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Figure 1: This paper investigates using an on-skin toolkit, SkinKit [22], in a hands-on workshop designed for middle school
students. (a) The SkinKit device consists of PCB modules and skin-conformable wire modules. (b) Students worked in pairs. (c)
Students experienced prototyping different wearable functionalities and designed the look and placement on the body.

ABSTRACT
Emerging wearable construction toolkits offer new avenues for
hands-on learning through an accessible and creative making pro-
cess. This paper uses an on-skin wearable prototyping toolkit in
hands-on workshops with a total of 45 middle-school students
aged between 11 and 15. Besides investigating the effectiveness
of utilizing the on-skin toolkit to foster creativity, we iteratively
designed and optimized the workshop format, which consists of
a hands-on tutorial, a group-making process, and a presentation
of project prototypes. Our findings suggest positive engagement
and interest in the making process from the middle-school students
who participated in the on-skin wearable workshop.
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1 INTRODUCTION
Hands-on learning activity represents a cohesive, interdisciplinary
approach to equipping students with critical thinking and problem-
solving skills [6, 11]. Previous wearable construction toolkits such
as Lilypad [4] and MakerWear [19], have demonstrated the effec-
tiveness of utilizing toolkits in workshop settings for children [5].
Beyond traditional wearable form factors, emerging on-skin inter-
faces [16, 22] can provide new opportunities for prototyping bodily
interactions with soft, flexible on-skin circuitry. In this work, we
leverage a recent on-skin interface prototyping toolkit, SkinKit [22],
which consists of skin-adaptable basematerials and reusable flexible
printed circuit boards (FPCBs), for wearable creation through work-
shops with middle-school children. The modular toolkit utilizes a
plug-and-play construction [3, 19] approach to support accessible,
easy-to-learn, and customizable on-skin device prototyping.

The workshop targets middle school students, as they can tackle
complex projects and apply critical thinking more effectively than
younger children [11, 12], and makes them ideal candidates for the
multidisciplinary skills required by SkinKit. The outcomes gathered
from these sessions, the first on-skin toolkit workshop for children,
shed light on how SkinKit may contribute to a hands-on learning
experience. By designing and building prototypes, students devel-
oped application ideas and practiced low-fidelity prototyping. We
present the students’ final projects to demonstrate the learnability
and feasibility of the on-skin wearable toolkit. We also examine
their reactions to prototyping circuitry that can be applied directly
to the skin surface. Through two pilot studies and a formal study
involving 45 middle-school students, this paper contributes prelimi-
nary insights into how middle-school students can learn and create
on-skin wearable prototypes in a workshop setting.

2 RELATEDWORK
2.1 Learning through Demonstration
Based on the Kirkpatrick model [20], hands-on learning emerged as
a component of representative research methodology that merges
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practical and interactive learning experiences. The role of non-
formal educational settings in enhancing teaching practices high-
lights the importance of diverse educational environments in pro-
viding inclusive and effective learning opportunities [8], which are
instrumental in expanding STEM outreach within K12 education
[2, 10, 17, 28]. Supporting this trend of hands-on learning, this paper
introduced an on-skin toolkit in the workshop studies that deploys
a straightforward crafting process to provide younger learners with
a creative and accessible learning experience.

2.2 Toolkit Research in HCI
The approach of toolkit development has reduced technical barri-
ers and facilitated experimentation, empowering developers and
researchers to create wearable applications that monitor health [9],
enhance communication [15], and provide multi-device interactions
[25]. In addition, toolkits can support hands-on learning through an
accessible prototyping process [4, 14, 18, 19]. Conventional wear-
able toolkits consist of E-textiles incorporating conductivematerials
directly into the fabric, allowing clothing or other textile products
to interact with electronic devices [1, 7, 26, 27]. Another form factor,
smart tattoos, can be applied directly to the skin and can integrate
technology more intimately with the user’s body [13, 23, 24, 29].
Based on the e-textile and smart tattoo research, recent on-skin
toolkits incorporate wearable technology in thin, flexible circuits
that can deploy on the body’s surface [21, 22]. Our research utilized
an on-skin prototyping toolkit, SkinKit [22], to explore whether
the wearable toolkit workshop could provide an interactive and
engaging learning experience for middle school students.

