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Our Mission







How can we… 
leverage computation & human-
computer interaction to increase 
knowledge about and access to the 
physical world?

How can we… 
build new physical artifacts imbued 
with computation to seamlessly 
couple the physical and digital and 
create new interactive experiences?







With UMD CS PhD Student Matt Mauriello

Mauriello & Froehlich, 2013; Mauriello, Norooz, & Froehlich, 2015; Mauriello et al., 2016; Mauriello et al., 2017
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See: Barton, et al., 2008; Naiser & Hand, 2008; Kafai, et al., 2014; 





Lee & Drake, 2013; Lee et al., 2015; Lee, Drake, & Thayne, 2016



Wearables: an engaging vehicle for building science skills?

Unprecedented data

Inherently personalized

Life relevant

Actively engage body in learning



Responsive E-textile Collaborative Display Construction Kit



Complex Problems
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Responsive E-textile Collaborative Display Construction Kit



Responsive E-textile Collaborative Display Construction Kit



Norooz & Froehlich, IDC’13; Norooz et al., CHI’15; Norooz et al., ICLS’16; Clegg et al., CHI’17











































High Engagement



High Engagement



Actively Engaging Body



Touching Flexing

Actively Engaging Body

RunningBalancing Eating



Exploring Layers of Body



Exploring Layers of Body



Promoting Social Interaction



Supporting Pretend Play



Some Unexpected Things



Disembodied Use



Disembodied Use



Disembodied Use





How Does It Work?



How Does it Work?



Pre- & Post-Questionnaires



Body Map Drawing: Before & After



Body Map Drawing: Before & After

Included at 
least one 

new organ

Corrected 
positions of 

organs

Improved 
organ 

shapes



Body Map Drawing: Before & After

Had error on 
pre-test that 

persisted

Added organ 
but in wrong 

position

Removed 
organs correct 

in pre-test





Wearers Look Downwards



Responsive E-textile Collaborative Display Construction Kit



Responsive E-textile Collaborative Display Construction Kit









Responsive E-textile Collaborative Display Construction Kit



Responsive E-textile Collaborative Display Construction Kit





See: Buechley & Hill, 2010; Kafai, Lee, et al., 2014; Kafai, Fields, & Searle, 2014









Buechley, 2006; Davis, et al., 2013; DuMont & Lee, 2015; Dunne et al., 2015; Kafai et al., 2014; Katterfeldt et al., 2009; Ngai et 
al., 2013; Richard & Kafai, 2015; Searle, et al., 2014



How can we enable young children 

(elementary age) to design & build 

their own interactive wearables?

What do children want to build and 

how can we support these goals?

How does working with our tools & 

techniques impact skill development 

& perceptions of STEM?



Pilot 
Studies

Refinement
Design 
Probes

Refinement
Participatory 

Design

Ideation / 
Prototyping

Initial 
Ideation 

Single 
Session 

Workshops

Multi-
Session 

Workshops



Cooperative Inquiry

Cooperative Inquiry: Guha, Druin, & Fails, 2013



Initial Sessions



Follow-up Sessions



Rapid Prototyping with littleBits



Rapid Prototyping with littleBits



React to body movement & physiology (e.g., heartrate)

Recognize gestures & physical actions (e.g., recognize a jump)

Support social interaction (e.g., vibrate when friend nearby)

Augment play experiences (e.g., freeze tag)

Respond to environment (e.g., increase visibility at night)



One slide on this
STEM Educators



Wearables as a design platform

High tinkerability

Wide walls

New modules

Better support for lo-fi materials

Child-friendly iconography & text



https://github.com/MakerWear









Provides power to all 
connected modules

Sense & translate
physical phenomena 
into analog signals

Transform signals into 
other types of signals

Translate signals into 
perceptual forms

Miscellaneous
(e.g., DIY module)
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Temperature 
Sensor

Exposed electronic component

Laser cut module cover

Custom PCB with embedded
microcontroller & SMD 
components

Custom PCB with neodymium 
magnet & contact spring for 
socket connection













32 children (16 female; ages 5-12; avg=8.3)

Two single-session workshops (N=13)

Three four-session workshops (N=19)

Workshops common method for e-textile studies. E.g., Buechley et al., 2006; Katterfeldt et al., 2009; Searle et al., 2014; Richard & Kafai, 2015; 



Group Ages (Avg) N (female)

Uses computer 
at least a few 
times a week

Has used a graphical 
programming system 
(e.g., Scratch)

Has used an electronic kit 
(e.g., Snap Circuits, Lego 
Mindstorms,  littleBits)

1 5-7 (6.0) 5 (5) 100% 40% 20%

2 8-12 (9.9) 8 (3) 88% 38% 50%

1 5-7 (6.3) 7 (3) 100% 57% 57%

2 8-9 (8.8) 6 (1) 83% 50% 66%

3 8-12 (10.2) 6 (4) 83% 83% 66%

Total 5-7 (8.3) 32 (16) 91% 53% 53%
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Post-study 
questionnaire

MakerWear 
introduction

Pre-study 
questionnaire

Building/playing 
with MakerWear



Post-study 
questionnaire

Pre-study 
questionnaire

Building/playing 
with MakerWear

Select 
clothes

Incrementally introduce 
modules + play time

Design 
Challenge

Design 
Challenge

More 
modules



Build your own wearable instrument that 

makes music and lights up when you move.



