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WHY THIS WORK MATTERS...

...contributions for an InfoVis research audience:

Data and task abstractions: identifying matches (and
mismatches). Supporting task sequences.

Domain convention, familiarity, and trust.

Methodological guidance for visualization design
studies.
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DESIGN METHODOLOGY
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DESIGN ACTIVITIES

. analyzing the work domain

i. identifying data and task abstractions

lii. visual encoding sandbox prototyping

iv. eliciting feedback on visual encoding
designs

v. prototyping workflows

vi. production development by collaborator

Brehmer et al. 2015 4 09-15



DESIGN ACTIVITIES

. analyzing the work domain

ii. identifying data and task abstractions

iii. visual encoding sandbox prototyping

iv. eliciting feedback on visual encoding
designs

v. prototyping workflows

vi. production development by collaborator
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WORK DOMAIN ANALYSIS

Normative, descriptive, formative
perspectives.Workers’ use of tools, their
work context, workarounds.

COGNITIVE WORK
“ANALYSIS

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

Rierarchical and sequential task 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 characterizing domain problems (BELIV ’|4)

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
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DESIGN ACTIVITIES

. analyzing the work domain

ii. identifying data and task abstractions

iii. visual encoding sandbox prototyping

iv. eliciting feedback on visual encoding
designs

v. prototyping workflows

vi. production development by collaborator
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DATA ABSTRACTION
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BUILDING PORTFOLIOS

Brehmer et al. 2015

Term Abstraction ' Example
Building metadata

Building 1D unique categorical 123
Building area quantitative 450 m?
Building age quantitative 20 years

occupants quantitative 50 people
Location spatial 49.26° N, 123.25° W
Tag categorical “restaurant”

10
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MULTIPLE TIME SERIES / BUILDING

Term | Abstraction ' Example

Temporal data for each building

Energy demand quantitative 200 kW
Outdoor temperature | quantitative 18° C
Open / closed categorical Open Mon-Fri, 08-18h

Brehmer et al. 2015 11 09-15



DERIVED DATA

Term | Abstraction | Example

Derived temporal data for each building

Consumption quantitative 300 kWh
Energy intensity normalized quantitative | 1.78 kWh / m?
Weather-independent | normalized quantitative | 50 kWh / HDD
performance

Predicted perform. quantitative 190 kW

% Savings normalized quantitative | 40%

Rank ordinal I1st, 2nd, 3rd

Brehmer et al. 2015
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DOMAIN CONVENTION
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TASK ABSTRACTION
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PORTFOLIO ENERGY ANALYSIS

Goals:

— oversee energy behaviour of portfolios of buildings
— reduce energy costs / conserve energy

— ensure comfort and safety of building occupants

Activities:

— assess behaviour following energy conservation measures
— determine which building(s) require these measures

— find (and diagnose) anomalous energy behaviour

Brehmer et al. 2015 15 09-15



TASK ABSTRACTION

2376

IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, VOL. 19, NO. 12, DECEMBER 2013

A Multi-Level Typology of Abstract Visualization Tasks

Matthew Brehmer and Tamara Munzner, Member, IEEE

Abstract—The considerable previous work characterizing visualization usage has focused on low-level tasks or interactions and high-
level tasks, leaving a gap between them that is not addressed. This gap leads to a lack of distinction between the ends and means
of a task, limiting the potential for rigorous analysis. We contribute a multi-level typology of visualization tasks to address this gap,
distinguishing why and how a visualization task is performed, as well as what the task inputs and outputs are. Our typology allows
complex tasks to be expressed as sequences of interdependent simpler tasks, resulting in concise and flexible descriptions for tasks
of varying complexity and scope. It provides abstract rather than domain-specific descriptions of tasks, so that useful comparisons
can be made between visualization systems targeted at different application domains. This descriptive power supports a level of
analysis required for the generation of new designs, by guiding the translation of domain-specific problems into abstract tasks, and
for the qualitative evaluation of visualization usage. We demonstrate the benefits of our approach in a detailed case study, comparing
task descriptions from our typology to those derived from related work. We also discuss the similarities and differences between our
typology and over two dozen extant classification systems and theoretical frameworks from the literatures of visualization, human-
computer interaction, information retrieval, communications, and cartography.

