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eco-feedback

sensing and visualizing behavior to reduce environmental impact
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&
eco-feedback

sensing and visualizing behavior to reduce environmental impact



"Getting the design right and the right design’

— Bill Buxton
Sketching User Experiences



Before moving forward, | want to ask a question...



The following eco-feedback paper is missing something.
What is it?



Brandon et al, Reducing Household Energy Consumption: A Qualitative & Quantitative Field Study, £nvironmental Psychology 1999




/2 paragraph description of
eco-feedback interface and no
screenshots in 11 page paper

Brandon et al, Reducing Household Energy Consumption: A Qualitative & Quantitative Field Study, £nvironmental Psychology 1999



Brandon et al, Reducing Household Energy Consumption: A Qualitative & Quantitative Field Study, £nvironmental Psychology 1999




Well, but that was 1999.



on icity ion: learning
and social influence processes
Alica Grenhaj and John Thgersen

Abstract

Grgnhgj & Thagersen, Feedback on Household Electricity Consumption: Learning & Social Influence Processes, /CS2077




2 paragraph description of
eco-feedback interface and no
screenshots in 8 page paper

Unystumatic ection

Grgnhgj & Thagersen, Feedback on Household Electricity Consumption: Learning & Social Influence Processes, /CS2077
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S0, clearly a disciplinary divide...

psychologists
designers
engineers
economists
building scientists
others?



This oversight seems to reflect a lack of recognition
about the critical role that particular design
choices play in affecting behavior.



ontents lists available at SciVerse ScienceDirect

Energy and Buildings

Assessing eco-feedback interface usage and design to drive energy efficiency in
buildings

Rish Jain?, John E. Taylor®+, Gabriel Peschiera?

{ABSTRACT

In response to growing concerns over climate change and rising energy costs, a number of eco-feedback
systems are being tested by researchers. Yet, the interface design aspect of these systems has largely
been ignored. Therefore, the role that interface design plays at the component level in driving actual
| energy savings from users is unclear. In this paper, we evaluate the impact interface design has on eco-
| feedback performance by investigating five established design components. We conducted a six week
empirical study with 43 participants using a prototype eco-feedback interface. Analysis of usage data
affirmed a statistically significant inverse correlation between user engagement (measured as logins) and
energy consumption. Utilizing this relationship as a basis for performance, we expanded our analysis to
evaluate the five design components. The study revealed statistically significant evidence corroborating
that historical comparison and incentives are design components that drive higher engagement and thus
reductions in energy consumption. Results for the normative comparison and disaggregation components
were inconclusive, while results for the rewards and penalization component suggest that a revision to the
penalization aspect of the component may be necessary. This study raises pertinent questions regarding
the efficacy of various eco-feedback components in eliciting energy savings.

Jain et al, Assessing Eco-Feedback Interface Usage and Design to Drive Energy Efficiency in Buildings, Energy and Buildings 2012




Perhaps because of the design de-emphasis, very few
papers discuss the design process that led to the
ultimate design artifact that was created and studied



Overarching Question

How can we structure and support the design process to create and
dentity the most promising (and potentially most  influential) aspects of
an eco-feedback design robustly and In a cost-efficient manner”



An Eco-Feedback Iterative Design

i

deation Data |deation / :

Gathering Sketch



Gunel, A. The Halo Effect: Using Behavior to Upgrade Technology,BECC2072




Design Process

/\ Large

small Field Refinement —— Randomized ——
Deployment(s)

u Control Trial(s)

A/B

——> Refinement —— I



A/B Testing is Ultimate Playground

A/B Design Pilot A/B Testing

Refinement —— RCTe

|deas STUU
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Gunel, A. The Halo Effect: Using Behavior to Upgrade Technology, BECC2072



Evaluating early design ideas to prepare for
field deployments

A/B Design

% i e Pilot ; A/B Testing
ment ‘ ‘ ! % |deas Studies Refinement % RCTs



Friday June 15th | 9:30 PM

Froehlich et al, The Design & Evaluation of Prototype Eco-Feedback Displays for Fixture-Level Water Usage Data, CHI2012
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Todays Total Usage

total | daily average

Friday June 15th | 9:33 PM

Kitchen Total: ~ 25|*

Kitchen Sink

Laundry Total: 406 ‘_31
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Today’s Real-Time Water Usage Friday June 15th | 9:30 PM

