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CONTRIBUTIONS

Design study success story.

Highlighting matches and mismatches:

* fask & data abstractions «— visual encoding & interaction design
e Mmultiple concurrent time series

Addressing domain convention, familiarity & frust.

Reflecting on methods for visualization design studies.
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DESIGN PROCESS TIMELINE

4 months full-time

2013 3 months parf-time 2014 4 months part-time 2015

B e

N

work visudl production
. domain encoding development
~project analysis 19k & datfo design workilow by collaborator
iInception abstraction design
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OUTLINE: DESIGN PROCESS

1. analyzing the work domain
* Inferviews with 9 energy workers

identitying data and task abstractions
visual encoding sandbox prototyping
eliciting feedback on vis. encoding designs
porototyping workflows

oroduction development by collaborator

oW
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WORK DOMAIN ANALYSIS

Brehmer et al. — InfoVis 2015

energy workers' skill
sets, goals, activities

existing tools

workarounds
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OUTLINE: DESIGN PROCESS

analyzing the work domain

identifying data and task abstractions
visual encoding sandbox prototyping
eliciting feedback on vis. encoding designs
orototyping workflows

oroduction development by collaborator

OO hON =
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DATA ABSTRACTION
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Images: openclipart, pixabay, wikimedia commons



BUILDING PORTFOLIOS

Term Abstraction Example

Building ID Unique categorical #123

Building areo quantitative 450m?

Location spatial 49 .26° N, 123.25°W
tag categorical “restaurant”

Brenmer et al. — InfoVis 2015 9



RAW TIME SERIES DATA

Term Abstraction Example
Energy demand  |quantitative 200 kW
'R
== Qutdoor quantitative 18° C
=|1= temperafure
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DERIVED TIME SERIES DATA

Term Abstraction Example

Consumption quantitative 300 kWh

Intensity normqﬂae’d 1.78 kWh / m?
quanftitative

% Savings normqueod 40%
quanftitative

Rank ordinal 1st, 2nd, 3rd
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TASK ABSTRACTION
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Port—

EM Use & Frequency folio?

Portfolio Size, Organization

Task abstractions: current (not in EM)

Task abstractions: desirable

Task abstractions: possible (does data exist?)

Task abstractions: target

meta-user / power-user:
frequently setting up charts, YES
baselines for clients

several hours a week, additional

o YES
analysis in Excel

day-to-day monitoring YES

EM for data export; analysis
done in Excel, EM analysis YES
offloaded to student volunteers

daily email digest, follow-up in

EM ~3-4 hrs / week TES

infrequent (annual, semi-annual

~Aanm At )

YES

(Client portfolios range in size,
hierarchical structure)

UCB campus: ~ 100 spaces (90%
concentrated on single campus),
subset in EM, departments cross-
cuts spaces

2 McGill campuses, 4 zones in
Downtown campus (~70
spaces), McDonald campus (~20
spaces); all in EM; JC focuses on
50 steam meters

~ 130 schools, 2 accounts, 36 in
EM (Electricity, 2 submetered), 4
in EM (Natural Gas)

UBC campus, ~ 100 spaces and 2
zones in EM, monitors about 10
spaces / week

UBC campus, ~ 100 spaces and 2
zones in EM, LZ only interested

Lookup = Compare: ranked performance (absolute and
normalized)
Lookup — ldentify: CUSUM of entire portfolio, single space

Locate = Compare: portfolio performance faceted by any
database field (tag, geographical location, primary use, square
footage, year constructed,...)

