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Visual notation for describing sequences of tasks
— clarify means and ends
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- describe for field study

- generate for design study
evaluate for both

Motivation  specific broad

‘I 'hit a wall. | need a better way
to analyze my data.”
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- describe for field study
- generate for design study
- evaluate for both

Motivation  specific

‘I 'hit a wall. | need a better way
to analyze my data.”
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- describe for textbook
analysis framework
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“What does the visualization

community know about tasks?”
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Mapping our
Vocabulary
to Previous Work

WHY?

consume

— present
—» discover
(generate,

verify,

hypotheses)

— enioy

produce

gsearch

- compare

- Summarize

HOW?

present, |63, 79], author, compose |11]*, build (case), tell (story) [S1]*, depict [50]*, express (ideas), describe [66]%,
guide, share [23]* inform, elaborate [83]*, report |27],

discover, |40], explore [83]* |79], verify [12]* [40], synthesize |42]*[40), investigate, integration (of insight) [66]*[40],
Sframe operations: construct, elaborate, question, reframe |31]*, assimilate, assess, understand [SU|*, infer [73]*,
analyze |42, 50]*|40), support, reevaluate (hypotheses) |51]*, monitoring |76, confirm (hypotheses), expose (uncertainty),
Sformulate (cause and effect), concretize (relationships), learn (domain parameters), multivariate explanation |3]*,
evaluate, learn, investigate [40), open-ended exploration, diagnosis |52)], abduction, deduction, induction |50,

generate, confirm (hypotheses) |4, 18], integrate, interpret | 18], exploratory and confirmatory data analysis |71]
visualization use in casual contexts [54, 65], strolling [17]

export [S7)*, store |[42)*, save |39, 57]*, extract [11, 61|*, generating (images) |52), (a classification) [11, 66]*,

(a categorization) |42, 78, 83]*, (a record of one’s history / process) [23, 61, 66]*

search |11, 51, 83|*, acquire |42]*, visual queries |76)

lookup [12]* [40), identify: lookup (value) [T8]*, (value) lookup |59]*, retrieve (value) |2, 37, 50, 57]*[70], procure [57]*
browse 11,42, 50, 64)*[17, 69], search [S7]*, finding (gestalt) [10]*, browsing tasks: follow (path) |37]*

locate (39,42, 73, 78, 83)*([1, 18], search [12]*17], search (for known item) | 4], seek |64]*, pathfinding [76]

explore |39, 50, 82]*[76, 80|, forage [11, 39, 51])*, finding (gestait) | 10]*, (overview) tasks |37]*,

find (clusters, correlations, extremum, anomalies) |2, 37, 50]*, determine (correlations) [SY]*, determine (clusters) |78]*
query |56]*, posing queries [10]*, elementary and synoptic tasks |5)*, levels of questions |72]*, question answering [40]
identify |37, 42, 50, 57, 73, 78, 83]*|1, 58], reading (the data) | 18], read (fact, pattern) | 11]*, lookup |5]*, examine [66]*,
determine (range) |2, 37, SU|*, determine / characterize (distribution) |2, 37, 50, 78]*, recognize |31]*

compare |5, 31,42, 50, 57, 66, 72, 73, 83]* [40), compare (within a relation vs. across / between relations) |59, 78]*,
relation seeking |5)*, read comparison |11]*, making comparisons [10]*, |76], discriminate [42]*, associate |57]*
summarize |B3]|*, summarize (set), enumerate (set objects) [14]%, overview [ 11, 15, 61]*, (overview) tasks [37]*,

scan |37, 42)*, connectional tasks |5]*, count |37, 61]*, viswalization |17, review [63]

encoce
manipulate
—» select

-+ navigate

introduce

— annotate

—+ import

—» derive

— record

encode (14, 50, 82, 83]*, create mapping |14)*, visualize |23, 73]*, generate |66]*, transform (visual mapping) [13]*
manipulate |80), (object) manipulation |42]*, modify |56]*, (data) manipulation loop |76)

select |23, 42,50, 56,72, 75, 82]*, brush |19, 29, 50)*[13, 76, 80|, distinguish (78, 83|*, emphasize |83|*, differentiate [50]*,
highlight |15, 23, 56]* |76], identify: portray, individualize, profile |83]*, indicate [42, 56|*, mark |42, 82]*, reference |42]*,

outline (clusters) [B3]*%, promote [11]*, track [82]*, pick [42]*[13], express (set membership) [14]* connect |50, 82]*
navigate |23, 64, 75]*(40, 44, 52, 76, 80|, focus [10, 15]* [13], details-on-demand [11, 61|*, [13), flip through [13]
zoom |10, 11, 15, 19, 29, 42, 50, 57, 61, 82]*[13, 44, B0}, pan |10, 19, 42, 50, 57, 82]|*|80], elaborate |50, 82]*,
abstract |50, 82]*, change (range) [19]*, drill down |15]*, manewver / navigate |66|*, rotate |13, 80] revisir [19, 37]*

arrange [10, 57]*%, sorr (2, 19, 23, 37, 50]*[44], rank [57, 78, 83]*, coordinate |23]*, delineate, sequence |ST|*, index [59]*,

move |42, 56]%, edit [42|*, organize |23])* |63], orient, permute, position, translate [13], reorder (11, 80|, configure |73]%,
reconfigure [ S0, 82|*, restructure [39]*

change (parameters) [15]* [13], change (metaphor) | 19]*, change (representation) |15]*, change (vis. encoding) [44],
transform | 56]* (40, 80), rransform (mapping), shift, scale, set (graphical value) |14]*, rotate, scale |13), configure [T3]*,
animate |13, 80|, distort |29, 75]* [13], orient / transform |66]*, (ebject) manipulation: transform, stretch, shape [42]*,
re-express, re-symbolize, re-project [ST)*, edit |42, 57]*, activate [56]*

filter [2, 11,19, 23, 29, 31, 37, 42, 50, 51, 57, 61, 82]*[44, 70, 80, subsetting, (value) filtering, (view) filtering [13],
exclude |40, T0), screen: filter, suppress, conceal |42]*, maneuver: (data) management / culling |66]*, configure |73]*,
delete (objects, sets, graphical objects) |14])*, delete [11, 19, 56]%, overlay |57]*, restore [19, 42]*

aggregate [42]*[13, 44], cluster [11)*[13], associate [42, T8, 83]*, simplify [13), link [10, 15, 29, 42]*(63, 80], merge [19]*,

generalize /merge |83]%, assemble [42]*, create (set) |14]*, split [19]*, disassemble [42]*, disassociate [42]*,

reveal: itemize, separate |83)*, segregate: ungroup, unlink [42]*%, withdraw, overlay [42]*

intreduce [42)*

annetate |19, 23, 57|*, add placemark |82), create (anchors) |39]*, create / copy (graphical objects) [14]*,

create / modify (note) |19]* externalize (analysis artefacts) |63, give a meaningful name to (groups / clusters) |37]*,
import |57]*, add (objects) [14]*, create [11, 42]*, generate |56]*, (data) entry [42]*, load [39)]

derive |23]*, derived (attributes) |14]*%, derive (new conditions) [66]*, compute (derived value) |2, 37, S0]*, copy [56]*,
compute [83]*, calculate |42, 57, 66]*%, configure, determine |73])*, average [11]* compuration operators [12]*
transform (data) |13]*, estimate, generate (statistics) [66]%, extrapolate [42]*| 18], interpolate [42]*[ 18]

record |23, 42, 66)*, bookmark [19]*, history |61)*, redo, undo [ 19, 82]*

+— Table |:

lookup table of task
vocabulary

Our 27 terms
left column)

