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ABSTRACT water depletioraffects many parts of the worldith water
Water is our most preciouand most rapidly declining levels recedingas much as 300 fe@ some areasluring
natural resouce. We explore pervasive technolo@s an  the last decadelfl]. Increased demands for freshwalead
approach for promoting water conservation in public andto aggressive pumping, resulting iedwced water flow in
private spacesiVe hopeto motivateimmediate reduction in  streams and lakes, land subsistence (collapsing soil), and
water use as well asigherorder behaviors (seeking new deteriorating water quality, not to mention greater costs of
information etg through unobtrusive le-cost water flow  obtaining freshwater due to its increased depth [

sensing and several persuasive displdarly prototyps
were installed at public faucets and a private (shared)
shower, logging water usage first without and then wit
ambient displays. This pilot study led to design iterati
culminating in longterm deployment of sensors in four
private showers over the course of three weeks. Senso
first logged baseline water usage without visualization.
Then, two display styles, ambient amtmeric were
deployed in random orderach showing individual and d : . .
average water consumption. Quantitative data along WithOf excessive water usevhich leads to ppllutlon. Wh"e
participantsO feedback contrast the effectiveness of numerlgduced water usage the US may not directly alleviate

displaysagainst abstract visualization in this very important water pro_blems elsewhs _the Scope Of. our work probes
domain of water conservation and public health consumption as whole, inspiring curiosity about water
practices outside the studied facilities (digashing, lawn

Autho_r Keyyvords . _ _ watering, laundry, etc). Increased awareness can lead to
Sustainability, ambient displays, persuasive technology  largescale personal and societal level changestimer
domains such as industrial practices and agriculture.

Our work aims to raise awareness and motivate water
h conservatia  through the design, deployment and
evaluation of several of in situ persuasive displays
integrated and low-cost waterflow sensors(Figure 1)
r(gonservatiom even on the personal levé$ crucial for the
numerous American regions that are threatenedvater
depletion The city where our displays were deployed is
particularly affected by sewer overflevanother byproduct
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INTRODUCTION

“Water is the driving force of all nature” - Leonardo Da Vinci

Wateris our most precious natural resour@ame out of six
people in the world does not haaecess to safe drinking
water (1.1 billion peoplg, over 2.5 Lllion lack adequate
sanitation, and more than five thousameaths many of
them children, are caused bywaterrelated illnesses every
day [32, 33] Water is complexly coupledith a range of
environmental political andhumanheathfactors, affecting
food supplies,industrial demandsand climate variations
These challengeare not confined to developing regions:
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Research Goals deployment: by installing physical displays in public
We explore the design of pervasive displays in order to 1)restrooms and evaluating behavioral impact based on usage
motivate mmediate sustainable water use suclstasrter  dat and participantsO feedback.

showertimes, reducing water flow at the tap, ,edad?) to L .

inspre higherorder behaviors that raise awareness (seekingOur Iong.erterm.study of water consumption in private
new waterrelated information, rethinking water showers is mot|va}ted by Chetty al., .Wh.o S.U.QQGSt that
consumption in other domains, discussing water usage wit nergy consumption patterns remain invisible to most
friends, etc).We focus ontwo types of displays: a literal omeowners §. Kappel et ol present an ambient

(numeric)andan abstract visualationof water usage data visualization of water usage that reduces average shower
We evaluate our displays in ailot study of water use by about 10 liters [17]. We strive for similar results by

consumptionin public and sempublic contexs, and a dgploying a different sensing technollogy and a variety_of
longerterm follow-up study of water usage in private visualization techniques. Our sensing approach, which

homes.Our work thus confirms and contributes to research rehqs cg gn tixternall( mflcFrophone ;O Ir:neaitlj_reh Watler ﬂOdW’ IS
in pervasive computing through rovel juxtaposition of  mSPired by the work of Fogarey al., Froehlichez al., an

public and private apppriations of ambient and digital Ch_er_1 et ‘fl‘ who relied on microphone Sensing to |r_1fer
displays asmotivated by a pressing reabrld problem activities in the home7] 10, 1_3]. Our sensor is inexpensive
(water conservation)We use our findings to derive design ((jgndler $3O). and Ieasﬂyephcabl.e by nire{(pertsb. O.lt”
implications for physical angersuasive technologies in ISplay —designs - leverage prior Work in - ubiquitous
this very important domain ofvater conservation and computing as well as theoretical evaluation principles.
health practicem public and private spaces. Evaluation Metrics

PRIOR WORK Pousman, et al. develop a taxonomy of degs

Ubiquitous sensors and displays have b lied in recommendations including four criteria for success:

: : . information capacity, notification level, representational
numerous contexts [3], including health [24, 26, 27], fitness_. .. g .
[5, 0], elderly care [617, 27 and sustainability [9, 12, 15], fidelity, and aesthetic ephasis [25]. Other approaches

leveraging visualizgion techniques to influence human proposeaesthetic appeal, amount and type of information

behavior and awareness. UbiGreen [12] and UbiFit [5]Sh°.W”’ d|strta§(t)|or;2an2d8 arﬁﬁzfte f'tt \;\"th SLIJrr'(Z\ur;d!?g
implement a visual metaphor on usersO cellphones, with t rrlwronmenl[ t: d I]. ab e\(/jvse a .t apdp)(/j f c '\;'. Y d
former showing transporation choices in terms of polar. eory, evaluating dispiays based on Intended function an

bearsO webeing and the latter relating physicithéss to |mpact on user activity [21]Our_displgys striye _to raisg
the conditions of a garden. Other systerms foster moreenwronmental awareness by inspiring curiosity ugri
! undane actions (washing hands or showering). We

tangible intraction: the Breakaway sculpture OslouchesO 3 ; 4 - : .
discourage sedentary behavi@d], the poweraware cord gpr()rlre a}mb|en:1 and r.‘“mel”c m(;’d?"'“gs E) galr? praqtlclal
shows energy use wih ambient Igning g e 190N 1O e pinebles terues oy hedretcs
persuasive mirror augments usersO reflection with fecti ’ dinf gt' tent Y, ’
information such as workout schedules or smoking patternse ectiveness and information conten
[Error! Reference source not found.]. Explorations of = LOW-COST WATER FLOW SENSOR

personal monitoring systems emphasize social factods a We developed an unobtrusive sensor that can be mounted
Ohabitus@eneral world knowledge as key motivations for onto existing showers or faucet pipes to measure water
human behavior [29]. We contribute these past projects usage.The sensor was built usinglew-cost, offthe-shelf

by leveraging ambient displays as a persuasive technologynicrophone and an Arduino AVR microcontroller. Audio is
for water conservation. sampled ailOkHz, and volume thresholding combined with

a sliding sample window are used to detect water flow.
False positives such as human voice or ambient sounds are
minimized by continuously matching the sampled signal
against the waveform uniquely produced bytevaflow
(Figure2). Our first prototype, which was used in the initial
pilot study, stored only On/Off water events in nafatile
memory at a resolution of 200 milliseconds for the faucets
and 15 seconds for the showers. Our follggv study
k%veraged rare advanced sensing to estimate the amount of
water used based on sound output.

Ambient Displays and Water Conservation

Research expring water consumption has focused on
high-cost physical redesign of existing showetkdnd in

line water sensors [16]. Our approach differs by employing
low-cost, norinvasive sensing that combines individual
and colledve water usage visualizations into a persuasive
interface. We draw from several prior sensing and
visualization techniques at the faucet and shower. Areoyo
al. leverage water usage data as well as camera sensing
detect user activity at the faucetaw®r is illuminated based
on temperature and flow, automatically adjusting to userMeasuring Water Flow with Sound

activity [2]. The same work introduces WaterBatwater  Water flow is measured in Gallons per Minute (GPM). The
flow sensor that conveys individual and average waterflow of water produces a distinct waveform such that the
usage with ambient LEDGsidiomessages and chiméde peak amplitude increases witigher flow rates (Figure 2).
continue to explore interactions at the faucet, differentiatingThis relationship is used to approximate water volumes
our work from Arroyo et al. through extensive field based on twgoint calibration: a known volume is filled



Water Turned Off Human Voice

é: oo JV\W\MJMKW
f Low Water Flow High Water Flow
S
é

Figure 2. Microphone output for water turned off (top left),
human voice (top right), water turned on low (bottom left)
and water turned on high (bottom right) events.

twice using different flow rates to interpolate a linear

relationship between absolute average microphone outpu

(in mV) and time to fill a known volume. A third datapoint

ensures that interpolation is within an error tolerance of

10% per gallon. After calibration, each sensor records th
volume of water used during each event at the resolution
0.2 gallons, as wkas the time duration.

PILOT STUDY: WATER USAGE IN PUBLIC SPACES
To evaluate oupreliminary sensorand display desigas a
persuasive technology for water conservatiome

conducted a pilot study targeting several faucets in two

public bathrooms (menOsdawomen®s) as well as one of
several shared showers in a female dormitory on a colleg
campus. We chose these locationsecausethey offer
unique opportunitiesfor water reflection and awareness
washing hands arshoweringposition people as @captive
audienceOFurthermorean averagdive-minute showein

the U.S. consumes more watdvan the amount of water
used by atypical personliving in a developing country
slumover the course of a whole day [30].

Methodology

The sensorswithout displaylogged data for 1 day at the
faucets and 3 days at the dormitory shower to gathe
groundtruth usage data. Each sensor was then oultfitte
with an ambient display showing water consumption in

relationship to average and cumulative water usage time

that were cdécted earlier. Due to battery replacement,
faucet displays were deployed foorrconsecutive periods

during 1 week a total of 103hours (female) and 47 hours
(male), while the shower display functioned for 25
consecutive hours without battery change. dddition,
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- "Bl Water Use

Figure 3. Faucet display mounted onto a public bathroom
faucet (left) and each part of the display labeled (right).