Fixture Category View

Fixture Today's Usage Over Time Today's Total
12 am 6 am 12 pm 6 pm 12 am

ST
«n
P—

|

Bathtubs

L

Toilets A AM & A A AR AAA A

-

Bathroom Sinks - A

%_-

Kitchen Sink ‘

Laundry Machine ' ‘ l

iy

G l . i

I |
]



Today’s Water Usage in Gallons Friday June 15th | 9:30 PM

Fixture Category View

100 — 96

M - e e <

Showers Bathtubs Toilets Bathroom  Kitchen Sink Dishwasher  Laundry Outdoor
Sinks Machine
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An Eco-Feedback Iterative Design Process

R

DEE |deation /

|deation ——
saten Gathering Sketch

\ }
|

Goal: gather formative data and use as basis to create a set of early, promising designs

Inquiry Methods: ethnography, interviews, surveys, literature reviews




An Eco-Feedback Iterative Design Process

Informal interviews with water experts (e.g., SPU, Amy Vickers)
Literature review of water resource management, environmental psychology
Our own online survey of water usage attitudes & knowledge (N=656 respondents)

R

BEIE |deation /
Gathering Sketch

N

\ }
|

Goal: gather formative data and use as basis to create a set of early, promising designs

Inquiry Methods: ethnography, interviews, surveys, literature reviews

|deation ——>




Respondents (N=651) dramatically underestimated the
amount of water used in common everyday activities.

underestimate

toilet : by 15%

shower : by 30%

bath : by 55%

low-flow shower : by 60%
outdoor yard watering : by 83% to 95%

[Froehlich, UW PhD Dissertation, 2011]



Challenge: how can we use gathered data to inform our designs’?



Eco-Feedback Design Space

DATA REPRESENTATION

INFORMATION ACCESS

update < »------ O
frequency real-time monthly or less  user poll
spatial proximity < >
to behavior ¢o-|ocated remote
attentional < >
demand glanceable high attention
effortto < >
access low high
INTERACTIVITY
degree of < >
interactivity none high
interface < >
customizability none high
user O----=------------------------ o
additions User annotations user corrections
DispLAY MEDIUM
manifestation O------ O----- O------ O------ o
webpage mobile  wearable  custom in-home
phone app interface display  display
ambience <« >
not-ambient ambient
size < >
small large
ACTIONABILITY/UTILITY
degree of < >
actionability low high
decision & =~ O----mmmmmm e o
it Suggests suggests anomaly
SUPPOTt  actions purchase decisions alerts
personal- < >
ization no personalization highly personalized
information <« >
intent Informs one action informs many actions
automation/ < >
control no control system controls resource use

aesthetic

time
window
temporal
grouping

data
granularity

visual
complexity

primary visual
encoding
measurement
unit

primary

view

data

grouping

a »
- »
pragmatic artistic
d B
| »
<hour >year
—e—o— o o)

<sec byhour byday byweek bymonth >year

< »

coarse-grain fine-grain
simple complex
textual graphical
o----0-----0----- Oo---O-----

resource cost environmental activity time metaphor

impact

O------------ O------------- O
temporal spatial categorical
O----- 0--0--0---0--------- o
by by by by by byconsumption

resource person time space activity category

MOTIVATIONAL/PERSUASIVE STRATEGIES

persuasive tactics from
psychology and applied social

behavioral science/economics

persuasive tactics include:

S rewards goal-setting
psychology disciplines: punishment narrative
ersuasive desian public commitment  likeability
ersEasive technolog written commitment reputation
P 9 loss aversion competition
X kairos social proof
environmental psychology -
ame design encouragement authority
g . descriptive norms  emotional appeals
social marketing L )
. scarcity principle door-in-face
health behavior change B
framing unlock features
anchoring bias endowment effect
defaults collection building

