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Abstract. We present the design research process towards a novel learning
technology to improve instructional documentation in makerspaces. Our focus is
on the ways in which smart tools can better support learning practices, with a
particular emphasis on role of documentation plays. We first describe a co-
design process with educational stakeholder that generated concepts for NFC-
enabled forms of hybrid documentation. This solution developed offers a pro-
cess for coupling physical tools, parts and materials to online resources in order
to help make documentation ready-at-hand for learners. Findings from a sub-
sequent focus group led to a refined implementation. Our preliminary evaluation
in a high school settings highlighted the value of integrating online documen-
tation formats to support youth navigating a broad array of fabrication tools and
parts. Educators valued the solutions ability to support self-directed learning and
to increase student access and agency with instructional resources.

Keywords: Makerspace � Education � Learning technology � NFC � Smart
tools

1 Introduction and Background

Much work has explored the role of documentation in making learners’ thinking visible
[3, 5, 24] and revealing process and accomplishments [3, 29]. By externalizing and
sharing concepts and craft [26], documentation prepared by others also plays a sig-
nificant role in learning [7, 22], particularly in maker-based contexts; as evidenced by
the popularity of digital guides like Instructables and Hackster.

Makerspaces contain a wide array of tools, materials and components visible and
ready-to-use for learners [17]. While the tools are ready-at-hand, the knowledge and
practices needed to use them is not. This is particularly challenging for novices who
need to successfully navigate many choices to identify appropriate tools for their
projects [11, 13]. Each tool often requires safety, training and imposes a large number
of practical, logistical and instructional overheads on facilities and staff [4]. Recent
studies have noted the many complexities present for learner and practitioner alike: the
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tools in makerspaces require much training and guidance; they are often not suited to
youth learners without training and guidance; they require alignment with instructional
methods and outcomes to be successful; and they require learners to successfully and
regularly transition from physical work spaces to virtual spaces to manage documen-
tation and knowledge discovery [21, 23].

In this paper, we address these challenge and present a mechanism for distributing
knowledge into the makerspace: to more closely integrate tools, components and
physical assets with supportive digital instructional resources. Recognizing the same
problem, Knibble et al. [13] created an augmented workbench to overlay contextually-
relevant instructional guides and augment project-work in makerspaces. Schoop et al.
[25] similarly proposed a mixed physical-digital environment to build confidence with
tools and technical skills. These two approaches highlight how technology augmen-
tation can positively enhance the practices within a makerspace. Both examples,
however, employing expensive and technically intensive strategies that are unlikely to
be replicable or affordable for most makerspaces. We instead use NFC technology to
offer a low-cost, scalable solution.

We outline the design research process behind this solution. We first describe a
multisite co-design process to generate concepts for technology-enhanced making. This
process is used to closely with educators and identify technology-driven concepts that
aligns with the cultures, values and practices of educational stakeholders. We discuss
how this process was leveraged to synthesize and identify solution for hybrid docu-
mentation - the coupling of a physical object to online digital content like a blog-post,
portfolio or Instructable. We describe the system prepared, its operation and how it
offers a low cost, scalable alternative to existing and emerging approaches. Finally, this
system is evaluated both through an early stage focus group with two experts and
through a preliminary evaluation with seven participants at a high school makerspace.
In so doing, we illustrate an effective approach to introducing NFC technology within
educational contexts and additionally demonstrate the value and applicability of NFC
in creative and technical documentation to support learning within a makerspace.

2 Design Research and Concept Development

In this section, we describe our design process for documentation in educational
makerspaces.

