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Figure 1: TapeBlocks: stacks of blocks, a character, materials and components.

ABSTRACT

The accessibility and affordability of tangible electronic toolkits
are significant barriers to their uptake by people with disabilities.
We present the design and evaluation of TapeBlocks, a low-cost,
low-fidelity toolkit intended to be accessible for people with intel-
lectual disabilities while promoting creativity and engagement. We
evaluated TapeBlocks by interviewing makers, special educational
needs teachers and support coaches. Analysis of these interviews in-
formed the design of a series of maker workshops using TapeBlocks
with young adults living with intellectual disabilities, led by support
coaches with support from the research team. Participants were
able to engage with TapeBlocks and making, eventually building
their own TapeBlocks to make personal creations. Our evaluation
reveals how TapeBlocks supports accessible making and playful
discovery of electronics for people living with disabilities, and ad-
dresses a gap in existing toolkits by being tinkerable, affordable
and having a low threshold for engagement.
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1 INTRODUCTION

Building physical electronic circuits is perceived as complex and
intimidating for novice users [1]. As a result, a number of tools and
electronics engagement kits, grounded in the maker movement,
have been designed to encourage curiosity and exploration for
novices. Moreover, there is an established research agenda that
seeks to simplify and expand the traditional methods and audience
for electronics knowledge acquisition and making participation,
and the resulting range of diverse kits for tangible electronics has
genuinely improved access [18, 21]. However, for many people
with intellectual and/or physical disabilities, existing makerspaces
and engagement kits do not overcome all of the accessibility and
affordability barriers [26, 34, 35].
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The accessibility of electronic maker kits can be a barrier for
people with disabilities [5, 22, 32] due to the cognitive load associ-
ated with remembering electronics concepts or the physical motor
skills [14] required to engage in making. Beyond this, people’s per-
ceptions of themselves might not include the ability to engage with
electronics activities reducing motivation to study them. However,
designing accessible electronic maker kits leads to a number of
trade-offs. Visibility of circuit structure is important to understand-
ing electronics but accessible kits hide or abstract away from these
complexities to make them simple to use [9, 17, 18]. This reduces
the educational impact in favour of lowering barriers to entry. This
is seen in accessible making more generally where trade-offs are
made that hide structural complexity but sacrifice learning [17, 21].

Our response has been to create TapeBlocks, a toolkit for build-
ing circuits that can act as a first point of contact with making for
people living with a range of disabilities. We designed the toolkit,
with a focus on its physical attributes, to minimise trade-offs and ac-
cess barriers. In doing so, we also challenge people’s perceptions of
how circuits should be constructed and by whom, regardless of their
physical abilities. TapeBlocks (Figure 1) are colourful foam blocks
that use conductive tape to connect electronic components as well
as to make positive and negative electrical connections between
the blocks. We design TapeBlocks using a set of qualities derived
from literature on accessibility, electronics toolkits [18, 21, 26] and
makerspace accessibility as well as extensive experience from the
researchers’ work with adults with disabilities. The work is part of
an ongoing endeavour to include people with a range of disabili-
ties in making. TapeBlocks are accessible because of their chunky
physical form and the simplicity of the connections. They encour-
age tinkerability as they are flexible, robust and unintimidating.
Finally, they are affordable because they are made from individual
components which can be reused.

In this paper, we propose a range of components that can be used
to create different typese of TapeBlocks including power, input and
output options that can be combined to make a variety of working
circuits. We undertake a series of evaluation sessions with makers,
special educational needs teachers and support coaches. Analysis of
these sessions informed the structure of a series of workshops with
young adults living with intellectual disabilities which ran over two
weeks led by support coaches with some support from the research
team. We leverage the qualities of TapeBlocks to encourage people
to play and experiment before they progress to making their own
set of TapeBlocks to develop their making skills and start to express
their own creativity. We found that the workshop participants were
able to engage with TapeBlocks and meta-making, building their
own personal creations at the end of the workshop.

We make two significant contributions in this paper: 1) we intro-
duce TapeBlocks, an accessible toolkit designed to address issues
in makerspace access and electronics education for people living
with a range of disabilities and 2) we present the results of the
design and evaluation of TapeBlocks in collaboration with makers,
special education needs teaching staff, and young adults living with
intellectual disabilities.

2 RELATED WORK

Maker culture is a global phenomenon that promotes and sup-
ports people engaging in diverse activities, ranging from software
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hacking, traditional crafts, and tinkering to digital fabrication such
as 3D printing, as a way to design and build typically for one’s
own fulfillment, rather than for commercial benefit [34]. The recent
increase in the availability of digital manufacturing tools, such as
laser cutters and 3D printers, has expanded the range of people
engaged in maker culture and resulted in making activities grow-
ing in popularity [3]. Here, we discuss prior work in the areas of
engaging people in maker culture, current provision of access to
makerspaces and examples of accessible toolkits.

In this paper we use the term intellectual disability as this reflects
the terminology used in the country the work is performed in and
the care organisation we worked with. All our workshop partici-
pants had diagnosed intellectual disabilities. Intellectual disabilities
are defined in Australia in cases where a person shows "difficulty
learning or understanding things" for longer than 6 months [12]
and who often have other physical coordination problems. The
design is informed by literature and experiences with people with
traumatic brain injury which causes various cognitive issues includ-
ing memory loss, aphasia and problems with long term attention
[28] , as well as work with people with limited fine motor skills. We
envision TapeBlocks being more widely useful because of the con-
sideration for a variety of cognitive challenges people can face and
because of their focus on supporting people with limited manual
dexterity.