Index Terms—Typology, visualization models, task and requirements analysis, qualitative evaluation

+
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TASK ABSTRACTION

Analyze
> Consume

= Discover - Present = Enjoy

| Nl @
4 -III II /\/ .|:|I|:.
1

= Produce

> Annotate = Record = Derive

4

a Qe EE-L
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TASK 1: OVERVIEW

Domain Activities

determine which
building(s) require
energy conservation
measures

find anomalous energy
behaviour

Scope

The entire
portfolio of
buildings

coarser time
periods

Abstraction Exam|?le
Question
discover
trends, outliers “How did my
building portfolio
lookup and summarize perform this past
distributions, year?”

extremes, similarities

Brehmer et al. 2015

18

09-15



TASK 2: DRILL DOWN

Domain Activities

assess behaviour
following energy
conservation
measures

find and diagnose
anomalous energy
behaviour

Scope

Groups within the
portfolio of
buildings

finer time periods

Abstraction

discover, locate,
and compare
trends, outliers,
features

Example Question

“Are my restaurants in
Seattle performing
better this September
than they did last
September?”

Brehmer et al. 2015
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TASK 3: ROLL UP

Domain Activities Scope Abstraction Example Question

“what proportion of a

Groups within the discover, locate,and . " ' "
university’s energy

find and diagnose  portfolio of identify .
.1 1 : consumption Is
anomalous energy  buildings trends, outliers, .
. consumed by its
behaviour features,

computer science

finer time periods dependencies i . s
P P building over time?

Brehmer et al. 2015 20 09-15



Brehmer et al. 2012_\ B

Task Name

Overview

Drill Down

Roll Up

Domain Activities Abstraction

determine which building(s) discover
require energy trends, outliers
conservation measures

lookup and summarize
find anomalous energy distributions,
behaviour extremes, similarities

assess behaviour following

energy conservation .
&Y discover, locate, and

measures
compare

. trends, outliers

find and diagnose ’ ’
features

anomalous energy
behaviour

discover, locate, and
identify

trends, outliers,
features, dependencies

find and diagnose
anomalous energy
behaviour

21

Example Question

“How did my building portfolio perform
this past year?”

“Are my restaurants in Vancouver
performing better this January than they
did last January?”

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




DESIGN ACTIVITIES

. analyzing the work domain

ii. validating data and task abstractions

lii. sandbox prototyping

iv. eliciting feedback on visual encoding
designs

v. prototyping workflows

vi. production development by collaborator

Brehmer et al. 2015 22 09-15



CURRENT TASK SUPPORT

Brehmer et al. 2015 23 09-15



the existing tool.
Energy Manager
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ANALYSIS OF ENERGY MANAGER

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

Limited aggregation, no aggregating items by shared
attributes

“all restaurants in Seattle vs. all restaurants in Vancouver’

No faceting (juxtaposed views, small multiples)

Brehmer et al. 2015 20 09-15



ANALYSIS OF ENERGY MANAGER

Data routinely exported and imported into Excel.

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

Aggregate derived values (sums, averages) too coarse
(loss of detail, lack of trust).

Brehmer et al. 2015 27 09-15



RELATED WORK
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VIS IN THE ENERGY DOMAIN
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10 17 24 31
11 18 25
12 19 26

16 23
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Friday September 14, 2012
Energy Consumption Report for September Usage (kWh) Treng Rank Green Points 51300 27 017 24 310 17 24 31
Anonymous 713 /1587 133% 27 1333 7 1421 28 1118 25 4 1118125
To Date / Month-end Estimate Higher than average Among 30 households 8 15 22 29 12 19 26 5 12 19 26
92330 13 20 27 6 13 20 27
DEC JAN FEB MAR APR MAY JUN JUL AUG 10 17 24 31 14 21 28 7142128
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kwhl Consumption by Hour Thu September 13, 2012 $ | kWh Consumption Insight 8 15 22 29 13 20 27 10 17 24
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Last month you consumed 984.1kWh more (175.5% higher) than 1017 24 1522 29 1219 26
4 efficient users with similar households. This month your current 1118125 9 1623 30 13 20 27
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. Comparison with Previous Year $| kWh Manage your consumption 12 19 26 9 16 23 30 6 13 20 27
ﬂ .5:" \Tr:: 13 20 27 10 17 24 31 7 14 21 28
®| 1500 ! Set a goal of 5% reduction for the rest of September. Read more...
' 8 Unplug TV and other appliances when not in use. Read more...
™ Use clothes dryer during off peak hours. Read more...
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Erickson et al (2013). web-based
residential energy report for home-owners

