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What is Visualization DeS|gn’?

Aprocess to create
data visualizations

Awork with users to
identify their
problems and
needs

Aideas evolve and
systems are built
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Motivating Example

Amore devices
Amore data
Agreater risk




Cyber Security

Aanalysts work to protect our data

Amany challenges exist:
Aadaptingattacks
Agrowing amounts of data
Adevil is in the details
Amissing information
Alimited access for designers




Redesign Project
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DesigrActivity Frameworfor VisualizatiorDesign

S. McKenna, D. MazurAgutter and M. Meyer, IEE¥CG, 2014

visualization experts

miriah

designer




Visualization Design: Questions & Goals

Awhat am | trying to create?

Ahowdo | compare and select these outcorfies
Awhat actions can | perform?

Awhere should | go to next?

Awnhat are the steps | should perform?

> x>z > > P

achievable
justifiable
discoverable
flexible

actionable



Design Activity Framework

Adata visualization design process model

Aguide and support creation of visualization systems

Adescribe and capture design flexibility

Understand |deate

design activity

motivation

artifacts

methods




Design Activity Framework: Components

Avisualization artifacts '

Amapsto design decisions pr

. @
Atable of design methods RUICE
e
Adesigntimelines — [ OHea—
. 1
Aactivity worksheets NN
—




Design Activity Framework: Projects

Aformative and summative projects ==L .

by
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Avalidated the framework:
Ainternally, via a design study
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Aexternally, with students

Areflected on other research projects:
Atechniquedriven
Aevaluation
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timelines

Related Work: Nine Stage Framework

Aprocess for design
studies

Aplanning to reflection [wm S S S S g Sranen aatoy™S eear”™S wie”>

phaseS [Sedlimair MeyerMunzner2013

Amissing aspects for
visualization design



Related Work: Nested Model pr

decisions

Afour levels for design

decisions domain characterization —~

data/task abstraction design ‘ \

A_deCiSiOHS cascade encoding/interaction technique design ‘ ™\

Internally . . J

algorithm design

Arationale & decision [Munzne2010]

making

Asupports knowledge
transference



Related Work: Visualization Models

Aconnectactions we takewith decisions we make justifiable

processmodels decisionmodels
domain characterization —~
data/task abstraction design v N
encoding/interaction technique design v —~
algorithm design v
[ e > vinnow > cast_pdscover > desgn _pimpement> deploy _p refect > wita >

[Sedimair MeyerMunznei2012] [Munzner 2010]
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Related Work: Process Models

Asupport aflexible and achievabledesign process
engineering process creative process

=2

Task
M Prototype

N or

[Tory, Moller2004 [Kumar20123




Related Work: Design Pedagogy

Ateach design process: botliscoverable andactionable

prescriptive choices
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guided steps

worksheets

Ideas

Filter

Categorize

Sheet 1

Combine & Refine

Question

© Sheet 2,3,4
Layout Information
Operations

Focus / Parti .
. Discussion

Layout

.............

Focus / Parti .

. Detail

Sheet 5

Information

[RobertsHeadleandRitsos2016]



A Design Activity

whdt IS

how d°

Four Activities

jsmy

design activity

?
am ¢
motivation
artifacts

?
| get the™’

methods

Understand  ldeate

Vv

specif
arg [

SpeCIC, unique resuitsor an acuvity, cnardcteriZed py

which level or levels of the nested model they addre's#

actions or techniquesthat a designer employs tather
generateor evaluatertifacts




Four Design Activities arifacts

motivation:
artifacts:




Example of a Deploy Activity arfacts

Asoftwareanalysis of a g
visualization system

HEADER

NEGATIVE SPACE

ACTIVITY ACTIVITY
DESCRIPTION OEFioNs




Example of a Understand Activity arfacts

Aqualitative coding of cognitive task analysis papers

sub-sub-categor evidence pages notes

"... increasingly sophisticated technical and social attacks from organized

communities attackers criminal operations” D'Amico 19
data external website "information published on hacker websites" D'Amico 29
“incident report, intrusion set, problem set from other organizations,
information about the source and or sponsor of attack" & "incident reports eg. power point, word doc,
data processed report are [often] textual documents" D'Amico 35 video, podcast, ...
data raw packets (data, netflow) "network packet traffic, netflow data or host-based log data” D'Amico 25