3 WORKSHOP DESIGNWITH SKINKIT
3.1 Introducing SkinKit
We used an on-skin toolkit, SkinKit [22], in our workshops. SkinKit
consists of two components: wire module and PCB module, as
shown in Figure 1a. The substrate of the wire modules is made of
multi-layered silicone, which is skin-conformable. The PCB mod-
ules have different functions that can be placed between tessellated
wire modules. The modular nature of SkinKit enables one to pro-
totype on-skin devices intuitively by manipulating the tangible
plug-and-play circuit modules. This approach simplifies the circuit
construction, making them more accessible to students.

3.2 Pilot Study
To explore the designs of SkinKit workshops for middle school
students, we executed two pilot studies to refine the workshop
materials and format based on an IRB-approved protocol.

3.2.1 Pilot Study 1. 11 middle school students participated in the
first pilot study. The students were recruited via participation in the
New York State 4-H Youth Development Conference held at Cornell
University in 2022. We focused on assessing students’ abilities to
understand and follow the instructions to work with the toolkit.
Outcomes.We discovered that students were engaged to person-
alize, decorate, and wear the devices they made. Learning from
the pre-study and post-study survey results, we analyze the effec-
tiveness of each part of the workshop and modify the workshop
process accordingly. The list of improvements includes making a

Figure 2: The workshop materials of wire and PCB modules.

more inviting introduction to wearable technology, adding an open-
ended task of team projects, and changing the making process into
groups to encourage collaborative efforts.

3.2.2 Pilot Study 2. Based on the modifications above, we shifted
the focus in the second pilot study towards evaluating teamwork
and project presentation as the workshop outcomes. Twelve middle
school students worked in pairs throughout the workshop. They
were given 20 minutes to work on a project idea that they had to
present in the group demonstrations. The students were recruited
via participation in the New York State 4-H Youth Development
Conference held at Cornell University in 2023.
Outcomes.We observed that the new group work format helped
reduce frustration or difficulties in the making process and stim-
ulated a positive atmosphere in exchanging ideas. The emphasis
on collaborative work and final presentation successfully improves
the learning experience, highlighting the benefits of peer support.

4 SKINKIT FORMALWORKSHOP AND
EVALUATION

The formal workshop aims to investigate how well the middle
school students learned the on-skin wearable prototyping concepts
and to observe what they could create for the final projects.

4.1 Method
4.1.1 Participants. We recruited twenty-two middle school stu-
dents. Thirteen of them (aged 11 to 14, 5 male, 6 female, 2 prefer
not to say) consented to data usage for research. participants were
recruited via participation in Ithaca Sciencenter’s summer camp.
This study followed an IRB protocol approved by Cornell IRB.

4.1.2 Apparatus. We provided each group with a prototyping in-
struction and a SkinKit set that contains PCB Modules and Wire
Modules (Figure 2). The PCB modules include a Power module, two
actuator modules (LED and buzzer), three sensor modules (IMU,
Light, and proximity), and a signal modifier module that makes
an input signal blink. Each group had ten skin cloth substrates to
customize the device layouts. Scissors and medical-grade adhesive
were provided for device attachment to the body.

4.1.3 Procedure. The workshop’s total length is around 75 min-
utes. It starts with a pre-study survey that records students’ prior
experiences with wearables. This was followed by a 10-minute intro-
duction to SkinKit, during which we engaged students in learning
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Figure 3: A subset of projects: (a) Finger-switch Buzzer, (b)
Interactive LED, (c) Posture Monitoring, (d) Social Distance.

about the circuit structure and module functions. Then, we demon-
strated how to wear the device on different body parts. The next
10 minutes were dedicated to a step-by-step tutorial on making a
minimal example of the SkinKit device. The students had around
25 minutes to prototype the final project and work in groups with
the researchers’ assistance. After the making phase, there was a
10-minute group presentation session where students showcased
their work to describe the functionality and design concepts. Fi-
nally, a 10-minute post-workshop survey was conducted to collect
the participants’ feedback.