(o)

flyers were used to recruit students and staff who regularly ¥

use these facilities (6 male and 5 female, ageS49All
participants completed a pstudy survey, and six of them
completed a subsequent survey, evaluating the displaysO
impact on behavior and awareness. Participants were
compensated $5 for completing each survey and $10 upon
finishing both surveys in the study.

Faucet Display

The faucet display (Figur8) represents individual water
use through a OtraffightO metaphor. The afabt display

is green when water is first turned on, turning yellow if
water remains on for more than the previously measured
average duration, and red once water has been running for
longer than one standard deviation above average. The
color sequence culinates in a flashing red light when
water is left running for significantly long periods of time
more than 2 standard deviations above average). In
ddition, an LED bar graph below the ambient light
represents collective daily use. Each bar represen¢s on
tenth of the water consumed during the day when baseline

P}i:/ater usage data was logged. When water is turned on, the

ext consecutive bar begins blinking to signal individual
contribution to the total water usage. Thus, the bar graph
gradually Ofills upQer time and resets every 24 hours.

Shower Display

The shower visualization shows cumulative and individual
water usage with an LED bar graph. Each LED represents
one sixth of the daily water use as initially logged by the

Sensor before the display was tsed in the cumulative

graph, and one third of the average shower length in the
individual graph. Again, a traffiight metaphor is
employed, with both bar graphs consisting of two blue, two
yellow and two red LEDOs to represent low, average and
above aerage water use (see Figdje

Pre-Study Conservation Efforts and Awareness

Most participants (8 out of 11) have conserved water in the

past, with six indicating that they conserve water during

everyday activities. Examples include turning die tap
henever possible (while brushing teeth or drying dishes),
eusing clothes to minimize laundry, replacing leaky

faucets, not opening the tap fully, avoiding deep baths or

?aking shorter showers. All participants have been involved

in other forms ofconservation, ranging from recycling and
reducing heat, gas and electricity use at home, to an
academic energgonservation project. Motivations cited
for contributing to such efforts include saving money,
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Figure 4. Pilot shower display mounted onto a shared semi-
public shower (left) and labeled (right).



avoiding recycling fines, convenience, and impngvselt frequently as several times a day (2 participants). All
image, as well as Oinvesting in the futureO, making scargearticipants said they were curious about the display, for
resources last longer, and Osaving the earthO. example: Ol immediately tried all of its functionality. | even

When asked to estimate how many people worldwide OIOtrled to makehe daily bars go upO, or Oit looked interesting

not have access to clean drinking water, more than half o?nd | wanted to see how it workedOne respondent

participants guessed above ttarect answer, ranging from remarked: Ol liked it, it was kind of like a tojEyeryone
25% to 98% of the world®s population. One participantunderstood the individual usage visualization, but several

explained: OEveryone outside the US?? | have no idea, ﬁ;uocpelte d\i/\éerlz C%‘;isegrsfnoﬁoﬁfergém:g tubtairtsogc;ree and
just know that when | travel outside of US, | buy bottled play. P '

waterO. Since comments such as these reflect a lack apother was disappointed that the bars always seemed low.

awareness about global water issues, our work aims tc%Ithough all participants agreed that the data shown was

motivate participants to seek additional information and useful, although more than half indicated they would want

. . s to see nunwcal data, a gauge or labeled units. Some
understand worldwide wateelated challenges in addition -
T . . : respondents suggested showing water temperature, cost,
to causing immediate reductions in water usage.

average use over time, or average use per user. Several

Quantitative Water Flow Data in Public Bathrooms respondents did not like the aesthetics of the faucet display

The initial deployment of the sensors without an active design, indicating that they would prefihe display to be

display logged 46 and 91 use instances in the menOs as¢haller, or a different color.

womenOs bathrooms, respectively. The menOs bathroqm . .
o . mediate Behavioral Impact

sensor indicated an average usage time of 5.2 seconds (4'? s . i Lo -

o -~ articipants identified the deviceOs purpose to be reminding
sec. standard deviationfzor women, the initial average

duration was significantly (p=0.026) lower, with an average pgogllel of télew water us;tgﬁ, cohr}servmg or belngrerrll
of 3.7 seconds (3.3 sec. standard deviation). During the e, an most agreed that this purpose was at least

deployment of the display, 153 and 75 events were logged';omewhat achieved. However, one participant disagreed: Ol

in the men®s and womenOs bathrooms, respediigsiyts just _wanted to play in the water more.to use the displayO. A
show & margnally Sgnifcant (7-019) 2.7% ncease inPIERENL who used he shover deply stled hl e
duration (6.6 seconds average) for men, and a significan}/I dv sh dauickl bleO. Al o
(p<0.001) 133.5% increase (8.86 seconds average) fop, cady SNOWers as Lquickly as possibie '.A participants
women (addressed in our discussion section later) Thesald they would feel comfortable sharing their water usage
difference in increase heeen the men®ds and Woménés ata with friends or strangers. Most also indicated they
would prefer to have this device in their hotoebe more

water usage durations (2 seconds) was not Slgnlflcant'aware of their water use, except one participants who stated

