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new reflections of self with

technology

—

our behaviors

i _neW | our routines
InS|g htS our past actions

_our social connections




a simple
example

objective vs. subjective self









how do you react to this

feedback? can we sense
changes?

you *\

sensmg feedback

how can we create sensors how do we present this
to sense and infer your data back to you? what
behaviors? medium and interface is

most effective?



human-computer
interaction

computer science



why?

1.1 want to make the world better

2. NOW is the time...



running

. lester et al,, jcai 2005
. choudury et al., ieee pervasive 2008
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walking

lester et al., ijcai 2005
choudury et al., ieee pervasive 2008




lester et al., ijcai 2005
choudury et al., ieee pervasive 2008
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tranS|t modes

patterson et al., ubicomp 2003
zheng et al., ubicomp 2008
reddy et al., sensor networks2009
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mlcrophone inear ||

- detects when a a;-’
person is eating |
~ with 99% accuracy

amft et al., ubicomp 2007
cheng et al., pervasive 2010




|dent|fy|ng flmds

ncluding
RS ;

lester et al., pervasive health 2010
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liu et al., /n submission



ok, we have all this data...

now what?



sras S —

———

liu et al., /n submission



automatically detecting coughs
with a commodity mobile phone
D 3

liu et al., in submission



collecting and analyzing the
cough dataset

17 participants
/2 hours of naturalistic audio recording

6 graduate students annotated recordings

« 2542 coughs labeled by annotators

84.4% of coughs were correctly classified
0.7% false positive rate (3.3/hr)

liu et al., /n submission
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[HEY
N
o

number of coughs
o0
o

I
o

number of coughs

M self-report

-IIIIIIIIII--IIIL

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17
participants

31



number of coughs

160

[HEY
N
o

(0]
o

I
o

number of coughs

measured vs. self-report
diff: mean (22.8/hr), std (33/hr)

® actual

M self-report

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17
participants

32






nike+ interface
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eco-feedback

sensing behavior paired with feedback to
reduce environmental impact



eco-feedback
a brief history

Fogg, B.J., Persuasive
Technology, 2003




eco-feedback
a brief history

Kohlenberg et al.,
J. Applied Behavior

environmental Analysis, 1976

psychology |
a

1970 1976

Foqg, B.)., Persuasive Persuu%l@ﬂg‘gg,‘%
Technology, 2003 T




smart meters |,




power-aware cord

B cord light pulsates &
__ varies in intensity
based on power draw

Gustafsson and Gyllenswéard, CHI2005
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~___ visualization allows
¥« pedestrians to view

. amount and type of
 garbage at-a-glance

P
yIE =7 T p aad

Paulos and Jenkins, CHI2005
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toyota prius

» Consumption
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toyota prius

what makes this design effective?

* immediacy — relevant information accessible

» constrained environment — few distractions

* reason to care — gas mileage is important

» simple — interface is easy to understand

* educates — immediacy combined with history can teach
efficient driving practices
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speedometer

gas gauge
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but if we have speedometers,
why do we have...



vehicle
activated
speed
signs
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vehicle
activated
speed
signs
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the design of vehicle "
activated speed signs ‘77

A 4k
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vas signs
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so an interesting research
question then is:

how can we design technology to
influence behaviors?



behavior change
techniques

information
prompts
goal-setting
comparison
commitment
Incentives

feedback

Geller et al., 1990
Health Education Research



WATER
. prompts ls A
Bl PRECIOUS RESOURCE

- ; PLEASE HELP US
o CONSERVE IT!!




much more effective!

Winett et al., Journal of Applied Psychology, 1978




comparison
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o Yo n wit
by |u| your towels more than
n
tion, you help us reduce the amount of detergent waste
water that must be recycled within our community.
Please hang the towels up if you wish to participate
in the program — if not, simply leave them on the floor.

dition to decreasing water and energy consump-

We appreciate your help!

Printed on recycled paper.
Laminated to reduce waste.

At




We invite you Lo |join Wlth Us Lo conserve water cne 5TS IN HELPING
by using your towels more than once, ‘ TO SAVE THE ENVIRONMENT
In addition to decreasing water and energy consump- | Almost 75% of guests who are asked to
tion, you help us reduce the amount of detergent waste participate in our new resource savings program
water that must be recycled within our community, | do help by using their towels more than once.
Please hang the towels up if you wish to participate You can join your fellow guests in this
in the program — if not, simply leave them on the floor, RN sauNS i) sale ihsenvironmeny by
reusing your towels during your stay.
O SERY
2 v € Lob . ,,}C‘

/?)
® Tomonro™ !
R romonroW

We appreciate your help!