“"tutorial on how to get started; not just the user's manual .... certification
design guidelines tutorial process so people can become certified" Erbacher 212

"visualization should have a weight based on the accuracy of info" & "force-

design guidelines  uncertainty visualization directed graphs where trust is the primary spring force" Erbacher 210,212
"Cyber security is essentially a human-on-human adversarial game played
other metaphor out by automated avatars." Fink 46

"During the first stage, a CND analyst acquires data about the monitored
environment, which is typical of the perceptual stage of situation

phases situational awareness | perception awareness." D'Amico 32
responsibilities communication "importance of analyst communication in the data transformation” D'Amico 30
roles managers "most were active analysts; a few were managers" D'Amico 23
roles network analyst "computer network defense (CND) analysts" D'Amico 19

"If a vulnerability scan returned a suspect IP address, he would then have to
go through several different tools in different windows to get information
about the IP, such as the host name, its location in the network or building,
its OS version and update status, its owner, and the owner& phone
workflows investigate number." Fink 49



Example of a Ideate Activity arfacs

concept sketches & wireframes

MENUBAR A © H ¢ USERNAME &

A LE RTS Topology for Network Model Alerts
MESSAGES HOSTNAME  IP ADDRESS

ANDREW SMITH « X 9:20 AM . . DB_Server1 192.168.03
Mauris sit amet ante metus. Cras eu vestibu- | | .
1

DB_Server1 192.168.03
Ilum mi. Morbi condimentum urna vel nulla - -
thoncus tincidunt. Donec tortor dolor, -
suscipit et omare non, mollis quis arcu. Proin . ~ . LA [e2ice 0
aliquet non ipsum vel fermentum. Nam -
turpis lorem, ornare eget erat in, feugiat
luctus massa. Donec eu risus enim. Mauris
vestibulum augue id iaculis mollis. Nunc .
mollis rhoncus mi, ac lobortis nisl tempus ac. \ \

DB_Server1 192.168.03
JILLWHITE « X 920 AM .

Mauris sit amet ante metus. Cras eu DB_Server1 192.168.03
vestibulum mi. Morbi condimentum urna vel
nulla rhoncus tincidunt. Donec tortor dolor,

.
>

>

>

N\

DB_Serverl 192.168.03

DB_Server1 192.168.03

a DB_Server1 192.168.03
suscipit et ornare non, mollis quis arcu. Proin
aliquet non ipsum vel fermentum. Real Time Attack Graph ARG CTIE
o ALLEN BORE « X 920 AM B

>

DB_Server1 192.168.03

>

DB_Server1 192.168.03

Mauris sit amet ante metus, Cras eu -
F r« ‘/ vestibulum mi. Morbi condimentum urna
’ &E 4 vel nulla rhoncus tincidunt. Donec tortor —

dolor, suscipit et ornare non, mollis quis

» , arcu. Proin aliquet non ipsum vel fermen-
& THATY e @
3 - DB_Server1 192.168.03
ALLEN BORE « X 9:20 AM

~N
Mauris sit amet ante metus. Cras eu vestibu- . . = - DB_Server1 192.168.03
NETF LOW - I . DB_Server1 192.168.03

USER ACTIVITY

>

DB_Server1 192.168.03

@ ® v




Example of a Make Activity

Adigital mockups

artifacts

-
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H IP Address // Port // Attack Type
Discription - Mauris sit amet ante metus.
Cras eu vestibulum mi

Host Name Time Stamp
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Discription - Mauris sit amet ante metus

Cras eu vestibulum mi.

