HPHDOLOVOLOOPO0O2S PO

Working with the Card
Sorting Method

http://www.slideshare.net/reroth/working-with-the-card-sorting-method

Robert E. Roth | reroth@wisc.edu ICA Workshop on Designing & Conducting User Studies
University of Wisconsin-Madison September 16™, 2012 | Columbus, Ohio



Overvi 2ationoaodl

Part 1: Background

historical and conceptual background on the card sorting method, including
a framework for organizing and applying variants of the method

Part 2: Case Studies

a review of three case studies implementing card sorting for Cartography,
including two studies for improving symbol sets and one for building theory

Part 3: Exercise

an example card sorting activity in which we will configure, complete, and
analyze a card sort
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Card Sorting:

a knowledge elicitation technique for investigating the broader conceptual
structures—or mental categorizations—of a set of items from a targeted
group of individuals




Ba

universe category

A g
A a
v v
Y Y
L Y
'

criterion




Background history. s

Wisconsin Card Sorting Test:

a clinical tool for diagnosing traumatic brain injuries in which patients are
asked to sort the same set of cards multiple times, using a different criterion
with each sort

w P & |2 @
v @ 2 @

B Fed
Graar.
Yellows
Blue

Fig 1.—Wisconsin Card Sorting Test, showing
the material as presented to the subject,

after Berg (1946, 1948)




Background history. ...

Usability Engineering & User-Centered Design:

transition in focus from evaluating the abilities of patients to eliciting
knowledge from targeted participants

card sorting is an effective
UCD method for ensuring a

“coherent design”

after Nielsen & Sano (1995)
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Background card sorting for Glscience

Spatial Cognition:

formalizing qualitatively
equivalent knowledge schema
that structure spatial cognition
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Klippel & colleagues Fi3 B G G el

(2009, 2011, 2012)



Background card sorting for Glscience

Geographic Ontologies

semantic similarities in v P Geographic Locations
geographic concepts and b £ Africa
I’e/ationships across domains ¥ = Americas

b [ Caribbean Region
» [ Central America
|| Latin America
¥ [ Morth America
» _] Canada

[ ] Greenland

|| Mexico

¥ = United States
b [ Appalachian Region
» [ ] Great Lakes Region
b [ Mid-Atlantic Region

b ] Midwestern United States

Medical Subject Headings 1 New England
(MeSH)I Geographic Ont0|09y = (1 MNorthwestern United States




Method Similar or Related Methods

heuristic evaluation rules of thumb
‘ R : feature inspection, consistency inspection, standards

conformity inspection | . , i .

inspection, guideline checklist
sl luralistic walkthroughs, prototyping, storyboarding,
cognitive walkthroughs pl Qi Protetypmg. Stong g

Wizard of Oz

scenario-based design | personas, scenarios of use, use case, context of use, theatre

contentanalysis, competitive analysis
. automated interaction logs, unmoderated

automated evaluation

user-based methods
. : ethnographies, field observation, MILCs, journal/dia
participant observation R J W
sessions, screenshot captures
questionnaires, entry/exit surveys, blind voting, cognitive
surveys

workload assessment
structured interviews, semi-structured interviews,
unstructured interviews, contextual inquiry

Q methodology, concept mapping, affinity diagramming,
paired/triad comparison

talk/think aloud verbal protocol analysis, co-discovery study

interaction study performance measurement, controlled experiments

card sorting

after Roth (2011)




Concept Mapping/Affinity Diagramming

a knowledge elicitation technique for revealing relationships among concepts

http://cmap.ihmc.us/



Background similarmethods

Concept Mapping/Affinity Diagramming

codBcovery IBaFNIng

construckive interaction,
expert avaluation
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Pair or Triad Comparison

individual ratings on similarity between/among only 2-3 cards at a time

Sesame Street: One of these
things is not like the other. ..