Locate — ldentify: space’s contribution to portfolio's CUSUM
Lookup = Compare: multivariate ranking of portfolio
performance

Locate — ldentify: validated savings vs. unvalidated savings
Locate — ldentify: end-use disaggregation within a space;
Locate — ldentify contributions of parameters and events
baselines (ECMs, weather, outages, holidays, other events)
Locate = Compare multiple baselines

Locate = Compare: portfolio performance faceted by any
database field (geographical location, primary use, square footage,
year constructed,...), faceted by tag

Locate — ldentify: space’s contribution to portfolio’s CUSUM
Lookup = Compare: multivariate ranking of portfolio
performance

Locate = Compare: portfolio performance faceted by
space or by space attributes (over time)

Locate — Identify: contribution of individual space
performance to aggregate space performance (over
time)

Lookup = Compare | Summarize: multivariate ranking
of spaces (over time)

Task abstractions: current (not in EM)

Task abstractions: desirable

Locate = Compare: const
mid-size spaces]

Locate — ldentify: causes
OAT

Lookup — Compare: rank
Locate = Compare: befol
Lookup = Compare: mot

Locate =& Compare | Sum
two campuses; four groups
Browse — ldentify: contrit
combined consumption, an
Lookup — ldentify: thresh:

normalized)

* Lookup — Compare: rank¢
normalized)

* Browse — Identify: anomal
(consistent rankings) at mac
Locate = Compare: single
periods
Produce annotations to ex|

Lookup = Compare: ranke
Locate | Explore — ldentif

* Lookup — Compare: ranked performance (absolute and

* Lookup — ldentify: CUSUM of entire portfolio, single space

* Locate = Compare: portfolio performance faceted by any
database field (tag, geographical location, primary use, square

footage, year constructed,...)

* Locate — ldentify: space’s contribution to portfolio's CUSUM
* Lookup = Compare: multivariate ranking of portfolio

performance

* Locate — ldentify: validated savings vs. unvalidated savings

* Locate — ldentify: end-use disaggregation within a space;

* Locate — ldentify contributions of parameters and events
baselines (ECMs, weather, outages, holidays, other events)

*  Locate = Compare multiple baselines

*  Produce aggregate baselines

*  Locate — ldentify noise / confidence / uncertainty in baseline

events / alerts

Lookup — ldentify: differential between actual and predicted

performance
I ~A~ALiim — I AAnme Ll ICTE INM

Locate — ldentify: causl ;%Iong—ter‘m trend alerts
Locate — ldentify: baseline precisions / uncertainty

Locate = Compare: performance across arbitrary time periods

_

Locate =@ Compare: individual performance (over time)



TASK ABSTRACTION

Overview Drill Down Roll Up

JIFIMAIMIJIJ|IAISION|D Su(Mo| Tu |We| Th| Fr | Sa

Coarse temporal granularities Fine temporal granularities
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OUTLINE: DESIGN PROCESS

1. analyzing the work domain

validating data and fask abstractions

» checking back with 3 energy workers
« "did | understand your fasks correctlye”
 taillored design proposals

visual encoding sandbox prototyping
eliciting feedback on vis. encoding designs
porototyping workflows

oroduction development by collaborator

N

o~ kW
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EXISTING TOOL

Brenmer et al. — InfoVis 2015
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ENERGY MANAGER

Overview

Brenmer et al. — InfoVis 2015

Drill Down

100%

0%



RELATED WORK
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VIS IN THE ENERGY DOMAIN

CONSUMPTION WILL GROW

C DURING THIS PERIOD

CLICK AND DRAG ON TIMELINE
TO SELECT PERIODSW

1 | l I

I I | ‘
SHIFT TO HERE ... FROM HERE

CONSUMPTION WILL SHRINK TOOLS FOR

DURING THIS PERIOD DATA SCULPTING_\

fixed (shrink [ free
Weekday

energy demand
ordered by

average consumption

Gas Space Heating

Gas Water Hecting

Lighti
gning CHANGE PROPORTION OF
LCD APPLIANCE CONSUMPTION
SHIFTED FROM ‘SHRINK'

PERIODS TO ‘GROW'’ PERIODS
Fridge Freezer (

Cooker

v
50%

‘; CLOTHES DRYER

All Appliances

Appliance Type

Heating

Appliance Type

Appliance Type

Account id=41—
=value=1467.8701
=Smoothed=1214.632

277, | ——i

Appliance Type

Cooking

Monday 18:09:03
accountID=41; Participant; Detached; 3; 3; Combi Boiler; Home Manager;