Build your own wearable instrument that 

makes music and lights up when you move.
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Build a wearable for Buzz Lightyear that has two modes: 

1. In attack mode, you shoot “laser beams” (lights).

2. In defend mode, you activate a LEGO shield. 

The two modes are automatically activated based on 

your arm’s position (up vs. out) but the catch is that you 

cannot attack & defend at the same time.



Build a wearable for Buzz Lightyear that has two modes: 

1. In attack mode, you shoot “laser beams” (lights).

2. In defend mode, you activate a LEGO shield. 

The two modes are automatically activated based on 

your arm’s position (up vs. out) but the catch is that you 

cannot attack & defend at the same time.
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Build a wearable for Buzz Lightyear that has two modes: 

1. In attack mode, you shoot “laser beams” (lights).

2. In defend mode, you activate a LEGO shield. 

The two modes are automatically activated based on 

your arm’s position (up vs. out) but the catch is that you 
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Oops! Both the “laser” and shield 

are activated at the same time!
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Design 
ChallengeIntroduce basic modulesIntro

Pre-study 
questionnaire

End-of-day 
questionnaire

Aspects of multi-session procedure based on Marina Bers TangibleK Robotics Program; Bers et al., 2014; Sullivan & Bers, 2016



Design 
ChallengeIntroduce basic modulesIntro

Pre-study 
questionnaire

End-of-day 
questionnaire

Design 
Challenge

Introduce more advanced modules & 
concepts (e.g., inverters, branching)

“Fix-It” Design 
Challenge

End-of-day 
questionnaire

Design 
Challenge

Introduce lo-fi materials, communication 
modules, & advanced modifiers

Brainstorm & sketch 
project ideas

End-of-day 
questionnaire

Final project 
presentationsWork on final projects

“Fix-It” Design 
Challenge

Post-study 
questionnaire



How children make with MakerWear, what 

they make, & challenges therein

Overall understanding (e.g., actions vs. sensors)

Computational thinking (e.g., sequencing, branching)

Subjective factors (e.g., enjoyment)



What children designed & built for their final 

projects & why

How children progressed in their 

understanding & use of MakerWear

Age-related differences



Session video

Design challenge performance (Radar et al., 1997)

End-user creations (Duncan et al., 2014; Hansen et al., 2015)

Artifact-based interviews (Brennan & Resnick, 2012)

Post-study questionnaires
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Two Work Styles



Two Work Styles



Appropriating Modules for Debugging





Use of Wire Module



Use of Wire Module





Wire Mediates Play & Facilitates Co-Design





Creating New Behaviors
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Modules will be wirelessly programmable via a custom tablet programming interface



Children can program complex behavior via a novel machine learning interface



Children can build their own scientific instruments that allow them to investigate and compare phenomena 

over time and across contexts.



Responsive E-textile Collaborative Display Construction Kit



How many generations in all of human 

history have had the opportunity to rise to 

a challenge that is worthy of our best 

efforts? A challenge that can pull from us 

more than we think we can do.
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All photos by Jon Froehlich or Makeability Lab students except

REUTERS/Muzaffar Salman
Found http://www.businessinsider.com/us-trusts-10-lessons-of-2013-2013-12

Unknown
Found https://chravellinx.wordpress.com/2014/12/15/11-dec-mantytie-valimotie/

Gettystock
Found http://www.huffingtonpost.com/2014/08/21/use-fitness-tracker_n_5697749.html

Electronic Fashion Camp by Amy Florence
Found https://www.flickr.com/photos/amypickup/sets/72157631039891148/with/7769553484/

LilyPad Arduino Interactive Pad by Agy Lee
Found https://youtu.be/agYGhwc3NOk

I Heart LilyPad Arduino by Rain Ashford
Found https://www.slideshare.net/Rainycat/i-lt3-lilypad-Arduino

Manual Sewing Skills by Leah Buechley
Found https://www.flickr.com/photos/leahbuechley/2595747031/

Example E-Textile Projects
Please see respective PowerPoint slide in notes section for attributions

Girls Make It
Found http://www.girlsmakeit.org/

Thinking Fabrics by Cindy Hu
Found http://ima.nyu.sh/documentation/author/yh1437/

Leaf by Thomas Helbig
Found https://thenounproject.com/search/?q=environmental+sustainability&i=120238

Health by Timothy Miller
Found https://thenounproject.com/search/?q=health&i=396737

Accessible Icon Project
Found http://accessibleicon.org/#use

Microscope 
Found https://thenounproject.com/search/?q=science&i=860760

http://www.businessinsider.com/us-trusts-10-lessons-of-2013-2013-12
https://chravellinx.wordpress.com/2014/12/15/11-dec-mantytie-valimotie/
http://www.huffingtonpost.com/2014/08/21/use-fitness-tracker_n_5697749.html
https://www.flickr.com/photos/amypickup/sets/72157631039891148/with/7769553484/
https://youtu.be/agYGhwc3NOk
https://www.flickr.com/photos/amypickup/sets/72157631039891148/with/7769553484/
https://www.flickr.com/photos/leahbuechley/2595747031/
http://ima.nyu.sh/documentation/author/yh1437/
https://www.flickr.com/photos/leahbuechley/2595747031/
https://thenounproject.com/search/?q=environmental+sustainability&i=120238
https://thenounproject.com/search/?q=health&i=396737
http://accessibleicon.org/#use
https://thenounproject.com/search/?q=science&i=860760
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