Ba

Card Sorting:

a knowledge elicitation technique for investigating the broader conceptual
structures—or mental categorizations—of a set of items from a targeted
group of individuals




 identify logical symbol categories « critique symbol designs
« support collaborative design * identify unclear feature definitions
identify ambiguous symbols

* integrate expert knowledge into

automated systems « identify missing symbols




generative (pre-design):

the designers wish to collect
information that will inform
the design of a symbol set

evaluative (post-design):

the designers have an existing
symbol set & wish to evaluate it




categories:

the categorization guidelines
given to participants during
the sort

cards

the content of the cards
themselves




category guidelines:

open: participants identify
both the sorting criterion and
the categories

guided: participants identify
the set of categories, but are
given the sorting criterion

closed: participants are given
both the sorting criterion and
the set of categories
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card contents:

feature definitions:

“Hotspot: An area of intensified
fire activity and increased heat.”

symbols:

*most authors recommend
restricting the card universe to
30-200 cards




Roth et al.
(2011)
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Generate:
« competing criteria
« categories

Evaluate:
« feature definitions

GUIDED

CLOSED

Generate:
<none>

Evaluate:

« established categories
« feature definitions

« symbol designs




Roth et al.
(2011)
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Generate:
e competing criteria
« categories

Evaluate:
« feature definitions

Generate:
« competing criteria
« categories

Evaluate:
« symbol designs

Generate:
e competing criteria
« categories

Evaluate:
« feature definitions
« symbol designs

GUIDED

Generate:
« categories

Evaluate:
e a priori criterion
« feature definitions

Generate:
« categories

Evaluate:
 sorting criterion
« symbol designs

Generate:
« categories

Evaluate:

« sorting criterion

« feature definitions
« symbol designs

CLOSED

Generate:
<none>

Evaluate:
* a priori categories
« feature definitions

Generate:
<none>

Evaluate:
« established categories
« symbol designs

Generate:
<none>

Evaluate:

« established categories
« feature definitions

« symbol designs
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Figure 1. Correlation coefficients for various sample sizes, with error bars. Tullis & Wood

(2004)




Backgroundanalysis.........c

Agreement:

the degree to which the participants’ sorts are similar
1. overall agreement: the average similarity among pairs of sorts

2. card versus category: the percentage of sorts that placed a given
card into a given category

3. card versus card agreement: the percentage of sorts that placed
two given symbols into the same category

Accuracy:
the degree to which the participants’ sorts conformed to an existing structure

 forclosed sorting only
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Clustering &
Dendograms:

card-by-card
agreement

how does the overall voting pat...
notice similiarities and differenc...
consider multiple map features__.
recognize two map features as ...
simultaneously inspect two or ...
discern between two types of p._.
relate two or more map features
compare the estimated air poll...
compare the distribution of pati...
are there differences in energy ...
how many cases are our compe...
how much money was spent in __.
is the risk of exposure to a che__.
is the criminal activity more sig...
compare the region with the hig...
compare the energy use habits ...
compare this case to the case i_..
compare the disease rate in thi_..
see if the remediation procedur...
did the added policing resourc...
how many obesity-related dise._..
do indigenious peoples live int._.
identify relationships between s...
identify anomalies within a set .__
what proportion of autism case._..
identify community level risk fa_..
is socioeconomic status correlat...
is there a correlation between t...
compare the results of the elect...
what is the relationship betwee.__.
correlate bits of intelligence inf...
is there a spatial association be...
what are the demographic char...
establish a direct connection be...
look into a set of serious crime .__
are the cases included in the re_..
analyze the strength and natur__
determine useful relationships ...
what are the differences in rout...
are there other salesmen that e...
this small town community is co...
how does corn move across the...
what is the drive time between ...
estimate the taxi fair to get to t...
look for routes that still are ope...
find a different route to a buildi.__
find the path the vehicle should...
get directions to go on a trip
generate a travel itinerary

what is the best route for the ta...
where should | go on my walk?
where can | stage my emergenc...
where is the best nlace to put a___

h
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Figure 1. Correlation coefficients for various sample sizes, with error bars. Tullis & Wood

(2004)




Background analysis se—

Agreement Matrix: 3

card-by-card agreement



Backgroundanalysis......o

Accuracy Matrix:

contingency table




Back d

Bivariate Matrices:

accuracy by agreement

AGREEMENT

ACCURACY
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Part 2: Case Studies
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Case Study #1 ANS/INCITS 415-:2006 s