Host Name Time Stamp
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N

decisions

Mapping Design Decisions

3
Q

u

domain characterization

data / task abstraction

encoding / interaction technique

algorithm design

nested model
[Munzner010]



Discovering Design Methods oo

method : & a

g ¢ g g

1 A/B testing

2 activity map o o

3 AEIOU framework o o

4 afhinity diagramming =

5 algorithmic performance e o

6 analogical reasoning o

7 appearance modeling ® °

8 artifact analysis °* o

methods

definition

“compare two versions of the same design to see which one pé
statistically better against a predetermined goal” [25]
“structuring activities of stakeholders and showing how the;
to one another.... take a list of activities gathered during r
and see how they are grouped based on their relationships™ [
“organizational framework reminding the researcher to att
document, and code information under a guiding taxonc
Activities, Environments, Interactions, Objects, and Users” [
“process used to externalize and meaningfully cluster obser:
and insights from research, keeping design teams grounded
as they design” [25]

“quantitatively study the performance or quality of visual
algorithms....  common examples include measureme
rendering speed or memory performance” [30]

“cognitive strategy in which previous knowledge is access:
tranSferred o ﬁt the current feqUiremffn[S OFH ﬂUVf.'I Situatiﬂn:
“refined model of a new idea that emphasizes visual styling” |
“systematic examination of the material, aesthetic, and inte
qualities of objects contributes to an understanding of their p.

! | i‘i"\.c""‘ﬂl ﬂﬂf‘] f‘lllfll"ﬂl f‘ﬂ‘l‘lfﬂv"l‘” rj :;.-I



Design Process Timelines

Abuilt to capture design flow
Aflexible; support messiness

Atwo basicmovement principles
1. forward movement i©rdered

2. activities can baestedor conducted imparallel

u

m

u

m

—

=[]

timelines
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Design Process Timelines

Aredesign project

AShotviewer
[Kerzneet al. 2015]

timelines

v

[Ferstay NielsenMunznei2013]

AvVariant View m
m i




Design Activity Framework Summary

Adesign activities with visualization artifacts‘

O
Amap to nested model decisions Q\ ‘ /O
@
Adesign methods for each activity RUICE
e

Aplan and communicate with timelines —OH=E




Conducting a Design Study

Time: Thu 16 April '15

100k
:] I 00:00-23:59  \yhole world
o
35.4k alerts ¥ 28.1% fewer
~ In=ENNEE
7 10 11 12 13 14 15 16

r
09

Avalidate the framework

Atrack visualization artifacts

| - ]
Aemploy new design method: b

Acan this lead to success? =~ seess

iE Alerts

BubbleNet ACyber Security Dashboaial VisualizingPatterns
S. McKenna, [staheli C. Fulcher, and M. MeyeGF, 2016



Data and Task Abstraction artifacts

Anetwork record:
Ametadata associated with the communication between two computers

Apattern:
Acollection ofnetwork recordthat represent recurring or abnormal behavior

Atasks:discover &present
Adashboards show overview
Aaggregation & deviation



— M| OO
timelines

Dashboard Design Process

Aframework guided us across multiple discourse channels seecham, oykes 2014

Malitay,

software
company

usabi/,'g,stUd

research
organization

university
info. security

operational
organization

2013 2015

¢ uiuimu im md d



Personas Method

Aidentifiedpotentialusers
Aflow of information& decisions

Afocused the final design:
Aanalysts andnanagers

UnlockingUserCentered Design Methobts
Building Cyber Securidsualizations
S. McKenna, [stahelj and M. MeyeY,izSec2015

® CEO (decision-making)

Goals Coordinate personnel and operations
Knowledge operations (@@ @@ cyrer @OOOO
Cyber SA atention  @OOOO Temporal Window 4—-—>
+ How can we maintain ongoing operations?
* What could happen if a critical sy is imp d?
Key Questions
+ What are the most critical systems at risk of attack?
* What cyber resources will be needed in the future?
Decisions .v

@ Director of IT (decision-making)

Goals

Knowledge

Cyber SA

Key Questions

Maintain cyber situational awareness

opersions @@@®OO
ntenion @@OO0

« Does this attack matter?