Number of records=7,7065818
| Kernel radius:-lo_

Washing and Cleaning

2000 users, 7 days

2000 users, 7 days (optimized) 100 users, 6 months (January) 100 users, 6 months (June)

of i 1
"

Goodwin et al. (2013): similar domain, ditferent data, partial task overlap
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VIS FOR TIME SERIES

80 “MMAJ méé?éﬁé “W Alb t al. (2014):
M\/\/\/M :\/ w A\J WI é é éé éé M | evoeltczﬁocr: of‘ )

0 — = 0 =————+—+— — e A A o o D LA mUlTipleenCOdingS
e e S for identifying
aggregate values

Visualization of

s Validation in the field i

(rather than in a confrolled experiment)

-
Fuchs et al. ' Line Glyph

(2013):
evaluation of m Bar Chart

multiple
encodings in %" Star Glyph
small multiple

B S

[ R e —
- @ = Javed et al. (2010)
e S e - TSNS SR — | ngIphiCC]|

perception of
multiple tfime series

Aigner et al. (2011):

configurations I Stripe Glyph | -
survey and | , p—
framework L - —_— V< TN
| Clock Glyph I
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DOMAIN CONVENTION

Restaurants - ALL overlayed
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Line charts = energy demanad ;
Line charls for derived data verboten
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VISUALIZATION DESIGN
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OUTLINE: DESIGN PROCESS

analyzing the work domain

identitying data and ftask abstractions
visual encoding sandbox prototyping
eliciting feedback on vis. encoding designs
orototyping workflows

oroduction development by collaborator

SR o e
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Portfolio Visualization Sandkt

Unit Selection,
Aggregation, &
Normalization
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OUTLINE: DESIGN PROCESS

analyzing the work domain
identitying data and fask abstractions
visual encoding sandbox prototyping

eliciting feedback on vis. encoding designs

» custom tailored design specs sent in advance
* 4 interviews (2 new energy workers)

porototyping workflows
oroduction development by collaborator

=W =

o~ O
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MATCHES & MISMATCHES

Task Design choice Match?
Faceted bar charts s
Bump plot X
, Bar + bump plot ?
Overview : . :

Map
Juxtaposed maftrix and boxplofts

~aceted bar charts

X
v
v
X
v
v
v

Drill Down ~aceted boxplofts
Faceted line graphs
Stacked bar chart
Roll Up
Stacked area chart

Brehmer et al. — InfoVis 2015 26



FACETING (SMALL MULTIPLES)

10,000

Energy (kiWh)

5,000

Eneray Savings (KWWh)

-5000

Energy (kWh)

Energy (KW¥h)

250

1,500

1,000

Energy (ki)

1,000

Energy (ki)

o
Sep 30
1,500

1,000

Energy (KiWh)

1,500

1,000

500

Energy (kiVh)

1,500

1,000

Energy (ki)

1,000

500

Energy (kiVh)
Energy (kWh)

1,000

Energy (kiWh)

1500

Energy (i)

1500

1,000

Energy (kiVh)

1500

1,000

Eneray (KWh)

Bear Creek

iz

12/13 -0

Sep12

Nov12 Jan13

Mar 13

Electricity

May 13

(20 ameaadusa |

s

Export Chart  ~

I Energy Waste [l Energy Savings @ HDD e CDD
150

i1z

Aug 1

Sep

1

Nov 1

o
Nov 30

Jan1

Feb 1

Apr

Apr

June

0

el

Jule

Octa

Dec4

Sep12

Aug’s

Sens

Nov s

Jan’s

Febs

Mar 4

Apr s

May 4

June s

Noviz

Juis

Augs

Sen9

octs

Novo

Decs

Jang

Febo

Mar &

Apro

May 8

June 9

Jan13
12 16
Aug 13 Aug17
Sep 13 Sep17
oct12 oct16
Nov13 Nov17
Deci2 Dec 16
Jan13 Jan17
Feb 13
Mar 12 Mar 16
Apr13 Apr17
May 12 May 16
June 13 June 17