4.1.4 Data Analysis. The post-study survey includes Likert-scale
questions about the effectiveness of eachworkshop step. Qualitative
data were also collected from transcriptions of the researcher’s
conversations with students during the workshops and open-ended
questions in the surveys.

4.2 Findings
A subset of final projects presented in Figure 3 provide insights
into how middle school students can learn and create with SkinKit.
Grouped by the device functionalities, we provide insights from
our observations of the making process.
Finger-switch Buzzer. Among the group projects, we were sur-
prised by one of the groups’ creativity; they successfully compre-
hended the toolkit construction and designed a novel interaction
beyond our expectations. As shown in Figure 3a, though we only
suggested the students assemble and control the circuit with the
power, they devised a finger movement control that completes the
circuit connection and turns on the buzzer by closing the index
and middle fingers. We observed the great potential of hands-on
experimentation to encourage students to think outside the box
and implement and validate their ideas.
Posture Monitoring. Five groups designed functionality for pos-
ture monitoring with different body locations and application sce-
narios. For example, Figure 3b demonstrated a device that measures
the tilting angle of the forearm. According to the students’ idea,
this technology could help climbers determine a secure angle for
stepping. On the other hand, builders could employ this device to
measure angles during construction.
Shared Feedback Device. Figure 3c shows a device that helps
determine the proximity of objects relative to the wearer’s arm
with visual and audio feedback. When an object comes within a
pre-defined distance from the sensor, the LED driver lights up,

Figure 4: The survey results from the workshop indicate how
participants felt about each segment of the workshop.

providing a visual alert to the surrounding people, and the buzzer
can notify the wearer as an eyes-free feedback.
Social Distance Warning. One group of students designed the in-
teraction with considerations of social aspects. As shown in Figure
3d, they designed a social distance signaling that integrates a prox-
imity sensor placed at the nape of the neck. Once the sensor detects
a person walks closer than the predetermined range, it activates a
buzzing sound to notify the wearer.

4.2.1 Students’ Feedback. As shown in Figure 4, the students rated
each activity on a scale from 1 (not interesting) to 7 (very fun). We
observed that participants were interested in practical, demonstra-
tive parts of the workshop. Conversely, "Learning different PCB
modules" received the lowest median score of 4 showing lower
interest in slideshows and instruction reading.

We also found that students describe the learning outcome in
various aspects. For example, P13 was less confident in crafting,
but they reported increased interest in wearable designs.

“Yes, I’m willing to learn more about the aesthetic
designs of wearable devices in the future.”

On the other hand, P9 found the process of building and contex-
tualizing the practical applications to be exciting:

“What I learned today can be helpful in our daily life.
For example, if someone has a disability in their hands
and cannot write usually, the posture monitor on-skin
device can help.”

The study shows encouraging results that support the on-skin
workshop as an effective approach of hands-on learning.

5 CONCLUSION
This paper presents the design and evaluation of on-skin wearable
workshops for middle school students through creative and hands-
on learning experiences. We envision that future workshops with
innovative wearable technologies can promote STEM education
and have a broad impact on young learners.

6 ACKNOWLEDGEMENT
This project was supported by the National Science Foundation
under Grant IIS-2047249.We thank Ithaca Sciencenerer and the New
York State 4-H for the workshop organization. We thank Wei-Hsin
Wang for her input.



ISWC ’24, October 5–9, 2024, Melbourne, VIC, Australia Jiang, et al.

REFERENCES
[1] Olaitan Adeleke, Heidi Woelfle, and Lucy E. Dunne. 2023. Tangible E-Textile Inter-

active Interface for Digital Patternmaking. InAdjunct Proceedings of the 2023 ACM
International Joint Conference on Pervasive and Ubiquitous Computing & the 2023
ACM International Symposium on Wearable Computing (, Cancun, Quintana Roo,
Mexico,) (UbiComp/ISWC ’23 Adjunct). Association for Computing Machinery,
New York, NY, USA, 183–186. https://doi.org/10.1145/3594739.3610717

[2] Muneeb I. Ahmad, Mark Khordi-moodi, and Katrin S. Lohan. 2020. Social Robot
for STEM Education. In Companion of the 2020 ACM/IEEE International Conference
on Human-Robot Interaction (Cambridge, United Kingdom) (HRI ’20). Association
for Computing Machinery, New York, NY, USA, 90–92. https://doi.org/10.1145/
3371382.3378291

[3] Ayah Bdeir. 2009. Electronics as material: littleBits. In Proceedings of the 3rd
International Conference on Tangible and Embedded Interaction. 397–400.