Benefits of Engaging People in Maker Culture

Hurst and Tobias [19] suggest that in addition to encouraging a
sense of creativity, maker culture enables independence and sup-
ports wellbeing amongst its members, makers. For many makers,
the primary focus is not the creations themselves (‘what’ was made),
but rather the act of making, (‘how’ it was made) [34]. For these peo-
ple, the benefit of maker culture lies in providing an environment
that empowers them to be creative and expressive. For example,
Giildenpfennig [16] notes that in addition to providing a means for
creative exploration and learning new skills, making also allows
makers to create meaningful and personal presents to give people
they care about. Makers derive satisfaction from the ability to make
bespoke, personal creations [13, 19, 29, 36].

People living with disabilities often need to modify technology
to make it accessible and research has demonstrated that Do-It-
Yourself (DIY) assistive technologies and modifications to existing
commercial solutions provides a way to address the limitations of
one-design-meets-all products [19, 29]. In recent years, HCI has
also taken an increased interest in the role making can play in
wellbeing [15, 19, 34]. O’Kane et al. [29] outlines emerging trends
where people want to customise the design of their own DIY health
technologies, as seen in the #WeAreNotWaiting movement in the
diabetes community [29]. In addition, the work of Vincent et al.
[36] shows how adults living with Type 1 Diabetes are adopting
and using devices in a variety of ways to suit their individualised
daily needs.

Current Accessibility Of Makerspaces

Despite having a range of benefits for their wellbeing, making has
significant access barriers for people living with disabilities. Mak-
erspaces rhetoric is inclusionary, utopian, and techno-solutionist,
but in reality, as with many hobbies, there are issues with access
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relating to gender, socio-economic status and age [34]. Research
carried out by the MakerMedia magazine at one hackathon found
that 97% of adult attendees had a college degree, 70% had a graduate
degree, and the average income was of $130,000 per annum [24].
Affordability is a significant barrier to access. People with disabil-
ities often experience financial disadvantages compared to their
peers [33].

For example, within the UK, people with disabilities are signifi-
cantly less likely to be employed and when employed, will earn on
average 18.6% less than their non-disabled colleagues in the same
job [33]. Reviews of makerspaces by Taylor et al. find that while
makerspaces want to reach out to a broader range of people, many
of them are unable to, citing challenges around limited resources
and lack of training on how to encourage or support makers with
disabilities [34].

Furthermore, despite the growing availability of open-source de-
signs including many for people with disabilities, Buehler et al. [10]
noted the rarity of that DIY-AT being created by people with disabil-
ities. Barriers arising from the lack of adaptation to include people
with different physical abilities also makes people with disabilities
feel culturally excluded from maker practices. Existing work on
introductory toolkits for making has primarily focused on an able-
bodied population with good vision and fine motor skills [4, 9, 30].
This creates significant barriers to entry for people with disabili-
ties, specifically those with intellectual disabilities, as underlying
health condition often result in limited dexterity [14] and most of
the components of these toolkits are small and difficult to manipu-
late. Furthermore, existing work on accessible technology design
focuses on those with motor, hearing or visual impairments [27]
and Chapkol et al. [11] highlights a need for the development of
applications that carefully consider the needs of the neurodiverse.

Toombs et al. [35] also highlight that many people feel intim-
idated by the idea of getting involved in ‘hacking’. This can be
due to perceptions of makerspaces as high tech environments in-
volving complex and novel tools. In addition, maker culture relies
on an ability to do independent research to learn about new tools
and, although this skill is one of the most useful ones it develops,
it creates another barrier as the skill is not explicitly taught or
widely known [35]. This leads to a culture that is often described
as "sink-or-swim" resulting in many members needing "onboard-
ing" and support before then can start the making process but not
being able to consistently access it. This in turn results in minori-
ties and women feeling lost in the making community, and seeing
others hacking alone, discourages many people from engaging [6].
Lewis [23] noted that many women feel intimidated due to the
psychological barriers and limited participation by women in mak-
erspaces. Potential participants can also be deterred by the feeling
that making is a social clique, and they feel that they have very
little in common with current makers.

Designing Accessible Toolkits

Despite the aforementioned barriers relating to makerspaces acces-
sibility, several researchers have explored making electronic and
maker toolkits more accessible [2, 9, 18, 26]. Established makers
have shared assistive technology at maker events or hackathons
and on digital platforms such as Thingiverse focusing on health
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and wellbeing [10]. Buehler et al. [10] explored barriers to mak-
ing 3D printing more accessible in special education settings and
Barbareschi et al. [2] developed Tip-Toy, an electronic toolkit with
physical blocks to teach basic computing concepts through music
for children with different visual abilities. Using Tip-Toy, partici-
pants could recognise blocks either touch or sight and outputted
music, allowing learners with reduced visual abilities to partici-
pate in accessible and enjoyable programming experiences. Further,
Hollinworth et al. [18] extended littleBits, which are printed cir-
cuits with connected electronic components, by enlarging them to
introduce electronics to children with learning difficulties. Prelimi-
nary evaluation showed that users found the modifications made to
littleBits made them easier to handle and manipulate [18]. The kits
are prefabricated and the tight focus supports people by reducing
cognitive overhead, however, this configuration of the toolkit also
makes exploratory or creative making harder.