ANSI INCITS 415-2006

a comprehensive qualitative point symbol standard developed by the
Federal Geographic Data Committee to support emergency response

http://www.fgdc.gov/hswg



ANSI INCITS 415 point symbology standard for emergency mapping - Federal Geographic Data Committee Homeland Security Working Group
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Case Study #1 ANS/INCITS 415-2006

INCIDENTS

-
< e
S 2
2w
< >
=

OPERATIONS

INFRA-
STRUCTURES

SYMBOL

NAME/DEFINITION

residential fire: a fire affecting a home or housing complex, resulting in partial or total
destruction of the structure and/or bodily injury, smoke inhalation or death

marine accident: a sudden, unexpected event involving a boat or ship resulting in vessel
submerging, damage, bodily injury, death and/or the disruption of transportation service
drizzle: some time called mist; very small, numerous, and uniformly dispersed water droplets

that appear to float while following air currents; unlike fog droplets, drizzle fall to the ground

landslide: a general term for a wide variety of processes and landforms involving the down slope
movement under the force of gravity of masses of soil and rock material

medical evacuation helicopter station: the locus of an emergency helicopter landing pad,
utilized to transport severely injured persons

emergency water distribution center: a place where potable water is distributed to displaced
persons or victims of war or disaster

toxic release inventory: the location according to a publicly available database of chemical and
other toxic waste releases

traffic control point: the location of absolute signals controlled by an operator to regulate and
maintain transportation flow




category guidelines: closed sort

Generate: Generate:
« competing criteria « categories
« categories

1. incidents
2. natural events cawie e
3. infrastructure : ;
4, operations
5 other i WP i O S
card contents: symbols + definitions (198 Roth et al. (2011)
total)

sample size: n=20, Penn State undergraduate students; average time to
completion ~25 minutes



agreement

accuracy




Case Study #1 ANS/INCITS 415-2006
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operations sorted
as infrastructure

ACCURACY

AGREEMENT

incidents grouped
as ‘other’

39




Case Study #2 e:5ymbology Portal vm

e-Symbology Portal

a web portal that facilitates the creation of asynchronous, round-based
activities for interactive formalization and refinement of a symbol set

Round #1: 2/8-2/14

0 the first round is to complete an the CBP map symbolizatio ds. We are particularly interesting in
Symbol Standard anc Il with the ¢ (needs that are currently me ntly
Development 0 0 ! ing
Activiti ciated with this rc an be ed by selecting the appr
CUMILIES me or by selecting one of the hyperlin

nd #1 includes
Round #1: 2/8-2/14 npleting Activity
. e fourth activ
matrix provide -4 concur

ind is heavy on ¢ b the site at leas

A PDF including all
included in the email ann

Qutline Designer

http://www.geovista.psu.edu/symbology/



Other Facility

Correctional Facility

Urgent Care Center

®

Tropical Storm

Instructions

Leave a comment

Round 1 Discussion Topics

- reroth,

Fri, 02/05/2010 - 12:48

- jblanford, Thu, 02/18/2010 - 12:11

- Bravo, Fri,

02/19/2010 - 15:50

- Juliet, Thu, 02/18/2010 - 12:35
- jblanford, Wed, 02/17/2010 - 15:30
- Foxtrot, Thu, 02/18/2010 - 09:01
- Bravo, Fri, 02/19/2010 - 16:04
- Foxtrot, Thu, 02/18/2010 - 08:43
- Bravo, Fri, 02/19/2010 - 16:22
- Juliet, Tue, 02/16/2010 - 10:19

Events

Which of the following
standard?

- India, Wed,
Miscellaneous

02/18/2010 - 08:35

02/17/2010 - 15:46
- Foxtrot, Thu,

- Hotel, Thu, 02/25/2010 - 10:29

- Charlie, Tue, 02/16/2010 - 14:47
- Foxtrot, Tue, 02/16/2010 - 13:29
- Echo, Tue, 02/16/2010 - 16:44

Electric Power Plant.