2.1 Co-design Workshops

We emphasize a design research and participatory approach in how we examine new
technology supports for maker- and project-based learning. In so doing, we seek to
include educational stakeholders in identifying and responding to instructional prac-
tices, learning goals and outcomes, and cultures of documentation valued in their
spaces. To do this, we developed a series of co-design workshops to solicit concepts
and possible design enactments. This four-hour workshop was conducted with stake-
holders at across three contexts which emphasize maker based learning: an under-
graduate degree program (four participants), a high school (eleven participants) and a
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youth summer program (six participants). The curricula at all three sites was organized
around hands-on project-based learning and the instructors all explicitly included
documentation activities within their instructional practice. Participants included
instructors, program coordinators and staff. Initial activities in the workshop encour-
aged educators to develop a shared understanding of documentation, how it benefits
their curricular programming and the pain-points encountered when facilitating docu-
mentation in educational settings. Pain points were actively discussed and prioritized as
they related to each program. This elicitation of challenges was central to supporting
generative design activities later. The workshop then transitioned to introduce tech-
nologies and emerging approaches that could be used to scaffold documentation
practices. After which, the remainder of the workshop was dedicated to a series of
participatory design activities. These encouraged educators to speculate on the ways in
which technology (e.g. cameras and timelapse/video capture, live-scribe pens, smart
home products, etc.) could be deployed to augment existing or foster new documen-
tation practices in their classroom. In this, we encouraged participants to consider
technologies that are situated in learning activities and routines, would improve doc-
umentation skills and outcomes, would be valued by educators and learners and would
address the pain points and challenges identified by the group. At the end of the
activity, participants reported out on their concepts and as a group prioritized concepts
for supporting learning in technology enhanced makerspaces (Fig. 1).

Across all sites, participants converged on a cluster of related concepts that iden-
tified the need to trace the history of interactions, and to support peer-to-peer learning
and knowledge discovery with the objects, tools and parts that are typically found in a
makerspace. Several related concepts suggested that tracking patterns of use would
encourage students to explore new materials and tools. Another set of concepts valued
augmenting tools with digital instructional guides through spoken audio or projection;
while others considered how the tools themselves could gather feedback and reflections
from students while in use.

Fig. 1. Participants brainstorm, discuss and prioritize concepts.
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For example, at the high school, participants prioritized three concepts relating to
material and tool usage, and ways in which the tools and materials themselves could
enable students to learn how to use them effectively by their documenting past inter-
actions with (other) learners. A concept from one participant imagined an augmented
parts bin where “[a]s a user comes to materials, [the device] tracks materials they look
at and take/put back. Students then “get a list of considered/used/returned materials” to
help them develop a bill of materials, identify relevant online tutorials and guides, and
to support the creative exploration of parts as they apply to assigned project work.
A second, and similar, concept saw a design of a materials or parts bin that would help
students to “understand the purpose of complex parts and their effectiveness”. It would
do this by allowing a student to place materials or parts in front of a camera, and then it
would begin “displaying text and describing use of parts and materials through video
and images”. This notional concept also included the idea that students could add to
these descriptions based on how they had used the tool, giving richer resources to the
next student to use the same material or part. In the same vein, the third use case,
imagined a storage area or cubby that would actively track tool use and encourage a
student to “articulate how they used tools to support their learning”. During use or on
returning a tool to the storage area, this solution might prompt them with messages like
“How did you use this tool today?” to verbally record their experience with a tool,
encourage reflection on skills and project development and provide knowledge
resources to other students. These tools were organized and described by the group as
“tools with histories.” They are illustrated in Fig. 2.

Fig. 2. Concepts for ‘Tools with Histories’ generated by participants.
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2.2 Concept Development and Iterative Prototyping

Concepts were analyzed and key features elicited by participants drawn out. This was
synthesized and conceptualized into an underlying solution for enabling hybrid doc-
umentation – the coupling of a physical object to online digital content like a blog-post,
portfolio or instructable, brief surveys and reflective prompts. At the core of the con-
cept was the need to enable proximity-based interactions with a wide variety of tools,
materials and components that were of an array of shapes, sizes, arrangements, etc.
Additional constraints on scalability, deployment and use were set: namely it must
create the least amount of effort to infrastructure a space for a resource bound educator,
it must be a broadly accessible solution to students with the least amount of overhead to
adopt/participate with the solution, and it must provide agency to educators and stu-
dents alike in developing knowledge resources.