The concept of using blocks as a method of making for indi-
viduals is not limited to the physical environment [8, 26]. Many
block-based programming languages, such as MIT Scratch [25],
have become popular over the last few years, but rely on visual
metaphors and traditional gestures such as drag and drop which are
not accessible to those with visual impairments. Milne et al. [26]
developed Blocks4All, a block-based programming language with
VoiceOver for primary aged children with visual impairments. Their
work identified important design considerations for accessibility,
including a focus on simplicity and reducing the number of focus-
able items; conveying information in different ways and indicating
error states, for example, if a block cannot be placed.

Adding to Milne et al’s design considerations [26], Leduc-Mills et
al. [21] suggests that the designers of construction kits for children
with intellectual difficulties should design around the following
architectural principles: (1) low floors with ramps, to ensure that
kits are straightforward for children without special needs but can
be made more accessible for those with disabilities; (2) high ceiling
with tall ladders, by allowing more complex projects to be developed
with ladders to help those with learning difficulties to reach their
full potential; (3) wide wall and frames of interest, to allow children
to explore their expressions, to also guide those with ASD (autism
spectrum disorder) to focus on more repetitive tasks with a specific
set of tools, actions and characters; and (4) reinforced corners, as
to offer more support when required [21].

We ground our design of TapeBlocks in these accessibility prin-
ciples, and contribute to the ongoing body of work on accessible
toolkits for the neurodiverse.

3 DESIGN RATIONALE

Our research is motivated by our (the authors) collective experi-
ences of running making workshops with people with varying
abilities, including people who have an intellectual disability, par-
ents of children who have a disability, blind and low vision adults,
and adults living with traumatic brain injury. Not only have we
found that makerspaces and making equipment are almost uni-
versally inaccessible, researchers and practitioners face numerous
challenges when seeking to involve people with disabilities in mak-
ing activities, including ethical assessments, safety risks and prac-
tical challenges of bringing them into those spaces. Furthermore,
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Figure 2: Types of TapeBlocks: a) power, b) button, c) light dependent resistor, d) tilt switch, e) buzzer, f) fan, g) vibration
motor, h) Red, green and blue (RGB) colour change and i) bicolour LEDs

existing toolkits, ranging from electronics through breadboarding
or soldering [18, 20] to sewing kits, largely assume capabilities such
as fine motor skills and high visual acuity.

The requirements for a maker toolkit for people with intellectual
disabilities range from physical and visual characteristics of the
artefacts themselves, to the design of the making process for which
the toolkit is intended. Making activities have varying complexity,
and the process of making can often be long and involve many trial
and error cycles. The try, fail, adapt and retry rhythm of making
is not achievable for a person living with an intellectual disabil-
ity using conventional maker toolkits. Drawing on prior work on
accessibility and toolkits and our experiences as both researchers
and practitioners, our goal is to create an introductory toolkit that
does not require fine motor skills, is inexpensive and reusable, and
affords an authentic making experience of achievable length.

3.1 Introducing TapeBlocks

TapeBlocks are foam building blocks that use conductive tape rather
than wires to form a circuit. There are three classes of TapeBlocks
that can be combined to create circuits: power, sensor and output
(Figure 2). The blocks themselves are chunky (7cmx3cmx3cm) chil-
dren’s EVA foam building blocks. TapeBlocks are constructed using
electrical components such as Light Emitting Diodes (LED)s, resis-
tors and vibration motors. The conductive tape which holds the
components on the blocks is a flexible polyester cloth tape that has
a conductive copper and nickel surface, the adhesive is conductive
acrylic meaning that the top or the underside of the tape can be used
to form connections. The conductive tape (2cm wide) provides a
large area that can be used to make connections between the blocks.
Two parallel strips of conductive tape are wrapped the entire way
around the short side of the blocks so that they can be connected
with another block along the long side. For a power block, one of
the strips is connected to the positive terminal on the power source
and functionally becomes the positive wire, while the other acts as
the negative wire. A second block with a component is required to
make a circuit. Each component is placed either under or on top
of the conductive tape in order to bridge the positive and negative
lines (Figure 3). When a power block is connected with the correct
polarity to the component block, touching the strips of tape creates
a circuit and the component activates.

The minimum tools required to make a TapeBlocks circuit consist
of (1) a power source (i.e., a battery) and (2) a component (i.e., a light
source). By creating these on two separate blocks, moving them

together and apart creates a switch. The TapeBlocks methods of
inserting components under and over the conductive tape makes it
possible to create a range of blocks including power blocks, button
blocks, light sensors, tilt sensors, buzzers, fans, vibration motors,
RGB colour change LEDs, and a bicolour or non polar LED (Figure
2). This in turn enables a variety of cause and effect interactive
experiences and provide visual, tactile and audible feedback.

3.2 Aspirations for TapeBlocks

We formed a set of qualities that we felt were desirable for an
accessible electronics toolkit. When developing TapeBlocks, there
were a multitude of design choices regarding configurations and
materials. We followed an iterative process and refined TapeBlocks
to be an accessible toolkit with the following characteristics.

3.2.1 Tinkerability. TapeBlocks are designed for tinkerability [31],
they aim to be flexible and easily reconfigured for other purposes.
The choice of colourful EVA foam is intended to make TapeBlocks
seem familiar, friendly, soft and yet robust. We experimented with
other materials and found the EVA foam blocks afforded building,
stacking and combining. Pre-made blocks make it simple and intu-
itive to make a circuit and aligns with Leduc-Mills et al’s principle
of low floors with ramps [21]. Additionally, a variety of electronic
components, including those not discussed in the paper, can be
explored using TapeBlocks. TapeBlocks allow multiple components
to be combined into a single block or alternatively several blocks
can be wrapped in conductive tape and combined with component
to create unique pieces (Figure 7). They can be used to create objects
that are of personal interest to users, such as cars, trains or animals.