Terms from 30
extant classification
systems

+ 20 additional
references

(right column)



» presen present, |63, 79, author, compose |11]*, build (case), tell (story) |S1]*, depict |50]*, express (ideas), describe [66]*

.L;'xl.;u!'c‘. share [23]* !..'.‘_n‘!'."l';. elaborate [83]*, report 2

» discovel discover, [40], explore |83]* [79], verify [12]* [40], synthesize |42]*[420], investigate, integration (of insight) [66]*[40], & I ®
(generate, frame operations: construct, elaborate, question, reframe |31|*, assimilate, assess, understand [SU]*, infer |73]*, ®

verify, analyze |42, 50]*[40), supporr, reevaluate (hypotheses) |51]*, monitoring | 76|, confirm (hypotheses), expose (uncertainty),
hypotheses) formulate (cause and effect), concretize (relationships), learn (domain parameters), multivariate explanation [3]*,

evaluate, learn, investigate [40), open-ended exploration, diagnosis | 52|, abduction, deduction, induction [ S0, | O O I(l I l : l b I e O I tas I(
generate, confirm (hypotheses) |4, 18], integrate, interpret | 18], exploratory and confirmatory data analysis |71]
» ensoy visualization use 1n casual contexts |54, 65, strolling |17]

e export |ST]*%, store [42]*, save |39, 5T7]*, extract [11, 61]%, generating (images) |52, (a classification) [11, 66]*,

(a categorization) |42, 78, 83]*, (a record of one’s history / process) [23, 61, 66]* vo < a b l I I a l
gearch search |11, 51, 83]*, acquire [42]*, visual queries [76]

» lookug lookup [12]* |40], identify: lookup (value) [T8]*%, (value) lookup |59]*, retrieve (value) |2, 37, 50, 57]*[70], procure [57]*
» browse browse [11, 42, 50, 64]*[17, 69], search [S7]*, finding (gestalt) [10]*, browsing tasks: follow (path) |37]*

» locate locate |39, 42, 73, 78, 83]*|1, 18], search [12]*[17], search (for known item) |4)], seek |64]*, pathfinding [76]

» explore explore |39, 50, 82]*[76, 80|, forage [11, 39, 51]*, finding (gestalt) [10]*, (overview ) tasks |37]*

find (clusters, correlations, extremum, anomalies) |2, 37, 50]|*, determine (correlations) [SY]*, determine (clusters) | 78)*

791%
p

Juery query |56]*, posing queries [ 10]*, elementary and synoptic tasks |5]*, levels of questions |72]*, question answering [40]
v identify  identify [37.42, 50,57, 73, 78, 83)*[1, 58], reading (the data) [18), read (fact, pattern) [11)*, lookup |5)*, examine [66]*, l I r' te r'm s
determine (range) |2, 37, S01*, determine / characterize (distribution) [ 2, 37, 50, 78]*, recognize |31]*

» compare compare |5, 31,42, 50, 57, 66, 72, 73, 83]* [40], compare (within a relation vs. across / between relations) |59, 78]*,

relation seeking |5]*, read comparison [11|*, making comparisons | 10]*, [76], discriminate |42]*, associate [57]*

® » summarize swummarize [83]*%, summarize (set), enumerate (set objects) [14]%, overview [11, 15, 61]*, (overview) tasks [37]%, e t C O l J l ) ] l ’
a I n O u I scan |37, 421%, connectional tasks |51*, count |37, 61]*, visualization |17], review |63]
HoOw"?

encode encode [ 14, S0, 82, 83]*, create mapping |14)*, visualize |23, 73]%, generate |66]*%, transform (visual mapping) [13]*

manipulate manipulate 8], (ebject) manipulation [42]*, madify [56]%, (data) manipulation loop |76]

» gelect select |23, 42, 50, 56,72, 75, 82]%, brush |19, 29, 50]*[13, 76, 80|, distinguish [78, 83]*, emphasize |83]*, differentiate [50]*,
highlight [15, 23, 56]* [76], identify: portray, individualize, profile |83]*, indicate [42, 56]%, mark |42, 82]*, reference |42]*,

outline (clusters) [83]*%, promote [11]*, track [82|*, pick |42]%[13], express (set membership) [14]* connect |50, 82]*

» navigate navigate |23, 64, 75]*|40, 44, 52, 76, 80|, focus [10, 15]* [13], details-on-demand [11, 61]*, [13], flip through [13] e S O 3 o
zoom (10, 11, 15, 19, 29, 42, 50, 57, 61, 82]*[13, 44, 80}, pan (10, 19, 42, 50, 57, 82]*|80], elaborate |50, 82]*,
O I ev I O u S O I ( abstract |50, 82|*, change (range) | 19]*, drill down |15]*, manewver / navigate |66]*%, rotate |13, 80] revisir [19, 37]*
1.

P 2 A 2D FAREE s gat - - . : 2 oy . on @ o
» Errancge arrange [ 10, 571%, sort |2, 19, 23, 37, 50]1* |44, rank [ 57, 78, 83|*, coordinate |231%, delineate, sequence |S7|*, index |59]*,
move (42, 56]%, edit [42]*, organize |23]* |63], orient, permute, position, transiate [13], reorder [ 11, BU], configure [73]*, eX a n C a S S I I C a I O n

reconfigure [ S0, 82|*, restructure [39]*

» change change (parameters) [15]* [13], change (metaphor) [19]%, change (representation) [15]*, change (vis. encoding) [44],

transform [56]*[40, 80], |

P vefrfreame<

— navigate navigate [23, 64, 75]*[40, 44, 52, 76, 80], focus [10, 15]* [13], details-on-demand [11, 61]*, [13], flip through [13]
zoom [10, 11, 15, 19, 29, 42, 50, 57, 61, 82]*[13, 44, 80], pan [10, 19, 42, 50, 57, 82]*[80], elaborate |50, 82]*,
abstract [50, 82]*, change (range) [19]*, drill down [15]*, maneuver / navigate |66]*, rotate [13, 80] revisit [19, 37]*

