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Plan for Today

® Discuss more on Tasks are and why they are so important.

® | carn the differences between high, mid, and low-level task
classifications.

® | earn about visual encodings, esp. arranging tables

® | carn how to pick appropriate visual representations based on
attribute type and perceptual properties



TASK ABSTRACTION



Analysis

- What data is shown?

DATA ABSTRACTION

Why is the user analyzing / viewing it?
TASK ABSTRACTION

How is the data presented?

VISUAL ENCODING




Task Abstraction

What:
The process of taking specific domain tasks and thinking
about them as abstract (modular!) pieces

G o
| need to perform cellular analysis. O.{j}-

#

| need to compare measure A to B over time. ‘ ///I



Task Abstraction

Why:
To translate domain specific terms into well-known and
transferable visualization tasks.

| need a visualization for performing cellular
' analysis!

@




Task Abstraction

Why:
To translate domain specific terms into well-known and
transferable visualization tasks.

% | need a visualization for performing cellular

analysis! l
ﬂ | need to compare
- measure Ato B ‘

over time.




Visualization Tools

Specific General



http://jmol.sourceforge.net/

TASK ABSTRACTION

High-level

Medium-level

Low-level
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(®) Analyze

= Consume

> Discover
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High-level = How is the vis being used to analyze?
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(®) Analyze

= Consume

/) High-level 2 Consume - Discover = =T

= Produce
= Annotate 2 Record = Derive

@

S Ve

=== ~ >

Homicide " S OSSN e S \ {7 -
Theft-related ffy- B gy o U T A AN ‘ 100.00%

N o . > > >, . ] - b, " - > A - * o

Arson g s A N A ST A N A S SN A S, & T\ AP A R o

Fraud S I h S SO S NS S YA Sa Sl o aseotly Lalh! ) 90.00%
4 [ . » *d7, * o ' o . P - o » .. o » . 3 .. »

2 ’ - . A . - RLWL,

Vandalism i) > - SN, Y BN R ., M TR\
- - . < ' . . 4, ™, - vy . . v | - ~ : - g | ’ » ’

We — v SIS S A %/ > e Py gy 3 \

apons LIS NS S, sSEhSgs) =20 Y 80.00% -
! ® PN P A " v N -l A oy

3 - - . g » - »
- o s . £ - - h : bt ) ’ . 4 c.‘ !

70.00% -

60.00%

50.00% . -
~'low spatial ability

accuracy

40.00%
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Fig. 3. Average accuracy for the low and high spatial ability groups for
each design. Overall, we found that high spatial users were much more
likely to correctly answer the question prompts.

Figure 4: The interface used in our experiment. Participants used
their mouse to pan and zoom the map. A tooltip displayed informa-
tion about the crimes on click.

Ottley et al. 2016,
Ottley et al. 2019 11



https://doi.org/10.1109/TVCG.2015.2467758
https://doi.org/10.1111/cgf.13670

@ Analyze

= Consume

High-level = Consume —> Present TR

= Produce

= Annotate 2 Record = Derive

e [ EEEE L

How big of a threat is my prostate cancer? How effective are different treatments for my prostate cancer?
Before thinking about the benefits of specific treatments, it's helpful to first think about how big The expected benefits from surgery and conservative management are listed below.
of threat your prostate cancer is to your future survival. The pie chart below shows the These results show your estimated chances of either surviving or dying from your prostate
following: cancer at 1, 5, and 10 years, depending on whether you choose either surgery (DARK

* Your chances of being alive (in GREEN) PURPLE BAR) or conservative treatment (LICHT PURPLE BAR) .

* Your chances of dying from your prostate cancer (in PURPLE) You can view these risks in terms of either survival or mortality.