Affordability is an important facilitator of tinkerability as cre-
ation and failure is more acceptable if the cost of failure is not
prohibitive. Because TapeBlocks are made from individual com-
ponents and not specialised components, the cost of building and
using them is low. An integrated TapeBlocks circuit with a block,
battery, battery carrier, LED and tape can be obtained for under
USD$1 and the components required for the 9 blocks in figure 2 can
be purchased using bulk supplies for USD$12. As there are no spe-
cialist components, all of the components can be purchased locally
from the cheapest source. The only unusual material is the fabric
conductive tape which can be ordered through online distributors.
Within the context of our participants, this is more affordable than
the available alternatives.

With regard to robustness and re-usability, the TapeBlocks mak-
ing activity can only be undertaken once, as the tape cannot be
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Figure 3: Making an LED TapeBlocks by inserting the LED under the conductive tape

removed after being placed on the blocks. However, once the Tape-
Blocks have been made, they can be re-used multiple times. If the
components become too dirty, they would eventually need to be
replaced, however we note that we have used and demonstrated
some of our test TapeBlocks over a thousand times and have not
come across this issue. The tape used for TapeBlocks maintains its
conductivity as it does not tarnish or tear, compared to its other
tapes such as copper tape. The batteries need to be replaced, how-
ever it is possible to make TapeBlocks with other power options.
These include but are not limited to: 5V USB rechargeable power
packs, solar panels, which were not explored in this paper.
Beyond this, the ability to reconfigure the tools themselves adds
another layer of complexity and self expression. This activity is
necessarily more complex than connecting the blocks together and
fits with the high ceiling and ladders paradigm for toolkits [21].

322 Low threshold for engagement. We intend for TapeBlocks to
require a very low threshold for engagement. For users without fine
dexterity, TapeBlocks should offer a low physical threshold, such
that if the blocks are put on a flat surface they are able to be pushed
together with the back of their hand to form a working circuit. The
EVA foam blocks are large enough to easily physically manipulate
and have no sharp edges. The use of conductive tape rather than
other common alternatives such as breadboards, soldering, sewing
created a much lower barrier to entry. The physical making of the
blocks also tries to use tools and materials that are likely to be
simple, and familiar and easy to use.

We also aim for TapeBlocks to be simple and intuitive without
the need for complex instructions. To create a circuit, all that is
required is to push a power block and an LED block together. The
connection areas for the circuit are large, which is intended to
encourage participants to work out how to make the circuit with
TapeBlocks or discover how to create a circuit through exploration
of the potential combinations which are constrained and error
tolerant.

3.2.3 Meaningful making and social character. TapeBlocks let peo-
ple living with disabilities actively participate in the maker com-
munity by providing an activity that was previously inaccessible to
them. By including people with disabilities in these activities, our
hope is that we provide them with opportunities to create a sense of
social connection and discuss what they are creating. Participating
in making as a group can provide an environment where concepts
and language can be practiced and names can be given to new ideas
and concepts. Having multiple sessions of making TapeBlocks may
offer opportunities for consistent reinforcement of the new skills
and concepts that are being acquired.

The acquisition of new skills is exciting and electronics are of-
ten perceived as a challenging knowledge domain. Through the
use of TapeBlocks as a toolkit that supports the building of knowl-
edge about electronics, a challenge is met in a field that is often
considered beyond a person’s ability. This can lead to a person-
aly meaningful experience and a sense of pride at completing a
challenging task. Finally, personal meaning may also come from
creating objects that take effort and are of interest to the maker.
The creations can be decorative or useful and are often shared with
others and are kept as a reminder of the experience.

4 METHODOLOGY

The concept behind TapeBlocks emerged over multiple different
projects working with people with a range of intellectual disabili-
ties, making it challenging to point to a single formal design method
we used. However, once the idea was in place, we evaluate Tape-
Blocks using a two-phase mixed-methods approach to understand
the role that they can play in engaging people living with intellec-
tual disabilities in making. The first phase focuses on understanding
makers and special education professionals’ perspectives on Tape-
Blocks, how they can be integrated into their practice, pragmatic
concerns about their deployment and whether there are any eth-
ical issues associated. In the second phase, we further refine and
evaluate them through remote maker workshops, conducted with
young adults living with intellectual disabilities and led by teachers
and support coaches who took part in phase one. These workshops
allow us to see how well the TapeBlocks activities are received,
identify specific issues with their design, check that TapeBlocks
workshops can be delivered by coaches and teachers without elec-
tronics background, and gauge the extent to which they engage
participants with intellectual disabilities.

4.1 Design with Makers and Coaches

In the first phase we conduct one-on-one interviews with makers,
and participatory design sessions with professional support coaches
and teachers at an Non-Government Organisation dedicated to
working with young adults with intellectual disabilities.

We visited three makers in their makerspaces for one-on-one
interviews to understand their perspectives on bringing people
living with intellectual disabilities into makerspaces. The makers
discovered making through their study of Computer Science, their
work as an academic or as a professional programmer. We intro-
duced TapeBlocks to the makers at the end of the interviews and,
after letting them play with them, talked about the opportunities
they saw for TapeBlocks. The interviews lasted roughly one hour
each.