[4] Leah Buechley, Mike Eisenberg, Jaime Catchen, and Ali Crockett. 2008. The
LilyPad Arduino: Using Computational Textiles to Investigate Engagement, Aes-
thetics, and Diversity in Computer Science Education. In Proceedings of the
2008 CHI Conference on Human Factors in Computing Systems (Florence, Italy)
(CHI ’08). Association for Computing Machinery, New York, NY, USA, 423–432.
https://doi.org/10.1145/1357054.1357123

[5] Leah Buechley and BenjaminMakoHill. 2010. LilyPad in thewild: howhardware’s
long tail is supporting new engineering and design communities. In Proceedings
of the 8th ACM conference on designing interactive systems. 199–207.

[6] Jyun-Chen Chen, Yun Huang, Kuen-Yi Lin, Yu-Shan Chang, Hung-Chang Lin,
Chien-Yu Lin, and Hsien-Sheng Hsiao. 2020. Developing a hands-on activity
using virtual reality to help students learn by doing. Journal of Computer Assisted
Learning 36, 1 (2020), 46–60.

[7] Lucy E. Dunne, Kaila Bibeau, Lucie Mulligan, Ashton Frith, and Cory Simon.
2012. Multi-layer e-textile circuits. In Proceedings of the 2012 ACM Conference on
Ubiquitous Computing (Pittsburgh, Pennsylvania) (UbiComp ’12). Association for
Computing Machinery, New York, NY, USA, 649–650. https://doi.org/10.1145/
2370216.2370348

[8] Areej M Adel El Sayary, Sufian A Forawi, and Nasser Mansour. 2015. STEM
education and problem-based learning. In The Routledge international handbook
of research on teaching thinking. Routledge, 357–368.

[9] Likun Fang, Tobias Röddiger, Felix Schmid, and Michael Beigl. 2021. EarRecorder:
A Multi-Device Earable Data Collection Toolkit. In Proceedings of the Augmented
Humans International Conference 2021 (Rovaniemi, Finland) (AHs ’21). Association
for Computing Machinery, New York, NY, USA, 286–288. https://doi.org/10.
1145/3458709.3459005

[10] Claudia Fernández-Limón, Juan Manuel Fernández-Cárdenas, and Alma Adri-
anna Gómez Galindo. 2020. The role of non-formal contexts in teacher education
for STEM: The case of horno3 science and technology interactive centre. In Teach-
ing STEM Education through Dialogue and Transformative Learning. Routledge,
70–88.

[11] Yasemin Hacıoğlu and Filiz Gülhan. 2021. The effects of STEM education on the
students’ critical thinking skills and STEM perceptions. Journal of Education in
Science Environment and health 7, 2 (2021), 139–155.

[12] Giti Javidi and Ehsan Sheybani. 2010. Making youth excited about STEM educa-
tion. J. Comput. Sci. Coll. 26, 1 (oct 2010), 140–147.

[13] Hyoyoung Jeong, Liu Wang, Taewoo Ha, Ruchika Mitbander, Xiangxing Yang,
Zhaohe Dai, Shutao Qiao, Linxiao Shen, Nan Sun, and Nanshu Lu. 2019. Mod-
ular and reconfigurable wireless e-tattoos for personalized sensing. Advanced
Materials Technologies 4, 8 (2019), 1900117.