- Juliet, Tue, 02/16/2010 - 10:

- Charlie, Wed, 02/17/2010 - 10:31
16

- Foxtrot, Tue, 02/16/2010 - 13:24
- Echo, Tue, 02/16/2010 - 16:39
+ - Juliet, Wed, 02/17/2010 - 08:40
1

categories should be included in the new

Picture Symbaols

HS

Miscellaneous

General not OBP specific

Inteligence

Landmark not OBP specific

B88% (7 votes)

B88% (7 votes)

88% (7 votes)

75% (6 votes)

63% (5 votes)

50% (4 votes)

50% (4 votes)

50% (4 votes)

0% (0 votes)

- Hotel, Thu, 02/18/2010 -

i« - Echo, Wed, 02/17/2010 - 12:14
1 - India, Wed,
15:43

/16/2010 - 10:11

6:01

2l, Thu, 02/18/2010 - 09:46
02/17/2010 - 12:08
Tue, 02/16/2010 - 09:59




OBP Checkpoint Cil Platform

™,
CBP Map Symbology Template - Updated 04 February 2010 Pesunarie

08P Checkpoint OICC Facility Senszor Repeater
Parmanent (agis)

5-Day Forecast Storm Bridge i BET RCMP Light TI 08P Chackpoint Tactical Sensor Seésmic
Track Point

Activity BSIDasth Linewatch 08P K5 Uit Olympic fings

Agert Vehicl BSlogs y Low Watar Crosing 08P National HQ A Signficant Sighting
Air National Guard BSI Rescue ! logal Alien MSS Truck

08P Sector HQ Other Facility

Foderal Law Enforcamant

Agsncy

08P Station Fetrokum Refincry Smugging

Rircraft Crash FEMA Mobilization nasica Nuckar Power Plant
Staging Ares

08P Station (egis) Pickup Stata EOC

FEMA Rocovary Offy Office of Chief Counsal Pradator

American Red Cross FEMA Rogional HQ intol Alert OAM Air Branch Offica of Intemal Affairs

AMOC Peint lllagal intl Summary OAM Air Unit Office of Training Raport Transportation Chack

and Devolopmant

AMOC Pint Lagal g Gty firo Station Joint Forces OAM Branch HQ
Hoadquarters

Officer Safoty Rascus Bacon

AMOC Point Other N Comactional Faciity Foot Sign Landmark OFO - Agricuiture

Inspection

OFQ - Airport ¥ SBinat CRT
Passanger Inspection

[}
57
—~—
(A
+
£
+
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¢
¢
¢

AMOC Point Suspect Crossing Fusion Canter Landmark Cattle Guard OAM Faglity
(ogis)

6]

shansion = Landmark Milo Marksr OAM Marins Unit
sha imark Mike Mark AM Marin U
legis)

OFO - Cargo Irspaction 8 S8lnet Notional

p

Army National Guaed Landmark Other (egs) OAM Operations Conter SBinat RRVS US.Aag

- @@ a8 1200 % % EH

Landmark Windmi OAM Rogional Director Fidd Office SBinat RRVS Urgent Care Canter

ogis)

Layup OAM Support Mai inspaction . SBinat RVS

*x & =

Haospital LEA County Port of Entry Scopa Sight

Sorder Meerarmsnt Bactric Powar Plant OAM Training Radiation Portal Wanted Parson
Bordar Morument {ogis) [ EMS Operations Hurricane

OFOK-9 Unit Sensor Infrared Waapon

BORSTAR o Encounters 08P Gmp

R G O 6

OFO Seaport Senscr Magnatic s WM CST




category guidelines: one open sort and one _— _—
closed sort (same universe)

Generate: Generate: Generate:
« competing criteria « categories <none>

card contents: both sorts included symbols Copeigcteis | oo O <
+ definitions (168 & 172 cards per sort) ‘

Robinson et al. (forthcoming)

sample size: n=8, cartographers at Customs & Border Protection (CBP);
completion time ~80 and ~35 minutes for open & closed, respectively



Case Study #2 e-Symbology Portal

DHSSymbology ~ @ create a new study Account | Logout

Items Settings Results (20) = View Your Stud #8 share results  @rssfeed @ delete study

| Tree Graph Reload | = Download |

Groupings based on an Average Linkage Cluster Analysis algorithm. EULEE i i

Mumber of groups: 16

emergency public information ce...

ambulance ——
hospital ship ———
emergency medical operation
medical evacuation helicopter st...
triage
emergency operation
emergency teams :_

fire suppression operation
emergency collection evacuation ...
emergency food distribution centers
emergency operations center
emergency staging areas
emergency water distribution cen...
emergency shelters
intrusion sensor
nuclear sensor
sensor operation
chemical sensor ———
biological sensor :—

radiological sensor

toxic release inventory
discharge outfall
hazardous material storage
banking finance and insurance inf... ———
financial exchanges ———
law enforcement operation
traffic control point




Which of the following categories should be
included in the new standard?

