adoption of existing methods and had the scope
to be built upon in the future. We justify our three core design
decisions:

(1) Hybrid guidance:We identify the payoff between (a) adopt-
ingmanualmethods that provide accuracy and a range of out-
put than automated systems and (b) automated set-ups that
provide reliability and replicability however have greater
barriers to familiarity [98]. Dispray implements a hybrid
guidance based system due to: (1) complexity of EL deposi-
tion (2) From our review of related work, machine spraying
accuracy is still sub-optimal.
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(2) An augmented reality user interface: Following a par-
ticipant suggestion (P7), we explored the idea of using aug-
mented reality as a platform on which to relay information
to the maker in order to reduce the potential for the UI to
distract the maker’s attention. Most importantly AR also
allows for real-time integrated manipulation of virtual sten-
cils and integration of domain knowledge directly into the
fabrication environment.

(3) Usability via compactness and availability of technol-
ogy: We identify the benefits of a compact self-contained
wireless tool with an onboard camera for portability [66],
reduced complexity, avoiding issues relating to occlusion
and usability of the system in a single hand to allow for
safe manipulation of EL materials. The use of a smart phone
provided the platform for an AR user interface, integrated
computer vision with inbuilt sensing via an IMU within the
Dispray tool while being both affordable and accessible.

6 DISPRAY TOOL HIGH-FIDELITY
PROTOTYPE

Our Dispray system (Figure 1) is comprised of three core compo-
nents: a smartphone [50], a 3D printed frame that clips onto an
airbrush and a physical circuit with I/O capabilities controlled by
an Arduino Nano [3] connected to the smartphone via a bluetooth
module [2]. Dispray allows users to place and edit a selected de-
sign within AR. It guides the maker through the design steps and
fabrication stages through a pipeline that supports novices and
makers with more expertise. The tool is wireless, self-contained,
lightweight (105g + phone + airbrush) and low cost (total for all
parts except the airbrush and smartphone: £41.29 - 2023). To ad-
here to our design decision (3) of adherence to compactness and
availability, we used a budget smartphone (£129 - 2023) with the 3D
printed holder allowing for other phone models to be interchanged
seemlessly playing off weight and cost. A wireless set-up allowed
a minimal impact on the spraying process for which a user must
already hold and coordinate multiple items simultaneously.

6.1 System Overview
The smartphone [50] runs the bespoke Dispray App, which runs
the AR GUI and controls the whole tool. This decision was made
for robustness as well as technological implementation so that
makers could use the tool as a prototype. The app is run in Android
native using the ARCore library to provide AR functionality [19]
and the Sceneform package to handle graphics [71]. ARCore uses
the inertial measurement unit (IMU) within the phone as well as
computer vision.

The interactive features on the tool handle allow tracking of
paint deposition and user actions including a pressure sensor on
the airbrush trigger and on-tool buttons that can override the GUI
for tangible interaction to support multitasking. The 3D printed
framewas designed to be as lightweight and unobtrusive as possible,
while being deconstructable for cleaning and transport. Rather
than redesign an ergonomic set-up from scratch, we used existing
ergonomic handles and iterated on their design (see supplementary
materials). The handle is in two parts to help with cleaning which
is a necessary step when changing materials.

Figure 5: The Dispray tool prototype: an assistive airbrush
using AR to guide and teach non- or semi-specialist users in
the fabrication of electroluminescent displays.

The app is split into two separate stages which we designate as
the "design mode" and the "create mode". The design mode allows
for manipulation, visualisation and editing of design incorporating
concepts similar to CAD tools and slicers for 3D printing. The create
mode acts as a step-by-step fabrication guide centered around a
fabrication "Script" (see Supplementary materials). Virtual anchors
are placed on the substrate within the virtual AR environment.
The system works in a topographically agnostic way, allowing
the user to place and manipulate a virtual object as the planned
"design" with all measurements being carried out to this object. As a
direct result, the system simplifies the processes of surface scanning
and precise material deposition allowing for interactive iterative
fabrication feedback, while also integrating real-time integrated
design processes.

6.2 Design Mode
The maker can place and edit different virtual designs from a de-
sign library, allowing a user to visualise where a design will be
situated before any material is deposited. Digital templates (Figures
6, 7, 8) open the potential for the design library to be developed
into a networked space for makers to share designs. The maker
is able to return to this design mode while they are spraying the
base electrode, supporting a level of iterative design where tweaks
to the object can be made while work is in progress. Three core
functionalities are implemented:

Predicting cost: Building on stakeholder suggestions, we im-
plemented a cost function dynamically linked to the scaling of the
object. Taking the cost of each material as sold by Lumilor [43, 44]
with a tolerance of up to 75% evaporation of material on drying,
each cm squared of EL segment costs £0.327 [12]. This is fed back
dynamically to the maker as they design their output.

Adding connectors: The user can toggle a design with and
without connectors to provide visual support for lateral positioning
requirements. These are processes inaccessible to novice users.

Visualisation of layers: We also implemented functionality
to visualise the layers that need to be sprayed in AR to give the
maker feedback of what would happen in the create mode while still
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Figure 6: The design mode of the Dispray system showing: A) the design library where a user can pre-select an electrode layout;
B) the uload of the template to AR, shown as a logo that is superimposed onto a physical object, to be used as a virtual template;
C) The visualization of layers over a design before any spraying happens.

designing. AR gives us the functionality to provide 3 dimensions to
the layers the user could explore.