Brenmer et al. — InfoVis 2015

10120

oct

Mar 13

Aug 21

20

Sep 21

Nov 21

Dec 20

Feb17

Jan21

Mar 20

Apr 21

May 20

June 21

(0'z2) @@/ (0’81 AGH

3
0
May 13 i3
Elecrricty
2
3
B
Jur2s Jul28 Aug 1
Zoom out
2
3
?
Gl
Aug 25 Aug 29
Electricity
Zoom out
7
H]
s
3
Sen 25 sen 29
Elecriciy
Zoom out
2
3
k4
3
Gl
oct24 oct2s Nov1
Electriciy
Zoom out
B
3
3
Nov2s Nov29
Electricity
Zoom out
7
]
E
G
Dec24 Dec2s Jan1
Electriciy
Zoom out
B
3
3
Jan'2s Jan29
Elecrricty
Zoom out
2
3
B
g
Gl
Fen 21 Fen 25 Mar 1
Elecrricity
Zoom out
@
3
B
Gl
Var 24 Mar 28 e
Electricity
Zoom out
5
3
g
Gl
Apr 25 Apr29
Electricity
Zgom out
&
3
ki
H
3
May 24 May 28
Electricity
Zoom out
7
3
®
3
June 25 June 29

August 2012

September 2012

October 2012

November 2012

December 2012

January 2013

February 2013

March 2013

April 2013

May 2013

Task

Fairhaven Hotel

1,200
1,100
1,000
500
&0
z 700
s e0
5
H
& 500
w0
300
200
100
0
s N 5 0 = 5 A = 2 S =~ N 5 0 = 2 o & & & 5
7 2 5 3 5 3 5 3 3 5 : g g 5 §
e ’ ’ ¥ y 9 v T ¥ § ¥ ¥ ¥ ¢ ¥ F & ¥ F § ¥ § ¢
Fairview Hotel
1.200
1,100
&0
- 700
£
s e
5
2
& 500
w0
300
200
100
0
- A s 0+ s = A = & s ~ & » 2 2 2 A = o2 2 & N B & £ & & &
F 3 F 5 3 : K F K v K2 L
L A A A A ¥ ¥ ¥ 3 o3 2 ¥ 7 7 4 ¥ 0§ ¥ 3 3

»
<
Time (Day)

Design Choice

Fairsky Hotel

1,200
1,100

1,000

Energy (WWh)
B 8 &§ 8 8

a
8

Fairport Hotel

1,100

1,000

%00

00

- 700
z

= &0
5
2

ul 500

@0

300

200

8

| II
0

3

aII

= A

& > & = o & =
5 3 5 & 3 5 5
¥ 4 § ¥ < § T 3 3z

o A 2 o2 9 o~ ¥ & r = T 8 X A

5 3 5 3 3 K . K3 v 4 1 . . ¥ 5

3 3 x 3 o 3 > 3 x 5 3 & 3 EA ¥ » 5 3

: ) H ) s L A S ¢ ¢ 0§ ¥ g F 4 ¥ 7 ¥ 7 g <
Time (Cay)

= © A o o o o

2

3

o

7
24
2y

hy,

&

@
R

» 2 o 2 5

Overview

Drill

DOownN

Faceted bar charts
Faceted bar charts




FACETED BOXPLOTS
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28

1
Nl
]IJ_I] ] I
_[D_ _ B
| -
I il
- l— [+
- —
Task Visualization Idiom Maich?
T2: Drill Down |Faceted boxplots X




TIME-SERIES MATRIX

Gamma Restauran
Alpha Restouran < 50 536 585 ooz 671 5259
KWHDD*h/sq.m
0
- Deoita Resoaxch Pak - 5.39 4 .45 412 341 35 305
- 1.3
Epslion Tower < 477 393 327 2068 143 07306
Bota Roestourant - 21 188 1.90 212 245 14
] ' ) | L LJ
jJan 2013 feb 2013 mar 2013 o 2013 may 2013 jun2013