» import import |ST]*, add (objects) [14]*%, create |11, 42]*, generate |56]%, (data) entry [42]*%, load [3Y]
» derive derive |23 )%, derived (attributes) |14]*, derive (new conditions) |66]*, compute (derived value) |2, 37, SOI*, copy [56]*,

compute |83]*, calculate (42, 57, 66]*, configure, determine |73]*, average [11|* computation operators [12]*

transform (data) |13]*, estimate, generate (statistics) [66]*, extrapolate [42]*| 18], interpolate [42]*[ 18]

» record record |23, 42, 66]*, bookmark |19]*, history [61]*, redo, undeo (19, 82]*




present, |63, 79, author, compose |11 ouild (case), tell (story) [S1]*, depict | 50|*, express (ideas), describe [66]*%,

gwide, share |23]* inform, elaborate [83]*, report [27],

discover, |40], explore |83]* [79], verify [12]* [40], synthesize [42]*|40), investigate, integration (of insight) [66]*[40], F I I I .
rrame !'..'?(""u','.:(-.'i s; construct, elaborate question, reframe [31] ]'_ assimilate, assess, understand [SU|*, A;f{,'c‘." [73 I‘. [ )
analyze |42, 501*|40), support, reevaluate (hypotheses) |51]*, monitoring |76], confirm (hypotheses), expose (uncertainty),

formuiQie (cause ana (.I": Ci), concrenize (relaruonshups), learn {aomain paramerers ), mudnvariare expliananon [ 3|7,
~ =t b - ) P L pea— ) PO [ —— <M1 - <P e et A
evaluate, learn, investigate [40)], open-ended exploration, diagnosis (DL, abduction, deduction, induction | S0,
»eorat ~comhirm fhvootheseoce)l |14 18 amreemte internret 118 synlomtory and contfirmatnry dazr mmnlver '"]
generale, CORJINR (AYPOIRESES) |+, 18], legraie, inierprel | 18], explorqiory ana conprnaiory dala anaiysis |

visualization use 1n casual contexts |54, 65|, strolling [17)

— compare compare |5, 31, 42, 50, 57, 66, 72, 73, 83]* [40], compare (within a relation vs. across / between relations) |59, 78]*,
relation seeking [5]*, read comparison [11]*, making comparisons [10]*, [76], discriminate [42]*, associate [ST]*

: STOPS, o°F . aNOMe el || b . Sileld 0 ; .
query |56]%, posing queries [ 10]*, elementary and synoptic tasks |S]*, levels of questions |72]*, question answering [40]

identify |37, 42, 50, 57, 73, 78, 83]*%[1, 58], reading (the data) | 18], read (fact, pattern) | 11]*, lookup |5]*, examine [66]*, l I I l e l I I I S
determine (range) |2, 37, SU)*, determine / characterize (distribution) [2, 37, 50, 78]*%, recognize [31]*

compare |5, 3 ), 57,66, 72,73, 83]* [40 relation vs. across / between rel, 39, 78]*,

relation seeking |5]*, comparison [11]*, making comp |76], discriminate |42]*, asso v

summarize |83|*, summarize (set), enumerate (set objects) [14]%, overview [11, 15, 61]*%, (overview) tasks |37]*, e t C O u l ] ] l ]

o X i o
M a I n O l I I soan |37, 42]%, connectional tasks |51*, count |37, 61]*, visualization | 17], review |63]
HOW"?
anc - § I 14 en 2114 I < $ vricrarlin I onerate |661% tran: Orm "4!'.'!‘.:‘,: "int"_.':.'.'i'.p -.
manipulate manipulate 8], (ebject) manipulation [42]*, madify [56]*, (data) manipulation loop |76
» select select |23,42, 50, 56, 72, 75, 82]*, brush |19, 29, S0]*[13, 76, 80|, distinguish [78, 83|*, emphasize |83]*, differentiate [50]*,
highlight |15, 23, 56]* |76], identify: portray, individualize, profile |83]%, indicate [42, 56|%, mark |42, 82]*, reference [42]*,
outline (clusters) |83]*, promote [11]*, track |B2]|*, pick [42]*|13], express (set membership) [14]* connect |50, 82]*
} navi Lt navigate |23, 64, 751*[40, 44, 52, 76, 80|, focus |10, 15]* [13], details-on-demand [11, 61]*, |13], flip through [13] e rl I I S rO I I l
° ! J
zoom |10, 11, 15, 19, 29_42, 50, 57, 61, 82]*[13, 44, 80|, pan [10, 19, 42, 50, 57, 82]|*|80], elaborarte
O I ev I O u S O I ( abstract |50, 82|*, change (range) | 19]*, drill down |15]*, maneuver / navigate |661*%, rotate |13, 80] revisit |19, 37]*
> rrat arrange [ 10, 571%, sorr |2, 19, 23, 37, 501* |44 ], rank |57, 78, 83|*, coordinate |231%, delineate, s¢ quence [ST]*, index |59]*, ° -
move |42, 56]%, edit [42]*, organize |23]* [63], orient, permute, position, translate (13|, reorder [11, 8BU|, configure |73]%, ex ' a n l < as S I I < a | I O n

reconfigure S0, 82|*, restructure [39]*

J ! e 1S1is | i | s 4 ’ Je 1141 b . YOIV strrtirane | = - N . . . f2 e 11
Aange (| parameiers 1D 1.‘[. cnange (metaphor) 19]%, « nange |represeniqnion) | lf‘I‘. caange | vis. encoaing ) 441,

AT M e i o e e e L e evetame

— navigate navigate [23, 64, 75]*[40, 44, 52, 76, 80], focus [10, 15]* [13], details-on-demand [11, 61]*, [13], flip through [13]
zoom [10, 11, 15, 19, 29, 42, 50, 57, 61, 82]*[13, 44, 80], pan [10, 19, 42, 50, 57, 82]*[80], elaborate |50, 82]*,
abstract [50, 82]*, change (range) [19]*, drill down [15]*, maneuver / navigate |66]*, rotate |13, 80] revisit [19, 37]*

0
import |57]*, add (objects) [14]%, create |11, 42]*, generate |56]%, (data) entry [42]*, load [3Y C" rr] r)
derive |23]*, derived (attributes) | 14]*, derive (new conditions) [66]*, compute (derived value) |2, 37, S0]*, copy [56]*, rl g O u

compute

rranst

Q2e - lnte 142 8§87 AB1* ~onficu y srmine [ 731% aver 118 ~romrratatisnes -~ 11914
wie | 83|*, calculate |42, 57, 66]*, configure, determine |7 zaverage |11 compuianon operaiors 12]
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Bottom-Up

previous classification systems
Top-Down

theoretical lenses

Constructing
a Typology

'Norman (1988)

2
am (Ve 29 stages of Action ! +

Gulf of Goal Formation 2,

Distributed Cognition 3, Sensemaking 4,

> Stephenson (1967) , Toms (2000) Play Theory 5’ Nested Model ¢
> Munzner (TVCG 2009)

3e.g. Hollan et al. (2000)
*e.g. Pirolli and Card (2005)




Constructing
a Typology

'Norman (1988)

2Lam (TVCG 2008)

3e.g. Hollan et al. (2000)

*e.g. Pirolli and Card (2005)

> Stephenson (1967) , Toms (2000)
> Munzner (TVCG 2009)

Bottom-Up

previous classification systems

Top-Down
theoretical lenses

domain problem characterization —~

data/task abstraction design v ™

encoding/interaction technique design

4
~

algorithm design

v

Stages of Action ' +
Gulf of Goal Formation 2,

Distributed Cognition 3, Sensemaking 4,

Play Theory >, Nested Model °
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domain problem characterization

—~

- inputs and:
outputs |

data/task abstraction design

v

1 why? what?

encoding/interaction technique design Seses - .