6.3 Create Mode
This mode is structured around a chronological fabrication pipeline,
communicated to the maker through a script, building on the con-
cept of instructional workflows [73]. The script has 51 instructions
of technical information displayed in the GUI (see Supplementary
Materials). This pipeline is split into 5 phases: one for each of the
materials deposited. The final phase covers a testing framework.
The script was synthesised from information publicly available
from Lumilor as the manufacturer of EL materials used [44–46]
as well as hobbyist input [34, 35] and our own experience with
EL. Core features include an emphasis on PPE and ventilation and
technical information such as air pressures at which to spray differ-
ent viscosities of materials. The create mode encompasses 8 core
features, detailed below and each shown in action in Figure 7.

Multiple GUI-based guidance features are supported.Angle and
distance warnings are displayed to feedback to users based on dis-
tance and angle of Dispray to the substrate to support novice users.
With shared functionality, a dynamic depth gauge is integrated
into the GUI to show distance to the substrate providing live data
to the user to help guide their spraying. We also integrate a timer
for drying times, to integrate functionality that would typically be
externalised to another device. Dispray further provides guidance
support through out-of-bounds warnings. This feature helps 1)
reduce error of short circuits if different electrodes make contact
and 2) compensates for the split of focus between AR and physical
space. Such warnings provide guidance and feedback to the user,
while leaving control and agency in their hands. To further support
split focus between the app and the physical world, we implement
virtual spraying so that users can see deposition within the AR
environment and record their deposition. Using the same function-
ality we also feedback to makers information regarding electrode
attachment to build in non-intuitive domain knowledge. Due to
the nature of the hybrid guidance integrated in the tool, an isolated
experimental assessment of accuracy was deemed as overlapping
with related work, where accuracy is determined by the AR “drift"
and fidelity of resolution provided by the ARcore package itself
[30]. Slocum et al. find an average of 1.5cm drift of this tool under
significant movement, with Scargill et al. exploring closer variances
in drift with the unfocussed move mean of 0.9cm variation being
closest to our uses in Dispray [70, 77].

We implement physical add-ons to provide visual feedback to
the user. Integrated into the Dispray tool is a program-controlled
laser pointer. Plumes of sprayed material can be hard to see due
to the fine atomisation of material. We also integrate a UV light.
Beyond difficulty in seeing plumes of material, the EL material is
translucent and hard to see. Within tutorials [34, 35, 46], makers are
encouraged to use a separate UV lamp to take advantage of the ma-
terials photoluminescent properties and assess coverage. Dispray is
intended as a learning tool to lower the barriers to entry involved in
spraying EL material for novice makers. As such, we implemented
different skill levels embedded within the app. A maker can indi-
cate their skill level (novice, intermediate, advanced) to gradient
information including bespoke fabrication tips, and tool features
such as the positional warnings and active tool guidance features.
Beyond these features, 8 modular functionalities are enabled within
Dispray.

We also developed an easy-to-follow testing framework to help
users identify common issues, determine whether they are fixable,
and understand how to address them (see supplementary mate-
rials). This was motivated by a gap in the literature on effective
troubleshooting of EL devices, likely due to the early stage of the
field. Even in existing material documentation, makers are often
simply advised to contact the manufacturer. We also include the
Dispray App APK and circuitry within the supplementary materials
for replicability, evidence of feasibility and further development.

6.4 Demonstration of Functionality
Figures 1 and 8 show four applications created by the authors, using
over six years of experience with the materials, fully produced with
the Dispray prototype and all its built features presented above.
Specifically, the base electrode was placed using the design within
AR. No masks were used within this process, although as suggested
within the pipeline, a flat handheld hard edge/french curve was used
to prevent short circuits on base electrodes, by covering exposed
copper paint when applying the transparent conductive electrode
layer.

We created an addressable mixed gender toilet sign, an inter-
active label on a bottle, a door bell icon on a penholder and an
indicator on a bike helmet. These demonstrations represent the
ability of the Dispray tool to support "free-hand" layering of elec-
trodes to create interactive surfaces. These examples of displays
draw from related work, in particular [20, 23, 31, 55, 90].
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Figure 7: A walk-through of the Dispray tool UI and functional tool features. Full text prompts are outlined in Dispray script in
Supplementary Materials: (A) the process is outlined and conveyed through 51 instructions. Additional tips and information can
be toggled by users. (B) Warnings for the angle from perpendicular and distance from plane of the airbrush (C) Out-of-Bounds
warning showing when the spray is not directed at an electrode. (D) Integrated timer to aid appropriate drying times. (E)
Virtual spraying shown in blue within the AR set up to provide feedback on deposition. (F) Integrated electrode attachment
information and testing framework. (G) Laser pointer on trigger press to aid deposition, as well as virtual overlay (blue). (H)
Digitally controlled, integrated UV light to show EL phosphor.