* Your chances of dying from other causes (in ORANGE)

1 Year (70 years old) 5 years (74 years old) 10 Years (79 years old)
Surviving your Prostate Cancer Surviving your Prostate Cancer Surviving your Prostate Cancer
after 1 year (70 years old) after 5 year (74 years old) after 10 year (79 years old)
100% 96% 100% 100%

0
Mortality-Prostate 80%

Mortality-Other 66%

Mortality-Prostate

<

fortality-Other —

Alive
ality-Prostate 4

Alive

38%

. Alive \ Mortality-Other surgery conservative surgery conservative surgery conservative

Hakone et al. 2017 12



https://doi.org/10.1109/TVCG.2016.2598588

High-level = Consume = Enjoy

NameVoyager: Explore baby names and name trends letter by letter
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Baby Name Voyager
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https://web.archive.org/web/20211127091427/https:/www.babynamewizard.com/voyager#prefix=stephanie&sw=both&exact=false

High-level = Produce - Annotate
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Tableau
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https://help.tableau.com/current/pro/desktop/en-us/annotations_annotations_add.htm
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High-level = Produce - Record
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Dunne et al. 2012 15



https://doi.org/10.1145/2207676.2208293

(® Analy
High-level = Produce - Derive o oo
ELU T
e o [t TR
exports
imports
trade
balance

trade balance = exports —imports

Original Data Derived Data
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(®) Analyze

= Consume

> Discover
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= Produce

= Annotate

)Vm
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> Enjoy

= Derive

High-level = How is the vis being used to analyze?
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Mid-level - What type of search is required for the high-level action?

(®) Analyze @ Search
= Consume
> Discover > Present > Enjoy Target known Target unknown
~allh. il @ Location
4 ™ * «*, Lookup * @ Browse
1. known o °
= Produce
2 Annotate = Record 2 Derive Location o °
Locate (:)' Explore
—— » unknown Q') < . ~°) p

=52 ° I

@ Qe



Mid-level/Search
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tts College
2sign

Mid-level/Search = Lookup
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Mid-level/Search = Locate
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Mid-level/Search = Browse
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Mid-level - What type of search is required for the high-level action?

(®) Analyze @ Search
= Consume
> Discover > Present > Enjoy Target known Target unknown
~allh. il @ Location
4 ™ * «*, Lookup * @ Browse
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2 Annotate = Record 2 Derive Location o °
Locate (:)' Explore
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Low-level/Query—>What is the query the vis. needs to support?

(® Analyze
= Consume
Loty Do © (® Query
= Produce . .
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e (v =L

(®) Search

(® BEECTETTETE

EEEE  BEE B

& . ) H  HEEE " HER
@

SN EET AN
' Vv 4
Location . .
. -*, Lookup @ Browse
nown . ¢ /
Location < @) Locate ¢ 'Q.) Explore

unknown

Target known Target unknown




Low-level->Identify
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(2 Query

Low-level->Compare L
=

-

v 4

_/

multiple targets

= Summarize

How effective are different treatments for my prostate cancer?

The expected benefits from surgery and conservative management are listed below.

These results show your estimated chances of either surviving or dying from your prostate
cancer at 1, 5, and 10 years, depending on whether you choose either surgery (DARK
PURPLE BAR) or conservative treatment

You can view these risks in terms of either survival or mortality.

Surviving your Prostate Cancer Surviving your Prostate Cancer Surviving your Prostate Cancer
after 1 year (70 years old) after 5 year (74 years old) after 10 year (79 years old)
100% 96% 100% 100%

80%
66%

surgery conservative surgery conservative surgery conservative

Hakone et al. 2017 %’



https://doi.org/10.1109/TVCG.2016.2598588

all targets

- Low-level>Summarize L

(® Query

- |dentify

= Compare => Summarize

\

L

Figure 4: The interface used in our experiment. Participants used

their mouse to pan and zoom the map. A tooltip displayed informa-
tion about the crimes on click.

Ottley et al. 2016 28



https://doi.org/10.1109/TVCG.2015.2467758

TASK ABSTRACTION ¢ Actions

@ Analyze
2 Consume = Trends = Qutliers = Features
= Discover = Present - Enjoy ‘ ‘ . v "\,
TARGETS are aspects of the .l 0 &
_l, A,
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Targets

@ All Data @ Network Data
> Trends 2 Outliers = Features > Topology
e ¢ o, V N : ;: I { Q
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TASK ABSTRACTION

Lots of other task
taxonomies, esp. low-
level...!

& Actions (@ Targets
@ Analyze @ All Data
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Analytic Task Taxonomy touw-fever

Retrieve Value How long is the movie Gone with the Wind?

Filter What comedies have won awards?

Compute Derived Value How many awards have MGM studio won in total?

Find Extremum Wwhat director/film has won the most awards?