'I_'here were no significant changes in average duraF|or}§ OVEH| would play with it too much and use more waterO.
time, although the womenOs average usage was significantly

lower during weekend hours (Figure 5). Higher Order Awareness
I . Most participants did not make additional conservation
Quantitative Water Flow Data in the Shared Shower efforts or discuss water usage with their friendseiseeing

The sensor logged 23 shower events without the display ; o A N
with average shower duration of 8 minutes and 20 secondghe display. One participant explained: Omaybe itOs Ocause |

(4 min 30 sec standard deviation). After the deployment Ofalready do conserve.O. Nevertheless, one respo_n(_dent noticed
the visualization, 4 events were logged, with arerage more news about climate change. Another participant who

duration of 5 minutes 53 seconds (2 min 27 sec standaré|Sed the shower display felt more compelled to recycle

L . . . even if it reqired @o make more efforf3 noting that the
deviation). This 30% decrease in average shower time was_~. .~ A ; "
o Co evice inspired her t@ronserve water in everyday e
not statistically significant.

Moreover, she searched Google for the number of people
Participants’ Evaluation of the Display without access to clean drinking water and revised her
initial answer. When asked again to name treatest

Most participants who completed the second sprve challenge for sustainability, more than half of all

interacted with the display at least once (1 person), and agartl_mpants changed the|r. answer to indicate a lack of
public awareness or education.

Display Design

and question the technologsgsulting in significant water
usage increase for men and even more so for women.
Men Women Novelty effects were amplified by the public setting: during
Figure 5. Average water use times and standard deviations the stugy, displays were accessed by newcomers and it was

for control and intervention conditions in public bathrooms. not unusual to obseryeeopleuse water simply to watch the

0
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g Discussion

e ) Our display was able to promote a 30% decrease in average
E [INo Display shower times in a senprivate setting Conversely, the

§ 6 B Ambient Display public faucet visualization invited people to engage with
z



system cycle through its states. While this result countersSensor Calibration

our initial design goal (reducing water consumption), it can Sensors were calibrated for the water flow of each shower
in fact be leveragkto promote sanitation and public health at the beginning of the study. Measurable flow rates ranged
practices. People were drawn to use faucets for longefrom about half a gallon per minute to 2.3 gallons per
periods of timein orderto alter the display (cycle through minute based on participantsO showerheads and water
lighting modes and increase the LED bar). Future work carnpressuresThe error rates did not exceed 6%.

therefore focus on interactive systerhattencourage safer g .o, Displays

hand washing, especially in public spaces or locations thaiyg styles of display were developed to visualize water
revolve around human health (hospitals, etc.). usage in the shower. The numeric display presents current

Moreover, the displays affected people®s thinking abougsage to the nearest tenth of a gallon. When the shower is
water and energy. Despite the fact that most participantdurned on, this numbencreases based on water flow rate.
were already erironmentally conscious, results of the post In addition, the average usage, which was computed during
study survey suggest that they became even more aware #fe initial (logging) phase of the study, is also shown below
personal and collective water use. Some became consciod§igure 6). The ambient visualization presents this same
of their water consumption and noted publications aboutinformation as arambientorb, leveraginga Otraffic lightO
environmental issues, and mostenaluaed the primary ~ Metaphor (Figure7). First, the orb shows a green light

challenges for sustainability to be human ignorance. while water usage is below average, fading to yellow and
then red as water usage reaches average and 150% of the
STUDY: WATER USAGE IN PRIVATE HOMES

L A , average amount of water is used, respectively. The light
Our preliminary findingsinformed the design of a langer sequence dminates with a flashing red light when usage
term stug that would (1) reduce novelty effects, (2)

? . 4 /. exceeds 200% of the average.
comparatively evaluate numeric and ambient persuasive
displays, and (3jocus on repeated usage of the system inPre-study Conservation Efforts and Awareness
the private more personal settisg The evaluation of Data from our prestudy questionnaire suggests that
numeric and ambient designis driven directly from participants were not especially conscientious about their
participants® feedbackho specifically requestednore ~ Water or energy usageThree respondents mentioned
concretewater usageepresentations. Our followp study  reducing water flow or turning off the tap in the Osoaping
therefore focuses on |0thrm water usage in private phaseO of WaShing the dishes or while erShing teeth, but no
households, exploring two different display designs: One consciously conserved water during showering or hand
numeric and ambient. A new iteration of our sensorWashing. All participants recycled, and one papéit also

measures volumetric water usage in gallons presents ~mentioned turning off lights and unplugging unused
this information in two output modalities. electronics. All participants mentioned saving money as the

motivation for sustainable actions, and some also cited

Methodology conserving resources for the future, and Osaving our earthO.