7 STUDY 2: STAKEHOLDER EVALUATION
We carried out in-person interviews and walk-throughs of the high-
fidelity Dispray prototype with the stakeholders from Study 1. This
enables us to not only get feedback on the usability of the tool
through those with expertise in art and engineering, but also to
get feedback on the design and development processes themselves.
Study 2 aims to "close the loop" by consulting the same participants
as Study 1, providing information on the functionality and efficacy
of design of the Dispray tool with the perspectives of the original
design workshop. By gathering this feedback we evaluate how well
the design parameters in Study 1 can be combined and by extension
a validation of the insights generated for RQ1. In addition Study 2
draws on participants independent expertise, specifically opting for
1:1 engagement to understand participant perspective more deeply.
This enables insights into how Dispray can support adoption of
EL technologies within the context of both artistic practice and as
an engineering tool. We argue that re-engagement with engineers
and artists en-lieu of specialists provides the grounds for valuable
insights, in the context of RQ3’s focus on adoption, as there is not
yet a significant user base of people who spray active materials.

Study 2 and Study 3 simultaneously provide evaluative mea-
sures for the Dispray tool and each explore both RQ2 and RQ3 on
the efficacy of the Dispray tool and the scope for adoption from
perspectives of the stakeholders and novice non-specialist users.

7.1 Experimental Set-up
We carried out semi-structured 1-to-1 interviews with the original
speculative stakeholders, including the opportunity for participants
to hold, run-through and explore the Dispray tool. P4 dropped out,
resulting in 6 women and 5 men. The studies were carried out in
person. We started with a 10-20 minute walk-through where par-
ticipants held and experimented with the tool. Participants were
provided with a summary sheet of key features of the Dispray
tool in order to remind them as they went through, as well as a
cross-sectional diagram of the physical tool features (Figure 5). The
interviews lasted between 30 and 90 minutes. A full run through
of the app was demonstrated with participants then having a run
through of the tool. Participants did not create an artifact for safety
and practical reasons as the interviews were held in their home
environments to enable engagement with a greater range of spe-
cialisms for the whole study. We recorded the conversations as
audio files. Discussion was prompted regarding the feel and the
functionality of Dispray. We found 5 core themes of reflection from
stakeholders.

7.2 Theme 1: Appreciating the Design While
Navigating Trade-offs

The core system design choices received largely positive feedback
from participants. P6 and P3 noted it had "exceeded expectations",
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Figure 8: As experts in spraying EL, we (the authors) produced demonstrations using the Dispray tool high-fidelity prototype to
demonstrate core functionality of the tool. Shown here are a (A) doorbell notifier, (B) an interactive cycle-helmet indicator and
(C) an adaptive toilet sign.

while P6 and P7 highlighted its compactness and accessibility. P7
supported the overall balance of features stating “it doesn’t feel like
a sort of Frankenstein monster of features”. Meanwhile P11, critiques
the linearity of the pipeline for use beyond novices stating "being
stuck in this kind of flow will be restrictive”. Regarding the hybrid
output, participants were divided on the balance between manual
control and computational input. P1 and P7 favored the guidance
system, while P9 and P2 saw value in incorporating some computa-
tional control. Smartphone use was praised for familiarity, but its
weight was a common complaint, with P11 suggesting, "it’s going
to be heavy like a drill", and others recommending counterweights
or wrist support (P7, P10). While AR was seen as promising (P3),
it faced challenges like surface detection and object drift (P11). Fi-
nally, participants raised issues around the tool’s robustness and
ergonomics, suggesting improvements to the handle’s design and
material quality (P11, P10). Overall, feedback emphasized the need
for refinements while recognizing the tool’s potential.

7.3 Theme 2: Valuing Structured Support and
Envisioning Future Possibilities

Participants were largely positive about the implementation of mod-
ules and features in Dispray. P6 highlighted that the step-by-step
guides were their "favourite part", and P10 noted that "the level of
interaction... would be very helpful with working out something you
might not be able to work out yourself". P2 and P9 appreciated the
breakdown into phases, with P7 emphasizing the importance of
having the information "all in one place" and "from a trusted perspec-
tive". This feedback shows the value of integrating material-specific
domain knowledge within a tool. Regarding the graphical user in-
terface (GUI), P7, P11, and P2 suggested improvements, such as P7
recommending a "tidy up" of the interface and P9’s suggestion to
redesign it like existing illustration software. However, P6 found
the GUI to be "really user-friendly", and P11 noted that the tool and
supporting information had an "actually really good UI", due to its
clarity.

Participants were positive about the design and create modes,
with P9 affirming that the modules "all have a reason for being there",
while P5 and P11 praised Dispray’s compactness, eliminating the
need for separate tools. P12 suggested improving the angle warning
with granular feedback. Meanwhile, P9 emphasized its potential as a
teaching tool. Several new module ideas were suggested, including
3D printing for stencil creation (P12) and the projection of domain
information onto the substrate (P3), who envisioned "a physical
manifestation of a virtual object using projection". P3 also proposed
electro-muscle stimulation to "stimulate them to actually be more
accurate" [40, 41]. These ideas, along with practical suggestions
like voice prompts (P10), guide future developments to enhance the
user experience.