Sort Rank movies by most number of awards.

Determine Range What is the range of film lengths?

Characterize Distribution
Find Anomalies

Cluster
Correlate

What is the age distribution of actors?

Are there exceptions to the relationship between number of awards won
and total movies made by an actor?

Is there a cluster of typical film lengths?

Is there a trend of increasing film length over the years?
Amar et al., 2005 33



http://www.cc.gatech.edu/~stasko/papers/infovis05.pdf

An example task analysis

. | need a visualization for performing cellular High-level -
' analysis! Derive

Medium-level/Search =
Lookup or Locate

!‘} | need to compare measure A to B over time. Low-level/Query -

- Compare

Target(s) = All data - trends; Attributes - similarity

34



Analysis

What data is shown?

DATA ABSTRACTION

Why is the user analyzing / viewing it?
TASK ABSTRACTION

How? How is the data presented?
VISUAL ENCODING

38



How?

Enbde | | | .- Manipulate Facet Reduce
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Arrange Tables

(® Separate, Order, Align Regions

2> Separate > Order > Align
N
;.rl .uu"E
. mifll
2 1 Key 2> 2 Keys 2> 3 Keys 2> Many Keys
List Matrix Volume Recursive Subdivision
ENEEE ; Eiii 5
Key: an independent attribute that can be Categorical or Ordinal

used as a unique index (Tableau Dimension)

Value: a dependent attribute (i.e., cell in a

Categorical Ordinal, or
table) (Tableau Measures)

Quantitative

46



Example Keys

Key

Date Precipitation Tem:(iegrgture
May 1, 2016 0” 60
May 2, 2016 0.3” 62
May 3, 2016 1” =
May 4, 2016 0” 67

Student College HW1 f;itci);e (out
John COS g
Jane Khoury 10
June Khoury 8
Joe Khoury 8




Arrange Tables — No Key

SCATTER PLOT



Arrange Tables — One Key

2 1 Key
List

l = y y

BAR CHART LINE GRAPH



o Arrange Tables — Two Keys
Ed eys

Matrix

i
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STACKED BAR CHART HEATMAP




A;f{ra nge Tables — Two Keys (Network)
Ed eys
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Bostock, 2012



https://bost.ocks.org/mike/miserables/

2> 2 Keys

Matrix

Arrange Tables — Two Keys
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http://leebyron.com/streamgraph/

Arrange Tables — Two Keys
> 2 Keys A Visual History of Which Countries

Matrix Have Dominated the Summer Olympics

By GREGOR AISCH and LARRY BUCHANAN UPDATED August 22, 2016
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http://www.nytimes.com/interactive/2016/08/08/sports/olympics/history-olympic-dominance-charts.html

2 lﬁrrange Tables — Fweo Three Keys
2> 2 Keys

Matrix

STREAMGRAPH

Bostock, 2018
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https://bl.ocks.org/mbostock/4060954
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Arrange Tables — Axes
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Arrange Tables — Axes

(@ Axis Orientation
2> Rectilinear 2> Parallel 2> Radial
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The Areas of the blue; red, & black wedges are tack measured. from

the cenlre as the common vertea.

Thhe blue wedges: measured from the cenire of the cirele represent area
for area the deailis from- FPreveniible oy Mitigable Zymotice diseases; the
red wedges measured om the cenire the deatls from wournds, &the
black wedges measured. from the cenire the deatths from all other causes.

T?he black line across the ved triangle in Nov. 1854 marks the boundary
of the deaths Trom all other cawses during the monity

I Oclober 1854, & April 1855, the black area coirvides with the red,
wJanuary & Febricary 7858 the blie cotncdes wiith the black:.

ik 3 % _4%,;

y R SOT,

The entire areas may be compared by following the blue. #he ved & the VNNy,
black lines enclosing them .

FLORENCE NIGHTINGALE (C. 1858)
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Arrange Tables — Many Keys (Tree)
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I US gross public debt as % of GDP

Percentage-point change over post-war presidential terms starting January™
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Time Series

t Year

(Quantitative data over time)
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Time Series Distributions

M Median
W 25%/75% percentile

(Quantitative data over time)
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Distributions & Correlations
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Distributions & Correlations
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Distributions & Correlations
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Distributions & Correlations
Violin Plot + Box Plot v3
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AN EXAMPLE OF TASK ANALYSIS
— VISUALIZATION DESIGN
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Hierarchical Task Analysis Task Abstraction

Imagine a 10-year-old kid, who has been diagnosed with type 1 diabetes...