* How serious is the attack?

+ What do | do about the attack?
+ Are there any negative effects?

cwer @@@OO
Temporal Window 4—_>

+ What did the bad guys do/take?
«Is it a good day on the network?

« How is my network different
« from last week?

L 2

® NOC Manager (information-synthesis)

Goals

Knowledge

Cyber SA

Key Questions

Communicate impact on operations

opssions @OOOO
Attention ...Oo

+ Does this attack matter?

* How serious is the attack?

* What do | do about the attack?
+ Are there any negative effects?

e @OOOO
Temporal Window <———>

+ How successful was the attack?
+ What did the bad guys do?
+ What did the bad guys take?

&

Information

@ Cyber Analyst (information-gathering)

Goals

Knowledge

Cyber SA

Key Questions

Identify anomalous network behavior

operations @OOOO
nienion . @O@OO

+ What does my network look like? * How was my network attacked?

* What happened on the network
« last night? What’s different?
« Is something bad happening?

o QOOOO

;
Temporal Window <—>

* Who is attacking my network?
* Does this attack matter?
* What did the bad guys do?

AIWIN(F




Data Sketches

Adata-driven sketches,

test our abstractions
[Lloyd & Dykes 2011]

Afeedback from analyst -

Alocation-based map
encoding

directed network of src-dest IP addresses
internal = red, external = green

1,000,000 flows - 100,000 1P's - 400,000 edges 1
200ming In on graph & selecting a nade below

directed network of src-dest [P addresses
same as before, but new layout
200med-in, selecting a group of nodes

9

cirele for each /24
note the log scales

circles can be selected

useful a5 3 legend

I

10 ¢

three bar charts
# bytes, unique 1P
and unique ports

eachbarisa /8
bars breakinto /24

colored by ¥ protocols
note the log scales

| 1m

network o

(notyourdato) s

c dest

arrangad on circle
bundied by 17 groups

would get messy
fast with real data.

4 n

plotting P acdresses as points on a mag
sized by # packets, colored by ¥ bytes

5 n

plotting IP address source & destination aslines on & map
centered on Utah; over-plotted for entire dataset

11
1P address,
aggregated by country
lexcluding US & Canada,
since too large)
colored by # bytes. -

and alsa unique 1P’

1P address, @
aggregated by country

colored & sized by
unique P's unique,

L[l -
gL s L

11

scatterplot

unique [P's ]

vs ¥ bytes

sized &colored by
uniqueperts|

note log scales

11

12

multiple
scatterplots

select, too

i
o ?

13 unique
uniquelP's  hogt ports

sxesareall  Abyles

vertical,

canfie3s

line=/24

can select lines
as seen below

note strange scale

111
unique
remotel

ports

14
(not your dota) #
30 graph cxamples.
cn

humans are bad with 3D
thus usvally avoided

15

boxes, broken
from /8into /24

colored &sized by
uniquelP's

can separate|
intemal vs.
external IP's

circles representing
each /s

colored &sized by
unique P's

111

8 1o aggregatediy bot ; a1
s aggregated by both region & country not your data)
can correspond approximately to locations 01 a map 17 wy 18 v
colored & sized by choice (actvtylevel, most recent) i
T T i e e melines animation
oot your data) {rotyour data)
] faling down,

.
sice
e0ye0
-

[N ISR Y W N VN S | =

19 v 20 v
interaction aggregation
notyour dota) {notyour data)

selectinga range of time to visualize
updates other views accordingly

summarizing regions of time
similar to eartier ideas (aggregated into 5 mins)




BubbleNet Dashboard

® O ® /[ punble-net dashboard x‘
& = C | hpi/fiocalnost:80880

artifacts

Alocation view
Atemporal views

Aattribute bullet chartg:

Arecord details
Aselectionoverview

Tlme

g EEEEEES S8 S
3$ 8883838883838 83 3
" B EE S BEEm

$ ¢ ¢ ¢ 8

Illllillll

Mon 13 April '15 lerts: ) Categories
00:00 - 23:59 Turkey mouamny
517 alerts + 67.7% more I —._

JEeEEER (i
i= Alerts quantity name aid priority classifier
108 ET SCAN Sipvicious User-Agent Detected (friendly-scanner) - - Medium Attempted Information Leak
108 ET SCAN Sipvicious Scan — Medium lempted information Leak
3 ETPOUICY Suspicious inbound to MSSQL port 1433 -— Medium Potentially Bad Traffic




BubbleNet Dashboard Interactions artfacts




Dashboard Evaluation o

Ausability scores with five analysts, four managerszo1
A3 ) =1 OBpunkquenttdldd this, bthis is easief

100 90

80 80 85

80
72.5 77.5

68 I

42.5

Score

Al A2 A3 A4 A5 M1 M2 M3 M4

Analysts Managers




Design Study Summary

[shaw Label Names

successful design study E— Py ———

fer Text pply

Aevaluationwith users e

([l cyber.ail (i trems)
[ L] eBOLA South America
— 7 Ll events can reems)
= 1 /Il b and snoke G2t tems)
OO0l aeplioyments e
+ | 4 pisasters
4 | 4] Historical
4 |8 L] central padfic
11 [l oaniel 2012.4m1
w [l Fossie 2013.kmi
B/r‘ o [l sencvievespo72014.kmi
7 [ 1sELLE 20144l
1 [l uuo 2019 kel
11 [l ovexa 2010kl

= 1 [l Pew 2013kl
g 11 [l hreec zo13.kmi
uide e framewor
R 1 [ waw 2019, kml
4 | LJ Earthquake Historical
# [l naska 1964_03_28.kml
[~/ [l chile 1960_05_22.kmi
[ Ll Hurricanes
- [7] Ll National Hazards x
b [F L&l olympics
[T L KML Weather
[2] L KML by Agency
[7] 4 KML by Type (2d)
[/ Jll LDUB.DV (SOUTHCOM DV)

captured a rich description of = A=="
the design process

Description

< 2> -




Evaluating with Worksheets

Aexternal validation of the framework
Aincreaseactionabilitywith concrete steps
Aworked with students on class projects

Acan novices follow the framework?

Design Activity Framework

What artifacts can we create?
« design requirements
® ideas & sketches
* prototypes
® visualization systems

How do we get artifacts?
Writing on worksh g, or building ode.
Artifacts can be generated or evaluated using methods.

What do we do with artifacts?
Build ideas to address real needs. Combine them. Find
novel ways to solve problems. Record to track a project’s
evolution. Revisit for inspiration. Evaluate them.

What is a design activity?
Actions taken in order to achieve a set of artifacts.
4 activities: Understand, Ideate, Make, & Deploy.

The design worksheets provide guided methods for obtaining
artifacts. Artifacts should flow from activity to activity, so do refer
back to them later on as each artifact is used. You can print out
program screenshots if that will help you design.

Feel free to work on worksheets individually but come back and fill
out one as a group. Label each with a unique number at the top.
This number is important for using additional sheets for space.
Expected results for each box are shown as icons at the bottom.

Always double-check the first box on the sheet! For example, in
the Understand activity, have you captured the right challenge,
with enough detail? Watch out for 1/ warnings which provide
cautionary tips on when to revisit earlier worksheets. You can
continue to any activity listed at the bottom of the worksheet.

These worksheets provide sample methods to guide your design
process, but feel free to explore alternative methods for
generating and evaluating artifacts: http:/bit.ly/2edEswyv

pupjsiapun

poap!

ayow

Aopdap

worksheets

example artifacts

5
TR
o
I
.
» .
i L —

Worksheets foGuiding Novices Throudhe Visualization Desigprocess
S. McKenna, A. Lex, and M. Meyer, (to be submitRetitmogy of Data Vis.