7.4 Theme 3: Supporting Novice Learning While
Navigating Expert Limitations

This theme explores how participants viewed Dispray as a learning
and support tool for the deposition of EL displays, particularly in
fostering confidence and guiding novice or semi-specialist users.
Discussion focused around the feature of the “Skill level modifier”,
with an overall positive impression on Dispray’s potential as a
teaching tool. For example, “I think [it’s] generally, very, very useful
for that entry level user, sort of taking people to that intermediate”
(P7). P5 and P9 focused on the ability of the tool to build confidence
“then I can build my confidence and how to how to do it [using this
tool]”. Participants also discussed the type of learning fostered by
the tool. P12 highlighted that “this is an educational tool because
it’s one informing you about the process”. P2, P11 and P5 each rein-
forced the educational factors of domain knowledge but rather than
teaching it from scratch suggested the benefits related to reminders.
This promotes the strengths of Dispray as an ongoing learning and
support tool for novice users.

Dispray’s non-specialist target audience was clear for P1: “Defi-
nitely for nonspecialists... it wouldmake a really good training wheels”.
Participants raised concerns with the transferability of function
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to skilled makers. P5 thought the tool would still have value: “the
advanced [users]. . . we just easily get caught. . . It makes the whole
process go really smooth”, however P7, P2 and P1 provided more
skeptical perspectives on how useful the tool is for specialists, for
example stating “If you’ve got people that have already got experi-
ence, I think it becomes a different tool”. For the warnings, P1 stated
that “I think if I was an expert that would get annoying". Participants
suggested alternative related user groups for tool adoption, such
as artists (P8, P12), technicians (P8), training industrial staff (P5),
fabrication hobbyists (P8, P12) and students (P9, P5). They also
re-emphasised the key theme of prohibitive expense ingrained in
the tool design (P12, P8). Discussions suggested that the use of the
tool is indeed appropriate for semi-specialist users.

7.5 Theme 4: Separating Creation from Use:
Visions for Deploying Dispray

P7 and P8 envisioned decentralising production, P12 proposed inde-
pendent creation through 3D printing and P8 suggested, “there could
be a technician who does this. And it’s a service that somebody can
go in for a small object and take it and they do that better” allowing
others to utilise the tool without needing to build it themselves. P7
supported this, highlighting the "power of additive manufacturing",
where "some people want to create, but not spray," emphasising the
separation of design and fabrication roles, similar to current 3D
printing trends.

Participants saw potential for using Dispray’s technology in
other fields. P6 suggested that incorporating a smartphone into
tools has "a really wide breadth of potential reach within manufac-
turing", while P1 and P12 proposed adapting Dispray for traditional
painting and artwork. Suggestions for future work included ex-
panding community engagement. P7 proposed "community-built
guides" while P10 and P12 suggested integrating support features,
such as a help button linking to resources. With its smartphone
integration, Dispray is well-positioned for these community-driven
developments.

7.6 Theme 5: Reflections on the Design Process:
Valuing Inclusion and Iteration

Participants were positive on the design process, stating “it was
guided, I thought that got the best out of everyone” (P6) or “the process
has been good” (P12). P9 in particular was positive about both the
outcome and the process of being involved stating “I like how you
can give feedback at different stages”. P7 commended the fidelity
of the convergence of design ideas stating “ It’s very, very close
to a lot of the ideas that people had”. P3 and P12 each discussed
the “fine balance between like, what, between how much to consult
people? And how much just to go with your own ideas?” (P3). Notably,
participants took ownership over the designs and the tool that was
produced.

7.7 Summary
Through interviews with stakeholders, we gathered feedback on the
Dispray system, evaluating its usability, design choices, and broader

functionality. Participants praised the tool’s cohesive design, not-
ing it was neither Frankenstein-like nor overly complex. Positive
feedback highlighted the tool’s compactness and potential for adop-
tion, with P6 and P3 noting it had "exceeded expectations". While
stakeholders appreciated the overall design, there were suggestions
for improvements, such as refining the graphical user interface (P7,
P11) and addressing issues with weight and camera positioning
(P11). The potential for Dispray as a learning tool was affirmed,
with comments on its effectiveness in teaching and building con-
fidence (P7, P5). Overall, the feedback was positive, emphasizing
Dispray’s promise while also identifying areas for refinement and
expansion.

8 STUDY 3: EVALUATIONWITH NOVICES
We ran a follow-up study to examine how novices used Dispray.
Participants had no experience with airbrushing, engineering, or
EL materials. The goal was to see how well Dispray supports be-
ginners in fabricating EL displays through continuous real time
guidance. Across several sessions, they worked with the tool while
we observed and interviewed them to understand how it supported
their learning of EL spraying.

8.1 Experimental Set-up
The 4 novice participants (P13-P16) each carried out 3 distinct
sessions. Each session involved a 60 minute spraying session and
a semi-structured follow-up interview. In the first two sessions
the interviews lasted 45 minutes and on the last day they lasted 30
minutes. The Dispray tool was presented to the participants in three
forms. The full integrated functional tool, just the mobile phone
and Dispray app and a printout of the Dispray walk-through script.
Participants were also provided with the active materials used in EL
display fabrication [43], as well as a piece of card which they were
specifically only instructed to use for covering base electrodes to
prevent short circuits. Participants were instructed to explore the
Dispray tool and given the goal to construct an EL display. They
were encouraged to split their time over multiple sessions where
necessary, and in all cases due to mistakes and accommodating
for drying times final outputs took at least 2 sessions resulting
in 4 working prototypes (see Figure 9) and a number of partially
complete designs (see Supplementary Materials). The participants
were pointed towards the virtual designs in the app, but were given
creative freedom to use the tool and materials in whatever way
they saw fit.