~N 7

algorithm design

how?

WHhy is a task undertaken?
What are the Inputs and Outputs? interaction
How is the task supported?

X

N

|qf] W\
e O S :\

\

visual encoding ana

techniques
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Purpose of
Typology

why?

Bridge high and low

what?

how?

Clarify means and ends

Describe sequences
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Clarify means and ends

Describe sequences
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Multi-Level Typology of Abstract Visualization Tasks
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CCCCCCC

< present >< discover >< enjoy

tgtk own

location known< lookup >< browse

location unknown< locate >< explore

< identify >< compare ><summarlze

),
.
)
)

—
" procice ) ( encode

what?

N
< [ input | >< [ output | >

manipulate trod
< select > < annotate >
< navigate > < import >
< arrange > < derive >
< change > < record >
< filter >
< aggregate >




Multi-Level Typology of Abstract Visualization Tasks

{ why , what , how }

- \‘

CCCCCCC

< present >< discover >< enjoy

tgtk own

location known< lookup >< browse

location unknown< locate >< explore

< identify >< compare ><summarlze

),
.
)
)

—
" procice ) ( encode

what?

N
< [ input | >< [ output | >

manipulate trod
< select > < annotate >
< navigate > < import >
< arrange > < derive >
< change > < record >
< filter >
< aggregate >




why? :
¢y |. Choose either Consume or Produce
consume
< present >< discover >< enjoy > < produce >
y
search
target known target unknown

location known < lookup >< browse

query

location unknown < locate >< explore >
y

< identify >< compare ><summarize




why?

|. Choose either Consume or Produce
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 consume

< > < . > < .f..i ; > i. if Consume — choose between:
4 resent ISscover enjo 4 roduce . :

search
target known target unknown

location known< lookup >< browse >
location unknown< locate >< explore >

query

< identify >< compare ><summarize>




why? .
y |. Choose either Consume or Produce

y
consume ) )
< >< ; >< > < ; > i. if Consume — choose between:
resent Iscover enjo roduce : :
P % i P Present or Discover or Enjoy
, 2
search
target known target unknown
oeation known < 0okup >< rowse > ii. then Search — choose between:
Lookup or Browse or Locate or Explore
location unknown < locate >< explore >
y
query
< identify >< compare ><summarize>




why?

'

consume

D

< present >< discover >< enjoy
y

search

target known target unknown

location known < lookup >< browse

location unknown < locate >< explore

query

identify >< compare ><summar|ze

D
D
)

| . Choose either Consume or Produce

i. if Consume — choose between:
< produce > : :
Present or Discover or Enjoy

ii. then Search — choose between:
Lookup or Browse or Locate or Explore

iii. then Query — choose between:
Identify or Compare or Summarize



why?

} |. Choose either Consume or Produce
consume : .

W

¢ i. if Consume — choose between:
< present > discover enjoy produce >

Present or Discover or Enjoy
search
\ target knowr%:/target unknow

location known< lookup browse %

A

ii. then Search — choose between:
Lookup or Browse or Locate or Explore

exp ore

>, auen iii. then Query — choose between:

Identify or Compare or Summarize

MK
< identify < compare >Csummarlze




Multi-Level Typology of Abstract Visualization Tasks

{ why , how , what }

why?
v
ccccccc
< present >< discover >< enjoy >
targe tk own target unknown

location known< lookup >< browse >
location unknown< locate >< explore >

query
< identify >< compare ><summarize>

< produce > < encode >

trod

what?

N
< [ input | >< [ output | >

annotate

import

derive

CONC N DN

record

N




2. Choose a combination of
Encode and / or
Manipulate and / or
Introduce methods

< encode >

Introduce

annotate

import

derive

NN DN

record

P e




Multi-Level Typology of Abstract Visualization Tasks

{ why , how , what }

why?
v
ccccccc
< present >< discover >< enjoy >
targe tk own target unknown

location known< lookup >< browse >
location unknown< locate >< explore >

query
< identify >< compare ><summarize>

< produce > < encode >

trod

what?

N
< [ input | >< [ output | >

annotate

import

derive

CONC N DN

record

N




3. Fill in:
Input and

Output with
nouns

what?

AN
< [ input | >< [ output | >




Multi-Level Typology of Abstract Visualization Tasks

WHhy: choose from alternatives. What.: fill in Input and Output. HOW: choose combination.

why? how?

ccccccc \\ //manuLWW

select annotate

< present >< discover >< enjoy < produce > < encode >

import

tgtkw target unknown

derive

what? record

CONC N DN
N

location unknown< locate >< explore

N
< [ input | >< [ output | >

location known< lookup >< browse >

< identify >< compare ><summarlze




why?

how?

what?

Example:
“presenting a path
between nodes”

' Grosjean et al. (InfoVis 2002)

2 Munzner et al.
(SIGGRAPH 2003)




why?

how?

what?

Example:
“presenting a path
between nodes”

' Grosjean et al. (InfoVis 2002)

2 Munzner et al.
(SIGGRAPH 2003)

SpaceTree !

Amphibians

Birds

Mammals

Reptiles

Marsupial |

Placental | insectivores




why?

hOW? A “;'."-_-_n;.';;f‘
@Kangaroo j
what? o= { < encode >
Amphibians Marsupial | | @0 pussum +
| Birds | (@Pratypus < naV|gate >
- Fishes |« | @wombat ~+
Example: SpaceTree i < select >
c¢ . | ¥
Presentlng a Path [Pracental insectivores < fllter >
) |\ [war
between nodes i +
Capmomen | aggregate

' Grosjean et al. (InfoVis 2002)

2 Munzner et al.
(SIGGRAPH 2003)




why?

how?

what?

Example

“presenting a path

between nodes’

' Grosjean et al. (InfoVis 2002)

2 Munzner et al.
(SIGGRAPH 2003)

SpaceTree !