Workshop), 2017



Design Activity Worksheets

Understand
@000

goal: g

artifacts: dg

1) identify the challenge & users

think big! what is the problem? who is affected by it?
what is kr n/unknown? orient yourselfwith all of the
project’s who, what, why, when, & how

ESLYENET S

=7

3) check with users or explore data

users: what did you find out? what sparked cur ?

data: charocterize aspects of the data. what is it like?

! ! getthereal data and talk to real users if possible! =|

5) compare and rank design requirement

choosea hod for comparison: pros/cons table, rank based of
on listed justifications, or pick top 3 to keep and why. explain any

2]onjpAS

1 1 Is this the right challenge to tackle? Is there enough detail? ol
or not enough requirements? complete this worksheet again to re

Ideate
0 0@

goal: g
s

artifacts: id

ESTYETIEY

230N)pAS

1) select a design requirement

how might we address the challenge using the
requirement? which questions would a user ask? revisit
this worksheet for each important design requirement.

11 revisit this worksheet for all important
design requirements for your project =]

3) sketch another idea

try another sketch, think of a new perspective, be
different, do not build off of your previous sketch.

v

5) compare and relate your ideas

|
foreach sketch, break apart what works well (+) ond what doed
parts. can you combine ideas? review the table with o partner o

sketch #1 sketch #

11 combining ideas and sketches s not easy. sometimes it may}
open up new possibilities and ideas - guess what, ideate agoin!

goal: cd
a

artifacts: pr|

apiouab

a3o0n)pAd

1) set an achievable goal

what should the prototype achieve? what are the specific
criteria for success? break a lorger goal into parts with
clearer feature sets.

1 1 breok a goal opart into multiple and
create aworksheet for each sub-goal =]

3) plan support for interactions

what can the user do? what Is required given the chosen
encodings? justify your design de:

5) build the prototype and check-in

are your goals met by the prototype? test with users if possible. 4
revisited? were any new constraints or limitations discovered? wi
review this progress and the prototype with o partner or your grol

11 did the prototype meet its goal/s? measure its success. makd
addressed the design requirement. does the prototype try to do ti

worksheets

Deploy
O00®

H___

goal: bring a prototype into effective action in order to
support real world users' work & goals

artifacts: visualization system

apiouab

230N)pAS

1) pinpoint a target audience 2) fix usability concerns

who are you deploying to ot are their goals? what
qualify this deployment as a success?

can the tool be easier to use? what elements &
Interactions can be tweaked to avoid frustration?

11 does this audlence match your users back on

1 1 is this a new kind of interaction? should

16

the Understond sheet? If not, revisit previous sheets! 3= you ideate on the Idea here insteod =
3) improve points of integration 4) refine the aesthetics
integrate data/tools. maximize algarithmic orage s the use o r and typogr hat about

efficiency. how does this fit in a user's workflow? the layout or use of whitespace? moke it ook pleasing:

take a look ot the pro

of this system

ided supplement of possibl
an evalu

methods. ho
tion plan here. talk through t

would you test yo wid be a successful

s plan with a pe

ou hove time: test with one or more users, summarize your findings, Insights, and recommendations below

11 did any of the usability, integration, or aesthetic changes result in

new ideas or requirements? revisit earlier worksheets as needed!




Worksheet Evaluation

worksheets

Alecture on visualization design

Amentored group projects with 13 students

Aweekly progress meetings
Aanswered questions

----------

=4
3) check with users or explore data_ 4)

5) compare and rank design requicements




Evaluation Results

worksheets

Adesign worksheets helped students learn

Amost helpfulunderstandandideate
A<I NB 3B?FJ?> NI A?N NB? JLID?=N | @C
A3 =LCNCKO? 1 @ | H?éM | QH >?MCAH Q:;: M G

A@l =OM?> MNO>?HN JLID?=NM R JLIP

Asteps3 CN¢gM FCE? ; =B?=EFCMNj NI G E



Application to Other Research

Abeyond problemdriven work, research in:
Atechnique development
Aevaluation methods

Awhat role does design play?