CHI ’21, May 8-13, 2021, Yokohama, Japan

Type of participants ‘ Number of participants

Makers 3
Support coaches 3
Teachers 1

Table 1: Overview of makers and special education
professionals in phase one

Additionally, we held participatory design sessions with three
support coaches and one teacher. These sessions had to be con-
ducted remotely due to COVID-19 restrictions, and TapeBlocks kits
were sent to them by postage prior to the sessions. We followed
a participatory design approach using group sessions to evaluate
TapeBlocks design and create a structure for remote workshops for
the NGO’s clients. The coaches and teacher all worked in a profes-
sional capacity with young adults with intellectual disabilities and
regularly led lessons for them in person. At the start of the process,
they already had some limited experience running remote classes.
We wanted to gain insights from them about the barriers and en-
ablers to making activities for adults with intellectual disabilities.
Additionally, we also wanted to understand the practicalities of
using TapeBlocks in a remote setting. We conducted three sessions
each lasting approximately two hours with all four of them present
along with two researchers. The first two sessions were conducted
on Zoom and involved completing an online collaboration board
(Figure 4). We held the last session in LearnCube (Figure 5), the
educational software the NGO use to deliver their lessons, as the
workshops with people with intellectual disabilities would be de-
livered through the same software and we wanted to familiarise
ourselves with it.

4.2 Makers and Coaches Sessions Outcomes

The material from the transcripts, Miro boards, and workshops
recordings were analysed using thematic analysis following the
method outlined in [7] to create a simple, structured understanding
of the opportunities and challenges that TapeBlocks and online
learning would present. This analysis was presented back to the
support coaches as part of our effort to create a shared understand-
ing of how we should structure TapeBlocks workshops for remote
delivery with their clients.

The coaches and makers all liked the TapeBlocks as they were
presented to them. They quickly appreciated some of TapeBlocks’
qualities, such as their soft foam construction, bright colours and
easy configuration, maker 2 said "I think like they’re nice tangibles,
their squidginess encourages you to snap them together and try kind
of silly things and see what works.” The makers and support coaches
suggested that the blocks follow a colour coded traffic light system,
an idea that the research team had considered but rejected due to a
few seasons: (1) the flexibility on choices of colour are perceived as
an advantage, (2) current standards in electronics do not follow the
traffic light system, and (3) this would put an additional constraint
on participants to learn something else. However, due of the strong
support, we changed the introductory kits to follow a traffic light
red-yellow-green system (Figure 6,C). All of the coaches and makers
enjoyed playing with the blocks and built their own creations from
TapeBlocks. When thinking about the role that TapeBlocks could
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play in engaging people living with disabilities in making and
electronics, their ideas shared three common themes.

4.2.1 Theme 1: Playfulness and engagement. All makers and sup-
port coaches emphasised that engaging the participants in the
workshops would be central to success in different ways. Makers
highlighted that personal interest in their creations was a signifi-
cant factor in creating and maintaining engagement throughout the
life of a project. One maker suggested that we ask participants to
think about what "would be cool" or "be better than what [they] have
seen" while another remarked that often engaging projects are those
that are "very personal and very specific to that one person.” Coaches
stressed the importance of engagement with the concept. Coaches
suggested that we focus on making TapeBlocks workshops that
deeply engaged a small number of their clients and avoided sacrific-
ing engagement for wider participation by, for example, making the
workshops too simple. Coaches felt that their challenge, in general,
lay in finding deeply engaging workshops that motivated clients to
push themselves to learn a new skill rather than the figuring out
their approach for workshop delivery. When thinking about how
to make TapeBlocks more engaging, the coaches suggested that
more actuators that produced movements would help. The makers
thought because of how the blocks looked they would benefit from
having an example pre-made "I would also probably, depending on
the cohort, just because it looks quite unassuming, I would probably
actually come in with something built with them already just as an
example, just to give them an idea." However, the coaches planned
to use the ambiguity of the blocks in their lessons by having clients
initially explore the blocks without guidance to try and work out
what they might be used for.

4.2.2 Theme 2: Learning and challenges. Makers in particular em-
phasised that trial and error was a vital part of the educational
process in making and that, to teach this, TapeBlocks needed to
be able to push people outside of their comfort zone. One maker
said, "By intentionally making it more prone to failure, I actually
think there’s a lot to be learned from that". Coaches also thought
that this was important, but framed their discussion of challenge in
terms of the intellectual disabilities of their clients. They noted that
TapeBlocks would be "fine for low and mid-dependency groups” but
they doubted that they would see use with their high-dependency
groups. Despite this, they were quick to point out that they did
not think this meant the barrier for entry should be lowered more.
There was some clear divergence here as some makers thought
"for somebody who had impairment in their motor skills, you would
probably have to have the blocks already made" but the coaches did
not agree with this.

4.2.3 Theme 3: Lesson planning. Makers thoughts about the struc-
turing of TapeBlocks workshops centred on embedding the cur-
riculum within the tool "ideally the tool would tell you or would at
least help you or provide some kind of scaffolding for you to figure it
out". This is a central part of maker culture but the approach did
not resonate with the coaches who focused more on the specifics
of planning out lessons with the TapeBlocks. Our NGO collabora-
tors were more concerned about understanding how they could
teach their participants to use the TapeBlocks and how it could
be fit into their existing practices. We found that workshops were
typically grouped into portfolios of work that were run once or
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“Do you think your clients are creative, can they realise that creativity and what do
you think they might like to build?”

