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Figure 1: We present ReflectiveMaker - a toolkit for experts and educators to design refection exercises for novice learners 
in makerspaces. Experts and educators can use ReflectiveMaker to design the refection prompts during fabrication activities, 
sense the user’s activities, identify suitable events for prompting refection, record the user’s refections, and analyze data on 
their learning progress. 

ABSTRACT 
In recent years, while HCI researchers have developed several sys-
tems that leverage the use of refection for skill learning, the use 
of refection-based learning of maker skills remains unexplored. 
We present RefectiveMaker - a toolkit for experts and educators 
to design refection exercises for novice learners in makerspaces. 
We describe the three components of our toolkit: (a) a designer 
interface to author the refection prompts during fabrication ac-
tivities, (b) a set of fabrication tools to sense the user’s activities 
and (c) a refection diary interface to record the user’s refections 
and analyze data on their learning progress. We then outline future 
work and envision a range of application scenarios. 
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1 INTRODUCTION 
The role of refective exercises in supporting learning is widely stud-
ied in HCI. This has led to the development of several theories to 
understand refective processes [2, 10], frameworks to leverage re-
fection for improving learning [4], and systems to nudge refective 
exercises during diferent tasks, such as musical skill development 
[5], and professional development [9]. However, these ideas have 
not been explored in the context of maker skills learning. 
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We bridge this gap through RefectiveMaker - a toolkit to cre-
ate refection exercises for novices to complete during their maker 
projects. In particular, these refection exercises prompt the users 
to refect on their actions during the designing, prototyping, and 
fabrication stages. To inform the design of this toolkit, we con-
ducted a semi-structured interview with an experienced educator 
who frequently uses refection exercises to support skill learning in 
makerspaces and fab-labs. Our interview fndings highlighted that 
refective exercises could be most useful for supporting learning 
for novices (1) in open-ended design projects (for example, build-
ing a bird house) (2) while making design decisions (for example, 
choosing the right electronic components), and (3) for improving 
knowledge of best practices for tool usage (i.e., knowing the right 
tool for the right task). 

Based on these fndings, we are building RefectiveMaker - a 
toolkit that allows educators or experts to design refective exercises 
for novice learners during prototyping and fabrication processes. 
The toolkit comprises three components: (1) a designer interface to 
develop refection prompts and set the refection events, (2) a set of 
fabrication tools with embedded sensors to identify when moments 
to prompt refection are encountered, and (3) a refection-diary 
interface to record and analyze the learner’s refections. We present 
three case study applications where our toolkit can be useful for 
improving self-knowledge, task understanding, and tool expertise 
in makerspaces. 

In this project, we contribute: 

• A toolkit for designing the refective exercises using: (1) our 
designer interface (2) our set of fabrication tools (3) our 
refection-diary interface; 

• Case-study applications to demonstrate the use of our toolkit 
to design refective exercises and support learning. 

2 RELATED WORK 
Our work builds upon existing HCI research on refective learning, 
systems for refection, and systems to support skill learning in 
makerspaces. 

Refection has been defned as “a conscious, purposeful thought 
directed at a problem" [4] and “a process in which people recap-
ture their experience, think about it and evaluate it” [1]. A re-
fective process is a form of conversation that occurs either in-
action and on-action [10]. A refective exercise, which consists of 
sequential thoughts [2], can be prompted through self-dialogue 
or social discourse (for example, with an instructor) or through 
human-computer-interaction (for example, with a system) in order 
to achieve the learning goals, such as improving knowledge and 
performance, or reducing errors. 

To support novices with skill learning in makerspaces, researchers 
have developed several systems that provide support for tasks such 
as prototyping, breadboarding, tool usage, etc. For example, Toast-
Board [3] helps with the correct placement of components by vi-
sualizing connectivity between components and also shows the 
voltage at each point in the circuit. HeyTeddy [6] helps with circuit 
wiring by providing voice assistance to the user and also requests 
the user to confrm that they fnished a certain step. Similarly, Cir-
cuitStack [11], and VirtualWire [8] supports users with wiring or 

re-confguring circuit wiring. Recently, the concept of smart mak-
erspaces has also been proposed by researchers where the learners 
are provided with guidance during their maker tasks [7]. However, 
these systems do not prompt refection, which is the gap we address 
in our work. 

Through Refectivemaker, we explore the idea of facilitating a 
refective exercise using a system that prompts the learner to refect 
on their actions and decisions while working on open-ended design 
projects. 

