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Our Mission

DESIGN, BUILD, & STUDY INTERACTIVE
TOOLS & TECHNIQUES TO ADDRESS
PRESSING SOCIETAL CHALLENGES
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FOUR FOCUS AREAS

ENVIRONMENTAL HEALTH ACCESSIBILITY STEM
SUSTAINABILITY & WELLNESS EDUCATION
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MAKEABILITY LAB
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ENVIRONMENTAL SUSTAINABILITY

PERVASIVE THERMOGRAPHY

With UMD CS PhD Student Matt Mauriello

Context Subjects Misc./Fun

(c) Walls (71.6%) (e) Electronics (24.7%) (g) Light Fixtures (23.8%) (i) People/Pets (4.7%)

(b) Outdoor (35.6%) (d) Windows (30.3%) (f) Doors (24.4%) (h) Ceilings (22.7%) (j) Play/Experiments (1.0%)

[UbiComp'13 Poster, CHI'15 Honorable Mention, HBI"16, CHI"T7, UbiComp'17 Poster]
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HEALTH & WELLNESS

~ DESIGNING HEALTH SUPPORT SESTEMS

o e BN e U S M& I

i
a
" -
.- -
»
o n
o - -
S
_
™~
o
,
: ~
. s
L-"_v
-

a—

s X




MAKEABILITY LAB

FOUR FOCUS AREAS

HEALTH STEM
& WELLNESS EDUCATION
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HEALTH + STEM

BODYVIS
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[IDC"13, CHI15 Honorable Mention, ICLS"16, IDC16, CHIT7]
E [ Jm— TN




MAKEABILITY LAB

FOUR FOCUS AREAS
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FOUR FOCUS AREAS

©

ACCESSIBILITY



ACCESSIBILITY

How to...

make the physical world more
accessible for people with disabilities




THREAD 1: ACCESSIBILITY

IMPROVING AGCESS TO THE PHYSICAL WORLD
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THREAD 1: ACGESSIBILITY

IMPROVING AGCESS TO THE PHYSICAL WORLD

With UW CSE PhD Student Manaswi Saha
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PROJECT SIDEWALK

[ASSETS'12, CHI'13, HCOMP'13, ASSETS'13 Best Paper,
UIST'14, TACCESS'15, SIGACCESS'15, CHI'16, ASSETS'17]
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How can we...

develop scalable solutions that map the
accessibility of urban infrastructure?



THREAD 1: ACCESSIBILITY

PROJECT SIDEWALK

Nicely intersects and complements work already at UW in Taskar Center.
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million U.S. adults
have a mobility impairment

Source; US Census, 210



19.2

million use an assistive aid

Source: US Census, 210
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Accessible infrastructure
has a significant impact
OLthesncenendence
and mobility of citizens

[Thapar et al., 2004 ; Nuernberger, 2008]
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The National Council on Disability noted that
there is no comprehensive information on
"the degree to which sidewalks are
accessible” in cities.

National Council on Disability, 2007
The impact of the Americans with Disabilities Act: Assessing
the progress toward achieving the goals of the ADA




We are pursuing a two-fold solution
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To develop scalable methods that mine massive repositories of online map
|magery to identify acce55|b|I|ty problems seml automatlcally
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AcCcess SCOrepeta

Use the sliders below to adjust the
significance of each acessibility
feature.

Significance
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To create new accessibility-aware mapping tools that support people with

disabilities and provide unprecedented views of urban accessibility

_ ® CurbRamp @ Missing Curb Ramp @ Sidewalk Obstacle ® Surface Problem Inaccessible l M Accessible



MAPPING THE ACCESSIBILITY OF THE WORLD

TWO FOGUS AREAS

[ASSETS'12, CHI'13, HCOMP'13, ASSETS'13, UIST'14, TACCESS'L5, ASSETS'17]
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Start Mapping Jon Froehlich ~

Let's create a path for
everyone

Start Mapping

How you can help

Virtually explore city streets to find and label accessibility



Project Sidewalk pets , View Results FAQ Retake tutorial wQ} Jon Froehlich «
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Audit 1000ft of Fort Stanton
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Your mission is to audit 1000ft of Fort Stanton and find all the accessibility features that
affect mobility impaired travelers!




CURRENT & FUTURE WORK

PROJECT SIDEWALK USER CONTRIBUTIONS

3in John

sRAN
Langley Park

foma Park
LewisoALe

Brookmont

sroads

Arlington

CLARENDON

ALCOVA HEIGHTS

BARCROFT

DOUGLASS PARK

Alexandria

819

MILES AUDITED

CHVILLE

Berwyn Heights

College Park

Iniversity Park New

East Riverdale

Woodle

Landove

Walke
District +
Mor

Camp Springs

BRANCHVILLE

of chewy Silver Spring Begnyn Height
Bethesda s

Tow!