We appreciate your help!

\}X’(’) Printed on recycled paper, y
Laminated to reduce waste. » gL‘ Printed on recycled paper.
(7 Laminated to reduce waste.

standard environmental message descriptive norm message

35.1%  44.1%
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sensm Eportunltles
for mobile health persuasion’ i
' '._\*;«'j&j’ | m@m

Kairos

technology that suggests
_ 2 behavior at the most
opportune moment




two mobile phone
examples:

ubifit ubigreen

| encouraging fitness iRl encouraging proenvironmental
7:27PM R 03/31/08

behaviors through passive  |JREEE ‘ behaviors through passive
sensing and feedback ' sensing and feedback

| consolvo et al, chi 2008 |
foviy e consolvo et al,, ubicomp2008

T o

froehlich et al,, chi 2009




ubisystem components

collects data about physical activities

/\

activity recognition device glanceable display

(AT ] TRMARER KT H YT ORI (T TV T
I
o

communicates data about physical activities



ubisystem components
towards zero effort applications

collects data about physical activities

A
- I

activity recognition device interactive application glanceable display

communicates data about physical activities



pedometer cell phone
fitness study

Today’'s Steps
_ﬁ . ﬁﬂi
Me 7606(f) | Today's steps for Me
T [Sun 8296 (f)] 4562 (6:24p)
NMon) Alice 7626(4:34p) Goal: 10000 steps
Me 7506(H) [Sun 10367 (f)] 5438 steps to goal
|San 8296 (1) \ Bettg 10135 % (5: 14p) Comment from last update
fAlice 7626 (4:34p) (Sun 11845%(f)]  (com) Walk
[San 1026711 R
Belty 8152(5:14p) a) (Options Exit ) Options Back
[Sun 11845+(6)]  {com)
Lomments far % Mylast7Days
_ I
Wed 8/3 4013(246p) Sun| 11798 #
went for a run Mon| 9135
Sun 7/31 5153(7:17a) Tue| BB29
o good day Wed| 14013 %
Sat 7/30 6120(3:26p) * = goal met
o good day Average | 10135%
. ) Options Back Options + Back
Figure 1. a) The Omron HJ-112 pedometer, b) the pedometer in
use, and c¢) the Nokia 6600 mobile phone running Houston. Figure 2: Houston screen shots. (a) Mam screen, (b) detail

screen, (c) recent comments, and (d) trending information.



ubifit

personal ambient display

walk

cardio

strength

flexibility

primary goal met

de de WM O

alternate goal met

dr
e

recent goal met




ubigreen
tracked 6 transit activities

m i B
@D 1 ) oD
drive alone | walk bike train carpool

‘not-green” ‘green”

minimum activity duration: 7 minutes

69



ubigreen A \

personal ambient display

current

activity

value
icon bar

— phone
(wallpaper)
7:27PM R 03/31/08
T-Mobile
evolving
image



YOU'RE THE STAR
FROM

g 2 STORY! CHOOSE FROM 22 X

SUPERCO

C \\OO \ -
: BY EDWARD FA

ILLUSTRATED BY FRANK BOLLE

Ummi Coaruras fuo Brase
‘Gan aF the » ww.ﬁrﬁwﬁmmlnﬂ

o .
nse of anticipation for how story would unfold



ubigreen

personal ambient display

T-Mobile

everything

resets
on sunday



ubigreen

personal ambient display

“ polar bear
' design:




current ublgreen phone images

0000000000000000000

L[ |
,5% < ;“:* {““{
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.00@ 0000 0000 0000
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personal ambient display
Impressions of ubifit

If you didn't have a screen [display], |
wouldn't think about it [physical activity]
as much... | think about it maybe
subconsciously every time | look at my

phone.
- PSyr

With a website, it's so easy to ignore...
it's just out of sight, out of mind. But on

the phone, you can’t really ignore it...
- POy
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game mechanics

playful measured progress

PN
%

Y Y
virtual achievements collections



loss aversion
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need for quantitative data

| would like to see some graph or raw
data.
= P13UG

quantitative data
* builds trust system is working
g i « allows for self-comparison
=) Walking (60 i) * some people like it better

bl ]

= Cardio (75 min)

Strength (none)
=) Flexibility
General Stretching

(09)2



effectiveness of the ubifit
glanceable display

Linear Trend ===. Best Fit Linear Trend ===. Best Fit
400 — 400
<
3300— 300 -
-
9o
= , _ S
52000 : : 200
&) ‘ S
>
=
> 100+ 100 -
e
- :
< i
Or—7T—7T—7T 7T T T T T T T T 1 o+—F—TTT T T T T T T T
0 1 23 456 7 8 9 10111213 01 23 456 7 8 9 10111213
Week in Study Week in Study
no glanceable display glanceable display

study occurred over thanksgiving, christmas, and new years. 80



mpgqg?
gpm?
Kwh?