[14] Lee Jones. 2019. A co-design toolkit for wearable e-textiles. In Adjunct Pro-
ceedings of the 2019 ACM International Joint Conference on Pervasive and Ubiq-
uitous Computing and Proceedings of the 2019 ACM International Symposium
on Wearable Computers (London, United Kingdom) (UbiComp/ISWC ’19 Ad-
junct). Association for Computing Machinery, New York, NY, USA, 363–366.
https://doi.org/10.1145/3341162.3349303

[15] Lee Jones, Sara Nabil, Amanda McLeod, and Audrey Girouard. 2020. Wearable
Bits: Scaffolding Creativity with a Prototyping Toolkit for Wearable E-textiles.
In Proceedings of the Fourteenth International Conference on Tangible, Embedded,
and Embodied Interaction (Sydney NSW, Australia) (TEI ’20). Association for
Computing Machinery, New York, NY, USA, 165–177. https://doi.org/10.1145/
3374920.3374954

[16] Hsin-Liu (Cindy) Kao, Christian Holz, Asta Roseway, Andres Calvo, and Chris
Schmandt. 2016. DuoSkin: Rapidly Prototyping on-Skin User Interfaces Using
Skin-Friendly Materials. In Proceedings of the 2016 ACM International Symposium
on Wearable Computers (Heidelberg, Germany) (ISWC ’16). Association for Com-
puting Machinery, New York, NY, USA, 16–23. https://doi.org/10.1145/2971763.
2971777

[17] Mohammad Ehsanul Karim, Séverin Lemaignan, and Francesco Mondada. 2015.
A review: Can robots reshape K-12 STEM education?. In 2015 IEEE international
workshop on Advanced robotics and its social impacts (ARSO). IEEE, 1–8.

[18] Eva-Sophie Katterfeldt, Nadine Dittert, and Heidi Schelhowe. 2009. EduWear:
Smart Textiles as Ways of Relating Computing Technology to Everyday Life. In
Proceedings of the 8th International Conference on Interaction Design and Children
(Como, Italy) (IDC ’09). Association for Computing Machinery, New York, NY,
USA, 9–17. https://doi.org/10.1145/1551788.1551791

[19] Majeed Kazemitabaar, Jason McPeak, Alexander Jiao, Liang He, Thomas Out-
ing, and Jon E. Froehlich. 2017. MakerWear: A Tangible Approach to Inter-
active Wearable Creation for Children. In Proceedings of the 2017 CHI Confer-
ence on Human Factors in Computing Systems (Denver, Colorado, USA) (CHI
’17). Association for Computing Machinery, New York, NY, USA, 133–145.
https://doi.org/10.1145/3025453.3025887

[20] Donald L Kirkpatrick. 1998. The four levels of evaluation. Evaluating corporate
training: Models and issues (1998), 95–112.

[21] Pin-Sung Ku, Kunpeng Huang, Nancy Wang, Boaz Ng, Alicia Chu, and Hsin-
Liu Cindy Kao. 2023. SkinLink: On-Body Construction and Prototyping of Re-
configurable Epidermal Interfaces. Proc. ACM Interact. Mob. Wearable Ubiquitous
Technol. 7, 2, Article 62 (jun 2023), 27 pages. https://doi.org/10.1145/3596241

[22] Pin-Sung Ku, Md Tahmidul Islam Molla, Kunpeng Huang, Priya Kattappurath,
Krithik Ranjan, and Hsin-Liu Cindy Kao. 2021. SkinKit: Construction Kit for
On-Skin Interface Prototyping. Proceedings of the ACM on Interactive, Mobile,
Wearable and Ubiquitous Technologies 5, 4 (2021), 1–23.

[23] Joanne Lo, Doris Jung Lin Lee, Nathan Wong, David Bui, and Eric Paulos. 2016.
Skintillates: Designing and Creating Epidermal Interactions. In Proceedings of the
2016 ACM Conference on Designing Interactive Systems (Brisbane, QLD, Australia)
(DIS ’16). Association for Computing Machinery, New York, NY, USA, 853–864.
https://doi.org/10.1145/2901790.2901885