Four sensors were deployed in three private apartments, o iness and a laoof effort were the most commonly cited
each mhab'ted by two people, with two of the Sensorsygiarrents for engaging in more conservation efforts.
placed in separate bathrooms of the same household. In the

first phase of the atly, sensors were installed without any Similar to our pilot study participantsdid not know the
visualization to log baseline shower usage. Participantsiumber of people without access to clean water, with half
were also given a preliminary questionnaire regarding theirof respondents guessing a few huweetlr million.
routine water conservation patterns and awareness of-watefurthermore, none of the participants knew the cost of
related issues. During the second phasm®e of the two  producing and delivering one gallon of hot water to their
displays (ambient or numeric, see below) was installed tohomes.Thus,our longterm sensor deploymeagain aims
show participants® water usage. Lastly, in the final phasdp raise awareness amongst participastwell as reducing
the displays were switched, with display order shower usagelastly, when asked which style of display
counterbalanced across participattée did not explain the  (numeric or ambient) they preferred to have in their shower,
function/intentof our displays to avoid biasing behavioral 4 participants chosthe digital displayto see OexactO usage
change (Hawthorne effects), and to evaluate theandcomparetfrom day to day)2 preferred ambent, and 2
intuitiveness of our visualizationsEach phase lasted for did not complete the prstudy survey.

about a week @ days, depending on battery constraints Quantitative Water Usage Data

and participantsO schedule®articipant feeback was During each phase of the study, sensors logge2 Shower

gathered through questionnaires or informal surveys at theyents, with several sensors exhausting batteries prior to the
end of each phase. Participants (4 males, 2 females, age 1§ompletionof deployment. Baseline average showsage

45) were recruited using online postings and compensatedaried from about 7 to 18 gallons per shower. Tibeeric
$5 for completing each phase and $10 for completing thegigplay did not affect average water usage for two of the
entire study. participants, but reduced shower usage by an average of 2

gallons or more in two other households (Figure 8). This
decrease wamarginally significant in one household (2.7



Figure 6. Numeric shower display showing current and Figure 7. Ambient shower display mounted onto a shower in
average water usage (left) and installed in a shower (right). green state (left) and red state (right).

gallons, p=0.08) When ambient displays were installed, ambient approach because it was Omore gradualO and Oless
average usage decreased by more than 1.5 gallons for adtressfulO than the constantly increasing number of gallons
participants, with two of the decreases being marginallyon the numeric display, as well as easier to notice without
significant (2.1 gallongp=0.09 and 1.7 gallons, p=0.11). being distracted. Another user noted that unlikentimaeric
display, the ambient visualization is a better indicator of
Othe correct amount to be usedO. Similarly, one respondent
Display Design liked the flashing red light because it was more effective at
Participants tended to notice the ambient display severapetting her attention and conveying negative information,
times during each shower, Ooccasionally lookingO at it Oolfthough she suggested even more negative reinforcement.
of curiosityOUnlike our plot trial, none of the participants  Lastly, the participant who preferrede numeric feedback
intentionally turned on their showers to play with the to the ambient still agreed th@xaesthetically, the ambient
display or watch the entire color sequence. All usersgne looked nicerO. Everyone felt comfortable sharing this
understood the green light to be an indicator of low oryisualization with their friends and seeing their friendsO
OacceptabIeO usage, while red signified more wateratha data, although one persoamphasized, Ol would not

certain Ohigh numberO. One participant guessed that rg@bemﬂca”y ask for itO or Opay for itO.
color meant a Omax limit of our average water

consumptionO and another suggested it meant Oabo rr:?r’d'atﬁ Beh?v[oral ![mpaCt dered the red color to h
averageO. Most participants, however, did not identify the e all participants considered the red color to have
color sequence as a comparison betwéeir turrent and negative connotations, its behavioral impact varied. Two

average water usage. One person noted that seeing greenp rticipants claimed that the visualization did not affect
the end of their shower served as a Omild posmve eir shower usage at all. One person explained: Oif | wasnOt
Qing anything unnecessary and it was red, | didnOt feel too

reinforcementO and two others were excited to report: Oit
always green, it only went red once!® Another participangad about itO. Another participant noted that although the
lashing red light was OirritatingO it did not have enough

describedtte display as starting with Oa gentle green lightO, i ¢ 1 th " "
emphasizing: Osometimes, | did not even make it to redO. hegative reinforcement to impact her actions, suggesting
more drastic feedbaclsuch as Oelectric shockO or an

Overall, participants liked the ambient display and mostanalogy to the Onumber of baby seals killed per gallon of
preferred it to thenumeric visualization (Othe sensor wasted waterO. However, one participant admitted that
worked perfectlyO, accdngy to two participants), seeing the red color directly affected his water usage: Ol
indicating that they would like to have this device was taking a shower and | saw it and thought... oh IOK
permanently in their homes. One participant favored thebetter turn it [shower] offO. Similarly, another participant
» said: Ol felt like wrapping it up, but | did not feel a sense of

Ambient Display: Evaluation

£ » urgencyO.

