From Perception to Abstraction
with Interaction and Visualization



Collaborators

’







\// \ Victoria Interactive eXperiences with Information

fa.

Sowmya Charles Miguel
Somanath Perin Nacenta




Territorial acknowledgements

* I acknowledge with respect the Lekwungen peoples on whose
traditional territory the University of Victoria stands, and the
Songhees, Esquimalt and WSANEC peoples whose historical
relationships with the /land continue to this day.

* | feel grateful for working and living in this beautiful place full
of history.

* I also acknowledge that the UBC Point Grey campus, from
where this virtual seminary is being organized, sits on the
traditional, ancestral and unceded territory of the Musqueam
people.



Goals

* Show you something that you find useful
* Show you something that you find fun/entertaining

* Preview some of my research interests
(with an eye on collaboration)
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Depth Cues inImages and Displays
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Depth Cuesinimages and Displays




Stereoscopic # Two eyes (binocular)



Depth Cues inImages and Displays
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Depth Cues inImages and Displays
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Depth Cues inImages and Displays
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Depth Cues inIimages and Displays




* Blur for depth per;eption

* Known to influen€@ perception of size.and depth
.

Photo by Thomas Gehrke
License : CC BY-NC-ND 2.0




Simulating the eye’s accommodation













Experiment 1 - Results
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* Significant distinction between conditions in non-catch trials (51-57)
* No distinction in catch trials (S8-511)
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Exper

b

\

]

Mz wvd

wod 's10bp1yg
9S13901Hd

A - - - .00
A - - F B AN A AW A A oa
W W W W ) D A A aw Ay v e e
S e e o w wm W > ay o oo o o
o W W - o o -
Ir L e e e - - - o o o))
= e s v e A WM W wm e - oo on))
II L e TR WM WA WA WA WA WA W | S S S S~ “
rI ©n G WS WA WA WA WA WA WS . | M RNy S Gy SNy SN mwy sm s L ‘
I N L0 M R S WA WA R W WS W I S S~ A \‘
III’ . W W W W W W - - -h~n~n-ii\\\
N . . W W W - Y T - o S - 4 v ‘
11:1 SOV VL A ZZ M A
11111”/”/”,f-—..a-.... ......~.-~‘\n\\‘xx‘x1
NN \n\u\u‘_x‘_xx
NI itgehs
N NN T L
1111”...,....” ‘u.\u\“xxxx
~ r
111111111'”'.. \\”‘\l“lllx
ML TS L] Ll
IJIlllxl“”.:. ‘-“l‘nlllllll
LT L et
satill L »
Ee
L
ILI!.:.-“ T
—— xx;;..._. ....._..........

Ill L] N lLll
III 1;1!%\\ .....:11 M
p 1“\ 1 NN III
Mt gt "

L NS 11
p s NI TN T
2105 NN TS
w1 LT NN T
L NN =
o iyt
P a0 NN S
‘1\“\\‘\ ,”,,,,,111111
i i & oy N
" T SE T e eem=xd) |\ 1) Sy Sy
- A i e . i OO NN
. v i i i i OO NN S =
A S o — - — - - ) - - - M
WO NN TF mmmm NN
- \\.Ni\\i\\ihhh\“ﬂ\ﬂk“l‘ ﬂﬂnﬂ!ﬂ!ﬂiﬂ!ﬂﬂﬂﬂfﬂfﬂ‘ III
‘ e e ew o s e o S ) WER WA W WA WA WA WM we e I
y 2hddddd AL b S .. o
L e e o ey aw a - -  m W R o e
i 111 LYY
S LI L L L L LAY
Beodhndhdhndhndnd bW .-
2 0. 0. .4.4




Gaze-contingent depth
of field

— Contributes to impression
of depth and realism

— Contains someusable
informationabout depth

— Butinformationis limited
and viewer dependant
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GaZeR Application

* Open Source, downloadable

* Tobii EyeX

+

* Lytro Images

GAFER

Application to view gaze-contingent images, e.g., images with variable depth-of-field created from Lytro images.

Features

¢ support for Tobii EyeX eye tracker

¢ importer for Lytro ILLUM images.

¢ Saving and loading of optimised custom file format that allows easy sharing of images with gaze-contingent
depth-of-field.

o export and import of Image Stacks (combination of DOF slices and a depth map)

Usage

Running the Ul from source requires the requirements described in the requirements.txt and the location of the
Tobii.EyeX.Client.dll to be specified in the EYEX_LIB_PATH environment variable or be in the working dir the script is
started from. We recommend setting it to "../lib’ and putting the dll into the corresponding top level lib folder.

Example Images




Gaze-dependent Gamut
EXxpansion
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Experiment 1 - Stimuli




Non-hardware enhancement of perceived Gamut
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But it is tricky...
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Transmogrifiers



Matthew Paris
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Two aspects of note

K
g

* Capture data from where it is

* Support personal visual representations

Constructive Visualization
(Huron et al., 2014)



Understanding Data
Manipulation and Comprehension
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Constructive Visualization iVoLVER
(Huron et al., 2014) (Méndez et al., 2016)

Result of many small-scale decisions and manipulations

Visualizationis incrementally generated

feladel MUY Lowerlevel access: data points



L] B[\l Attribute-level operations

Customizationlater

—Shelf configuration—
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Overall mappingbetween attributes and visuals first

Template-based
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Tableau Desktop
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MS Excel Tableau’s Show me

Grammel, L., Bennett, C., Tory, M., & Storey, M. A. (2013). A survey of visualization
construction user interfaces. EuroVis-Short Papers, 19-23.