A

Amphibians

| @Kangaroo

| @Kaola

| Birds

-{ Fishes

Marsupial |

@O pussum

Mammals |

| Reptiles

' @Platypus

‘ @Wombat

Bats

< present
v

< locate

)

|dent|fy

)
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Placental | insectivores

)

a path between
two nodes

C
< a tree
C

)
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' navigate ,
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why?

how?

what?

Example:

“presenting a path
between nodes”

' Grosjean et al. (InfoVis 2002)

2 Munzner et al.

(SIGGRAPH 2003)

SpaceTree !

TreeJuxtaposer ?

Amphibians

@Kangaroo

@Kaola

Birds

-{ Fishes

1 Mammals

| Reptiles

Marsupial |

@O0 pussum

@Platypus

@wWombat

Bats

I | Carnivores

Herbivores &8

Placental

insectivores

| | Marine

Primates

Shrews

sNicotiana

Stokesia

Gerbera
agetes

Coreopsis

Yernonia
Cacosmia
Cichorium
Achillea
Piptocarpa
Helianthus
iTragopogon
Chrysanthemum
Eupatorium

Lactuca

———p==aCarthamnus
——Dasyphyllum

7
O
®
73
@
=

4_

< locate

v

< identify

< a tree

v

a path between
two nodes

< encode >

+

< navigate >

+

=D

filter

+

aggregate

=S B

< identify

< a tree

v

a path between
two nodes

< encode >

+

< navigate >

+

et




‘verifying a hypothesis regarding the existence of
clusters of items in a scatterplot of dimensionally
reduced data, then labelling clusters of points.”

Example:
Task Sequence



‘verifying a hypothesis regarding the existence of
clusters of items in a scatterplot of dimensionally
reduced data, then labelling clusters of points.”

Example:
Task Sequence




‘verifying a hypothesis regarding the existence of
clusters of items in a scatterplot of dimensionally
reduced data, then labelling clusters of points.”

Example:
Task Sequence

ltem | ltem |

ltem 2 ltem 2

ltem n ltem n

Dimensionality Reduction Visual Encoding



‘verifying a hypothesis regarding the existence of
clusters of items in a scatterplot of dimensionally
reduced data, then labelling clusters of points.”

Example:
Task Sequence

ltem | ltem |
ltem 2 ltem 2
ltem n ltem n

Dimensionality Reduction Visual Encoding Labelling



‘verifying a hypothesis regarding the existence of
clusters of items in a scatterplot of dimensionally
reduced data, then labelling clusters of points.”

Example:
Task Sequence

ltem | ltem |
ltem 2 ltem 2
ltem n ltem n

Dimensionality Reduction Visual Encoding Labelling



ltem |

ltem |

ltem 2

ltem 2

ltem n

ltem n

< produce >
< derive >

<high-dim. > < D data }
data

why?

how?

what?

e
..~ ‘.

< discover >
Y
< explore >

B v

< identify >

< encode >

+

< navigate >

+

et

< produce >
< annotate >

),

< clusters >_><colours for
and points points

bLC 2D data >

< scatterplot >

“verifying a hypothesis regarding

the existence of clusters of

unlabelled items in a scatterplot

)

< clusters
and points

of dimensionally reduced data,
then labelling clusters of points.”



ltem |

ltem 2

< explore >

v

< identify >

<: encode

)

+

< navigate

)

+

< select

)

< annotate >
< clusters >_><colours for>
and points points

biC 2D data >

< scatterplot >

< clusters
and points

)

“verifying a hypothesis regarding
the existence of clusters of
unlabelled items in a scatterplot
of dimensionally reduced data,
then labelling clusters of points.”



ltem |

ltem 2

ltem n

< produce >
< derive >

(high-dim. > < oD data }
data

why?

how?

what?

v

| < identify >

: < encode Eg
j explore >

+

< navigate >

+

< produce >
< annotate >
< clusters >_><colours for>
and points points

< select _,

< 2D data >

< scatterplot >

< clusters \_
and points /| §

- e

“verifying a hypothesis regarding
the existence of clusters of
unlabelled items in a scatterplot
of dimensionally reduced data,
then labelling clusters of points.”




ltem | ltem |
ltem 2 ltem 2
ltem n ltem n

< produce >

< derive >

(hlgh-dlm. > < oD data }
data

why?

how?

what?

< explore >

B v

< identify >

< encode >

+

< navigate >

+

et

biC 2D data >

< scatterplot >

< clusters }
and points

produce

< annotate > i
( clusters colours for " ¢
! \_and points points

"

“verifying a hypothesis regarding
the existence of clusters of
unlabelled items in a scatterplot
of dimensionally reduced data,
then labelling clusters of points.”
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Similarities and Differences from Schulz et al., Roth (InfoVis ‘I 3)
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Similarities and from Schulz et al.,, Roth (InfoVis ‘I 3)

why? how?

ccccccc - /WW

< present >< discover produce O ( encode ) [ select [ annotate )
tgetk own e e En’oy Casual

locationknown< lookup >< browse > _— VisualizatiOn Llsa,ge

location unknown< locate >< explore >

/ | '
qutry < [ Input | ><?output] > < e >

< aggregate >
< identify >< compare ><summarize>
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Multi-Level Typology of Abstract Design Space of laxonomy of Cartographic

Visualization Tasks Visualization Tasks Interaction Primitives
Brehmer & Munzner (201 3) Schulz et al. (201 3) Roth (201 3)
what?

N
< [ input ] >< | output ] >




Multi-Level Typology of Abstract Design Space of laxonomy of Cartographic

Visualization Tasks Visualization Tasks Interaction Primitives
Brehmer & Munzner (201 3) Schulz et al. (201 3) Roth (201 3)
what?

AN
< [ input ] >< [ output | >

Bring Your Own “ What .

- values, extremum, ranges, distributions, clusters, ...
[Amar, Eagan, & Stasko (InfoVis 2005)]

* nodes, links, paths, graphs, clusters, ...
[Lee et al.'s Graph-Specific Objects (BELIV 2006)]

* points, intervals, sbans, patterns, sequences, ...
[Aigner et al's Time-Oriented Primitives (201 1)]

- pixels, data values, attributes, vis. structures, ...
[Ward and Yang's Interaction Operands (InfoVis 2004)]



Multi-Level Typology of Abstract
Visualization lasks

Brehmer & Munzner (201 3)

what?

AN
< [ input ] >< [ output | >

Bring Your Own “ What .

- values, extremum, ranges, distributions, clusters, ...