These requirements guided our survey of ubiquitous proximity-based technologies
for a suitable solution including include printed markers (barcodes and QR codes),
RFID/NFC, BLE or indoor localization strategies, and computer vision techniques; all
of which could be used in our approach. Computer vision (object detection and
recognition) has been used in identifying parts in electronics [12] and tools within
spaces, however it requires extensive visual examplars to be collected for training
purposes making it impractical as a broadly scalable solution. Furthermore and as Gong
et al. [9] note: “While these computer vision based methods are powerful, we delib-
erately excluded cameras in this work since the spaces that fabrication can take place in
can be large, transitory and dynamic, the issue of occlusion can cause loss of infor-
mation from camera streams.” As an alternative, Bluetooth LE beacons could be
applied to tools, but they are more costly than other solutions (e.g. QR codes,
RFID/NFC), require power and are generally more bulky making them impractical to
apply to varied surfaces and small components. Indoor localization strategies could be
used to detect where a learner is in the makerspace and operating in tandem with a
virtual model of the space could allow a learner to be presented with relevant (aug-
mented) information. As parts, tools and materials are regularly moved in active
makerspaces and not reliably returned to designated locations, this was also deemed
impractical. In addition, both BLE and indoor localization would require the devel-
opment and installation of a custom mobile application(s), adding overhead to
deployment and immediate use by students. This left printed markers and NFC tech-
nologies as candidate technologies. Both were low-cost, and scalable mechanisms that
had seen recent integration into modern smartphones (QR codes can be automatically
detected in camera applications [30] while background tag reading for NFC is included
in latest Android and Apple models [1]), removing the need for installed applications.
QR codes offers a more adopted and ubiquitous technology, and one that shows past
success in educational settings [8, 19]. In assessing the technology two issues were
presented: readability issues could present [28], especially for small tools, or tools with
irregular surfaces and while it would provide a visual signal to augmented content, it
would also require extensive relabeling in established educational makerspaces – such
makerspaces typically are well labeled, especially parts bins, componentry and storage.
Relabeling to accommodate the inclusion of a QR code would be a resource intensive
effort. While, NFC is less widely used in educational makerspaces, its potential has
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been suggested as an avenue for future exploration [16]. Making it an interesting
technology to study further in this context. It has, however, has been extensively used
in industry (e.g. payments, logistics, healthcare) [2, 14, 15, 18, 27], is proven reliable
and recent iterations of smartphones have incorporated background NFC-tag scanning
capabilities making it more broadly accessible [1]. In addition, as a flexible sticker, it
can be widely applied to a variety of surfaces and can be placed on or behind existing
labeling.

As such we identified and adopted NFC tags as a low-cost, easy-to-use and scalable
mechanism to enable hybrid documentation. Thus, and by using NFC, in our scenario a
learner would tap their phone on a soldering iron, for example, to reveal step-by-step
guides curated by their instructor, prompts on past students experiences with the device
and the opportunity for students to contribute and evolve the documentation. This
would make learning guides ready-at-hand and contextually relevant to a student’s
activities.

2.3 Focus Group and Concept Validation

An initial prototype of a NFC-device was prepared. Two representatives from the co-
design workshops were invited to take part in a short, 2-h focus group. This was
intended to validate the conceptual design, assess relevance to their makerspaces and
solicit further requirements and needs. The participants included one lead for a physical
computing educationally-focused makerspace and a program coordinator for a youth
summer program that focused on making and entrepreneurship. During the focus
group, the prototype was introduced and the two participants were asked to consider
scenarios and uses cases, share feedback on the initial implementation, discuss
refinements necessary and consider its relevance and applicability at their sites.

During the session, participants immediately drew comparisons to QR codes but P2
noted “my experience has been that they’ve been kind of a little bit cumbersome for
users in that they depending on the angle and the lighting and like how close you get
and the camera resolution, it can be a little bit difficult” and “one of the things that I like
about NFC is that with the latest of phones that they’re passively scanning for NFC,
that it’s in the background and it’s really easy to tap and get it.” They also noted the
drawbacks of QR codes: “I don’t have to open the camera app.” “I don’t have to then
tell it what to do when it gets a URL” and “it’s like a four step process.”

Both participants noted potential accessibility issues with an NFC based solution.
They stressed it was “absolutely essential for some kind of other way of accessing [the
resources]” as “we want to have everyone to be able to use” any solution deployed at
their site. Participants suggested “having [another dedicated] device that’s local, that
we’re not dependent on people’s individual phones”. Similarly they noted providing an
additional device would allow students who did not have access to a smartphone to still
benefit from the platform and gain access to its content easily. They recommended a
tablet with NFC capabilities would be ideal as “[t]here’s something nice about a tablet
size for scrolling through.”