High
SIJppOI"t are Lo S.uppcrt Specific
X high interests like
quite functioning one in Transport
interactive wiould wark ag Trains, buses
well off the bat and planes
e
Hands -
Tapeblocks are useful for .
0 n high suppart as they want to Suitable for
be wery hands on. Howaver it everyone

may not be suitable in its
current form

Building
gives
confidence

Participants
do want to Interest in
learn and mechanical
make
Will they be
Want to interested in
keep electronics _
making though? Robotics
forever
New and Male and
L i -
Viacan seethot interisting female
this growp da like o
raking and are interest
Iikely to like — electronics

tapetiacks

Figure 4: Miro Board with yellow and blue sticky notes

twice a week for two to six weeks. In our second and third sessions
with the coaches, we helped develop a set of skills evaluation forms
that they used to structure other work (Table 2) and a short lesson
plan. Our aim to evaluate the TapeBlocks aligned well with their
practices around portfolio review.

4.3 Remote TapeBlocks Workshops

The second phase of our evaluation consisted of observing and
helping to run four remote, two-hour long maker workshops led by
the support coaches. The workshops took place over the course of
two weeks for four young adults with intellectual disabilities in the
LearnCube environment (Figure 5). Participants had the TapeBlocks
kits posted to them prior to the workshops and the coaches had the
sets they used in phase one.
The workshops followed the agreed structure from phase one:

o Workshop one focused on introducing the basic functionality
of TapeBlocks building up from the simplest combination

Figure 5: LearnCube environment with participant videos
on the left

possible of one power block and one LED to combining
power, a sensor unit and an actuator. For example, making
a noise come on when the TapeBlock is placed in the dark
with a battery, beeper and a light dependent resistor block.

e Workshop two introduced the idea of building simple Tape-
Blocks for yourself using conductive tape, pre-cut EVA foam
and electronic components. For example, participants would
measure and cut conductive tape, find a battery and battery
holder, and assemble them together before combining them
with an LED block they have also built.

e Workshop three let participant works on creating the more
complex sensor blocks introducing the idea of breaking and
closing a circuit depending on a variety of detectable events.
Here the form of the conductive tape on the TapeBlock is
more complex and so the workshop is more challenging than
workshop two but reinforces the same basic skills.

o Workshop four gave participants a chance to construct Tape-
Blocks based on a single foam block, completing a basic
electronic circuit and allowing them to add multiple sensors
and actuators as desired. The TapeBlocks is wrapped in ma-
terials of the participant’s choice and they create a simple
toy out at the end of the process (Figure 7).

To understand how these workshops would work without the
presence of experienced makers, they were led by the support
coaches who had participated in phase one. Each learning coach
was supporting two to three participants for all sessions. At times,
some of the participants received in-person support from care-
givers, but not consistently. Researchers were on hand to offer help
if it was needed because the research team members did not feel
it was appropriate to let participants fail with the TapeBlocks be-
cause of oversights in our design and because the coaches felt some
worry about delivering the TapeBlocks material alone on their first
attempts.
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of TapeBlocks

During the demonstration | Independent | With support | With prompting | Not yet achieved

and support

Can identify a battery
TapeBlock

Can identify a LED
or motor TapeBlock

Can identify a sensor
TapeBlock

Table 2: An example of a participant’s portfolio review for Workshop 1

4.4 Remote Workshops Outcomes

The four workshops were recorded and then reviewed by members
of the research team. The LearnCube environment presented some
challenges in observing participants as video feeds are small (Figure
5) and audio and video would cut out for several minutes at a time.

4.4.1 Workshop One. The initial workshop with participants saw
them being encouraged by the coaches to start by "playing around”
with the TapeBlocks, exploring how they could be used and working
out the steps needed to insert batteries into the holders. Participants
had working two-block creations within around 15 minutes with en-
couragement but no teaching from the coaches despite the batteries
presenting some challenges, with some participants inserting them
the wrong way around. The sensor blocks were more challenging
to understand, one of the coaches offered "You get a million points
if you can work out what the [Light Dependant Resistor] does" but
participants were happy when they were able to start using some of
the more complex actuators and sensors. The participants enjoyed
exploring the diversity of sensors and actuators but some of them
struggled to hold sets of three blocks together as the EVA foam
could spring apart. The camera link was not ideal when offering
support, as coaches could not always tell if a problem was being
caused by a broken block or the participant simply not holding
them together firmly enough. The traffic light colour coding of the
TapeBlocks that the coaches and makers suggested (Figure 6, C)
compensated for the poor camera by helping the coaches guide
participants to the right block as they could hold up one yellow
block after another to their webcams to be told when they had
found the right one. The skill of the coaches was clearly important
in this phase as they timed moving from unstructured exploration
of the TapeBlocks to more systematised work carefully.

4.4.2  Workshop Two. The second workshop started with a 15
minute recap and the fourth participant joined the workshop for
the first time. They were able to catch up with the other participants

Participant ID ‘ Age ‘ Gender

1 29 | Female
2 20 Male
3 27 | Female
4 19 Male

Table 3: Overview of participants in phase two

with some help from their parent who was also on the call with
them. The process of making red and green blocks started well with
participants familiarity with the blocks lending them a sense of
confidence working with the new blocks. Participants faced some
difficulties making the blocks with tape too far apart to be bridged
by a component and driving battery pins through tape and into the
EVA foam. They found the tape more fidgety to work with than
the foam blocks, leading to difficulties with cutting it to length.
Finally, some of the components were confused by participants and
coaches, for example, the difference between a tilt sensor and an
LED was not obvious to most participants. However, the challenges
were all overcome by participants and some of them even started
to work ahead of the group making different green TapeBlocks.