% N Higher Order Awareness

%’ B Since sensors were installed in apartments inhabited by two

@ : people, participants tended tosduss the visualization with

§° . ﬁ—-- F{_i their roommates, especially focusing on the red state of the

z , - display. One participant explained: OWe talked about it a
Sensor 1 Sensor 2 Sensor 3 Sensor 4 little bit, mainly joking around. 10d give him [roommate] a

hard time: you didnOt make it red, did you?Oil&im
[ No Display B Ambient Display [ Digital Display another respondent told us: OWhen it went red, we talked. |

Figure 8. Average shower use (in gallons) and standard said, hey it turned redO.

deviations as logged by sensors without display, and with

> SOTS without ¢i Many participants indicated that they became more aware
ambient and digital visualizations.

of their overall water and energy usage since the installment



of this display Two people mentioned that they tried to deployment of the visualization. All participants could
Oslow down the tap®hile doing thedishes, while one remember at least an approximation of their average (Osix
personremembered that he was more careful about Oturningoint some gallonsO, Osixteen somethingO), and, regardless
out lights when | leave the room and not letting water runof the number, many felt that it was too high. know that
needlesslyOand another participant admitted to Obeing showefing] uses a lot of water, but how much it was
more conscious of turning off the water and not leaving itsurprised meO, said one participant. When looking at the
running®. However, a few other participants stated thatlisplay, participants tended to compare their current usage
having this display did not specifically affect their to the average number ofalipns. One participant was
sustainability effortsutside the shower. They justified this frustrated by such comparison: Oit seemed that it was going
lack of change due to the fact they were alreadyway beyond and way beyondO. However, most participants
conscientious, with one participant explaining: Omy waterclaimed that these numbers did not affect their actions. One
usage is already pretty reasonableO. Contrary to thiparticipant explained this lack of change: OIOm aitym
participantsO sedfssessment, our sensor logged thghdst pretty responsible in water use, | donOt takeE -halir
average usage of 18 gallons per shower in his household. showersO. Another participant stopped watching the display
after a few days: OFor two days, | watched [the display] and

Numeric Display: Evaluation then | stoppedE | didnOt careO.

Display Design

Participants tended to use thamericdisplay similarly to o - . .
the ambient, looking at it occasionallyo(@e or twiceO, Oa The ntl;]merlc g_lspltay.seelr_ne(tj. to fa_(;Llltatel less d;)scuss;]orlwd
couple of timesO) throughout their showers. One participang?an € aTh |e3 tv',SLg‘V'\fa 'or?’ V\g only one ousebo E
noticed the display working only once during the entire IScussing the data. € shared our average numboers

week, and another pointed out that during one usage thihine was like seven and hers was sixteenE and | was kind

current number of gallons stayed at zero. Two participantsOf shockedQ. The display also raised awm?“'.ﬂ water
age outside the shower for some participants. One

were onfused what OaverageO meant, with one guessi - . S S
that it was based on Othe data that was collected one wedg'ticipant mentioned that the numeric visualization made
er reduce water usage elsewhere, for instance at the sink,

beforeO, and another thinking it was a general average f O f balancing it out®: Off | t to tak |
all people. One participant described her first experienceas a way ot balancing it outo. want to take a longer
seeing it: Ol turned on my shew and it [the display] shower, then mybe |Oll try [lowering water usage] in other

- areas to make up for itO. Another participant began to

started turning. | found it interesting but it had no effectO. der Oh h | using t h all th dishes b
Another user pointed out that the display seemed to Ojump\ef')On er Yhow much am [ using to wash all these dishes by

to a high number every time she looked at it: Othe seconHand’ | wonder how much the dishwasher usesO. Other

time | looked it was already at nineO. The samsopealso participants, hpwever, were Iegs motivated hig display
felt that the display was not very noticeable due to itSanol did not think about it outside the shower. One person

placement: OltOs very hard to see, you never look badpPlained: Olt didnOt add any perspectiveO, referring to a

behind you [while showering]O ’ need for comparison between personal water usage and the
' data of others.