[Amar, Eagan, & Stasko (InfoVis 2005)]

* nodes, links, paths, graphs, clusters, ...
[Lee et al.'s Graph-Specific Objects (BELIV 2006)]

* points, intervals, sbans, patterns, sequences, ...
[Aigner et al's Time-Oriented Primitives (201 1)]

- pixels, data values, attributes, vis. structures, ...
[Ward and Yang's Interaction Operands (InfoVis 2004)]

Design Space of
Visualization lasks

Schulz et al. (201 3)

Characteristics
Low-Level
High-Level

Target
Attribute Relations

* [emporal
* Spatial

Structural Relations

laxonomy of Cartographic

Interaction Primitives
Roth (201 3)

Operands
Space Alone
Attributes in Space

Space in Time
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Multi-Level Typology of Abstract Design Space of laxonomy of Cartographic
Visualization Tasks Visualization Tasks Interaction Primitives

Brehmer & Munzner (201 3) Schulz et al. (201 3) Roth (201 3)




Multi-Level Typology of Abstract Design Space of
Visualization lasks Visualization lasks

Brehmer & Munzner (201 3) Schulz et al. (201 3)

(exploratory, summarize, x, x, all) =
(exploratory, elaboratelfilter, x , x, multiple)Jr ==
(exploratory|confirmatory, gather, look-up, * , single)

===

“Overview first, zoom and filter, details on demand™

legend:
(goal, means, characteristics, target, cardinality)

see Schulz et al. (201 3) §3.3.3 on Workflows




Multi-Level Typology of Abstract
Visualization lasks

Brehmer & Munzner (201 3)

why?

what?

Design Space of
Visualization lasks

Schulz et al. (201 3)

(exploratory, summarize, x , x, all) =
(exploratory, elaboratelfilter, x , x , multiple)™ =

( consume >

v

< explore >

v

(summarize)

< all items >—>< overview >—

< encode >

(exploratory|confirmatory, gather, look-up, * , single)

“Overview first, zoom and filter, details on demand™

< consume >

v

< navigate >
+
< filter >

: subset of
—>< overview >—>< tems >—

legend:
(goal, means, characteristics, target, cardinality)

< navigate >

v +

et

see Schulz et al. (201 3) §3.3.3 on Workflows

5 subset of
< items > <

item of >
interest




Multi-Level Typology of Abstract

Visualization [asks

Brehmer & Munzner (201 3)

< consume >

v

< explore >

v

&7 AN s 8 7 Ty A = 53 7 e
ooy i B RIS s i o By T N o B 9 2 DL e G T S s i o,

<summarize>

all items

< encode >

overview

Design Space of
Visualization [asks

Schulz et al. (201 3)

(exploratory, summarize, x , x, all) =
(exploratory, elaboratelfilter, x , x , multiple)t =
(exploratory|confirmatory, gather, look-up, * , single)

“Overview first, zoom and filter, details on demand”

< coniume >
< brol/vse >
< identify >

< navigate >

+

< filter >

AL ARt S A0k St Beduas S S~ oiaa p q
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items

'.'ﬂ--l. DTN DN

< consume >

< nhavigate >

+

e

Y

< browse >
Y

< identify >

“subsetof \ [/
items

L B T i S 22

itemof O\
interest /%

=




Multi-Level Typology of Abstract Design Space of
Visualization lasks Visualization lasks

Brehmer & Munzner (201 3) Schulz et al. (201 3)

. (exploratory, summarize, x, x, all) =
Ove rview (exploratory, elaboratelfilter, x , x , multiple)™ =
" (exploratory|confirmatory, gather, look-up, * , single)
Irst

“Overview first, zoom and filter, details on demand™

< consume > < nhavigate > < consume > < navigate >

+ +

v v
< browse > < filter > < browse > < select >
v v
< identify > < identify >
< . > ( subset of > ) ( subset of > < item of
overview . . .
items items Interest

i consume >

v

| < explore >

< summarize >
all items >—>< overview

- SR, PN

< encode > :




Multi-Level Typology of Abstract
Visualization lasks

Brehmer & Munzner (201 3)

Design Space of
Visualization [asks

Schulz et al. (201 3)

(exploratory, summarize, x, x, all) =
(exploratory, elaboratelfilter, x , x , multiple)™ =
(exploratory|confirmatory, gather, look-up, * , single)

Zoom and
Filter

“Overview first, zoom and filter, details on demand™

< consume >

v

< explore >

v

<summarize>

< encode >

< all tems >—>< overview

¢ < consume >
< browse >
' identify >

< navigate >

+

b

) {

0 A
A

filter §
5

B

k)

1

X

1 .

N |

4

o

\l

&

: subset of
., overview
3 \_ |tems _ :

< conjume >
< brol/vse >
< identify >

< nhavigate >

+

e

( subset of > <
items

item of
Interest




Multi-Level Typology of Abstract
Visualization lasks

Brehmer & Munzner (201 3)

Design Space of
Visualization lasks

Schulz et al. (201 3)

(exploratory, summarize, x, x, all) =

< consume >

v

< explore >

v

<summarize>

. . . subset of
all items overview overview .
items

< encode >

Details on
Demand

(exploratory, elaboratelfilter, x , x , multiple)™ =
(exploratory|confirmatory, gather, look-up, * , single)

“Overview first, zoom and filter, details on demand™

< coniume >
< brol/vse >
< identify >

< navigate >

+

< filter >

< browse >
'
identify >

< consume >

< navigate > i

+

: subset of > <
|tems

< select >

item of >
mterest




Multi-Level Typology of Abstract Design Space of
Visualization lasks Visualization lasks

Brehmer & Munzner (201 3) Schulz et al. (201 3)

(exploratory, summarize, x, x, all) =
(exploratory, elaboratelfilter, x , *, multz’pleﬁL =
(exploratory|confirmatory, gather, look-up, * , single)

“Overview first, zoom and filter, details on demand”

-j- < nhavigate > < navigate >
< explore > < filter > < select >
v

<summarize> < identify > < identify >

< encode >

v

. . . subset of subset of item of
all items overview overview . . .
items items Interest




Take-Home
Points:
Using the Typology

' Beaudouin-Lafon (AVI 2004)

2 Sedlmair, Meyer; & Munzner
(TVCG 2012)




Describe: analyze and compare task sequences
at multiple levels, clarify means and ends

Take-Home
Points:
Using the Typology

' Beaudouin-Lafon (AVI 2004)

2 Sedlmair, Meyer; & Munzner
(TVCG 2012)




Describe: analyze and compare task sequences
at multiple levels, clarify means and ends

Take-Home
Points:
Using the Typology

Generate: lens for requirements gathering and
abstraction in design studies 2

' Beaudouin-Lafon (AVI 2004)

2 Sedlmair, Meyer; & Munzner
(TVCG 2012)




Describe: analyze and compare task sequences
at multiple levels, clarify means and ends

Take-Home
Points:
Using the Typology

Generate: lens for requirements gathering and
abstraction in design studies 2

Evaluate: a code set for field studies

' Beaudouin-Lafon (AVI 2004 .t
eaudouin-Lafon ( |+ external validity for lab study tasks