Buildings

Task

Gamma Restarat - 285 Q024 828 1.56 122 24 4
8.33 542
Alpha Restouran < 103 029 2.07 571 128 135 7.73
383 345
KW'h/sq.m (%)
25
0
Deita Resoxch Pak - 202 24 8 0.9 70 7.1 1.99 5.0
00697 00550
0069 0050 2%
Bota Restaurant < 32 7.78 L[] 0941 138 182 164
2.73 29
1 Y o
| 2013 2092013
Epslion Tower = 20 3.13 Q5839 344 9.71 893
' ) ) ) ' L
jan 2013 feb 2013 mar 2013 o 2013 may 2013 jun2013 ju 2013

Design Choice

Maich?

Overview
Brehmer et al. — InfoVis 2015

Time-series matrix
29

Q.19

2092013

8 813 10.1
252 5.1 122
297 18.1 230
om 4 108 125

256 1.67
L J
sep 2013 oot 2013 nov 2013

Time

105

'
doc 2013




OUTLINE: DESIGN PROCESS

analyzing the work domain

identitying data and ftask abstractions
visual encoding sandbox prototyping
eliciting feedback on vis. encoding designs
prototyping workflows

oroduction development by collaborator

oAb =

Brenmer et al. — InfoVis 2015 30



MATRIX + AUXILIARY BOXPLOTS
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Persevere despite unfamiliarity:
Positive response to juxtaposition and linking two unfamiliar encodings §

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Task Design choice Match?

Overview Juxtaposed matrix and boxplofts v
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OUTLINE: DESIGN PROCESS

analyzing the work domain

identitying data and fask abstractions
visual encoding sandbox prototyping
eliciting feedback on vis. encoding designs
orototyping workflows

production development by collaborator

« commitment of development resources
» 10+ developers working on project since summer 2014

A o e
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CONCLUSION

An Industry visualization design study success story.

Matches and mismatches between task and data abstractions
fo visual encoding and inferaction design choices.

Reflecting on methods for visualization design studies.

e work domain analysis + artefact collection
e custom design specs featuring real client dato
e Inferactive sandbox for visual encoding design exploration

Brenmer et al. — InfoVis 2015 36



Matches, Mismaiches, and Methods:

Matthew Brehmer

@mattbrehmer | : : : :
manBrenmer Multiple-View Workflows for Energy Portfolio Analysis
Jocelyn Ng
@JocelynNg | paper & supplemental materials:
cs.ubc.ca/labs/imager/ir/2015/MatchesMismatchesMethods/
« supplemental video
Kevin Tate

 high-resolution figures
« sample research artefacts + tailored design specs
 Interactive sandbox design environment + git repo

Tamara Munzner

@tamaramunzner thanks: Michelle Borkin, James Christopherson, Cailie Crane, Anamaria Crisan, Jessica Dawson,

Johanna Fulda, Enamul Hogque, Sung-Hee Kim, Narges Mahyar, Joanna McGrenere, & UBC MUX.

CRNOC MnJacs W,

Accelerate




SUPPLEMENTAL
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WORK DOMAIN ANALYSIS

Normative, descriptive, formative
perspectives. Workers' use of tools, thelr
work context, workarounds.

COGNITIVE WORK
“ANALYSIS

Toward Safe, Productive, and Healthy ¢
Computer-Based Work X

Hierarchical and sequential fask analysis.

Resources:

- Vicente's Cognitive Work Analysis (CRC, 1999)

- McNamara et al.’s VIS "14 tutorial materials.

- Brehmer et al on pre-design empiricism for InfoVis (BELIV "14)
- Winters et al. on characterizihng domain problems (BELIV '14)

110 e ——_
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DESIGN DOCUMENTATION

Date: 0/.29

Who: .
Energy Manager,

Where: (Skype)

Supplemental: screen
capture recording,
audio

Role: One of two energy managers at ;© focuses on planning, analysis,
and reporting, focus on steam usage for 50 meters (out of 400, 350 others
not in EM)

EM Usage: day-to-day monitoring of daily and hourly consumption patterns
for 4 campus zones.

