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How does one go from                          to                       ? 





My Group 
Started in 2012 





PhD: 

MS:  

UGrad:  

High Sch: 

4 (2 are 1st yrs) 

2 (both iSchool) 

3-5 per semester 

1-2 per summer 



Human-Computer Interaction Lab 
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HCIL 
Offices 



Main Lab 
From Back 



HCIL Usability Lab 
With One-Way Transparent Mirror  



When I arrived in 2012, I observed a lack of space  

for combining materiality & computation 





HCIL Hackerspace 
Front Entrance 



Building the Hackerspace 
Making the Whiteboard Wall 



Building the Hackerspace 
Making the Workbench 



Building the Hackerspace 
Making the Workbench 



Building the Hackerspace 
Making the Workbench 



Workspace 
HCIL Hackerspace 



Workspace 
HCIL Hackerspace 



Physical Making 
HCIL Student Leyla Norooz 



Craft/Fabric Making 
HCIL student Matt sewing 



Electronics Making 
HCIL student Tansy McBurnie 



Rapid Prototyping 
HCIL Hackerspace mannequin: Manny 



Fun! 
HCIL students Sean, Michael, Alexa, and me 



The inspiration for our work is partly technical, partly social. 



Time 

Computational 

Power 



Time 

Human Abilities 

Computational 

Power 



Time 

Computational 

Power 

Human Abilities 

Enhanced by 

Computation 

Human Abilities 



Social Fabric Fitness 



WHAT IF OUR CLOTHES COULD 

SHOW HOW FAST  

WE RUN? 



Since the 1990s, running has experienced 

unprecedented growth in the US  

[http://www.runningusa.org/state-of-sport-2013-part-II; http://goo.gl/T3Q4x8] 





Plethora of Run Trackers 



Can we create a wearable and glanceable 

feedback display to support group runners? 



What does it feel like to have “private” data 

reappropriated for a public display that you wear? 



HOW SHOULD WE PURSUE  

THIS VISION? 



Design 

Build 

Evaluate 

The Iterative Design Process 



Parallel Prototyping 3 Designs 

Informal Pilot Studies 

Select & Refine  

Final Design 

2 Case 

Studies 

at Races 

Field Study of 10 

Pre-Existing 

Running Groups 

Pilot 

Testing 

SFF: Design and Evaluation Process 
Ideation & 

Lo-Fi 

Prototyping 



Designing the  

Visual Content 
Glanceable & Easy-to-understand 



Comfort 
Low-Fidelity Prototypes 



Engineering 
Responsive & Robust 



Fabric/Craft 
Building the Jerseys 



Pilot Studies 
Examining our prototypes in the field 



Smartphone 

Battery 

Wearable 
Prototype 

Heart Rate 
Monitor 

SFF: System Design 



Bluetooth SFF Application 

Run  
Data 

1. Sense & process running 
data. Wirelessly transmit to 
display hardware. 

Smartphone 

SFF: System Design 



Bluetooth SFF Application 

Run 
Data 

Bluetooth 
Modem 

Microcontroller/ 
Display Controller 

1. Sense & process running 
data. Wirelessly transmit to 
display hardware. 

2. Receive running data; 
process & send to the 
display via hard wire link. 

Smartphone Display Hardware 

SFF: System Design 

Hard-Wire Link 



Bluetooth SFF Application 

Run 
Data 

Bluetooth 
Modem 

Microcontroller/ 
Display Controller 

1. Sense & process running 
data. Wirelessly transmit to 
display hardware. 

3. Visualize running 
data on the wearable 
display 

Smartphone Display Hardware Wearable 

Wearable 
Prototype 

Hard-Wire Link 

SFF: System Design 

2. Receive running data; 
process & send to the 
display via hard wire link. 



Bluetooth SFF Application 

Run &  
HR Data 

Bluetooth 
Modem 

Microcontroller/ 
Display Controller 

1. Sense & process running/HR 
data. Wirelessly transmit to 
display hardware. 

3. Visualize running 
data on the wearable 
display 

Smartphone Display Hardware Wearable 

Wearable 
Prototype 

HR  
Monitor 

Wireless HR Data 

SFF: System Design 

2. Receive running data; 
process & send to the 
display via hard wire link. 

Hard-Wire Link 





Wearable 
Prototype 

Battery 

Battery 

Custom  
LED Matrix 

Battery 
E-Ink HW Battery 

Belt 

E-Ink 

EroGear 
LED Matrix 

Battery 

Prototype #1 Prototype #2 Prototype #3 

SFF: Three Prototypes 



Prototype #1 
Custom Flexible PCB Solution 



First Step: Prototyping LED Matrix Approaches 









Second Step: Research & Manufacture Flexible PCB Solution 



Naked Flex PCB 

Flex PCB with Mounted Components 





Third Step: Test Flexible PCB with Arduino Code 





Final Step: Investigate Enclosure and Diffusion Material Approaches 













Final Prototype #1 Design 



2 x Arduino  
Pro Minis 

Custom 2 x 24x6 LED 
Matrices on Flexible PCB 

2 x 3.7V (2000 mAh) 
LiPoly Batteries 

Velcro 
Perimeter 

Pleather  
Enclosure 

Cotton  
Diffusion Layer 

0.6m Wire 
(for power) 