College Park
LewisonLe
versity Park New

East Riverdale

Hyattsville
¢ Woodl:

Brookmaont ‘J-\‘hu.:wl
es Bladensburg
oo 400 ° HeY 3 3 Landove
b £°0
Arlingtony
CLARENDON.
rch
2 Walke
ALCOYA HEIGHTS
BARCROFT District F
Bailey's
Crossroads) "ot o Suitland
3
Lincolniz E8isSmanor
© Tén fil
Forest He J&
8 Alexandria oxon Hill Camp Springs

105,000

SIDEWALK LABELS



G




CURRENT & FUTURE WORK

APPLYING CONVOLUTIONAL NEURAL NETWORKS

Recently accepted to CVPR’17

Context map




PROJECT SIDEWALK

NOVEL ASSISTIVE TECHNOLOGY APPLICATIONS

Silyer Spring
Bethesda Ao ¥
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New models & viz of city accessibility

1t of 3 Suggested Routes 1 1st of 3 Suggested Routes

16 minutes, 0.7 miles, 1 obstacle 16 minutes, 0.7 miles, 1 obstacle
Quincy St NW x Quincy St N

-y -

Surface Problem
Avg Severity: 3.6 (Hard to Pass)

! Recent Comments:
Obstacle is passable in a manual

"
hair but not in a motorized chair”
erig, Oak St NW L

Routing for: Manual Wheelchair Routing for: Manual Wheelchair

Smart routing for people with impairments

DC

VS

NYC

Cross-city comparison tools




THREAD 1: ACCESSIBILITY

IMPROVING AGCESS TO THE PHYSICAL WORLD
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THREAD 1: ACCESSIBILITY

IMPROVING ACCESS T0

With UW CSE PhD student Liang He

==

THE PHYSICAL WORLD

p—

How can we...

Fnable designers to rapidly build, simulate,
and fabricate 3D-printable objects with

ONDULE

 embedded mechanical springs?



File Edit View Curve Surface Selid Mesh Dimension Transform Tools Analyze Render Panels Help
Display mode setto "Wireframe",
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PROJECT ONDULE

EXAMPLE DEFORMATIONS

ORIGINAL PRINT DESIGN #1: BEND ONLY DESIGN #2: LINEAR ONLY DESIGN #3: TWIST ONLY

Tigger with traditional helical spring Helical spring with embedded flexible Helical spring with a prismatic joint Helical spring with a ring bearing structure
sawtooth backbone




PROJECT ONDULE

ACGESSIBILITY APPLICATIONS



PROJECT ONDULE

ACGESSIBILITY APPLICATIONS

F W =

TRADITIONAL SCISSORS SPRING SCISSORS

Requires fine motor abilities Spring automatically reopens
scissors after a cut



PROJECT ONDULE

ACCESSIBILITY APPLICATIONS

RN\

TRADITIONAL SCISSORS SPRING SCISSORS

Requires fine motor abilities Spring automatically reopens
scissors after a cut

YOUR IDEA HERE!

YOUR IDEA HERE!

YOUR IDEA
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MAKEABILITY LAB

FOUR FOCUS AREAS
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STEM

EDUCATION

How can we...

design wearables that engage and scaffold children in life-
relevant, personally meaningful STEM learning experiences.




THREAD 2: STEM EDUCATION

ENABLING NEW STEM LEARNING EXPERIENCES WITH WEARABLES

BODYVIS MAKERWEAR

[IDC'13, CHI'15 Honorable Mention, ICLS'16, IDC'16, CHI'17] [IDC'15, CHI'16 Best Poster, CHI'17 Best Paper]



THREAD 2: STEM EDUCATION

ENABLING NEW STEM LEARNING EXPERIENCES WITH WEARABLES

With UMD CS PhD student Seokbin Kang

How can we...

design wearables that use the human
body and physical activity as a platform
for experimentation & scientific inquiry?

BODYVIS.

[IDC'13, CHI'15 Honorable Mention, ICLS'16, IDC'16, CHI'17]



“Does my heart beat
faster when running vs.

reading a book? Why?”

“How does my breathing rate
compare to my clagsmate’s
and why may this be?”




BODYVIS PROTOTYPES

BODYVIS PROTOTYPES

PROTOTYPE 1: MID-FI

Stuffed fabric organs
Heartrate Only
LEDs, EL-Wire
Arduino Uno

PROTOTYPE 2

Improved Anatomy
Heartrate, Breathing
LEDs
Lilypad Arduino

PROTOTYPE 3

Labeled, Removable Anatomy
Heartrate, Breathing, Digestion
LEDs, Sound, Touchscreen
Arduino Uno, Smartphone

PROTOTYPE 4: HI-FI

Added Organs (e.g., Bladder)
Heartrate, Breathing, Digestion
LEDs, Sound, Haptics, Touchscreen
Arduino BLE Mini, Smartphone



Optical heart
rate sensor







BODYVIS

EVALUATIONS (N=200)

TEACHER INTERVIEWS AFTER-SBUOL PROGRAMS SCIENCE CAMPS ELEMENTARY SCHOOLS
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THREAD 2: STEM EDUCATION

ENABLING NEW STEM LEARNING EXPERIENCES WITH WEARABLES

BODYVIS MAKERWEAR

[IDC'13, CHI'15 Honorable Mention, ICLS'16, IDC'16, CHI'17] [IDC'15, CHI'16 Best Poster, CHI'17 Best Paper]



THREAD 2: STEM EDUCATION

ENABLING NEW STEM LEARNING EXPERIENCES WITH WEARABLES

How can we...

enable young children to build their
own interactive wearables?