4.4.3 Workshop Three. The third workshop focused on building
yellow sensor TapeBlocks. Here the patterning of the tape on the
TapeBlocks was an issue for participants as the sensor blocks need
a break in the tape on the rear face of the block (Figure 6, A) and
conveying this to participants was difficult. The main issue came
when participants tried to cut the tape to a length that would let
them wrap it around the block while leaving a gap at the back.
Coaches struggled to find a way to articulate how to cut the tape to
length, trying out instructions such as making it the length of one
and a half faces of the block. However, participants were confused
about which faces the coaches meant and how to position the tape.
Fortunately, having had the chance to see this issue in the previous
workshop, we had prepared a video to act as supporting material
that outlined how to measure and cut the conductive tape in this
case and one of the research team stepped in to go over this process
live with the participants. Participants needed time to work through
their problems and it took up to 40 minutes for them to understand
what was going wrong but they had audible "ah-ha!" moments
when they understood the necessary layout.

4.4.4  Workshop Four. The final workshop focused on participants
building their own personal creation, a toy like single integrated
block with light up nose (Figure 7). We anticipated this being par-
ticularly difficult but we had a member of the research team take
part in the workshop to give a step by step guide. One partici-
pant was very adept at this stage and actually started to walk the
others through their process as they worked step by step while
thinking aloud. However, another participant became disengaged
while support was focused on other students. This workshop high-
lighted some of the limitations of the teaching environment for
this style of work as the two coaches could only deliver support to
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Figure 6: Samples of TapeBlocks. A) Front and back of tilt switch sensor block, B) Front and back of integrated block, C)

TapeBlocks stack

Figure 7: TapeBlocks character by a participant during
maker workshops with white fur and googly eyes

one participant at a time. However, once again, the planned work
was completed and everyone was successful in making their own
personal creation.

4.5 Post-Workshop Interviews

After completing the four workshops, the young adults with intellec-
tual disabilities and the support coaches took part in post-workshop
interviews with a member of the research team. The interviews
followed a semi-structured approach with a topic guide focused
on the attitude towards the project pre- and post-engagement and
improvements that could be made to the TapeBlocks, with the
flexibility for other areas as needed. Each interview lasted for ap-
proximately 30 minutes. The young adults mentioned that they
enjoyed their time in the TapeBlocks workshops and each of the
four had different elements of the workshops that they had enjoyed
most. Some preferred the earlier elements, like building vibrating or

beeping blocks, and some enjoyed the more challenging activities
in the final stages. All of the young adults noted that they had
difficulty constructing the sensor based TapeBlocks because of the
different pattern of tape on it. They also told the researcher they
had used the pre-built TapeBlocks as references when they had
become stuck. One of the participants expressed not liking their
creation being wrapped in a furry material, because they did not
enjoy the sensation of touching it. This suggested to us that having
a range of materials to pick from, as most makerspaces do, would
be beneficial.

The coaches were also happy with the TapeBlocks workshops
and said they would feel confident running future workshops on
their own. The coaches all wanted more material to support the
TapeBlocks workshops but had diverging views on the specific
nature of the materials. Some felt that the material needed to break
down further, with a "plan B and plan C" for the slower and faster
working clients, while others said that a single resource with a high
degree of granularity would be sufficient. The coaches felt that the
clients were engaged with TapeBlocks compared to other work
and demonstrated solid retention of the ideas between workshops.
Finally, the coaches expressed that delivering remote workshops
posed significant challenges for them, despite knowing this prior
to the workshops. At the same time, they felt that had they been
running the workshops in-person, they would have been tempted to
take control away from the young adults when they were struggling,
which may not have been beneficial to the young adults’ making
experiences and learning process.

5 DISCUSSION
5.1 Impacts of Online Delivery

Changing the evaluation of TapeBlocks to work in an online envi-
ronment showed us that our young adult participants were capable
of consistently solving problems when left to work on them for long
periods of time. The switch was challenging but it also highlighted
a different set of characteristics of the toolkit than face-to-face
workshops would have. The remote nature reduced the amount of
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support we could offer compared to traditional face-to-face work-
shops. Participants needed to work independently to solve prob-
lems, as we could not directly help participants complete an activity
or troubleshoot. This led to a dynamic where finishing work was
slower than we had anticipated, as coaches and researchers felt
awkward at times that they could not assist a participant who had
started to struggle.

However, every time this happened, participants were able to
push through, complete their work, and expressed great satisfaction
at doing so. We even saw evidence that participants were working
out their own strategies to do this. Without requiring instructions,
they found other blocks in their collection to use as references and
started to develop debugging strategies such as checking for firm
connections between blocks, rotations of the blocks or confirming
the seating of batteries. Additionally, being forced to work through
low resolution webcam images and erratic data connections made
communication slower. In particular, it was hard to see what par-
ticipants were doing as they could not point their laptop’s inbuilt
webcams at pictures while they were talking with us and, when
they lifted up their work, orienting it so we could see the relevant
sides of the work.

The issues of informed consent and safeguarding procedures
around online delivery also needed to be taken into careful consider-
ation. The research team closely worked with our NGO organisation
to find solutions for recording workshops, administering ethical
consent, and making sure that TapeBlocks were safely distributed.