how much water do you
use when you shower?




how much energy does
your dryer use?




why
the
dis-
connect?
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Municipal
Services gtatement i
|
sy Nor23 roqugy, 7 2
% - — 0N thy 4, inges
\ . UBDOIE?SEDDDDDUB — ot i e bec,
] M
. 2,
“u‘nmmh“nhu“nhdh\nu\llm“lnh\ Account Number. — “la‘a‘:Q 3478 4 :::"mm
3 Utility Amount pue! = oma 980485414, 40T “m'a 6 Cor0 To gy "Hos ng
LINDER HOLLINQUEST Volu Donatiof - AY B, 4s0; llowing
7450 S KENWOOD DR oluntary 4 L, - 33uyy. N6oyg , i
TEMPE AZ §5283-4921 Total + Voluntary illistl, g m - T
. Date Due: '“’""'I,”uulul l/
3 . s mll,
(] wark f acciress chan® roquested on feverse S48 Enter Amount Pal Ly 0 il Loyavia
Roturm 'm'm portion of i staternent wilh your payment.
Kaap the batom poction of this statement fof your records. 5 » Soe reverse Si6é
Account Number: 400687 00154711 Billing period: 1212006 Service Addres
Current meter reading: 4507 previous meter reading: 16305 Gallons delive
Account Activity
pDate Description Amount o Date DesS
payments Received You 1100.00 12112 Water §
4242 Water Qualty Fee 043 1242 Watet
12112 Tempe City Tax 0.61HAES 1212 1%D
4242 State Tax 245 1212 g
12112 « Secvice Charg® 728 1212 Res
o+ o oo R ERET
VISA. M”mrwa.mox&owm payments 2
\mmw;gw Payments Credts 5 as Due Balance |4 Eainaponcy Foss| + NeW Charges "
100.00 0.00 5596 0.40 7356
Fpy %

153.96
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design activity

—

. split into groups of 3 or 4
. Identify an activity that you want to

change via sensing and feedback
(energy usage, fitness, sleep, diet,
etc.)

. design an Interface to influence

that activity.



think about

1. what does the Iinterface look like?
2. why would someone want to use It?
how does the user see the

Interface?
4. does the interface use social

competition? gaming?

L



high resolution resource
consumption sensing for
, water and gas

7}

http://ubicomplab.cs.washington.edu



three design goals

low-cost  easy-to-install device-level
information



how much energy does
your dryer use?

appliance sensor appliance-
level data!



dlstrlbuted dlrect sensmg
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lighting
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infrastructure mediated:sensing

1

| |l

- | overhead
~ lighting
N

AN

N

microwave

Patel et al., Uk



electrisense: appliance level
sensing with two sensors
& W\ ' > "

powerline event contactless power
detection | consumption sensor §

Patel e



CFL Torch Lamp ON

Pawer (KW): 050  Voltage 1093

not for end users



Movie Removed for Public Posting of Slides



T

|

2.78 Voltage: 121.14

Power (kW) :




00816 PowerMeter

Home Electricity Use

dryer
|/
<ol
power consumption TV -
c edler
spikes and temporal ™S fridge N _l_l
patterns correlate \i SN w
L
to usage k“_j -
cable outdoor
TW box  lights

this is only one input feature into our machine learning algorithm!



your noise is our signal




how works
mechanical switches

100kHz _

100 Hz

Low

O—/WW—Z =0 electrical noise transient



how works
mechanical switches

100kHz _

100 Hz

Low

O—/WW—Z =0 electrical noise transient



each switch has a unique
transient signature

100kHz ,

based on:

1. switching
mechanisms

2. load characteristics

3. position on
transmission line

\ J | }

switch 1| 5 ;| switch 2

—



transmission line

shapes signal

allows us to identify identical
devices, which are In different
locations in the home

J
b
) '|' i
|
|
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how works
three classes of noise

generates continuous noise

W

resistive Inductive loads loads with solid
(e.qg., from motors) state switching
(e.g., tvs, cfls,

computers)




transients

100kHz

50kHz

100 Hz

O
Low




continuous
noise

fan resonant MR j
noise frequency

transients

100kHz ,

50kHz

100 Hz 100 Hz

Time

o
Low Low




100kHz

fan resonant
noise frequency
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Infrastructure-Mediated Single-Point Sensing of Whole-Home Water Activity