The educators also voiced concern at the level of effort it might take to completely
outfit an existing makerspace. They offered suggestions as to how the system might
practically manage and minimize this effort: “bulk labeling could be super interesting”
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and linking with or supporting import from existing inventory spreadsheets or database
software was seen as advantageous. Both recommendations were later incorporated
into the platform.

Both participants saw immediate opportunities for any analytics of student inter-
action with NFC-tags as being beneficial. These comments centered on the potential of
usage data to help instructors monitor and better support student progression through
analytics of documentation (and material/part) use: “It would be an easy way at a
glance to see if they needed help or resources in a certain area.” P2 illustrated this
further: “if I could see students as they scan one thing, and I knew what their next steps
would be and they stopped or they started over or they got the wrong thing next…I
could easily touch base with them and say, Oh, you seem like you’re stuck on this one
part or you’re continually revisiting this.” It was also noted that these analytics would
be equally valuable to the learners themselves: “they’re creating their own interactive
history of learning.”

Reflecting on this further, P2 remarked “I like the idea of the history, but I also like
the idea of them creating the history (P2).” Both participants noted analytics would
beneficial but fostering an active community that contributed to the continued devel-
opment of associated tool documentation would be much more advantageous; they also
suggested the system should become “a commons for technical components.” P1 noted
that the system currently repeated the existing model: “[w]hat I have to do now is either
point students towards a resources that I wrote… or I point them to another tutorial I
found on the internet that I think is a good tutorial.” However, P1 preferred if the
system could give more agency to the students in building knowledge resources: “I
want a user editable page, for every single thing in our inventory, which is akin to a
Wikipedia page” as it would be “great to be able to say here’s a resource developed
mainly in part by faculty and teachers of the space, and maybe in part by other students
who’s project used this part… and other student can build on it.

The participants concluded the session by considering additional ways this system
could be deployed in their space beyond documentation. Tags could be added “in each
cubby where students leave their work behind having a link to their process work”, as a
way of “the door having a feedback survey, that they can scan on the way out, on what
they learned that day”, and suggested it should allow “these tags to connect to any other
network device in the space”, for example “we can have a tag that sends a signal to the
printer and it prints a recipe for parts and everything that they should go through.”

To recap, we validated the “tools with history” concept with two educational
stakeholders in a short focus group. They emphasized the needs for: supporting
alternative means of accessing the documentation linked to a NFC tag; providing
dedicated NFC-enabled devices in the classroom to allow students without access to a
smartphone to participate with the platform; revealing analytics to enable learners to
trace their tool use and development, in tandem with providing visibility of their
learning experience so that instructors can better support them; to enable wiki-like
editing of the documentation to give voice and agency to students in supporting their
peers and in decentralizing the process of documentation development; and finally,
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enable tag activations to trigger actions with networked devices and resources. These
requirements informed the development of a refined version of the platform described
next.

3 Implementation and System Description

The underlying framework for hybrid documentation comprises a custom NFC-writer
device and a cloud platform. The NFC writer is a key component of the infrastructure
(see Fig. 3); as it is used to write information to an NFC tag before it is applied to a
tool, component or asset within the space. It is designed to be replicable with hardware
and components commonly available in makerspaces. It contains a wifi-connected
microcontroller, a PN532 NFC board, an OLED screen, a pushbutton, a LED and a 3D
printed enclosure.

Figure 4 depicts the relationship of the NFC-writer to the larger framework. The
NFC-tag writer is responsible for encoding a URL to each NFC tag. When a new tag is
placed on the tag writer, it will be detected and prompt the user to set it up. During the
setup process, the device connects with our middleware, which generates a unique
URL per tag; comprised of middleware’s domain and a tag specific shortcode. Thus,
each time the tag is scanned, it first visits our server and is then redirected to the
resource, allowing analytics to be gathered.

Once configured, the tag can be scanned with a recent model smartphone. The first
time the tag is scanned, it will prompt the user to specify how it is mapped to docu-
mentation. Each tag can be set to either redirect to a web resource (e.g. an instructable
or guide), or to a wiki-like webpage that can be collaboratively edited by the learning
community. This process is illustrated in Fig. 5.

Fig. 3. Left: final prototype of NFC tag writer for hybrid documentation. Right: depiction of
components used.
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The server provides a full featured web application for makerspace managers and
authorized users. The user interface provides a dashboard to view analytics, manage
tags, and connect webhooks. Webhooks are triggered when a tag is scanned, modified
or setup.