Portfolio: 2 campuses: 1 (/0 buildings), , 2| buildings);
downtown campus divided into 4 zones (w2, ~o, 2o, 20), (12-20 buildings
per zone), but different energy consumption patterns: 2 north zones are
engineering and medicine, consume more, more erratic

If an anomaly is spotted in a
Zone's consumption,  uUses
point edit function to determine
which buildings comprise the
zone, then he'll check
management charts for each
building individually; previously, he
examined all buildings individually

Date: 10.24

Who:
Energy Specialist,

Where: meeting room +
s laptop @ (with
)

Supplemental.
emall exchanges b/w
and mockups by

Program docs: Intro and

SOP

" notes,

Current approach (macro): in Excel, organizes energy intensity
data for all 130 schools, performs ranking with custom macros.

* Hasn't compared energy intensity rankings to performance
ranking in EM home tab; unsure about colours

Current approach (micro): For micro-level analysis of interval
data from EM, custom colour scheme for tracking
consumption of three time intervals of interest (school hours,
after-school hours, night): difficult to spot anomalies here.

* Weather normalization: side-by-side comparison of
normalized vs. non-normalized consumption

45

sample documentation slides

Brenmer et al. — InfoVis 2015
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PORTFOLIO ENERGY ANALYSIS

Goals:

— oversee energy behaviour of porttolios of bulldings
— reduce energy costs / conserve energy

— ensure comfort and safety of buillding occupants

Activities:

— assess behaviour following energy conservation
Meqasures

— determine which building(s) require these measures
— find (and diaghose) anomalous energy behaviour

Brenmer et al. — InfoVis 2015 4]
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& Actions (@ Targets
@ Analyze @ All Data
2 Consume = Trends = Qutliers = Features
= Discover = Present = Enjoy ‘ \/ ! V\jl\,[
Ll alh. .
o/ I i }q Al @
(9 Attributes
2 Produce
> Annotate = Record 2 Derive > One > Many
}qm [_ﬁ) N EEEEE . % > Distribution = Dependency = Correlation = Similarity
A Al o—eo L// ‘*,/
@ > Extremes
Search
.

Targetknown  Target unknown
Location .
Look B
known oorup @ o
Location  ¢*@y.> Locate < @.> Explore
unknown S )
(® Query
> Identify » Compare 2 Summarize
® TR
OV < e

—

(®) Network Data
2 Topology
2 Paths

@ Spatial Data
2 Shape
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TASK 1: OVERVIEW

Energy Domain
Activities

determine which
bullding(s) require
energy conservation
MeAqasures

find anomalous
energy behaviour

Scope

The entire
portfolio of
ouildings

coarser fime
periods

Abstraction

discover
trends, outliers

lookup and
summarize
distributions,
extremes,
similarities

Example
Question

"How did my
pbuilding
portfolio
perform this
past yeare”



TASK 2: DRILL DOWN

Energy Domain

Activities Scope Abstraction

assess behaviour .
Groups within

following ener . discover,
J SNergy the portfolio of

conservation . locate, and
bulldings

measures compare
. . frends, outliers,

. finer fime

diagnose anomalous . features

periods

energy behaviour

Example
Question

"Are my
restaurants in
Chicago
performing
better this
Ocfober than
they did last
Octobere”



TASK 3: ROLL UP

Energy Domain
Activities

find and diagnose
anomalous energy
behaviour

Scope Absiraction

Groups within  discover,
the porttolio of locate, and

bulldings identity

frends, outliers,
finer time features,
periods dependencies

Example
Question

“what
proportion of a
university'’s
energy
consumption is
consumed by its
computer
science building
over timee”



Task Name Energy Domain Activities Abstraction Example Question

: : discover
determine which .
o : trends, outliers
building(s) require energy
Overview conservation measures lookup and How did my building portfolio