Round 1 Discussion Topics

- reroth, Fri,

- jblanford, Thu, 02/

- Bravo, Fri, 02

- Juliet, Thu, 02/18/2010 - 12
- jblanford, Wed,

- Foxtrot, Thu, 02/18/2010 - 88% (7 votes)

- Bravo, Fri, 02/19/2(

- Foxtrot, Thu, 02/18/2010

- Bravo, Fri, 02/19/ .

- Juliet, Tue, 02/16/2010 - 10: 88% (7 votes)

- India, Wed, 02

02/18/2010 - 08:35 88% (7 votes)

- Charlie, Tue, 02/1¢ Picture Symbols
- Foxtrot, Tue, 02/16/2010
- Echo, Tue, 02/16/20 75% (6 votes)
- C

- Juliet, Tue, 02/16/2010 - 10:16 HS
- Foxtrot, Tue, 02/1
- Echo, Tue, 63% (5 votes)

-Juli  Miscellaneous

‘U

50% (4 votes)
General not OBP specific
02/17/2010 - 1
- Foxtrot, Tue, 02/1 509 {4 \;otes)
- Bravo, Fri, 02/19/2010 - 16 ntell
- Charlie, Wed, 02/17/2010 - 10:34 ntefigence
- Hotel]
- Echo, Wed, 0 50% (4 votes)
- Foxtrot, T§ | andmark not OBP specific

0% (0 votes)
Total voters: 8




Case Study #3 Interactive Maps ...

Objectives:

the task that the user [o——
wants to complete with identify ~~~ compare

the interactive map

_— cause/effect
al. (1999) y {
background . | - / 3
\ N ' /  associate
\ nte: 2 / - y,
/- Crampton (2002)
~___ categorize

" distinguish

| locate

order/sort

< | fank
\ |
cluster

encodé »
correlate

L retrieve value
\
|\ abstract/elaborate y
\ A characterize distribution
005)

Rot h e = find anomalies ’ 3 \ . compute derived value
(forthcoming) find extremum | getermine range




Case Study #3 Interactive Maps...vw

Operators:

the functions provided by
the interactive map to —

encode data | set-graphical-value

support the objectives observer SN g

object rotation delete
add

. label
dynamic re-expression

. Becker & Cleveland (1987)
Dykes (1997)

Shepherd (1995) highlight

same data,
changing representation

shadow highlight

brushing

same representation,

dynamic comparison changing parametars

Dix & Ellis (1998)

accessing extra/ overview

assignment exact information

sequencing conaionil
= toggling visibility
| MacEachren et al. (1999)
Masters & Edsall (2000)
altering representation type

Edsall et al. (2008) = =
focusing .~ e

colormap manipulation | | panning/re-centering

- ~ \ posing queries
' linking S S—
/ dynamic projection zoom
viewpoint manipulation g - [

details-on-demand

Buja et al. (1996) Kaim (2002)

R ot h distortion

Ward & Yang (2003)

(forthcoming) mt am

filter Shneiderman (1996)




Case Study #3 Interactive Maps....vm

Interview Pre-Stage:

n=21, interactive map users working in government & industry; included
a question section in which they demonstrated how they use their tools

what explosives materials are known to be inside a .

building that is on fire? click on a shipwreck to get metadata and other

rich information about the shipwreck

how fast is the fire truck going?

draw a red line to mark something of interest on
how big is the building that is on fire? the map
are there buildings nearby that are at risk of reS){mbohze map features using a different
catching fire? attribute

locate the building that is on fire on a map switch the basemap

find a different route to a building that is on fire if . use the lasso to zoom into a country
one way is closed

turn on a building reference layer

N

7 | detect the location of a crime series within the city

B




category guidelines: two guided sorts _— _—
(different universes)