Moreover, several participants expressed strong dislike for_ . . . .

this display. One person felt that the tacountdown® Participants felt comfortable sharing numeric watesiges

induced too much guilt, making showering unnecessarilydc\)a]}t.a V(;'I'th their tftr.'engsb \tN'th O?? r:jerson sug?es:[[!ng fa
stressful: ONormally a shower is a leisurely, relaxing riendly competitiont between iriends as a motivation for

experience, so to see that rapidly moving numberE and using less watenother participant said the display would

being like I0m wasting watBiwas a little bit too intense... be better if it showed other peopleOs (not necessarily

or a little uncomfortableO. Another participant criticized the fnendsC_)) data: OSuppgsu are conducting this expenment.
n ten different places. | want to know where exactly we fit

display for not providing an Oideal valueO to indicate Ohow . .
low we should goO. This participant suggested adding h based upon all ten p.eopIeE.bec’ause then we can realize
OrecommendedO usage: OIf that value was there we co (Ph. our consumption is t00 highO.

work toward getting average closeo tthat.O Two Discussion

participants did prefer the numeric display because it wasOur ambient visualizatiosuccessfullyeducedwvater usage
Omore informativeO. Although one of these participantdy nearly 2 gallons per shower for all participants, wiike
claimed the display did not affect his shower usage, he saichumeric display achieved this resuibh only half of the

he would choose it over the ambient if he was actuallyhousehold. Although both visualizations were used
concerned ahd his water consumption: OIOd want the onesimilarly- occasional glancing during showetbey led to

that provided me with the most information to deal with different perceptual impastand behavioral change®ve

that, which would be the digitfumeric]O now contrast and evaluate our displays using séwkrsign
principles conceptualized by prior evaluation metrics.

Higher Order Awareness

Immediate Behavioral Impact
None of the participants could name a single preciseNoticeability and Aesthetics

number of gallons used duriroe of their showers, nor did Our displays provide peripheral cues to support human
they compare their separate usages throughout thactionsrather than being the focus of an activity. According



to Matthewser al., such cues are to be usadthe level of  ambient athe beginning of the study. However, pstidy
OoperationsO rather than actions, without interfering wittinterviews suggest that after experiencing both systems, the
conscious function [B. Our ambient display achieved this majority of participants favored the ambient visualization
effect by showing OaestheticO and OgentleO representatinith someeven strongly disliking the numeric. In addition,
of water usage. Color cues were not atteniigansive: the  our data suggests another disparity between participantsO
light was either green, yellow or red. Interpreting the own selfassessment of behavioral impact and actual
numeric display, however, required conscious comparisomjuantitative changes in water usag€ontrary to many

of current use against the average. This evaluation was ngiarticipantsO perceptionsatitheir shower usage did not
engaging, as participants were more likely to remember theehange over the course of the study, quantitative data
ambient color rather thatheir concrete usage in gallons. measured a decrease in water consumption in all
Moreover, the increasing number of gallons causedhouseholds during the deployment of ambient displays as
confusion when participants saw usage OjumpO each timell as lower usage in two householdisring the numeric
they glanced at the display. display deployment Thus, our findings suggest that field

Information Content deployment is critical in evaluating output modalities.

While participants deemed the numeric display to be moreDESIGN IMPLICATIONS AND GENERAL DISCUSSION
information-rich than the ambient, most people did not Our pilot and longterm deployments of water usage
actually use this information to track their usage. Moreover,displaysrevealed differat behavioral outcomes in public
numeric data frustrated participants who wanted to see @&pace (bathrooms) opposed to theemiprivate (shared
recommended benchmark. The average number of gallonshowers)and private showers. Optayful designinspired

per shower did not provide perspectileading participants  curiosity about the interfaceesulting in increasedisage

to want to compare to other peopleOs usage or an Oide&t@velty effects)in public bathroors, while simila displays
value. The abstract visualization was based on the sameffectively decrease water usagen the privateshowes
data as the numeric display, yet users percdivedmbient  during the pilot study and loAgrm deployment. Public
color as an acceptable indication of how OgoodO or Obadidplays were continuously accessed by new people who
their water usage was. The ambient display thus providedwere able to explore the technology (cycle through all
an authoritative element of persuasion and was thereforambient lighting modes)without providing identifiable
more effective, consistent with prior related findings such data. Conversely, private displays showed individual data to
as traffic light food labeling in the UKL]. the same peopldacilitating faster adoption. This tension
between curiosity and aonymity in public spaces and
identifiable usage and ownership iprivate ®ttings
highlights the importance of context for pervasive
tgchnology Ambient displays, especially with clear positive

Effectiveness

Quantitatively, numed visualization was less effective
than ambient, reducingvater usage ironly half of the
households. Perhaps this is due to the displayOs lack of : ,
clearcut threshold for appropriate  consumption: O Négative behavioral benchmarksay encourage water
participants did not see an appropriate stopping IOOintlconservatlon for longerm users who are familiar and
although one person did express guilt at the rapidlyaCC.US'Fomed to the teangy in prlvate settings. Moreover,
increasing number. Conversely, all participainterpreted ~ CUriosity and anonymity in public spaces can be leveraged
the green light of the ambient display to be a positive,to motl\_/ate .publl_c h.ealth and safer hand washing through
reinforcement, while red impliednegative behavior ~ interactive visualizations.