COMPARISO

comparison
target

comparison by
time

social-comp.
target

goal-setting
strategy

difficulty to reach
comparison target

comparison variables

O time window

O time granulari
O data grouping
O data granulari
O measurement

SOCIAL AsP
target
private/
public

data
sharing

social-
comparison

N

O------------ O------------- o
self social goal
past projected
O------------ O------------- o}
geographically demograrhically selected
proximal similar social network
O------------ O-------------
self-set system-set externally-set
easy hard

statistic computation

O raw value | @ this time [yest, last wk, mo, yr]
ty O average | [hrly, daily, wkly, monthly, yrly]

O median = over past [X] days

ty O mode this day type [weekday, weekend]
unit O other this day of week (e.g., mondays)
ECTS
———o—eo—p
person household community  state  country
private public
none everyone
O --mmmmmmmm o mmm oo mm oo O
available (see CoMPARISON) unavailable

[Froehlich et al.,, HCIC2009; CHI2010; UW PhD Dissertation 2011]
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Eco-Feedback Design Space

DATA REPRESENTATION

INFORMATION ACCESS

update < »------ O
frequency real-time monthly or less  user poll
spatial proximity < >
to behavior ¢o-|ocated remote
attentional < >
demand glanceable high attention
effortto < >
access low high
INTERACTIVITY
degree of < >
interactivity none high
interface < >
customizability none high
user O----=------------------------ o
additions User annotations user corrections
DispLAY MEDIUM
manifestation O------ O----- O------ O------ o
webpage mobile  wearable  custom in-home
phone app interface display  display
ambience <« >
not-ambient ambient
size < >
small large
ACTIONABILITY/UTILITY
degree of < >
actionability low high
decision & =~ O----mmmmmm e o
it Suggests suggests anomaly
SUPPOTt  actions purchase decisions alerts
personal- < >
ization no personalization highly personalized
information <« >
intent Informs one action informs many actions
automation/ < >
control no control system controls resource use

aesthetic

time
window
temporal
grouping

data
granularity

visual
complexity

primary visual
encoding
measurement
unit

primary

view

data

grouping

a »
- »
pragmatic artistic
d B
| »
<hour >year
—e—o— o o)

<sec byhour byday byweek bymonth >year

< »

coarse-grain fine-grain
simple complex
textual graphical
o----0-----0----- Oo---O-----

resource cost environmental activity time metaphor

impact

O------------ O------------- O
temporal spatial categorical
O----- 0--0--0---0--------- o
by by by by by byconsumption

resource person time space activity category

MOTIVATIONAL/PERSUASIVE STRATEGIES

persuasive tactics from
psychology and applied social

behavioral science/economics

persuasive tactics include:

S rewards goal-setting
psychology disciplines: punishment narrative
ersuasive desian public commitment  likeability
ersEasive technolog written commitment reputation
P 9 loss aversion competition
X kairos social proof
environmental psychology -
ame design encouragement authority
g . descriptive norms  emotional appeals
social marketing L )
. scarcity principle door-in-face
health behavior change B
framing unlock features
anchoring bias endowment effect
defaults collection building

COMPARISO

comparison
target

comparison by
time

social-comp.
target

goal-setting
strategy

difficulty to reach
comparison target

comparison variables

O time window

O time granulari
O data grouping
O data granulari
O measurement

SOCIAL AsP
target
private/
public

data
sharing

social-
comparison

N

O------------ O------------- o
self social goal
past projected
O------------ O------------- o}
geographically demograrhically selected
proximal similar social network
O------------ O-------------
self-set system-set externally-set
easy hard

statistic computation

O raw value | @ this time [yest, last wk, mo, yr]
ty O average | [hrly, daily, wkly, monthly, yrly]

O median = over past [X] days

ty O mode this day type [weekday, weekend]
unit O other this day of week (e.g., mondays)
ECTS
———o—eo—p
person household community  state  country
private public
none everyone
O --mmmmmmmm o mmm oo mm oo O
available (see CoMPARISON) unavailable

[Froehlich et al.,, HCIC2009; CHI2010; UW PhD Dissertation 2011]
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representation