3 THE REFLECTIVE MAKER TOOLKIT 
To inform our toolkit design, we frst conducted a semi-structured 
interview with an educator at a makerspace at our institution 
who advises undergraduate and graduate students on their design 
projects. The goal of this interview was to learn how they use re-
fection in instruction and to identify these key moments when 
refection is most valuable for novices. Our fndings reveal three 
scenarios in which refection is most important: (1) in open-ended 
design projects (for example, building a bird house) (2) while mak-
ing design decisions (for example, choosing the right electronic 
components), and (3) for improving tool usage knowledge and ex-
pertise (for example, knowing the right tool for the right task). 
Based on these fndings, we designed a toolkit that allows educa-
tors or experts to design refective exercises for these key moments. 
The toolkit contains the following three components: 

3.1 Design Interface: For Designing Reflection 
Experts and educators in makerspaces can use this interface to 
design refection exercises for novice learners during maker tasks, 
such as placing electronic components using a soldering iron (Fig-
ure 2a). Designers can start by choosing the tool for sensing the 
learner’s actions. They can select the tools from a set of tools we 
provide in our toolkit. They then set the sensor reading levels at 
which the learner should be prompted to refect upon their action. 
The prompts can ask, inform, or warn the learner. The designer 
can choose from a set of pre-designed prompts or modify and add 
their own. The designer can also choose how to record the learner’s 
refections, i.e., through text, audio, or video. Once the sensor modal-
ity, the prompt design, and the recording modality are decided, the 
designer can save the refection exercise and add more prompts if 
needed. 

3.2 Set of Fabrication Tools: For Sensing User’s 
Actions and Providing Reflection Prompts 

We also provide a set of embedded power tools, for example, a 
soldering iron with an accelerometer, gyroscope, temperature sen-
sor, and force pressure sensor (Figure 2b). These embedded tools 
with sensing abilities provide more information about the learner’s 
task performance, such as holding the tool incorrectly or using the 
tools with incorrect settings. Our system interfaces with this set 
of tools provided in our toolkit and monitors the sensor readings. 
The toolkit provides have three tools, namely, a screwdriver with a 
pressure sensor, a power drill with a pressure sensor and vibration 
sensor, and a soldering iron with the sensors listed above. New Men-
tion tools can be easily built and added to the system depending on 
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Figure 2: The ReflectiveMaker toolkit has 3 parts: (a) a designer interface to author the refection prompts during fabrication 
activities, (b) a set of fabrication tools to sense the user’s activities and (c) a refection diary interface to record the user’s 
refections and analyze data on their learning stages. 

what’s available in the makerspace. The designers can select which 
sensors’ readings to monitor and at what reading levels to trigger 
the refection prompts. Our system also interfaces with the webcam 
on the learner’s laptop to record the learner’s actions, prompt the 
learner (either via text prompts or audio prompts), and record their 
refection responses (either via text prompts or audio prompts). Ev-
ery time the learner encounters a refection prompt, their refection 
responses get recorded in text or audio format in our system. 

3.3 Refection Diary: For Recording 
This interface allows both - the designer and the learner to access 
the recorded refections along with the other information related to 
the task, such as the sensor readings, the timestamps, and the task 
recordings (Figure 2c). By re-visiting the recorded refections and 
analyzing them with other contextual information, one can gain 
deeper insights into the learner’s knowledge and skill levels. This 
interface provides an opportunity to track the learner’s progress 
over time through refections. 

4 CASE STUDY APPLICATIONS 
Below, we envision potential applications (Figure 3) where Refec-
tiveMaker can support learning. 

Architectural Projects: RefectiveMaker can support architecture 
students by engaging them in structured refective exercises during 
the design development phases, and prompting them to refect on 
their design by asking open-ended design questions (Figure 3a). The 
students engaging in refective exercises when making physical 
model can learn design through the process of making. 

Interactive Art and Media Projects: RefectiveMaker can assist 
students learning about physical prototyping by prompting them 
to refect on the making steps while also informing them about the 
sequence of steps to follow (Figure 3b). By engaging the students in 
sequential refective exercises as they go through the making steps 
can facilitate better understanding of the making process. 

Engineering and Product Design Projects: RefectiveMaker can 
guide students working on the engineering and product design 
students as they iterate through several their design prototypes. 
By engaging them in refective exercises on component choices 
and placements, and warning them about incorrect tool usage, our 
toolkit can scafold skill learning in makerspaces (Figure 3c). 

Figure 3: Case study applications: ReflectiveMaker can sup-
port learning for students working on: (a) architecture de-
sign projects, (b) engineering & product design projects, and 
(c) interactive art & media projects with physical computing. 
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5 CONCLUSION AND FUTURE WORK 
We presented RefectiveMaker, a toolkit support refection-based 
learning for novices in makerspaces. Experts and educators can use 
RefectiveMaker to design the refection prompts during fabrication 
activities, sense the user’s activities and identify suitable events for 
prompting refection, and record the user’s refections and analyze 
data on the learner’s progress over time. For our future work, we 
will conduct an extended formative study with 3-6 instructors in 
makerspaces to better understand the role of refection in learning 
during making. We are also developing a framework to design re-
fection prompts that provide learning opportunities during maker 
activities. We will evaluate the usability of our system through 
controlled user studies. We will also explore how RefectiveMaker 
could support larger group and hybrid educational opportunities. 
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