(wastefulwater usage). (litatively, the modality of the  Qur studies also exposiee natural tension between abstract
displays impacted how users thought about water and literal otput modalities for datasets designed to
consumption outside the shower. The ambient displaypromote conservation. To encourage reflection, curiosity
inspired specific conscientious behaviasch asturning  and awareness, our initial designs intentionally chose
off lights, reducing water flow in the sinktc Thenumeric ~ ambient visual cues (color and graphs). However, while
display, which showed no OgoodO or ObadO benchmajikgrs asked for numeric data, our further esgtion of the
afforded more curiosity, inviting users to make their own design space between the abstract and the liseiggests
judgments. Participants wondered how many gallons thewnat informatioarich numeric displays cam fact be less
were using while doing the dishestw theirwater ugat  effective. Although literal displays offer greater detail,
the faucet compareih usagein the shower. Lastly, ambient jnterpretation of this information requires attention and
displays facilitated additiopal lightearted discussion procesig from users who are already engagedadtivities
amongst roommates, possibly because users tended iQch as showing. Appropriate pacing is also crucial. The
remember color states rather than specific numbers. usagenumber rapidly advanced at every tenth of a gallon,
Perceived Behavioral Change provingto betoo fast and even stressful for some users who
Finally, our findings sbw disparities between participants® only occasionally glanced at the displaylowever, a
hypothetical preference for display styleior to usageand  display that updatetoo slowlymay appear brokeasusers
their evaluation after experiencing each displayer falf look toensure some model @brrect operation.

of participants preferred th@umeric display over the



The peripheral use of our displays (occasional glacing)

participant awareness and behavior towards water

suggests that persuasive technologies must provide a cleatpnservation. Future work can explore a longer term study,

easily perceptible indication of goahdor bad behavior.
Our ambient visualizationcommunicatedacceptable or
excessive water usage through obvious light cwes
proved effective for more participants than theimeric

display. The advantage of numeric feedback, however, i

that it invites participants to personally define acceptable

ranges inspiring analysis and curiosity about the impact of
activities outside the shower. ThersuasiveOsweet spot
thuslies within a hybrid of this design territory where users
can experiencedetails of the data as well as/iew less
distracting benchmarks for heir usage Future work can
focus on exploring the range of these hybrid ambient
numeric output modalities and persuasive design
landscapes.

Another design opportutly exists in the space of data
sharing and displays that afford irfgerson comparisons.
None ofour participantsconsideredheir water usage data
to be private nor did they feeluncomfortable sharing it
with others. Moreover, several people felt teating their
friendsO data would add incentives for lowering water usag
through competition. In addition, one participant wanted to

leveragingdisplays to motivate puldlihealth and safer hand
washing, and rewarding gab behaviors with djslay
changes.

CONCLUSION

e have presentethe design and evaluation skveral
persuasive displayintegrated with lowcost water flow
sensingto encourage public awareness and sustainable
behavior around water conservatio Our evaluation of
abstract anchumeric output modalitiesacross a range of
public and private spacesiggests design tensions between
the principles derived in prior literature: noticeability,
aesthetics, informativeness, and persuadiur. long-term
deployment otthe ambient water visualization wable to
effectively motivate water reductiom private homes for all
participantsMoreover, our displays have led participants to
reflect on their behavior and reconsidrrstainability and
environmental issuelseyond water usage and showilge
have presented our findings along with several design
considerations for persuasive interfaces, particularly in the
domain of motivating conservation and environmental
awareness ipublic and private spaces. We hope that our

see the data of strangers (other people in the study) to gaiwork inspires future research that appliésCl and
perspective of personal usage compared to other peopleibiquitous computingoracticesto the pressing issues of

Such commentsnotivatea designspacethat incorporags
visual sharingof personal water usage acrasslividuals
andhouseholds

Lastly, we note that theumericdisplay was ultimately less
liked and less effeate, despite participantsO initial
preference and requests for the numeric modalitys,

while user preferences can identify functional needs and;

help narrow design scopagctual designgonstruction and
in situ deployment of such technologies is vitab t

measuring and evaluating the ultimate impact and succesi

of such persuasive systems

Limitations and Future Work

Our work is limited by the nortrivial technical challenges
of deploying working devices for use in real and
uncontrolled environmentsDesign aestheticsconfined

battery space, resulting in nonconsecutive deployment of

the faucet displays to allow for battergptacement, and

shorter deployment of displays in the shared shower (4 use4.

with display vs. 23 uses without display). Follayw studies
can explore more robust, longerm deployment.
Moreover, the number of usage events was inverted for dat
collected vith and without displays in public bathrooms.

Perhaps men regarded the baseline (no visualization) sensor
with caution, but became curious once the display was
installed, resulting in increased usage. Conversely, women

were less willing to use faucets Wwitworking displays

possibly to avoid damaging the devices or affecting study6-

data. Future work can focus on the role of gender

differences for persuasive technologies. Lastly, we note the

possibility of Hawthorne effects: the study itself (in
addition to the specific devices) may have motivated

waterconservation and public health
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