Modern smartphones passively scan for NFC tags, so once the phone is proximal to
a NFC tag it will immediately load the associated URL. Thereby making documen-
tation ready-at-hand and convenient to access.

This approach is flexible, allowing multiple forms of documentation to be asso-
ciated with a variety of tools and components. For example, a soldering iron might be
linked to an Instructable to guide novices on its use and through a webhook activate its
outlet connected with a smart socket. Similarly, and as suggested by focus group
participants, storage areas or student project work might be linked to their online
portfolio or process blog, while a component bin could be linked to a wiki that
distributes the work to the community of describing how to use the resource in their
projects and example use cases.

The novelty of this approach is threefold. Firstly, it provides a low-cost, easy-to-
adopt, scalable framework that can be overlaid in existing makerspaces without
requiring significant technical knowledge, redesign of labeling, signage or compo-
nentry’s organization. Secondly, this solution offers an integrated platform to support
learning in an educational makerspace. While RFID/NFC is already widely used in
makerspaces for access control, here, it deployed to solves two common key challenges
for learners in makerspaces: identifying and distributing instruction in-situ and ready-
at-hand while providing agency to the learning community to continually gather and
evolve learning resources through collaborative editing. Thirdly, and by gathering
analytics of the documentation accessed by learners, it provides educators and

Fig. 4. An overview of the hybrid documentation framework.
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instructors increased visibility on what knowledge resources are being frequently
accessed and how this changes over the course of a semester. This can enable them to
direct effort to digital documentation and make curricular moves to better support
novices.

There are some limitations to this approach. Most notably, it is reliant on smart-
phones that support NFC technology, and this may limit the number of students who
can adopt and interact with such an approach. As noted previously, this can be over-
come by providing a dedicated NFC-enabled tablet or smartphone for students without
access to a NFC-enabled device to access the content conveniently. In addition, the
documentation resources can be accessed via a web frontpage for the makerspaces to
provide another accessible mode of access.

4 Evaluation

As a formative evaluation of the hybrid documentation framework, we conducted a
two-hour workshop at a high school with five educators and two administrators. The
high school, and participants, had previously taken part in the previously described co-
design workshop. As such, all participants were familiar with the concepts generated
from this work and valued documentation in supporting student learning. The work-
shop was held in the school’s makerspace, a large dedicated room situated in the
school’s library.

Fig. 5. A step-by-step guide to set-up of a NFC-tag with the custom tag reader
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4.1 Procedure

The workshop began by reviewing the co-design process outcomes and discussing the
‘tools with histories’ concepts generated. The hybrid documentation framework was
then introduced and demonstrated using a series of staged artifacts including linking a
multimeter to a tutorial on its use and a clipboard linked to an online collaboratively
editable to-do list.

After introducing the system, participants toured the makerspace using Polaroid
photo elicitation activity to help identify scenarios that could be supported by the

Fig. 6. Left: NFC tag brainstorming. Right: Instructors deploying tags in the makerspace

Table 1. A summary of concepts generated by the educators.

Physical
item

Digital content Learning goal or purpose

Wire
stripper

Tool information and demo- how is it
used and named; Pictures and video of
students using the tool

Help familiarize students with
tools and skill development

Computer
project kit

Dis/assembly guide through rich media
(text and video)

Set stage for students to
understand what’s inside the
box and how to use the
components

Soldering
area

Tutorial on soldering, safety video, tools
associated with soldering

Use of equipment; safe use of
equipment

Roland mill Tutorial on how the tool is used, a safety
tutorial, student work produced on the tool

To help student to know how to
use a piece of equipment

VR googles Video introducing VR equipment and
how to use google earth; guidance on
setting it up for use in the classroom

Introduce students to the
concepts of VR equipment for
a project

Past project
(Game
Console)