/ aesthetic <——
pragmatic
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R
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simple complex
time granularity < >
9 y < hour > year
data granularity < ) —p
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Prototype and Evaluate Across
a Fidelity Spectrum

Sketch Lo-to-Mid Fidelity Higher Fidelity
Mockup Mockup



An Eco-Feedback Iterative Design Process
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Goal: gather formative data and use as basis to create a set of early, promising designs

Inquiry Methods: ethnography, interviews, surveys, literature reviews




An Eco-Feedback Iterative Design Process



nline Survey

Recruitment

o Online postings and word-of-mouth

Survey Design

o 63 questions (10 optional)

o Question and answer order
randomized when possible

PURPOSE OF THE STUDY
We ar ying ys (inte n he orm people about their en:

STUDY PROCEDURES
vate in thi u p d nlir y Y n h  ——
amazoncom

— Collected Data

o /12 completed surveys
(651 from US or Canada)
o Nearly 6,000 qualitative responses




/ ® \Water Feedback Eva

C' | ® edu.surveygizmo.com/s3/632637/CHI2012-WaterFeedbackSurveyDemo

Water Feedback Evaluation Survey o o

Introduction

Most people receive information on their water usage from a monthly or bi-monthly bill. We are working on a new type of system that can
immediately show people how much water they are using at each fixture in their home. This information could be viewed, for
example, on a mobile phone, on a laptop, a digital picture frame, or on an in-home touchscreen display.

In this survey, we'll explore different ways of visually displaying water usage information. Unless otherwise noted, each design is based on
an average North American household of four people with two adults and two teenagers.

First, though, we need to ask some demographic questions.

Back Next

6%

s ww«ayglzmo

Frofessional research 1ool with SESS exports




(D) Wister Femdback Evalustion «

L2 i edusurvaygizmoucom

Watar Feadback Evaluation Surve
vval eaana Evaluatior Jey l.....

We are aklko interesied in whelher people wanl information on hot water usage vs. cold water usage. Display (a) lreals all waler
usage he same (whether hot or cold), while display (b) breaks down waler usage by hol water and cold waler amounts

3 Like before, please mouse over the thumbnails on the left below to see enlarged versions of the display so that you can easily compare
L thie twio designs

B Cofg! Drsakihoe

22 Whach display do you prefer?

Click on the image below 1o make your sebeclion

| would prefer to
have both displays
and be able to

switch between
them




Our online interactive survey allowed us to
study a large N and gather both quantitative
and qualitative data



Comparisons were the most
unitormly desired pieces of
information of all the dimensions




Self-comparison
was most preferred

91%




Our in-home, design-probe interviews allowed us
to explore how the display was received by families
and how (and where) it fit in a domestic setting



In-Home Interviews

Recruitment

o Online postings and word-of-mouth
o Specifically recruited families

Interview Method

©)
©)
©)

Semi-structured with two researchers
90-minutes, 3-phases
Data coded by two researchers into themes

Participants

©)

©)
©)
©)

10 households (20 adults)

11 female/9 male

Diff. socio-economic backgrounds & occupations
18 had college degrees



Display Location Preferences

kitchen Bt A&

near
thermostat [ :

high traffic |8
areas il

accessible
when needed
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Energy conservation through
product-integrated feedback: The roles of
goal-setting and social orientation
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Abstract

The purpose of this study was to find a means to increase energy conservation behavior by
giving consumers immediate energy feedback. The study explored the roles of goals to save
energy and kW h feedback. Feedback was given, and conservation goals set, via a simulated,
technologically advanced, washing machine control panel. One hundred subjects each com-
pleted 20 simulated washing trials. Self-set and assigned goals were compared as to their effect
on conservation behavior when used in combination with energy feedback. Both generated

lar energy savings with the selfset goal group using 21% less energy than the control
group. Social orientation, a personality factor, was found to interact with goal-setting mode,
with pro-self individuaks saving more energy when allowed to self-set a goal and pro-social in-
dividuals saving more energy when assigned a goal.