[24] Robert Pettys-Baker and Brad Holschuh. 2023. Reconfigurable, Adhesive-Free,
Wearable Skin Strain Device. In Adjunct Proceedings of the 2023 ACM International
Joint Conference on Pervasive and Ubiquitous Computing & the 2023 ACM Inter-
national Symposium on Wearable Computing (, Cancun, Quintana Roo, Mexico,)
(UbiComp/ISWC ’23 Adjunct). Association for Computing Machinery, New York,
NY, USA, 267–270. https://doi.org/10.1145/3594739.3610777

[25] Teddy Seyed, Alaa Azazi, Edwin Chan, Yuxi Wang, and Frank Maurer. 2015. SoD-
Toolkit: A Toolkit for Interactively Prototyping and Developing Multi-Sensor,
Multi-Device Environments. In Proceedings of the 2015 International Conference
on Interactive Tabletops & Surfaces (Madeira, Portugal) (ITS ’15). Association for
Computing Machinery, New York, NY, USA, 171–180. https://doi.org/10.1145/
2817721.2817750

[26] Jessica Stanley, Katy Griggs, Oliver Handford, John A. Hunt, Phil Kunovski, and
YangWei. 2022. Modular E-Textile Platform for Real-Time Sensing. In Proceedings
of the 2022 ACM International Symposium on Wearable Computers (Cambridge,
United Kingdom) (ISWC ’22). Association for Computing Machinery, New York,
NY, USA, 131–135. https://doi.org/10.1145/3544794.3560293

[27] Jan Thar, Sophy Stönner, Florian Heller, and Jan Borchers. 2018. YAWN: Yet
Another Wearable Toolkit. In Proceedings of the 2018 ACM International Sympo-
sium on Wearable Computers (Singapore, Singapore) (ISWC ’18). Association for
Computing Machinery, New York, NY, USA, 232–233. https://doi.org/10.1145/
3267242.3267280

[28] Ralph C Tillinghast, Edward A Petersen, and Anthony R Ur. 2016. Alternating
learning methods to construct K-12 STEM outreach: Invention and innovation
workshop case study. In 2016 IEEE Integrated STEM Education Conference (ISEC).
IEEE, 116–119.

[29] MartinWeigel, Tong Lu, Gilles Bailly, Antti Oulasvirta, Carmel Majidi, and Jürgen
Steimle. 2015. ISkin: Flexible, Stretchable and Visually Customizable On-Body
Touch Sensors for Mobile Computing. In Proceedings of the 33rd Annual ACM
Conference on Human Factors in Computing Systems (Seoul, Republic of Korea)
(CHI ’15). Association for Computing Machinery, New York, NY, USA, 2991–3000.
https://doi.org/10.1145/2702123.2702391

https://doi.org/10.1145/3594739.3610717
https://doi.org/10.1145/3371382.3378291
https://doi.org/10.1145/3371382.3378291
https://doi.org/10.1145/1357054.1357123
https://doi.org/10.1145/2370216.2370348
https://doi.org/10.1145/2370216.2370348
https://doi.org/10.1145/3458709.3459005
https://doi.org/10.1145/3458709.3459005
https://doi.org/10.1145/3341162.3349303
https://doi.org/10.1145/3374920.3374954
https://doi.org/10.1145/3374920.3374954
https://doi.org/10.1145/2971763.2971777
https://doi.org/10.1145/2971763.2971777
https://doi.org/10.1145/1551788.1551791
https://doi.org/10.1145/3025453.3025887
https://doi.org/10.1145/3596241
https://doi.org/10.1145/2901790.2901885
https://doi.org/10.1145/3594739.3610777
https://doi.org/10.1145/2817721.2817750
https://doi.org/10.1145/2817721.2817750
https://doi.org/10.1145/3544794.3560293
https://doi.org/10.1145/3267242.3267280
https://doi.org/10.1145/3267242.3267280
https://doi.org/10.1145/2702123.2702391

	Abstract
	1 Introduction
	2 related work
	2.1 Learning through Demonstration
	2.2 Toolkit Research in HCI

	3 Workshop Design with SkinKit
	3.1 Introducing SkinKit
	3.2 Pilot Study

	4 SkinKit Formal Workshop and Evaluation
	4.1 Method
	4.2 Findings

	5 Conclusion
	6 Acknowledgement
	References