Zhang et al., 2018
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Hierarchical Task Analysis Task Abstraction

Imagine a 10-year-old kid, who has been diagnosed with type 1 diabetes...

" Continuous
" H el Glucose Monitor
N (CcoMm)

Zhang et al., 2018
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Hierarchical Task Analysis Task Abstraction

Imagine a 10-year-old kid, who has been diagnosed with type 1 diabetes...

" Continuous
" B e R Glucose Monitor
& (CGM)

Glucose
Meter

Zhang et al., 2018
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Hierarchical Task Analysis Task Abstraction

Imagine a 10-year-old kid, who has been diagnosed with type 1 diabetes...

" Continuous
" B e R Glucose Monitor
& (CGM)

Glucose
Meter

Insulin

H Injection

Zhang et al., 2018
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Hierarchical Task Analysis Task Abstraction

Imagine a 10-year-old kid, who has been diagnosed with type 1 diabetes...

" Continuous
/. R e E Glucose Monitor
B (CGM)

Glucose
Meter
Diabetes Logbook
: : . :
f x £
N/ /\ O% — |
Sickness Food Exercise Insulin
H Injection

Zhang et al., 2018
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Hierarchical Task Analysis Task Abstraction

During a clinical visit ...

Zhang et al., 2018
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Task Abstraction

Hierarchical Task Analysis

During a clinical visit ...
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Hierarchical Task Analysis Task Abstraction

During a clinical visit ...

Zhang et al., 2018
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Hierarchical Task Analysis Task Abstraction

During a clinical visit ...

Zhang et al., 2018
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Increasing Task Specificity

0

Develop a treatment plan and educate patients

Plan 0: do 1, then iteratively do 2-3, then

, then 5.

1.
Collect and display the
patient’'s data

2

Overview the
patient’'s data

3

Reason about patient
blood glucose levels

Plan 1: do 1.1 and 1.2 in any order.

1.1
Download and
display data

1.2
Open logbooks

Plan 2: do 2.1-2.2.

4.
Educate patients and
caregivers

Plan 3: do 3.1- 3.4 in any order.

5.
Make a treatment plan

3.1
Examine event details

3.2
Examine glucose level
patterns post events

3.3
Examine the interplay
between events

3.4
Evaluate treatment,
adjust constants for

2.1

ldentify and compare
glucose trends,
patterns, and outliers

2.2
Investigate data quality

Plan 2.1: do 2.1.1 then 2.2.2.

Plan 2.2: do 2.2.1 and then do 2.2.2 - 2.2.3 if missing/ uncertain/ erroneous data identified.

2.1.1

Identify "good” days
(blood glucose levels
are mostly in range)

2.1.2
ldentify "bad” days
with more outliers or

intervals out of range

2.2.1

Examine data quality
e.g., missing, uncertain,
erroneous

222

Reconstruct missing
data in discussions

with patients/caregivers

2.2.3

Discount erroneous
data and explainable
abnormalities

Plan 3.4: do 3.4.1,3.4.2, 3.4.3 in any order.

sub-day time intervals

3.4.1

Determine the overall
distribution of insulin
administered

3.4.2

Determine the interval
distribution of food
administered

3.4.3

Determine the interval
distribution of insulin
administered

Zhang et al., 2018 95
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0.
Develop a treatment plan and educate patients