2002 Elsevier Science B.V. All rights reserved.

PsycINFO classification: 2360; 4070; 3020
JEL classificarion: Q3
Keywards: Goal setting; Energy; Conservation; Feedback; Motivation

1. Introduction

Over the last few years household energy use has again attracted the attention of
government agencies as a domain for potential energy savings (European Comission,
2000). Manufacturers have been encouraged by governments to use technological ad-

/ances to improve the energy efficiency of most household appliances, from central
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A laboratory test of the efficacy of energy display interface design
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User preferences

In-home displays (IHDs) have the potential to change the way energy use feedback is communicated
to householders and to induce behavioural change by providing real-time information on energy con-
sumption. How feedback is presented to users and how users understand the meaning of such feedback
depends on the design of the display interface, This paper presents a laboratory study to investigate how
the user interface of energy displays might be best designed. The work studied people’s ability to spot
changes in smart meters by comparing three different types of display design to see which was most
effective in attracting attention to changing information, and whether the use of colour would also facil-
itate detecting changes. A computerised spot-the-difference task was undertaken; accuracy rates and
response times were the key dependent variables, and qualitative information on participant preferen-
ces was gathered in interviews after the computerised task. Results showed that there was a difference
between design types presenting the same information: simple numerical displays were superior to
pictographic or analogue scale designs in both response time and accuracy. They also showed that the
use of colour did not significantly affect performance. In general. participants also subjectively preferred
numerical design for their in-home energy displays.

© 2012 Elsevier B.V. All rights reserved.

1. Introduc

The UK domestic sector accounts for 30.5% energy use [1] and
17.5% CO, emissions in 2010 [ 2]. The UK government estimates that
over 40% of the UK's energy use and €O emissions are caused by
individual behaviour [3]. With the progressive tightening of build-
ing regulations and the drive to reduce energy use and improve
efficiency, the role of occupant behaviour in reducing domestic
energy use has come into sharper focus [e.g. 4,5]. It has been sug-
gested that to achieve energy savings through behavioural change,
households need to be made aware of the link between their
everyday behaviour and energy consumption [6]. This relies on effi-
cient and comprehensive communications about energy use; the
information people receive should be readily comprehensible and,
ideally, should prompt appropriate action to reduce consumption
without requiring too much analysis and interpretation by the user.
In the UK, feedback about energy consumption is typically pro-
vided through infrequent energy bills, often based on estimates of
how much energy has been used rather than real-time data. House-
holders generally do not have easy access to their energy meters

+ Corresponding author. T ax: +44 01225386691
E-mail addresses: t s.chiang@bath. ac.uk [ rajan@hath acuk
ath.ac.uk (I Walker
86358; fax: +44 01225386601
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3 788/S - see front matter © 2012 Els: r B.V. All rights reserved.
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and have a limited understanding of their energy consumption |7]

Bills are not designed from the consumer’s perspective, and the
way information is presented makes bills difficult to understand
[7]- There is therefore a clear need for user-centred design work on
how energy use feedback should be presented.

A number of reviews have suggested [8-10] that presenting
feedback information by means of real-time monitoringand display
technologies has more potential for achieving energy savings than
giving information alone. Studies implementing real-time feed-
back have shown electricity savings in the range of 9-12% [11]
However, it is notable that studies reporting larger savings typi-
cally had small sample sizes. For example, Ueno et al. [12] trialled
nine Japanese households in a study using a computerised inter-
active tool with daily feedback and achieved a 9% reduction in
electricity consumption. Similarly, Wood and Newborough [5] tri-
alled ten UK households with a display directly attached to stoves,
seven of which achieved energy savings of greater than 10% In
contrast, results from the recent Energy Demand Research Project
(EDRP, 2007-2010} in the UK, which focused on trialling a range of
methods® for providing feedback on energy consumption in over

The methods (deployed both standalone and in combination) included smart

s, informative billing, written information on energy saving
: es to reduce or shift consumption, alarm and
“traffic light” messages, meter reading and heating controller.




Integrate Findings & Revise Designs
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BEIE |deation /

|deation —
saten Gathering Sketch



A Call

@ Place more emphasis on describing eco-feedback
designs and how design choices may affect behavior
in our research papers / white papers

Help generate reusable design knowledge by
including information not just on the final eco-
feedback design but the process used to achieve it
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