Bottom-up vs. Top-down:

Trade-offs in Efficiency, Understanding, Freedom and Creativity with
InfoVis Tools (CHI 2017)

] In-classroom study
Pilot
11 students of an introductory InfoVis university course
] Within subjects design with visualization non-experts
Main study
Controlled environment with interviews




Data and Analysis

Y

&

ﬂnﬂu

Visualization outcomes

Qualitative analysis

415 minutes screen captures

))) ﬂ

Interviews audio recordings

Thematic analysis
Open coding approach




Benefits Limitations

Top-down
T More automated Tool-driven design
o (2B I Rapid exploration Reduced transparency

Tableau

IVOLVER
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User-driven Repetitive [ Tedious
Transparent Do not scale

Emily 4 45
RS

> Functions

0000600

Bottom-up




Some interesting results

* Depth of understanding
* Top-down is often “mindless”

* Authorship
 What people said about their own designs “I did” vs “the system did”

* Variety
* Bottom-up designhs were less constrained and more varied
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Tableau Desktop
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Important trade-offs

Top-bottom
(currently dominant)
* Slow, effortful e Scalable
* Sense of authorship * Quick and agile
* More open * Sometimes “mindless”

* More transparent



Research Question

How to design bottom-up visualization tools that are also scalable?
(bringing togetherthe best of both approaches)

Considering Agency and Data Granularity in the Design of Visualization Tools (CHI 2018)



How do you get from one to the other?

Visualization by-example Collective Proxy Objects Automated Principled Design

/’/ - -
/ 4 -
< Y v 1 ] v b ____
e ; | l::~.~_>
'I L____*\ ~\\\:-
NGO TIRNENPL® O
MARK WIDGET
]

O\k\/’ O
1
<_’/

Automated Iteration Abstraction Automated Choices







Who carries out the process?
@ Agency

Tool Designer

Decisions:

Selecting the visualization type
Data transformations
Visual mappings



What do designers have access to?

o fE B Ol S

Value Subsets Attributes Tables Database

A

LY

o~

@ Granularity

1

Visual I:I
representations I:I I:ID

Mark Visualization Small multiples



Design Space

Coarse4
‘Automated Choices
Excel Chart Gallery
Tableau Columns and Rows Voyager
Granularity
.‘ Auto@k@s&ﬁmﬁon
é ¢
0 VoLVER Macrqrecordgr .
Finev, Mapping Replication

>
Designer Agency Tool



Design Space

Coarse4 : Watson Analytics
LARK ,
|
|

DataMeadow ! Google Spreadsheet Explore
ExPlates ! Excel Recommended Charts

|
|

Many Eves | Excel Chart Gallery Tableau ShowMe

SPSS Chart Builder : Tableau Columns and Rows Voyager

Tableau MarksCard | Proxy ObfeCtS

Granularity f---------------------------- oo ettt ittt
:
|
|
|
|
|
|
|
|
|
|
|
|

_ Macrorecorder ! VisExemplar
Finets IVOLVER Mapping Replication | In-house Smart Assistant

>
Designer Agency Tool



Research Directions



Going more cognitive

* How do people actually get to understanding from visuals?

* Applied to Constraint Programming (has lots of practical
applications)

* What do people come up with visually when representing
problems rather than data or solutions?
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Arrows/Lines

Symbols

Graphical Containers




Understanding How People Graphically Model
(Constraint) Problems

* Study of how people graphically represent problems (as
opposed to data)

* Semiotic analysis of graphical elements and problem
description constructs

Objects Selection Verbs
(43] quencers (¢)
Varicbles  Containers (61]  Instances (73) Sets (73) S
PL1.1 PL1.2 PL1.4 [} rota: ss
—~—
7 .
; 5

n - -

42 17 14 14 14 32 32 18 43 43 43 43 338 19 © 20 26 15
VE1.1 VEL.2 VE1.3 VE1. VE1.5 \VE1.6 ve17 [EEJve2i EE rotak ses
Graphical Containers Symbols (100} Labels (79) Text Maths (179) Amrows/Lines (59) Colors (46) /' Pointing (57) Paths
(75) (21) Proximity (27) {23}



container ~ container v

attribute WW of K4

> @sum® —

o000

select position v

vy » @ Incognito

There is an object named K4 .

It has an attribute attribute Ww

with the value of 20 .

There is a container named nm

It has an attribute attribute WW .
It has an attribute attribute g3 .

There is a container named kL .

It has an attribute attribute XY .
It has an attribute attribute Ww
where the sum is lessThan to
80 .

It has an attribute attribute g3
where the sum is lessThanEqual
to 50 .

Find items that go into kL .

Solution 1

No objects.

Object K4

Solution 2

No objects.

No objects.
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Public services are under pressure.

But that's not the fault of

migrants. That is the fault of the

austerity agenda pursued by the Tories

Net migration to the UK from
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and and banking politicians like that.
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