Plan 0: do 1, then iteratively do 2-3, then . then 5.
1. 2. 3. 4, d.
Collect and display the Overview the ——» | Reason about patient Educate patients and Make a treatment plan
patient’s data patient’s data -s— | blood glucose levels caregivers
Identify Main Cause
Plan 1:do 1.1 and 1.2 in any order. _
| Plan 3: do 3.1- 3.4 in any order.
2 1.1 1.2 3.1 3.2 3.3 3.4
O Download and Open logbooks Examine event details Examine glucose level Examine the interplay Evaluate treatment,
t= - adjust constants for
O display data patterns post events between events J
D sub-day time intervals
Q.
n Plan 2: do 2.1-2.2. Examine related data to understand observation Describe Observation
X R | EEE—————— —
n
o 2.1 2.2
@) Identify and compare Investigate data quality
C glucose trends,
% patterns, and outliers
o Compare Entities Discover Observation
C " E— " e S E— " E—
- Plan 2.1:do 2.1.1 then 2.2.2. Plan 2.2: do 2.2.1 and then do 2.2.2 - 2.2.3 if missing/ uncertain/ erroneous data identified.
2.1.1 2.1.2 2.2.1 2.2.2 2.2.3
Identify “good” days |dentify “bad” days Examine data quality Reconstruct missing Discount erroneous
(blood glucose levels with more outliers or e.g., missing, uncertain, || data in discussions data and explainable
are mostly in range) intervals out of range erroneous with patients/caregivers abnormalities
| Iteratively Identify attribute differences | Examine attributes for | Plan 3.4:do 3.4.1,3.4.2,3.4.3 in any order.
and similarities between populations unusual observations
| s popd L | | [ 341 3.4.2 3.4.3
Determine the overall Determine the interval Determine the interval
distribution of insulin distribution of food distribution of insulin
administered administered administered

‘ Iteratively identify attributes at an aggregate level ‘

Zhang et al., 2018 96
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Hierarchical Task Analysis Task Abstraction

Design Requirements

 DR1. Composite Visualization of Integrated Data
 DR2. Visualization of Folded Temporal Data

* DR3. Alignh and Scale Temporal Data

 DR4. Summary Statistics

Zhang et al., 2018 97
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Hierarchical Task Analysis Task Abstraction
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Fig. 9: Results of our evaluation comparing SEQUENCE BRAIDING vs. IDMVis || (A) Completion time and correctness per task. Each row
corresponds to the task at left, which is classified based on Andrienko & Andrienko [3]. The specific question instantiating that task for the study

is in the second column. (B) Participants’ Likert scale responses regarding confidence and ease of use. (C) Participants’ answers when asked what

other types of data would they use with SEQUENCE BRAIDING. @ Participants’ reported strategies used. @ Participants’ preference for which Di B a r t O l O m e O e t a l 2 0 2 0 10
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method was most useful for displaying trends. (F) Error magnitude per task, for those which are quantifiable.
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For Next Time

neu-ds-4200-s22.github.io/schedule

Look at the upcoming assignments and deadlines

® Textbook, Readings, & Reading Quizzes—Variable days
® In-Class Activities—If due, they are due 11:59pm the
same day as class

Everyday Required Supplies:
® 5+ colors of pen/pencil
®  White paper

® Laptop and charger

Use Canvas Discussions for general questions, email
codydunne-and-tas@ccs.neu.edu for questions specific to
youl.

Week

#1:Jan 17-21

#2: Jan 24-28

#3: Jan 31-Feb 04

#4: Feb 07-11

#5: Feb 14-18

#6: Feb 21-25

#7: Feb 28-Mar 04

#8: Mar 0711

Mar 14-18

#9: Mar 21-25

#10: Mar 28-Apr 01

#11: Apr 04-08

#12: Apr 11-15

#13: Apr 18-22

#14: Apr 25-29

May 02-06

Topics

What is visualization

Design rules of thumb

JS development, projects
Marks & channels

Data types and tasks, Tableau
D3 tutorial 1/2

In-class group formation
D3 tutorial 2/2

Altair and JupyterLab

Arrange tables

Color

Pop-out, illusions

Interaction & animation (2)

Trees & networks (2)
Spring Break

Project feedback & work

Spatial, 3D, and scientific vis.

Validation & evaluation

Flex day

Project usability testing, how to give a talk

Storytelling

Project presentations 1/2
Project presentations 2/2

Flex day

Reflecting & project work

Assignments

A1—Setting up

A2—Encodings & xenographics

P1—Pitches*

A3—Tableau analysis
P2—Proposal &

A4—D3 basic charts

A5—Altair basic charts
P3—Interview & tasks

A6—D3 event handling
P4—Data, Initial sketches

P5—Final sketches & plan%

A7—D3 Brushing & linking 1

P6—Implementation 1

A8—~Brushing &t linking 2

P7—Implementation 2

P9—~Presentations® X

P10—Presentation peer review

P11—Video & Final Deliverablesx X
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