Video of student work; reflections on
construction; highlights video

Provide reflections on the
creation of a product;
highlights student contributions
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system [4]. As part of this process, individuals were asked to capture a polaroid photo
of an object, tool, part, material or area in the space that could be augmented with NFC-
enabled documentation. Using the worksheet (see Fig. 6), they recorded what content
they would like to associate with it and the educational goal or purpose that it would
serve. This exercise lasted 15 min, after which participants gathered to share out their
use-cases. A total of unique 14 objects and areas were marked-up. This included an
interactive white board and digital signage, equipment (green screen, thermal printer,
Roland mill, 3D printer), tools (wire stripper, 3D Pen), storage bins and areas (sol-
dering station, entry way), a project kit (a computer to be disassembled/reassembled) as
well as one past student project (a gaming console). While more creative applications
were covered (attendance tracking, gathering documentation), these initial scenarios
emphasized providing introductory content to “introduce students to makerspace and
equipment” and increase their recognition of the type and use of tools. They favored
being able to help students name specific tools, increase understanding of tool affor-
dances, encouraging safe tool and equipment use, providing curated introductory
guides, and revealing procedures and setup processes for proper use. A subset of
participant-generated scenarios is provided in Table 1. Working with the educators,
they were then invited to use the framework to enact these scenarios within the
makerspace, as illustrated in Fig. 6. This was followed by open-ended discussion with
the stakeholders. The discussion was audio recorded, transcribed and synthesized.
Findings are next described.

4.2 Discussion and Findings

Flexibility: Participants appreciated the system’s potential to increase familiarity and
contextual know-how with tools without instructor support, remarking that this
approach to instructional resources is about “making it more accessible. It’s more
direct.” They also valued its adaptability to a variety of uses including administering
surveys, linking portfolios, and gathering documentation. Of most importance to the
participants was the fact that it builds on, rather than replacing, existing digital content
at their disposal. This school uses Google products (Drive and Sites to gather project
documentation) so it would be convenient for both educators and students to work
with: “Google drive is something that we’re comfortable using”, “we could write step-
by-step guides for some of these scenarios…using Google drive”, “probably that would
[link to] a separate webpage of the student would build.” By linking to online
resources, they felt it could easily integrate with existing digital platforms in the school
and layer on instructional practices already used in their curricula. This could save time
and effort in deploying the system.

Effort and Coordination: However, educators shared that they did not have enough
suitable content to begin building the use cases they envisioned. One teacher noted “I’d
love to do [this] but I don’t have the student reflections. I don’t have the videos and that
content created yet.” Another agreed but noted “the real goal is getting the students to
get content in there.” Stakeholders further discussed that getting students to coopera-
tively prepare documentation and resources for the makerspace would be helpful but
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would need to be situated within a curricular process to be most effective. Coupling a
class project with developing documentation for tools and part, would be most bene-
ficial to students as “its a really nice use beyond just content or information… but if
we’re looking for students create content. By the end of this term, [a student] will have
created two tutorials. The creating of the tutorial is kind of a bonus. Somebody else gets
to learn from viewing the tutorial, but…there’s a lot of evidence of learning in the
process of creating the tutorial.” As such, the suggestion was to have students docu-
ment outcomes that contribute to the situated knowledge of the makerspace; this would
allow the effort in developing resources to be shared, and mutually benefit student by
creating shared resources for others in the space, while being a vehicle to evidence their
own learning on projects.

Issues Surfaced: In considering a curricular framework where students cooperatively
develop content, educators raised concern over broad access to edit the linked content.
Instructors wanted greater oversight over content to avoid digital vandalism or misuse.
Additionally, the group was cautious about the analytics, not wanting to be “too heavy
handed with tracking” as that could have “raised other kinds of concerns about how the
data is being used and that kind of thing” for students. Finally, they suggested the need
to “develop some sort of visual convention, like a sticker, an icon or something. So that
students start to recognize this as an NFC tag.” This led to a discussion comparing the
approach to QR codes, which have a more prominent visual signifier.

Knowledge Discovery and Credibility: During this comparison of the two approaches,
one participant raised the question “why shouldn’t they [the students] just Google?” to
find the resources they need. This led to a productive conversation. One participant
responded: “You can Google anything and we don’t really want to test kids on things
that they can Google. So if they can Google how to use this tool, why should we not
just make it accessible for them?” Another noted that by making the content available
in-situ and “on demand, that changes instructionally what can happen and what you can
do because [the teacher]’s gained back that time” from formally introducing each tool
in class. Discussion also noted that by curating recommended resources, “[t]he teacher
is directing to where you’re going. So it’s a credible source. It’s what you’ve selected
as the training” It was noted that students who are newer to projects involving tools and
technology, often don’t know how independently identify suitable sources of knowl-
edge for their project work. This solution overcomes those challenges.