Generate: Generate: Generate:
« competing criteria « categories

card contents: both sorts included phrases
coded as representative of an objective o e
(n=178) or operator (n=206) from the
interviews

Roth (2012)

sample size: n=15, interactive map designers/developers working in
government & industry; completion time ~150 minutes for both sorts



: compare
attributes-in-space

associate
space-in-time
: associate
attributes-in-space
associate in
space-alon

. .. .. prescribe objectives
(primarily identify in space-alone)

predict ob{ec,tivgsi
H mixe Q

o>

.. delin
attributes-i

identify attributes-in-space
(primarily general level)

Goals:
 procure: acquire information about what occurred

* predict: forecast what might occur

* prescribe: determine what should occur instead

eate by
n-space g

delineate by

sont @

space-alone

space-in-time
objecﬁves (mixed)

compare in
space alone Q
rank in space-alone Q
: . rank
attributes-in-space
id.entif¥ in space-?Ione
(primarily general level)
identify attributes-in-space
(primarily elementary level)

. - e-alone
(primarily elfementary level)

identifP/ in spac




: compare
attributes-in-space

associate
Hspace-ln-tlme
H ; associate
attributes-in-space

associate in

H space-alone

. .. .. prescribe objectives

(primarily identify in space-alone)

predict ob{ec,tivgsi
mixe

.. delineate by
attributes-in-space

delineate by Q
space-alone

H space-in-time 9
objecﬁves (mixed)

identify attributes-in-space
(primarily general level)

compare in
space alone

OperandS: rank in space-alone Q
- space-alone: interacting with the spatial component of the  attributes-in-space Q

identify i -al
map (primarily generai level) Q
* attributes-in-space: interacting with the attribute identify attributes-in-space
. s (primarily elementary level)
component to determine variation across Space

. - e-alone
(primarily elfementary level)

* space-in-time: interacting with the temporal component identify in spac
to determine spatial change over time




: compare
attributes-in-space

XN associate
associate

attributes-in-space C
associate in
space-alone g
-
. .. .. prescribe objectives
primarily identify in spacé-alone)
predict objectives
{mlxed)

.. delineate by
attributes-in-space

G

compare

Objectives:

* identify: examine a single map feature

» compare: determine similarities/differences
between two map features

* rank: determine the order or relative position of
multiple map features

* associate: characterize the relationship between
map features

* delineate: organize map features into a logical
structure (categories, clusters, etc.)

delineate by
space-alone

. s[gace-in-_time 9
objectives (mixed)

aotify attributes-in-space

delineate

H

arily general level)
compai'e in
space alone Q
rank in space-alone Q rank
. . rank i|1§
attributes-in-space

id.entif¥in space-alone
(primarily general level)

.
. ° ttributes-in-
identify (EEERO)

. ide.ntifP/ in space-alone
(primarily eflementary level)

-




import Q

H export Q
H save Q
sequence Q

Enabling Operators:
* import
* export
* save
» edit

annotate

overlay

retrieve

calculate
edit

Hannotate g




import Q
export Q
save Q
H sequence Q

o>

H reproject

Hesymbolize

Work Operators:
* reexpress * pan
* arrange * zoom
* sequence * filter

* resymbolize + search
* overlay * retrieve

* reproject * calculate

H reexpress

H overlay

H retrieve
H search g

calculate
edit

annotate g




Case Study #3 Interactive Maps

RANK ATTRIBUTES-IN-SPACE Space-Alone _Attributes-in-Space _Space-in-Time
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Part 3: Exercise

Robert E. Roth | reroth@wisc.edu ICA Workshop on Designing & Conducting User Studies
University of Wisconsin-Madison September 16™, 2012 | Columbus, Ohio



Exercise

Chaparro (2008)

OpenSort

CardZort

{ File Clustering Options Help

Single Complete Average

coral

Pgrt]rlognt quth ipant 3_129 emerald

Total of groups: 10

CatScan



ExercisedebSortnet
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Thanks for your attention!

http://www.slideshare.net/reroth/working-with-the-card-sorting-method
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