. perform this past yeare”
summarize

distributions,
extremes, similarities

find anomalous energy
behaviour

assess behaviour

following energy

conservation measures
Drill Down

find and diagnhose

anomalous energy

discover, locafte,
and compare
trends, outliers,
features

“Are my restaurants in Chicago
performing better this October
than they did last Octobere”™

behaviour
discover, locate, “what proportion of a university's
find and diagnose and identify Prop o 4
. energy consumption is consumed
anomalous energy frends, oufliers, . . s
. by Ifs computer science building
behaviour features,

. over fimee”
dependencies




EXISTING TOOL
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ANALYSIS OF ENERGY MANAGER

Limited filtering, no filtering items by shared attributes
“show only restaurants”

Limited aggregation, no aggregating itfems by shared
attributes
“all restaurants in Chicago vs. all restaurants in New York”

No faceting (juxtaposed views, small mulfiples)

Brehmer et al. 2015 48 10-15



ANALYSIS OF ENERGY MANAGER

Data routinely exported and imported info Excel.

Little trust In predicted derived values based on
statistical models. A preference for comparing
against historical dafa.

Aggregate derived values (sums, averages) foo
coarse (loss of detall, lack of trust).

Brehmer et al. 2015 49 10-15



RELATED WORK
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VIS IN THE ENERGY DOMAIN

Friday September 14, 2012
Energy Consumption Report for September Usage (kWh) Trend Rank Green Points
Anonymous 713 /1587 133% 27 1333
To Date / Month-end Estimate Higher than average Among 30 households
DEC JAN FEB MAR APR MAY JUN JUL AUG

31 kWh

<)

' 0

S
o

0

.Lns! This

Year Year

‘:. '_‘J

N\

- - I I I I I
Jan Mar May I Sep Nov

kwhl  Consumption by Hour Thu September 13, 2012 $ | kWh
6
4
2 - H-g n- — m
E-E-E-E-g-g-u-" \ - 1
E-m-E T E-E-E-E-E—-N
12am 6am Noon 6pm 12am
Comparison with Previous Year $ | KWh

Ju

Consumption Insight

Last month you consumed 984.1kWh more (175.5% higher) than
efficient users with similar households. This month your current
trend indicates 249.9% higher consumption compared to these
users.

@OW®

mOoOOoOoOo

Manage your consumption

! Set a goal of 5% reduction for the rest of September. Read more...
[ Unplug TV and other appliances when not in use. Read more...
! Use clothes dryer during off peak hours. Read more...

Select activity | Activity tracking | Activity history |

Erickson et al (2013): web-based
residential energy report for home-

owners
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van Wijk & van Selow (1999): calendars of energy
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10-15



VISUAL ENCODING DESIGN
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FACETED BAR CHARTS
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BUMPS PLOTS

Brenmer et al. — InfoVis 2015

Task

Design choice

Maich?

Overview

Bump plof

99




BUMPS + BARS

visual
encodings
that display
derived rank
with original
quantitative
value:

Gratzl et al’s
LineUp (2013),
Hur et al’s
SimulSort
(2013)

aantar, 2013 spning.20M3 sUFNmaEr. 2013 dall 04 3

Task Design choice Match?

Overview Bar + bump plot ?
Brehmer et al. — InfoVis 2015 56 10-15




STACKED AREA / BAR

Task Design choice Match?
ol Stacked bar chart V4
P Stacked area chart V4
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STACKS & FACETS, JUXTAPOSED + LINKED

Heatmaps LineUp Line Plots
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Highlight:
 Alpha Restaurant -

Description:
-- A stacked area plot showing the cumulative values of the visible set of spaces (or groups), sorted by mean 'Quantity' value.
-- Select a name from the 'Highlight' dropdown to highlight it.

Gamma Restaurant Alpha Restaurant Delta Research Park Beta Restaurant
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ON TRUST

Auxiliary visualizations to combat information loss:
derived aggregate values hide data:
complement averages with representations of
range and distribution.
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ON TRUST

Promote agency over derived values: provide
energy worker more agency over aggregation,
unit selection, and normalization.
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FUTURE WORK

Post-deployment evaluation: track usage over an
extended period of time, follow-up with additionadl
INnferviews and focus groups.
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