2 Sedlmair, Meyer; & Munzner
(TVCG 2012)




Matthew B

rehme

and lamara Munzne

/\

/\

' brehmer, tmm]@cs.ubc.ca
@mattbrehmer

A Multi-Level Typology of

Abstract Visualization Tasks
cs.ubc.cal/labs/imager/tr/20 | 3/MultiLevel Task Typology/


http://www.cs.ubc.ca/labs/imager/tr/2013/MultiLevelTaskTypology/
http://www.cs.ubc.ca/labs/imager/tr/2013/MultiLevelTaskTypology/

A Multi-Level Typology of

Abstract Visualization Tasks
cs.ubc.cal/labs/imager/tr/20 | 3/MultiLevel Task Typology/

why? how?
[ SR N W
ccccccc manipulate introduce
< present >< discover >< enjoy >< produce > < encode > < select > < annotate >
Matthew Brehmer tgtt o (navigae ) (_impot
and Tamara Munzner /ocationknown< lookup >< browse > < B > < derive >
location unknown< locate >< explore > what? < change > < record >
' brehmer; tmm|@cs.ubc.ca AN < " >
@mattbrehmer s | Unput] ) Loutput] | =
< identify >< compare ><summarize> <aggregate>

Thanks: Ron Rensink, Francois Guimbretiere, Miriah Meyer, Michael Sedimair,
*  Colin Ware, Joanna McGrenere, Stephen Ingram, Jessica Dawson, Joel Ferstay
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Example:
“presenting a path
between nodes”

' Grosjean et al. (2002)
2 Munzner et al. (2003)

SpaceTree !

| @Kangaroo

| @Kaola

Amphibians
A Invertebrates o, Birds
\iVenebrates Fishes
Mammals
Reptiles

{ Marsupial

-

—_—

@0 pussum

\ | @Platypus

| @Wombat

Bats

I | Carnivores

Y /

| Placental K—

/| | Herbivores

insectivores

'I ...

\\ | Marine

. | Primates

Shrews

Treeluxtaposer

Nicotiana
Campanula

Scaevola
Stokesia

Dimorphotheca
Senecio

Gerbera
Gazania
Echinops
Felicia
Tagetes
Chromolaena

Blennosperma
Coreopsis

Yernonia
cacosmia

Cichorium
Achillea
Carthamnus
Flaveria
Piptocarpa
Helianthus

I ragopogon
Chrysanthemum
Eupatorium

Lactuca
Barnadesia

Dasyphyllum

Nicotiana
Stokesia

Gerbera

agetes
Coreopsis

Yernonia
Cacosmia
Cichorium
Achillea
Piptocarpa
Helianthus
iTragopogon
Chrysanthemum
Eupatorium

Lactuca

— s arthamnus

Dasyphyllum
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{ why , how , what }

why? how?

‘S — T
< coniume > < produce > < encode > <manipulate> < iIntroduce >
< search > what?
v N\
< query > < [ input | > < [ output | >




why?

|. Choose either

_ consume ) [ produce Consume or Produce
| searon a. If Consume,
v implies Search, Query

=
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{ why , how , what }

why? how?

‘S — T
< coniume > < produce > < encode > <manipulate> < iIntroduce >
< search > what?
v N\
< query > < [ input | > < [ output | >




how?

2. Choose a combination:
EnCOde and / or < encode > <manipulate> < introduce>

Manipulate and / or
Introduce
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why? how?

‘S — T
< coniume > < produce > < encode > <manipulate> < iIntroduce >
< search > what?
v N\
< query > < [ input | > < [ output | >
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{ why , how , what }

how?

- — T
3. F|” IN. < encode > <manipu|ate> <introduce>

Input and
Output what?

7N
< [ input ] > < [ output | Y
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Goal
ﬁ Explo rato ry
, Analysis i Procure
" producs > ~Confirmatory § Predict

Analys:s {

Goals

Prescribe
Presentatlon
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Goal

| Explorato ry ,
} Analysis i Procure

Goals

why?

i i ..f_ 1 :
f< present >< discover % < produce > COn fr m atOI‘ y P r edICt
S A PR P S R S R SR e ‘/\IT(JI)ﬂS’S; 3

< discover > Presentatlon :
)4 "*:@%&wfwffgwaﬁagy;;;;;,gggﬁgﬁ

generate / verif

Prescribe
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Goal
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Analysis

Q present > discover >< enjoy produce > COnf r mator y

Analysis
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Goal
Exploratory Goals
why? .
Analysis Procure

consume

Confirmatory Predict

< present >< discover >< enjoy ;‘

produce

Analysis Prescribe

Presentation



Multi-Level Typology of Abstract Design Space of laxonomy of Cartogmph'

Visualization Tasks Visualization lasks Interaction Primitives
Brehmer & Munzner (201 3) Schulz et al. (201 3) Roth (201 3)
Goal
Exploratory Goals
why? .
Analysis Procure
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——
( oresert ) ciscover ) eioy )|( procuce
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why?

consume

—
( presert ) ciscover )( ey )|(_ procuoe

v

search

target known target unknown

location known< lookup >< browse

query

location unknown< locate >< explore >
v

< identify >< compare ><summarize
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Goal

Operators {
why? '

" Directed Search Search

consume

< present >< discover >< enjoy >< produce >

gAAeans

Undirected Search

! Retrieve
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Goal Operators

why?

Directed Search Search

consume

< present >< discover >< enjoy >< produce >
Y

search

target known target unknown | Navgatlon o

location known< lookup >< browse >
o ””’“"’W”< ocate >< xplore > | Cardinality

Undirected Search Retrieve

Means Filter

Oblectlves
Relation "

Identify

Compare

Single Instance

if'f |dent|fy >< Compare ><summanze

Associate

Multiple Instances
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< encode >

how?

Introduce

< select >
< nhavigate >
< arrange >
<: change :>
< filter >
<aggregate>

annotate

import

derive

CONC O N

record

A N

Design Space of
Visualization lasks

Schulz et al. (201 3)

Means
Navigation
(Re)-Organization
* Extraction
* Abstraction
* Deriving
* Gathering
(extend as needed)
Meta-Tasks

Annotate

laxonomy of Cartographic

Interaction Primitives
Roth (201 3)
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how? Means Enablmg Operators ;:

Re-express

Navigation

e man |pu ,4,.-,‘ e
< encode > ( select >< annotate
< navigate > l; < import
< arrange > derive
( change > ; ( record
< filter R
" aggregate |

5 M R S ]
S . . =a

Re-symbolize Pan

(Re)-Organization
Re-project Zoom

e Extraction

Sequence Filter
* Abstraction

¢ Arrange Calculate 3§
. Vi
Derivi ng t Overlay 3

* Gathering

173 .
v
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Meta-Tasks Export Annotate
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< encode >
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< select >
< nhavigate >
< arrange >
<: change :>
< filter >
<aggregate>

annotate

import

derive
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Means
Navigation
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* Extraction
* Abstraction
* Deriving
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Enabling Operators