MAKERWEAR

[IDC'15, CHI'16 Best Poster, CHI'17 Best Paper]



P ‘l}\
' \\\\‘U



4: Kafai, Fields, & Searle, 2014
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MAKERWEAR INTRODUCTION

CURRENT WEARABLE TOOLKITS

Blink | Arduina 1.6.3 - O *

File Edit Sketch Tools Help

Blink §

i ~

* LilyPad sanple code, blink an LED attached to pin 13
*f

4/ the setup function runs once when you press
// reset or power the board
vold setup() {
/4 initialize digital pin 13 as an output.
pinMode {13, OUTPUT) :

S/ the loop function runs over and over again forewver
void loopi) {
digitalWrite (13, HIGH); S/ turn the LED on via voltage HIGH

delay(l000) ; S/ wait for a second
digitalWrite (13, LOW); S/ turn the LED off wia woltage LOW
delay(1000) ; J/S wait for a second
}
W
< >

LilyFad Arduino, ATmeg

MBEDDED PROGRAMMING BASIC CIRCUIT & ELECTRONICS KNOWLEDGE




THE MAKERWEAR SYSTEM

https.//github.com/MakerWear



M‘AKERWEAR SY%TEM .
TANGIBLE MODULES




MAKERWEAR SYSTEM

SOCKET MESH SOCKET MESH













MAKERWEAR EVALUATION

WORKSHOP-BASED EVALUATIONS

32 children (16 female; ages 5-12; avg=8.3)
Two single-session workshops (v=13)

Three four-session workshops (v=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;



MAKERWEAR FINDINGS

Keisha, Age 6 | Austin, Age 9 " Amelia, Age 10 §



MAKERWEAR FINAL PROJECTS

WHAT DID CHILDREN MAKE?

SPORTS/FITNESS ROLE PLAY SOCI0-DRAMATIC PLAY

38% 31% 19%




MAKERWEAR FINAL PROJECTS

WHAT DID CHILDREN MAKE?

SOCI0-DRAMATIC PLAY

19%



MAKERWEAR FINAL PROJECT ‘

“MAGIC PUKEMU ¥

&K
'

Austin, Age 9







MAGIC YVELTAL PUKEMON

Maker: Austin, Age 9

14 modules: 9 actions, 2 sensors, 1T modifier
2 socket meshes

3 lo-fi pieces + pokemon




MAKERWEAR FINAL PROJECTS

WHAT DID CHILDREN MAKE?

SPORTS/FITNESS

38%



MAKERWEAWI lh“
“SMART LACROSSE sr_ch" /
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Sarah, Age 9
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SMART LAGROSSE STICK

Maker: Sarah, Age 9

8 modules: 6 actions, 1 sensor
1 socket mesh

3 lo-fi pieces + lacrosse stick
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MAKERWEAR FINAL PROJECT — -
“NEXT GEN RUNNING CLOTHES” g

Amelia, Age 10

.
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NEXT GENERATION RUNNING CLOTHES

Maker: Amelia, Age 10
40 modules: 25 actions, 3 sensors, 5 modifiers

4 socket meshes; 2 lo-fi pieces

Wired
Connection




NEXT GENERATION RUNNING CLOTHES

Maker: Amelia, Age 10
40 modules: 25 actions, 3 sensors, 5 modifiers
4 socket meshes; 2 lo-fi pieces

MOTION-REACTIVE HAT Activate hat & vest only when it's
dark AND the wearer is moving

N Light
It Sensor

MOTION-REACTIVE VEST

Motion
) Detector

- \ ’\/)\ﬁ Wire Start

Green Iight

Connection

MultiColor S
Light <

MultiColor 4z
Light &< 2




NEXT GENERATION RUNNING CLOTHES

Maker: Amelia, Age 10
40 modules: 25 actions, 3 sensors, 5 modifiers
4 socket meshes; 2 lo-fi pieces

“HEART TRACKER™ ARMBAND

Number

Counts heartbeats
Beeps & lights up on up to 99

each heartbeat

Power Heartbeat
Sensor










FUTURE WORK

HYBRID TANGIBLE-GRAPHICAL PROGRAMMING INTERFACE

Modules will be wirelessly programmable via a custom tablet programming interface

set to  Value Of
- activityVar ~ L) ‘

[ BECd MultiColor Light v K]
pause for
:a MultiColor Light + Kt} Green M ~ |

/

Sample Application:
Making a fitness tracker using a Motion Detector and a HeartBeat Detector.



FUTURE WORK

INTERACTIVE MACGHINE LEARNING

Children can program complex behavior via a novel machine learning interface




FUTURE WORK

SUPPORTING SCIENTIFIC INQUIRY

Children can build their own scientific instruments that allow them to investigate and compare phenomena
over time and across contexts.




JOIN US!

http://makeabilitylab.io
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