van Wijk & van Selow (1999). calendars of
energy behaviour
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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 (201 3): ssmilar domain, different data, partial task overlap
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VIS FOR TIME SERIES
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VISUAL ENCODING DESIGN

Brehmer et al. 2015 32 09-15



DESIGN ACTIVITIES

. analyzing the work domain

ii. identifying data and task abstractions

lii. visual encoding sandbox prototyping

iv. eliciting feedback on visual encoding
designs

v. prototyping workflows

vi. production development by collaborator

Brehmer et al. 2015 33 09-15



Portfolio Visualization Sandbox
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DESIGN ACTIVITIES

. analyzing the work domain

ii. identifying data and task abstractions

iii. visual encoding sandbox prototyping

iv. eliciting feedback on visual encoding
designs

v. prototyping workflows

vi. production development by collaborator
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MATCHES & MISMATCHES

Brehmer et al. 2015

Task

T1: Overview

Visualization Idiom
Faceted bar chart
Bump plot

Bar + bump plot
(Calendar) matrix
Map

Juxtaposed matrix and boxplots

Match?

T2: Drill Down

Faceted bar chart
Faceted boxplot
Faceted line graph

T3: Roll Up

Stacked area graph
Stacked bar chart

NN IN¥ v

36
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FACETING

Bear Creek Elementary - Academic 12/13 - Overview
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Task :
Abstraction
Name
discover
trends, outliers
. lookup and
Overview p .
summarize
distributions,
extremes,
similarities
discover, locate,
Drill  and compare
Down trends, outliers,

features

Example
Question

“How did my
building portfolio
perform this past
year?”

“Are my
restaurants in
Seattle
performing better
this September
than they did last
September?”
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FACETED BAR CHARTS
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FACETED BOXPLOTS
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T2: Drill Down | Faceted boxplot x
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FACETED LINE CHARTS
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Visualization Idiom
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STACKED AREA / BAR

Task Abstraction Example

Name Question

“what proportion
of a university’s

discover, locate,
energy

and identify L
. consumption is
Roll Up trends, outliers, .
consumed by its
features, .
. computer science | | -
dependencies g
building over o | 1| | 1 1 1 |
time?” '
AN NEENENEENEEEENEEEEEEEEEE
Task Visualization Idiom Match?
T3: Roll Up Stacked area graph v
Stacked bar chart v
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BUMPS PLOTS

Brehmer et al. 2015

Task

T1: Overview

Visualization Idiom

Bump plot

42

Task : Example
Abstraction p
Name Question
discover
trends, outliers
“How did my
. lookup and building portfolio
Overview p . gp . f
summarize berform this past
distributions,  year?”
extremes,
similarities
Match?
x
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BUMPS + BARS

visual
encodings
that display
derived rank
with original
quantitative
value:

Gratzl et al’s
LineUp
(2013),

Hur et al’s

SimulSort
(201 3)

Task Visualization Idiom Match?

T1: Overview Bar + bump plot ?
Brehmer et al. 2015 43 09-15



TIME-SERIES MATRIX

Gamma Restaram

an.2013

kW/HDD*hisg.m (%)

n
50

. 130 -

men

men

Brehmer et al. 2015

feb.2
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13

mar.2013

ape. 2013 may. 2013 pn 2013

l ' - ‘B
l A l' . ..
N ..