Re-express

Re-symbolize Pan

Re-project Zoom

Sequence Filter

Arrange Calculate

Overlay

Work Operators

Import Edit
Export Annotate
Save
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how?

manipulate

Introduce

< select >
< nhavigate >
< arrange >
<: change :>
< filter >
<aggregate>

annotate

import

derive

CONC O N

record

A N

Design Space of
Visualization lasks

Schulz et al. (201 3)

Means
Navigation
(Re)-Organization
* Extraction
* Abstraction
* Deriving
* Gathering
(extend as needed)
Meta-Tasks

Annotate

laxonomy of Cartographic
Interaction Primitives

Roth (201 3)

Enabling Operators
Re-express

Re-symbolize Pan

Re-project Zoom
Sequence Filter
Arrange Calculate
Overlay

Work Operators

Import Edit
Export Annotate
Save
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how? Means rators

Q\D/\ Navigation
manipulate introduce

(Re)-Organization
< encode > < select > annotate

< nhavigate >

¥ Re-express |

% Re-symbolize § Pan

Zoom

Re-project

Rty SR
e - S Q

e Extraction

| ‘Sequence  Filter
Import :
P e Abstraction

Arrange Calculate

* Deriving Overlay

* Gathering

derive

< arrange >

CONC O N
A N

record

Work Operators

< filter > ( ) Import
Meta-Tasks Export Annotate

agqgreqgate >
< 9Ires Annotate Save




— change change (parameters) [15]* [13], change (metaphor) [19]*, change (representation) [15]*, change (vis. encoding) [44],
transform [56]*[40, 80], transform (mapping), shift, scale, set (graphical value) [14]*, rotate, scale [13], configure [73]*,
animate |13, 80], distort [29, 75]* [13], orient / transform |66]*, (object) manipulation: transform, stretch, shape [42]*,
re-express, re-symbolize, re-project [S7]*, edit [42, ST]*, activate [S6]*

C discover > < encode >
v

C explore >
v

C identify >

< all data > < outliers >

N 2 -';i" “

R/ n D
“ linear scale |
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Nonawh=0-

18.
19.
20.
21.
22,
23.
24.
25.
26.
27.
28.
29.
30.
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Brehmer & Munzner (2013)

Amar, Eagan, Stasko (2005)

Amar, Stasko (2004)

Andrienko, Andrienko (2006)

Buja, Cook, Swayne (1996)

Card, Mackinlay, Shneiderman (1999)
Casner (1991)

Chi, Riedl (1998)

Chuah, Roth (1996)

Dix, Ellis (1998)

Gotz, Zhou (2008)

Heer, Shneiderman (2012)

Keim (2002)

Klein, Moon, Hoffman (2006)

Lee, Plaisant, Parr, Fekete, Henry (2006)
Liu, Stasko (2010)

Mullins, Treu (1993)

Pike, Stasko, Chang, O’Connell (2009)
Pirolli, Card (2005)

Raskin (2000)

Roth (2012/2013)

Roth, Mattis (1990)

Shneiderman (1996)

Spence (2007)

Springmeyer, Blattner, Max (1992)
Tweedie (1997)

Valiati, Pimenta, Freitas (2006)
Ward, Yang (2004)

Wehrend, Lewis (1990)

Yi, Kang, Stasko, Jacko (2007)

Zhou, Feiner (1998)

7 references cited by all 3
12 references in common with Schulz et al., 22 cited by Schulz et al,, not by us

12 references in common with Roth + Roth (2012/2013), |9 cited by Roth, not by us
8 References in common between Schulz et al. and Roth, | of these not cited by us
23 references cited only by us

S Bl

N__________
S e i e

BnhwWwhN =

Aigner, Miksch, Schumann, Tominski (2011)
Andre, Teevan, Dumais (2009)

Dork, Carpendale, Williamson (2011)
Dork, Riche, Ramos, Dumais (2012)

Friel, Curcio, Bright (2001)

Kandel, Paepcke, Hellerstein, Heer (2012)
Marchionini (2006)

Munzner (2009)

Plaisant, Carr, Shneiderman (1995)
Pousman, Stasko, Mateas (2007)

Roth (2012)

Shrinivasan, van Wijk (2008)

Sprague, Tory (2012)

Stephenson (1967)

Toms (2000)

Tory, Moller (2004)

Tukey (1977)

Ware (2012)

van Wijk (2006)

Wi ilkinson (2005)

Kirsh, Maglio (1994)

Lam (2008)

Liu, Nersessian, Stasko (2008)
Norman (1988)

Thomas, Cook (2005)

' References from §5
2 References from §2 7= §2.1 on classification systems
3 References from §2:

o) = objective, orr = operator, oro = operand
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Schulz et al. (2013) *
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37.
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39.
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41.

Ahn, Plaisant, Shneiderman (2012)

Aigner, Miksch, Schumann, Tominski (201 1)
Amar, Eagan, Stasko (2005) '

Amar, Stasko (2004, 2005) f
Andrienko, Andrienko (2006) f

Becks, Seeling (2001) T

Belkin, Cool, Stein, Thiel (1995) T

Beshers, Feiner (1993) t

Blackwell, Engelhardt (2002) t

Bugajska (2005) t

Card, Mackinlay (1997)

Casner (1991) 1

Chi (2000)

Chuah, Roth (1996)

Engelhardt (2002)

Fujishiro, Furuhata, Ichikawa, Takeshima (2000) T
Gotz, Zhiou (2008) f

Heer, Shneiderman (2012) 1

Hibino (1999) T

lgnatius, Senay, Favre (1994) 1

Keller, Keller (1993)

Kosara, Hauser; Gresh (2003)

Lee, Plaisant, Parr, Fekete, Henry (2006) 1
Morse, Lewis, Olson (2000)

Nazemi, Breyer, Kuijper (201 1)

Nocke, Schumann (2004) T

Pfistzner, Hobbs, Powers (2003) T

Pirolli, Card (2005)

Roth, Mattis (1990)

Shneiderman (1996)

Springmeyer, Blattner, Max (1992) '
Stary (2000) T

Streit, Schulz, Lex, Schmalsteig, Schumann (2012) T
Tory, Moller (2004)

Tweedie (1995)

Tweedie (1997)

Valiaiti, Pimenta, Freitas (2006)

von Landesberger, Feibig, Bremm, Kuijper, Fellner (201 3)
Wehrend, Lewis (1990) T

Yi, Kang, Stasko, Jacko (2007)

Zhou, Feiner (1998)
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Blok (2000) opy

Blok, Kobben, Cheng, Kuterema (1999) (ogj
Buja, Cook, Swayne (1996) [orr]
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Chi, Riedl (1998) [orp;

Chuah, Roth (1996) o
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DiBiase (1990)
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