The authors provided safety guidance when asked for but redi-
rected participants to theDispray tool for specific domain knowledge-
related questions. We encouraged speak-aloud procedures from
participants and took observations of their handling of the tool. In-
terviews explored the learnability of the process, functionality and
familiarity with the Dispray tool, comfort levels with EL spraying
and potential for adoption.

Due to the use of paints including toluene, spraying was done
in a "Lab Bubble" [36], on desk open ventilation, with full ethics
and risk assessment complying with our institution’s standards.
Participants were provided with appropriate PPE (nitrile gloves and
respirator). The study set-up is shown in Figure 1 (D). The airbrush
itself was cleaned between materials by the author so as to preserve
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its functionality. As observers, we primarily focused on Dispray’s
capability to support creativity and the learning process, as well as
issues that arose with using the tool. We found that 4 core themes
emerged.

8.2 Theme 1: Weighing up of Information
Presentation: Script vs App vs Tool

Participants were presented with the Dispray tool in 3 forms: Script,
app and full tool. Discussion from participants highlighted the im-
portance of supporting information in guiding their efforts in fabri-
cating displays with a reflection on whether information presented
in one go or continuously was more important, and the role that
the full tool played in the guidance of their spraying process. They
discussed the balance between receiving information all at once or
continuously. P15 stated "I find [the script] the easiest" whereas P14
had a preference to "Integrate [domain knowledge] more continuously,
within the spraying process", rather than the app. P14 expanded that
the app helped manage the quantity of information vs the script.
P16 noted that understanding carcinogenic risks made it preferable
to "read through the manual before" starting, emphasising that hav-
ing a clear overview in advance of spraying was important. P15
expressed that "I’d rather a step-by-step than a briefing.", further
emphasising the ease of use from a step-by-step supporting guide.
P13’s perspective aligned with P15, stating “I think its a good idea
for instructions on the screen to avoid having to look at the script”.
Split perspectives on the method of integrating domain knowledge
supports implementation of a tool that gives this agency to the
user when guiding their fabrication process. Overall, the script’s
core information was well received while the medium of delivery
proved divisive.

8.3 Theme 2: Effectiveness of Prototype and
Ergonomic Constraints

Participants offeredmixed feedback on the prototype’s usability. P14
observed that "how it sprays, the distance and precision... improved
but it’s still not perfect." P15 mentioned that the prototype was "not
suitable for all surfaces" and became awkward to use over time. Both
highlighted the need for a more compact and user-friendly design,
with P14 noting that "a cleaner and better-balanced prototype can
help" and P15 stating "after a while, it starts getting uncomfortable
with the way you hold it". P16 reflected on the strengths of the GUI
design choices, stating "obviously AR is a good tool... for presenting
real time prompts". Over multiple sessions, we observed that partic-
ipants relied heavily on the script (see Supplementary Materials)
itself and that the primary focus of the tool emerged as a way to de-
ploy the instructions effortlessly. We distinguish ergonomic use of
the tool relative to its general usability. As in Study 2, participants
pointed out challenges with bulk and handling. P16 mentioned a
misalignment between where the object appeared on-screen and
its actual sprayed location. This reflected performance issues, es-
pecially with the tool’s interface and precision. On the other hand,
P15 observed how the tool was "manageable" after a day of use, but
this would become an issue with repeated use. Overall, participants
emphasised the need for ergonomic improvements and more re-
fined design features to enhance usability, however key features

of Dispray including the fundamental presentation of information
on a tool mounted AR set-up were highlighted as supporting their
workflows as novices.

8.4 Theme 3: Supporting of Learning and
Reflections on EL Complexity

Dispray was described as intuitive to use after several sessions.
P15 found it "pretty easy to use" by their third session, and P13 re-
marked in their second session that the app became more intuitive
with time: "The app is easier to navigate today, maybe I got used
to it more than I thought". However, P14 expressed concern about
the difficulty of navigating the prototype in isolation. P15 and P16
differed in their opinions on whether in-depth information and
terminology was necessary. P15 stated "I just want to know what I
can do but I don’t care about the [scientific] terms" and a request for
more "intuitive image instructions", while P16 expressed an interest
in understanding more about the "fundamentals of spraying these
materials". We observed that the tool became more intuitive with
use, and participants had differing preferences for the granularity
of technical detail provided.

Participants found the EL spraying process accessible, with an
increasing familiarity over time. P13 stated that "Learning was OK.
As we worked on it three times, it kept on getting better, but challenges,
like the troubleshooting... are still complicated". P14 analogised that
the "Process is simple, is kind of like cooking". P13 mentioned that
without the script or tool, there was "no chance" of understanding
the process intuitively, emphasising its complexity but also the key
role of Dispray as a tool for engaging novice learners. P16 reflected
that as a whole airbrushing was "quite easy to use" but that EL spray-
ing was "more complicated with different chemicals... high threshold".
While participants grew more comfortable with the process, the
complexity and technical demands of EL spraying remained evident.