Adoes the framework lead to ruminations?



s- CorrPlot Technigque

Aencoding correlation in a scatterplot

-0.8
-0.8 -04 00 04 0.8

/—-\
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SNl | L

s-CorrPlot Aninteractive Scatterpldior ExploringCorrelation
S. McKenna, M. Meyer, C. Gregg, and S. G&GS, 2016




s- CorrPlot Interactions




Designing for Technigques
A3 CH=1 GIJF?N? JLI <F?Gjt NIIF H?2?>

Aidentified new pitfalls for design studies
Ateam miscommunication
Aprioritized novel idea
Adeployed too early

Asimilar process, except algorithmic decisions



Visual Data- Driven Stories

scroller

A Visual
Introduction to
Machine Leaming

In machine leaming, computers apply
statistical learning technigues fo
automatically identify patterns in data, These
techniques can be used to make highly
accurate predictions.

Using a data set about homes, we will create a
machine leaming model to distinguish homes in
New York from homes in San Francisco.,
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Adding several more layers, we get to
96%.

yoar built

You could even continue to add
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Visual Narrative Flow: Exploring Factors Shaping Data Visualization Story Reading Experiences
S. McKenna, N. Henry Riche, B. Lee, J. Boyd, and M. Meyer, CGF, 2017




Results of Crowdsourced Evaluation

total preferences
A240 participants, AmazdviTurk .
Acompared two conditions each i
Asurvey on engagement % I
text: . ’ text visual stepper scroller none
visual - &3
stepper - &
scroller - &

| | | | | | | | | | | 1 |
2.8 2.9 3.0 3.1 3.2 3.3 34 3.5 3.6 3.7 3.8 3.9 4.0

Model of the Average Engagement Score
(14 questions, scored 1 to 5)



Designing for Evaluation

ABSJI NB?M?M R MNILS 3JLI NI NSJ? Mj
Apilots and exploratory studies employed
Avital to record details of experimental design

Aguidelinesestablished lackieneralizability



Discussion

Adesign models may change and grow with new:
A activities
A methods
A artifacts
A decisions

Acontinue to evaluate the worksheets in the classroom and beyond
Aapply model to other types of research

Aconsider the role of software engineering, e.g., agile



U nderstand deate

Conclusion - @

Adesignactivity framework provides:

Avisualization artifacts ‘
Amapping to decisions O\{ /Q
Atable of methods O

Atimelines ®
Aworksheets ©

Avalidated with a design study
Aevaluated worksheets with students
Areflected on other types of research
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Design Method: Paper Prototyping

Cu i m d

J reate apaper-based
simulation of an interfaceto test
Interaction with a wserj

Maguire, IMethodsto support human-centred designj 2001

Lloyd & J. Dykes, 3Human-centered approachesin geovisualization designj 2011



Design Method: Love Letter

Deartsh Netflix m
m Lart
® O Ched oy

“personal letter written to a R (vt bren cheaks \5\ w e ¢
product... [to reveal] profound aon (e Video. o g e,
insights about what people value
and expect”

Martin & Hanington, Universal Methods of Design: 100 Ways to Research, 2012

|u|i




Design Timeline

final deadline

May Jun Jul Aug Sep Oct Nov

U
plan literature identify key analysts wireframes interface A/B testing +
review opportunities interview mockups questionnaire
artifact open concept developer time series developer

analysis coding sketches interview ideation prototype



Design Timeline #2

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

tool st data 2nd prototype 3rd data
analysis prototype + lit review prototype
interviews participatory iterative consolidation
design interviews

1st release 2nd release 3rd release



BubbleNet Sketches
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BubbleNet Weighted Matrix