Value in Learning: Throughout the discussion, the educators noted several opportu-
nities to create value in their educational experiences, specifically in personalizing the
experience, supporting reflection and inquiry, in leaving knowledge behind for others
and in helping to gather multiple forms of evidence of learning.

First, this framework, the analytics gathered and the ability for students to con-
tribute knowledge resources to the makerspace were all seen as new and interesting
mechanisms to evidence student learning: by accessing the guidance and by tracking
activity students are indirectly “documenting their ability to be able to use the tool.” In
offering ways for students to contribute to the documentation too, this could be more
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actively demonstrated. Discussing the soldering station, one educator remarked ”I
would love to have students literally sit here and take a 30-second video of the evi-
dence” that they have practiced soldering and add it to the associated tag’s docu-
mentation. In so doing, it was seen as a way for students to “start to learn how to
articulate what they know and learn”

Second, in making details about tools, components and materials accessible in-situ
and in the context of hands-on project work, it would “have a role in helping [students]
reflect on what’s possible for their projects” This was seen to be of benefit not only to
increase familiarity with tools but to allow students to reflect on the forms of inquiry
that the tools support.

Third, it was seen as an opportunity to enhance personalized learning and self-
directed discovery within their makerspace: “the tools themselves, they provide
training and guidance” and by virtue of this it would “be personalized to the students as
well”; they can find the knowledge they need to work with a tool in the context of the
activity. This was further elaborated: “some of the time that you spend in class
explaining [tools] such as a hammer. This now becomes on demand learning…It’s
almost like the flipped classroom concept where you give them the basics ahead of time
for them to view, or when they need to know how to do it.” Educators noted that this is
creates a means for students “to own their learning. And that helps them… It’s not an
easy shift but that’s a very valuable and a meaningful shift”

Summary of Findings: The workshop yielded the following findings. The advantage of
the hybrid documentation approach is to make existing guides, tutorials and resources
more accessible and physically colocated with the tools, materials and parts they relate
to. Educators noted that this has the additional advantages of being able to work within
existing educational technology and platforms and the content they house. Educators
recognized that by curating digital content within this framework, they were both
reducing the friction for novice makers to identify knowledge and resources but also
explicitly guiding students to credible, educator-validated resources. Finally, educators
noted the approach to create multiple educational values, and importantly, the potential
to increase student agency for self directed learning in a makerspace and to gather new
forms of evidence of learning. These preliminary findings will be the subject of future
investigation and validation.

5 Future Work

We have discussed NFC-enabled tags as a low-cost strategy for improving learning and
present a framework to guide rapidly augmenting maker-based educational contexts.
Initial evaluations demonstrated this approach as an accessible, ready-at-hand solution.
There remains much further work to conduct to improve and validate this approach
with students. An immediate next step for this project will be to conduct a longitudinal
analysis where the tool is deployed in educational makerspace and coordinated with a
curriculum over a full semester experience.
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In addition, we plan to platform’s support for hybrid documentation. Specifically,
we plan to improve the features for knowledge discovery and organization. As the
platform intends to provide agency to learners in iterating and gathering documentation
relevant to their needs, we intend to explore user-centered mechanisms to incentivize
peer-to-peer, collaborative documentation authoring and maintenance.

6 Conclusion

With growing interest in the maker movement and project-based learning in education,
there has been much recent research on this space. This has largely coordinated around
studying educational benefits, fostering documentation and portfolio practices, and
identifying technological augmentations the tools offered to support novice learners
and skilled work. In this work, we bridge all three areas. Towards this, we describe a
co-design process with educators involved in maker- and project-based settings. This
process identifies high value technological concepts to enhance education and support
educator’s learning goals. Outcomes were synthesized into concept for hybrid docu-
mentation and delivered a prototype that leverages NFC technology in educational
makerspaces. This solution provides a low-cost, scalable alternative to recent research
in augmented tools and spaces for making. We conducted a preliminary evaluation with
educators to demonstrate the value of adapting NFC to educational contexts, as well as,
the applicability of NFC in maker- and project-based learning documentation.
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