Participants appreciated the guided learning but found the de-
vice challenging to use independently. P13 stated "The learning
process is easy with instructions provided. Without instruction, I think
I might struggle to grab information and use the prototype by myself".
We observed frequent referral back to the app and script during
the learning process, however we speculate that the use of an inte-
grated tool such as Dispray may detract from natural exploration
and the process of learning through making.

8.5 Theme 4: Reflections on Adoption of
Presented Technologies

Participants saw potential for the tool in creative industries and hob-
byist markets, drawing comparisons to 3D printers. P13 remarked
that "I think it could have a similar trajectory as 3D printing... hob-
byists might pick it up, but the complexity might hinder the process".
Participants acknowledged that the tool’s complexity could limit
broader adoption unless the setup is simplified, and the learning
curve shortened. P14 stated "If I were an artist or doing some artwork,
then it would be useful. But the process and the chemicals make me a
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Figure 9: EL display types produced with the Dispray prototype by non-specialist novice users. Due to the hand-held nature of
the Dispray tool, note the lack of high end edge resolution, masking was only implemented via a piece of card for the base
electrodes, the bars at the top of the images, to prevent short circuits. As a result of limitations relating to experience, note the
partial functionality of each segment, indicating inconsistent layer thicknesses.

bit hesitant.", while, P15 also proposed "Maybe [I would use the tech-
nology] as a recreational thing... it’s interesting, but I don’t see myself
using it daily. It could be a good hobby for weekends." P15 presented
concerns about health and safety, while P16 was concerned about
use around "kids or older people". Participants engaged with sug-
gesting improvements to the Dispray tool, including automation.
P16 proposed "smoothening" the layers of paint through automated
deposition, while P14 suggested that the process would be "much
easier with a video" integrated into the tool. Despite recruitment of
participants specifically without interest in this technology, the in-
tegration of participants within the process appears to have drawn
participants to potential future engagement with the process.

8.6 Errors from Participant Spraying
Further to participant feedback, we observed three different types
of errors in participants spraying EL materials. These are charac-
terised in three different forms: A) over- and under-spray of active
materials; B) poor airbrush positioning and spray intensity and C)
misordering of layers. We highlight how these errors have led to
partial or full failure rates. By over- and under-spraying (A), we refer
to participants spraying beyond intended borders or patterns or not
spraying up to intended boundaries. We observed that overspray
was far more often the case resulting in poor boundary accuracy
(such as in Figure 9B). We carried out a cursory analysis, overlay-
ing the design forms onto the easily observable copper traces on
samples that novice users sprayed and found that this inaccuracy
spanned from 10% to 35% beyond intended boundaries. Showing
underspray, all 4 of the examples in Figure fig:Participantoutputs
show EL patterns that do not fully illuminatewith likely the EL-
phosphor not being sprayed. Figure fig:Participantoutputs shows
two failures as a result of overspray (10A, 10B) where overspray-
ing conductive material has connected top and bottom electrodes
causing a short circuit. This is straightforwards to verify with a
multimeter. Airbrush positioning and spray intensity (B) was only
problematic when spraying material with too high a velocity or as
a result of being too close to the substrate, where less deposition
could easily be rectified by another pass with the airbrush. This

is illustrated in failures of Figure 10D, and in particular through
spraying of PEDOT:PSS. Here we can see that too high-intensity
has caused beading of the active material resulting in inconsistent
coverage and therefore non-conductive electrical properties. Lastly
(C), due to mistakes on ordering layers, devices failed due to layer
misorder. This was caught twice in the novice study and in both
cases the samples were discarded without being finished so as to
enable participants to fully engage with the tool.

Figure 10: EL Displays with faults produced by participants
of a novice study over the course of 3 days such that they do
not light up. Shown: A and B have a short circuit; C has incon-
sistencies across both electrodes due to the porous substrate;
and D, has inconsistent conductivity on its top electrode. All
failures are serious enough to not show any luminescence.
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8.7 Summary
Overall, participants with no prior related specialisms were able to
engage with complex domain knowledge through Dispray and learn
a state-of-the-art personal fabrication process integrating active
materials (Figure 9). The insights from the novice learning study
evaluation provided a new perspective, revealing both the strengths
and weaknesses of the Dispray tool. Specifically we conclude that
Dispray supported learning as well as functional fabrication.

9 DISCUSSION
We set out to answer several key questions related to the design
and evaluation of Dispray as an augmented airbrush supporting
non-specialists in handling active materials. We conducted three
evaluations as well as a demonstration of Dispray’s functionality
through sample applications. The insights from all three studies
provide a broad set of insights spanning the three research ques-
tions. In this section, we synthesise these results to provide answers
to the three proposed research questions.

9.1 What are the Design Parameters for a Tool
to Support Active Material Fabrication?

Evaluative feedback from stakeholders indicated that the Dispray
tool aligned well with their expectations, both in functionality and
in its reflection of an effective design process. While the core of
the tool represents integrated domain knowledge, the medium of
conveyance to the user and supporting features have significant
divergence of design option.