Jon Froehlich?, Eric Larson?, Tim Campbell3, Conor
Haggerty4, James Fogarty!, Shwetak N. Patel!2

1Computer Science & Engineering, %Electrical Engineering,
3Mechanical Engineering, “Community, Environment, and Planning

UbiComp 2009



what are the most consuming
water activities in your home?

average indoor household water usage per person/day (70 gpd)

Toilets
Clothes Washer

Showers

Faucets

Leaks
Other Domestic
Baths

Dishwasher

i

0% 5% 10% 15% 20% 25% 30%
Vickers, 2001



water scarcity

Water stress indicator (WSI) in major basins: < //
Slightly ~ Moderately — Heavily over-

exploited exEIo'rted exEIoited exilo'rted
‘ PHILIPPE REKACEWICZ

Sources: Smakhtin, Revenga and Dall, 2004. 0 0.3 0.5 0.7 1 and more FEBRUARY 2002









hydrosense

single-point pressure-based
sensor of water usage

identifies water usage
activity down to fixture level
(e.g., toilet)

provides estimates of flow
at each fixture



- only provide aggregate
“information on water usage

| - require pipe modification
for installation
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the hydrosensor prototype

Pressure 20 MHz Class 1

Sensor LEolisiIC Microcontroller Bluetooth

Radio

3D-Printed Enclosure
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raw bathroom sink signal

psi

70 -

65> —

60 -

35

50 -

45 -

40 -

_stabilized
| pressure drop
10 15 20 25

time (t)

30

35

40



water tower

brief plumbing primer




water tower

incoming cold
water from
supply line
—

40 psi

100 psi




pipe layout

incoming cold
water from
supply line
—

pressure
regulator




s \vater tower

incoming cold

water from
supply line
]
pressure
regulator

closed pressure system

1L\, bathroom 1

hose Tal ' I -
spigot ——
'i I / \
|

kitchen
thermal g ‘EI g
expansion (0] o] )

tank

I I
dishwasher
]
N> l : | 1

.
= hot '
water ‘
?‘ heater |~ bathroom 2




>
o
—

hot water
. —| water
heater drain _—» — -
valve




2

S
RS
T N .

I

hot

water
F‘ heater |




olil open se

i
[ | [ |
expansion (o] o]
tank
_—

(cold)
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s =

home profiles

V.“‘? a1 N 87 *. 15

- | ten locations
- 8 houses

; -1 apt / 1 cabin

size
- avg: 2,300 sq ft
- min: 750 sq ft
- max: 4,000 sq ft
ainstall point:
- 8 hose bib
. - 1 water heater
S S



experimental protocol
N S
- controlled experiments
- 2 researchers per site -

| B

- 5 trials per valve
- e.g., 5 cold / 5 hot for
bathroom sink

i - for each trial, valve open
\Q for 5 seconds, then
\\ closed

k _




collecting flow data
' 1-4/ 1 homes
gathered flow data

- measure time to
» fill 1 gallon in a
calibrated bucket

- this provides ,
P " allowing us to

. + solve for R,

" ' -R;=AP/Q




4 3

data collection stats

e TH
\ ! | b )‘i | x:
ﬁ"‘ | o ,.‘ - g I i |

- ten locations
- 706 trials

- =155 flow rate trials
- 84 total fixtures tested




fixture classification results across

homes

100%
80%
60%
40%

20%

0%

M Open Events

M Close Events




fixture classification results across
homes

@-0pen Events 4 Close Events
.p . 97.9%
100% -

90% -

80% -

70% -

60% -

50% I I I I I I I I I I

A @ @ @ @ @ @ @ D e
o3 oW 6“6\ 9\\9\ cbsx’é\ %\@\ oV v ,\\\3\ %@"’ N
WY BV WY BV 6V Y et ot gt



fixture classification results across
fixtures

M Open Events M Close Events

100% -

80% -

60% -

40% -

20% -

0% -

T0|Iets Showers Bathtubs Clothes Dishwasher
% _—  Washer
CTI=




what i'm currently working on:

1. studying hydrosense performance
in field deployments

2. building water feedback interfaces
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N

1l

—
11 AM 07-34:49 AM 07-40:27 AN 07:46:05 AM 07:51:42 AM 07-57-20 AM 08:08:36 AM 08:14:14 AM
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GasSense: Appliance-Level,
Single-Point Sensing of Gas
Activity in the Home
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gassense installs on
outside of gas regulator
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the sense signal

FFT Intensity over Time and Frequency
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Estimated Flow vs. Time for H4 Compound Events
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