Prototype #2 
E-Ink Display 



























Final Prototype #2 Design 



Plastic Logic Flexible e-Ink  
Display 4.7” (320 x240) 

4 x 1.5V (2000 mAh)  
AA Batteries 

32-bit BeagleBone 
(AM335x 720MHz ARM)  

Plastic Logic Display  
Controller (HummingBird) 

Nylon 
Enclosure 

0.95m Ribbon Cable 
(for power and data) 

0.9m Wire 



Prototype #3 
Pre-Release Erogear Displays 

















Extremely light-weight and flexible 





Final Prototype #3 Design 



2 x 3.7V (2200 mAh) 
Li-Ion Batteries 

0.9m Wire 
(for power) 

2 x 32x8 Erogear 
LED Matrices 

2 x 32-bit MCU; 16-bit LED Matrix 
Driver; Bluetooth Modem 



SFF: Visual Display Content 



We performed dozens of informal pilot studies examining 

comfort, viewability, and overall user experience 



























Final Design: Add Bar Graph Pace Visualization 





 The display scrolls from left to right 

The full bar graph shows 9-mins. 
Bars above the mid-point are over 
the target; bars below are under. 
Under is better. 

The y-axis is 
auto-set based 
on recent pace 
& target pace 

The target pace for the group 
shows on the first and last bar 

graph screen  

Each bar represents avg 
pace in 1-min increments 

The target pace line 
is at the origin 

Bar Graph Visualization 
Compares 1-min pace averages over time to a 

target pace collectively pre-set by the group 





Parallel Prototyping 3 Designs 

Informal Pilot Studies 

Select & Refine  

Final Design 

2 Case 

Studies 

at Races 

Field Study of 10 

Pre-Existing 

Running Groups 

Pilot 

Testing 

SFF: Design and Evaluation Process 
Ideation & 

Lo-Fi 

Prototyping 









It made me run faster because my performance 

was on display.  

Victor Papanek 
Designer/Educator 

As quoted in Cooper, et al., About Face: The Essentials of Interaction Design, 3rd Edition  

 

It made me more aware of our pacing and kept 

me more focused on the run itself.  

- Race Participant 

- Field Study Participant 



work 
future 



SFF Bicycling 
Working with EroGear 



Matt Mauriello Michael Gubbels Jon Froehlich 

The Social Fabric Fitness Team! 

Follow-up Sources: 

CHI’14 (to appear) 



“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.” 

Al Gore 
Nobel Peace Prize Winner, 2007 

Quote from TED Conference, March 2008 



Get in touch: @jonfroehlich 
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This sort of activity is enabled not just by space  

but ready access to material and tools 



Three Soldering Stations 
HCIL Hackerspace 



One Oscilloscope 
HCIL Hackerspace 



Craft/Textile Station 
HCIL Hackerspace 



Two Mannequins 
HCIL Hackerspace 



Basic Electronic Supplies 
HCIL Hackerspace 



Wall of Electronic Components 
HCIL Hackerspace 



Microcontroller 

Inventory* 

3 Beaglebones 
http://beagleboard.org/ 

3 Raspberry Pis 
http://www.raspberrypi.org/ 

2 .NET Gadgeteers 
http://www.netmf.com/gadgeteer/ 

3 ARM Cortex-Ms 
http://en.wikipedia.org/wiki/ARM_Cortex-M 

15 Unos 
http://arduino.cc/ 

15 Leondardos 
http://arduino.cc/ 

2 Dues 
http://arduino.cc/ 

2 Yúns 
http://arduino.cc/ 

*We have other boards as well but these are the main ones 

And lots of Arduino… 



Arduino 

Inventory 

15 Leondardos 
http://arduino.cc/en/Main/ArduinoBoardLeonardo 

2 Dues 
http://arduino.cc/en/Main/ArduinoBoardDue 

2 Yúns 
http://arduino.cc/en/Main/ArduinoBoardYun 

2 Megas 
http://arduino.cc/en/Main/ArduinoBoardMega2560 

2 Esploras 
http://arduino.cc/en/Main/ArduinoBoardUno 

15 Unos 
http://arduino.cc/en/Main/ArduinoBoardUno 

2 Pro Micros 
http://sprkfn.com/12640 

5 Pro Minis 
http://arduino.cc/en/Main/ArduinoBoardProMini 

1 Fio 
http://arduino.cc/en/Main/ArduinoBoardFio 

9 Boarduinos 
http://adafru.it/91 

2 LilyPads 
http://arduino.cc/en/Main/ArduinoBoardLilyPad 

2 LilyPad Simples 
http://arduino.cc/en/Main/ArduinoBoardLilyPadSimple 



Quadcopters 
HCIL Hackerspace 



Two 3D-Printers 
HCIL Hackerspace 



One CNC Machine 
HCIL Hackerspace 



EDUCATION 

? ACCESSIBILITY HEALTH SUSTAINABILITY HCIL 



HCIL ACCESSIBILITY HEALTH SUSTAINABILITY ? 

EDUCATION 



HCIL ACCESSIBILITY HEALTH SUSTAINABILITY ? 

EDUCATION 

Making with a Social Purpose 