5.2 Revisiting TapeBlocks’ Aspirations

We consider the extent to which TapeBlocks has met the character-
istics we set out for it in our design rationale.

Lowering the Threshold for Engagement. Across our workshops, we
did not observe any hesitation from participants with wanting to
start playing with the blocks, that can be seen with more complex
starter kits. Some of our participants started to work with the kits
we sent out and were able to get them working prior to the first
workshop. Participants who had not played with the kit were able
to make the TapeBlocks within the first 15 minutes in the first work-
shop without instructions. We suggest that one of the reasons for
this is due to TapeBlocks’ visibility and lack of hidden components.
This facilitated the ability for participants to discover by doing.
We observed them picking TapeBlocks up, feeling them, turning
them over to look at the pattern of tape to gain an understanding
of the connective nature of electronics components. By exploring
and gaining direct results, participants were able to incrementally
build an understanding from repeated self-facilitated experiments.
This scaffolding of understanding of TapeBlocks also supported our
meta-making activities when participants moved from using pre-
built TapeBlocks to form circuits to making their own blocks. This
work was substantially slower than the pre-built blocks due to the
required manual dexterity, the complexity involved in assembling
the blocks correctly and finding the right components. However,
the slower pace did not deter the participants from engaging with
the process.

TapeBlocks’ low threshold for engagement is also evident across
the support coaches and carers. We were able to introduce Tape-
Blocks to support coaches in a single one-hour long workshop, after
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which they expressed confidence that they could run the maker
workshops with minimal support from the research team. We did
not closely consider the threshold for engagement for people who
support those living with intellectual disabilities, as we did not
expect direct participation. However, in our interviews with them
post-workshop, they reported that the simplification of an elec-
tronics toolkit allowed them to step in and help participants when
needed. They even reported enjoying playing with their TapeBlocks
kits themselves and wanting to learn more about other making ap-
proaches.

Tinkerability. Throughout the workshops, participants were able
to tinker with the blocks and sometimes use them for individual
purposes. Participants made the TapeBlocks into tools to disrupt the
class, using the beeper block, and played tunes with it. However, the
exploration in this phase was more limited that we had envisioned
when designing TapeBlocks due to the remote delivery. We did not
have access to other tools what we could share with our participants
to modify the TapeBlocks further.

Meaningful making and social character. We aimed to engender a
sense of social connections with the TapeBlocks by letting people
easily show their work to one another. In our evaluation, we saw
evidence of the meaningful making and the social nature of Tape-
Blocks. Participants talked and offered each other help throughout
the workshops, leveraging the oversized nature of the blocks to
point to specific components of the blocks to aid their explanations.
However, this was limited by the fact that only one person could
talk at a time and the online platform made it difficult to show
participants’ progress.

The interplay between the coaches and the participants in the
workshops mirrored parts of the classic maker environments but
was more hierarchical. The coaches were adept at encouraging
participants and constantly motivated them by showing faith in
their ability to complete tasks without support. They nurtured par-
ticipants’ sense of curiosity by encouraging their exploration when
they uncovered a new feature or function. Participants were chal-
lenged to race against each other to be the first to make something
work. What is more, they were praised when they overcome more
difficult obstacles complimenting their ability. This community is
distinct from the more peer-driven ones in some makerspaces, but
there were still signs of that camaraderie.

5.3 What Comes After TapeBlocks?

The onboarding process for makers is not typically straightforward.
It requires learning multiple skills and deferring reward until they
work through and gain a level of mastery in several of them. The
TapeBlocks design pushes back against this, but it does not leave
someone ready to start making on their own. Across the evaluation
stages, all stakeholders - makers, coaches, and people living with
intellectual disabilities - were interested in how to progress from
TapeBlocks to more advanced making activities. We take this to
be a positive sign, as the eagerness to progress and develop skills
came from an underlying, newly found motivation to build more
and engage with making.

Some participants were curious about how we could extend the
TapeBlocks themselves as useful tools to build different things with
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them. Others were interested in customising the single block units
in order to make them more expressive and bespoke. For makers, the
idea seemed to tie into questions of support and granularity: while
TapeBlocks highlights some problems with existing maker practices,
completing the activities associated with TapeBlocks does not mean
that participants are able to engage with makerspace tools on their
own. The young adults living with intellectual disabilities wanted
to know what new things they could build with the current toolkit
and how they could expand it with new electronics components.
One way to extend TapeBlocks would be to attach a Micro:bit with
a banana plug and cut lead taped onto a TapeBlocks to facilitate
programmable blocks and enable tinkering at a more advanced level.
For support coaches, the extension focused on the new activities
they could run and also made them think about how the TapeBlocks
might work into an expanded repository of electronics and making
activities.

6 CONCLUSION

In this paper we have presented TapeBlocks, a low cost, low fidelity
toolkit that aims to improve the accessibility of making for people
living with intellectual disabilities. We worked with makers and
support coaches to evaluate the design of TapeBlocks and create a
lesson structure that we then deployed with a group of young adults
living with intellectual disabilities in remote workshop sessions.
Our results showed that, despite the remote setting, participants
were able to engage with the blocks to make their own electronics
circuits and were able to build their own sets of blocks. We conclude
that TapeBlocks supports accessible making and playful discovery
of electronics for people living with disabilities, addressing a gap in
existing toolkits by being tinkerable, affordable and having a low
threshold for engagement.
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