The strength of the Dispray tool lies in its deviation from the
author’s initial design assumptions, as a result of engagement with
engineers and artists. Early ideas revolved around either a handheld
airbrush tool or an automated spraying rig. In this case, through
collaborative workshops, new features including augmented re-
ality, smartphone integration, and varied structural designs were
incorporated. These additions enhanced the final product, demon-
strating the value of iterative design and participant input. The
positive feedback in user evaluations reinforces the strength of this
approach. We argue that the strength of the Dispray tool itself, both
in functionality and as a learning tool, reflects the benefits of the
design process of engaging stakeholders.

Discussions and emergent themes represent generalisable design
parameters for various deposition methods and active materials
beyond spraying EL. Specifically, while the design parameterisation
of hybrid guidance, AR as an interface and an emphasis on compact-
ness (subsection 5.2) allowed us to attain the goals of functionality
and support as a learning tool within contemporary technological
constraints, further work should consider alternative parameter-
isations. For example, revisiting parts of the morphological chart
such as hybrid guidance, if design tools can be suitably extended to
compensate for the limitations of computer-aided design environ-
ments, then the emphasis on hybrid guidance could be revised to a
fully automated option. We propose addressing these questions of
full automation [76, 85] with active materials and exploring how a
maker can intercede with design while fabrication is in progress
to both respond to expert evaluation and mitigate issues raised
by novices. We propose drawing in concepts including interactive

fabrication, inspired by works such as RoMa by Peng et al. [59].

We treat EL deposition as a use case for a broader range of active
materials [21, 38], in particularly we identify that many active mate-
rials can be deposited additively through methods such as spraying
[28, 89, 95, 97] and as such argue that our broader aim in Dispray
of improving adoption can be translated to other active materi-
als. In particular we highlight that the design parameters surfaced
through Dispray: hybrid guidance, embedded domain knowledge,
and real-time AR support, generalise beyond EL spraying to other
active-material processes. These results reinforce Baudisch and
Mueller’s framing [4], that reducing cognitive load and foreground-
ing learnability are not peripheral concerns but central mechanisms
for enabling non-specialists to meaningfully participate in material-
centric making. The lessons we observe, particularly the role of
active, situated support and gradual transfer of expertise, offer a
transferable blueprint for active material tool design.

9.2 How Effective is Dispray?
Dispray as a tool for learning:Drawing information from studies
2 and 3, while Dispray found clear use as a tool to support learning,
various limitations also emerged. Novice users expressed increasing
comfort with the Dispray tool as they gained experience, with par-
ticipants such as P15 stating it became "pretty easy to use" by their
third session. This reflects the tool’s ability to scaffold learning over
time, gradually allowing users to feel more confident with both the
process and the technology. Specialist stakeholders also responded
positively, acknowledging the Dispray tool’s potential as a learning
device, especially in making complex processes more accessible
to those with limited technical backgrounds. However, limitations
emerged regarding the physical tool’s ability to convey information
compared to the more structured script. The way information is
presented, all at once or incrementally, is crucial in a complex fab-
rication process. These diverse learning preferences reflect broader
patterns in how people engage with new skills, highlighting the
need for a flexible approach to information delivery, particularly
important with novel material-centric processes due to their inher-
ent complexities. While the Dispray tool offers an entry point for
learning, ongoing support after the initial uses would be essential
to sustaining user engagement. Highlighted from interviews with
original participants is the requirement that to support continued
learning such a tool affords opportunities to integrate community
support, potentially creating networks of users who can share tips,
experiences, and innovations.

Dispray as a functional support tool: The base level function-
ality of the Dispray tool is demonstrated through the expert-made
demos (Section 7) and the feedback from the novice participants
(Section 8). Figures 1, 8 and 9 accurately show that the tool itself is
functional. We note incomplete luminescence and low resolution
as symptoms of skill thresholds and the design of a completely
hand-guided tool. We contextualize these in our own experience of
spraying EL, and the core technology holding high failure rates. Par-
ticipant errors resulted in more than 50% of produced displays fail-
ing, however as the novice user study was carried out we observed
diminishing failure rates with successful displays being largely
completed on the third day of the study. The Dispray tool offers
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several unique features that set it apart from other augmented spray
tools: 1) In-built domain knowledge for EL active materials, 2) inte-
grated design features allowing for iterative digital manipulation of
designs, 3) an augmented reality interface and fully self-enclosed
systems to support compactness.

Ergonomics of Dispray: Participant feedback highlighted ef-
fective and ineffective parts of the tool in both Studies 2 and 3. With
high priority, from both evaluative steps, was the limitation in the
ergonomics of the tool due to weight and where the mounted phone
moves the center of gravity. We also note consistent issues with
bugs in the system, largely centered around the bluetooth module’s
reliability. Beyond these, the implementation of AR (suggested by
P7 in the design workshops) was positively accepted by participants
as an interface choice to span complex domain knowledge and ap-
plication within the fabrication process. A repeated theme was on
stenciling and accuracy through stakeholder interviews and novice
run-throughs. We return to the core issue of whether the device
should automate deposition. This was dismissed within our conver-
gence of designs due to current technological limitations, evidenced
through related work on assistive airbrushes [16, 42, 61], but with
recent explorations into in-air manipulation of deposited active
particles [9] we aspire to further explore this in future work. We re-
flect on our design parameterization here, as the self-contained and
compactness thresholds are clearly linked to ergonomic limitations.
The self-contained nature of the tool allowed for easy deployment,
autonomy of users with regards to how much they engaged with
the physical prototype and both low-cost and low overheads for
setting the tool up. Concerns regarding ergonomics suggest several
future directives. We aim to iterate on the Dispray design with a
lighter-weight tool design in the future. One of the core design con-
cepts founded in related work was the self-contained nature of the
Dispray tool initiating the implementation of the phone-mounted
AR, however user evaluation has led us to explore head-mounted
alternatives for further design steps.