Task

T1: Overview

ul.2013

aug 2013 sep.2013 oct. 2013 rav. 2013 dec.2013
' : ‘ : » 3 ‘ : Gamma Restaurant

l Alpha Restaurant

. Delta Resaarch Park
) .‘
" » . -

- - g o b 9 ot - - -~
‘ 4 . l ™ Epsilon Tower
- e 15
- - . l

Beata Restaurant

Visualization Idiom

(Calendar) matrix
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A
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¥
<0

'
mar 2013

- 28 1.56 122 24 4
S.71 128 135 7.73
70 7.1 199 O
0941 138 182 164
344 .71 899
' Y Y
o 2013 may 2013 jun2013 | 2013

Match?

9 8.13 -10.1 148
292 882 5.1 122 19.2
Q.19 297 18.1 236 238
303 254 108 125 105
3.12 256 1.67 20
L L J 1
2092013 sop 2013 oct 2013 now 2013 doc 2013
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Task Visualization Idiom Match?

T1: Overview Map ®
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MULTIPLE VIEW WORKFLOW DESIGN
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DESIGN ACTIVITIES

. analyzing the work domain

ii. identifying data and task abstractions

iii. visual encoding sandbox prototyping

iv. eliciting feedback on visual encoding
designs

v. prototyping workflows

vi. production development by collaborator
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MATRIX + AUXILIARY BOXPLOTS

Brehmer et al. 2015
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2008

T1: Overview Juxtaposed matrix and boxplots -




STACKS & FACETS, JUXTAPOSED + LINKED

Heatmaps LineUp Line Plots

KWHDD"hisq.m

' U v | 1 | | v 1
2013 feb 2013 mar2i13 2013 may 2013 jn 2013 M2013 w2012 sap 2013 ot 2013 now 2013 dec. 20t

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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INTERACTIVE DRILL DOWN

thu
wed
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¥
El
~
2
L]
L]

fue

mon

fri

thu
wed

fu

®

rd Physics Building = %
yre Medical Building = % -
int Research Facility - ﬂi

)!:- Hall = { I } -
%20 - Wong Building - —l]]—

- Centennial Centre = E—

Fe Services Building = 4‘]]—. .

Box Plots: Aligned by row and
Coordinated with Heatmaps

Begin by filtering the time window and
by selecting, filtering and aggregating
spaces. Select units and, optionally,
previous years or baselines to serve as
differential comparison points.

plots with linked highlighting and selection; line
chart tooltips. (b) LineUp plots with time series line
plot tooltips. (c) Portfolio map with space
metadata and sparkline tooltip. Click-through on
tooltips to drill down. If a single space is selected,
proceed to (3), otherwise, proceed to (2).

Group-Level. Small multiple time series line plots
for showing multiple spaces along common scales.
Click through on a single space to drill down to

).

Space Level. Existing Energy Manager load profile
management charts for a single space.

Brehmer et al. 2015

Time Series Line Plot o
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Heatmap tooltip displays
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LineUp tooltip displays
Time Series Line Plot
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Energy Manager Management Charts
for a single space
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RESULTS
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DESIGN ACTIVITIES

. analyzing the work domain

ii. identifying data and task abstractions

iii. visual encoding sandbox prototyping

iv. eliciting feedback on visual encoding
designs

v. prototyping workflows

vi. production development by collaborator
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DISCUSSION
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FAMILIARITY

Persevere despite unfamiliarity: Juxtaposition of
two unfamiliar encodings with coordinated
interaction and highlighting.

Beware assuming familiarity: visualization names
can be misleading (“heatmap”™, “boxplot™)
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TRUST

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

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 additional
interviews and focus groups.
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CONCLUSION

Generalizable visualization design guidelines for multiple time
series data, matches and mismatches between task and data
abstractions to visual encoding and interaction idioms.

Higher-level guidelines with themes of familiarity & trust.

Methodological guidance for design studies in corporate contexts
with internal and external stakeholders.

An industry visualization redesign study success story.
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SUPPLEMENTAL
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ENERGY MANAGER++

UTI LICO Electricity ¥ Sun Sep 1, 2013 to Tue Sep 30, 2014 View Aggregate

Currently implemented based on prototype designs § QZ:Z:“

and mockups:

parameterizable visualization: filtering and

aggregation using categorical tags (normalization:
not yet) (no more wizard dialogs)

matrix + auxiliary boxplots (top)
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