9.3 How Does Dispray Support the Adoption of
Core EL Technology?

Participants provided positive feedback on the potential adoption of
the Dispray tool, particularly within creative industries and among
hobbyists. P13 suggested it could follow a similar trajectory to 3D
printing, where complexity may limit its use by casual users, but
hobbyists could embrace it. However, some raised concerns about
the prohibitive costs, health and safety considerations, and the
complex entry barriers beyond domain knowledge and skill level.
These factors could limit broader adoption until further improve-
ments make the technology more accessible. Novices and expert
evaluators demonstrated comparable understanding of the concep-
tual ideas around EL structures. Contrary to our expectation, the
novice users were quick to understand the EL layer structures with
minor concerns complexity (P13). The participant who could be
categorised as struggling with concepts around EL deposition was
the artist P9.

We further note that in follow up work two of the twelve original
stakeholders have further engaged in work with EL technology, one
in a research capacity and the other in a commercial context (be-
yond P5who had alreadyworkedwith EL technology). Althoughwe

can’t draw generalisable results from this small a sample, this study
indicates the benefits to adoption through engaging stakeholders
within fabrication tool design. In summary, while the Dispray tool
offers a promising starting point for both novices and specialists,
its long-term success will depend on refining usability, reducing
costs, and providing ongoing support to foster a broader commu-
nity of users. Within the maker movement and conventional 3D
printing, not only is personal fabrication a tool to rapid prototyping
[4, 53] and decentralised production [25], but it is also a platform
for decentralised development of technology beyond industry and
academia. We propose that this promise of adoption and increased
engagement suggests a compounding effect. The development of
tools for non-specialist use of active materials not only supports
non-specialists in the short term, but also empowers them to make
further developments. We propose this as an avenue for promising
future work.

9.4 Limitations and Future Work
Both the design workshops and the evaluations were founded on
qualitative methods. In order to appropriately address our research
questions, we determined that we needed to explore both the lived
perspective and skill sets of both makers (Study 2) and novices
(Study 3). In particular, given Dispray’s goals of guiding process and
supporting learning for non-specialists areas, in Study 3 we opted to
engage with few participants deeply and identified that quantitative
metrics alone would lack sufficient depth to allow us to explore a
tool that can support a range of maker perspectives. We encourage
future research to complement this with quantitative studies that
measure specific benefits of Dispray and similar digitally augmented
fabrication tools.

The participant numbers in all studies reflect the highly spe-
cialized maker community involved in the workshops. Engaging
experts with deep domain knowledge was essential to gain detailed
insights into both the technical and creative constraints of Dispray.
In Study 3, we prioritized longer, repeated sessions with fewer par-
ticipants to collect rich, in-depth experiences rather than broader
but shallower feedback. Nonetheless, we acknowledge that these
specialized perspectives may limit the generalizability of our find-
ings. Study 2 and 3 were deployed together on the same iteration so
as to allow us to accurate answer RQ2 and RQ3. In our future work
we plan to further iterate on the Dispray prototype and its design
and to engage with a broader range of non-specialist stakeholders.
While the current Dispray tool prioritizes supporting creativity over
fine resolution, we propose this as the most important intersection
to address moving forwards.

While the design workshops themselves provided a rich space
to inform the Dispray tool design, we acknowledge that the limited
format of design workshops [65] and subjectivity of a single final
high-fidelity prototype mean that this acts as only one of many
possible solutions. Our core direction for future work include the
promise of material-centric methods [21], specifically automation.
Following the rise of conventional 3D printing, full automation
promises replicability of results, scalability, precision and use of
integrated design. However, the study presented here indicates
strengths to integrating learning processes, understandings of ma-
teriality and continuous creative input. We propose that the next
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iteration of Dispray has the scope to take on interactive fabrication
[59, 92] to enable continuous design and extend the insights on the
learning process with automated parts of the process.

We also suggest researching the long-term development and
support of maker communities around active materials. Our find-
ings show enthusiasm for these practices, even among novices,
but ongoing engagement was beyond this study. Integrating with
existing communities or creating new networks could harness the
cross-pollination of ideas and excitement observed.

10 CONCLUSION
We explore the design and development of an augmented airbrush
to engagewith the challenge of non-specialist adoption of activema-
terial personal fabrication. In developing the Dispray tool through
engagement with artists and engineers, we draw inspiration and
direction from a range of perspectives which are then synthesised
into a high-fidelity prototype of a tool. Dispray supports both the
functional process of non-specialist manipulation of materials but
also the learning process involved. This is demonstrated through
engagement with initial participants and use by novice users. Active
material fabrication is the key to unlocking free-form interaction
as well as holding the potential for automation. This work presents
a range of insights necessary in the step towards fully supporting
non-specialist use of active material fabrication methods.
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