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Motivation & Aim

« Categorical variables are common in real-world
datasets (Agresti, 2013; Friendly & Meyer, 2016)

{§} * Few visualisation techniques facilitate multiple

@ categorical variables
* Existing techniques have limited scalability and

interaction, and are under-developed compared
to those for continuous data

* Our aim is to build upon the strengths of an
existing technique: the Heatmap Matrix
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* Displays all possible n x m
contingency tables as
heatmaps

» Categories are grouped by
variable

 Each (non-diagonal)
heatmap ‘panel’ represents
a distinct pair of variables

* Each ‘cell’ shows the reete 200 SRR <
frequency of the
corresponding categories
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Tooltips & Associative Highlighting

> . .
o oo * Provides details-on-demand
(Shneiderman, 1996)
First
second * Helps to orient the viewer
Class
Third
) s S L& S
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Child E% Observed 24 .. .. Second Class [s pom -
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Female . e 14 .. Third HDM I
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No . Chi-Square: 7 . Adult ...I Bl = & %
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‘Cell’ Tooltip

Box’ Tooltip
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Row Percentages

First 2%
Second 8%

Class

Crew 100% LA

Adult [15% 12% ..
Age
Child | &% . 0%
o o] Y [ =
Yes . e .. o

~ B
- [ [
HD W
- Em

.

- @

o

high

low

* Rows within each panel
sum to 100%

* Each cell shows P(X|Y),
where X and Y are the
categories on each axis

* Interpretation: What
percentage of Y is X?

* “Column Percentages” is

simply the transpose
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Pearson Residuals
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. First 5
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Triangular Matrix

* Less cluttered

* Removes redundant
information

* Quter variables are

special cases Adult

* Square matrix is a Child
better choice for
comparing several
categories or variables ~ Male

No

Female

Yes
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Bivariate Colour Map
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Tests

« Statistical test results can be
represented graphically

« For instance, corrgrams (Friendly, 2002)
can be used to show correlation
coefficients and p-values for
continuous data

https://cran.r-project.org/web/packages/corrplot/vignettes/corrplot-intro.html
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Chi-Square Test of Independence &), WAIKAT

1. Isthere a significant association between the two variables?
- Chi-square test

2. If so, how strong is it?
- Cramér's V

Four test conditions:

1. Categorical variables (preferably nominal)
Independent observations
Mutually exclusive categories

AW

Expected frequency >0 in all cells
>4 in at least 80% of cells
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Advantages of Panel-Level Aggregation

1. Visually reinforces correct

interpretations

Removes burden of

manual computation

one place

Can be used to generate
hypotheses about cell-
level associations, which
can then be explored in
other views

Groups all test results in

X
& 2
&
& >
,\"i\(\ Moderate
@x\ Relatively strong
() Strong
Class &
?‘b\”r \ery strong
Adult 118.41 (3) ‘-\@
p <0.001 &)
Child | ®=02%  Age &
‘(Q‘é\
Female 349,91 (3) 27.12(1) ¥
p<0.001 p<0.001
Male $.=0.399 $:=0111  Sex
No 190.4 (3) 20.96 (1)
p<0.001 p<0.001
Yes @.=0294 p.=0.098 Survived
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THE UNIVERSITY OF

Covid Directives Dataset (Burnette & Calude, 2022) -7 WAIKAT

» 754 directives (e.g. "Stay home!”) from tweets containing #covid19nz

Stance

Force

Politeness

Verb
Clause
Addressees
Hashtags
Loanwords
Subjects
Vocative

against, pro, for stronger measures, neutral, unclear

advice, criticism, indirect, offer, plea, prototypical, well wishers

no redress, on record negative, on record positive, off record

let, main verb, modal, no
declarative, imperative, interrogative
explicit, implicit

none, yes

none, yes

individuated, non-individuated

none, yes
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Selection Menu

varaes oun: 610600 Enables users to work with manageable subsets
Categories Shown: 23/33 (70%) X .
emsrenove: 8375220 * Filter categories
Selectal - Clear * show (black)
+ hide (blue) JI= |
 exclude (red)
Uncesr * Filter variables
- Force (7)
- Verb (4) * show (black)
#-[ Politeness (4) .
- Clause (3) ° hlde (blue)
\E [[]Addressee (2) .
gL oo @ * Merge categories
-] Subjects (2) . .
& Sacatve * Sort: Manually reorder categories and variables

» Undo/redo
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Wrapping Up

« Our goal was to enhance the readability, functionality and
scalability of the Heatmap Matrix
» Cosmetic changes include:

» White background, removal of gridlines, fresh colour palettes,
different use of main diagonal, triangular matrix design

* Novel features include:
» Univariate or bivariate colour mapping for six different metrics
* Visualising the Chi-square test and Cramér’s V
* Linked Table View for displaying matching records
* Interactive filtering & data transformation via Selection Menu

24
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Thank you for listening!

* Extending the Heatmap Matrix: Pairwise Analysis of
Multivariate Categorical Data
* David Trye, dgt12@students.waikato.ac.nz

* Thanks to the University of Waikato for funding this research

"m

B! THE UNIVERSITY OF

WAIKATO

Te Whare Wananga o Waikato
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Additional Slides

Interactive Enhancements (Rocha & da Silva, 2022) *

1. Reorder Matrix: Sort heatmap to reveal patterns concerning:
* all pairs of variables (all panels)
* a single pair of variables (one chosen panel)
* a subset of variables
* all variables

2. Filter Data: Extract subset using Spearman’s correlation
coefficient and/or association rules

3. Discretize Variables: Make continuous variables in the dataset
categorical by creating bins of equal width/frequency

4. Adjust Scope: Switch between a local (panel) or global (matrix)
colour mapping

* BUT no prototype or GUI documentation available...

14



Related Work: Contingency Tables
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Visualisations of contingency tables can be classified into three

types (Alsallakh et al., 2012):

Frequency
Representations

Female

Female

http://www.harold.thimbleby.net/mosaic/

Hair
Brown Black

Red

Blond

http://rstudio-pubs-static.s3.amazonaws.com/
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Related Work: Pairwise Techniques

Class.1 —
e Parallel Sets and

Common Angle Plots

can also be used to

explore pairwise sex

associations

(Kosara et al., 2006;

Hofmann & Vendettuoli,

2013) Survived
Class

Main Menu

Default Settings .
9 Consists of three sub-menus:

Cell-Level Properties

1. Cell-Level Properties:
- Specify colour palette, scope, text labels

Scope: @) Local (O Global

2. Panel-Level Aggregation:
e S e Display Chi-square and Cramér's V

Scope. Local Global

et 3. Display Settings:
Change shape, add grey shading

Cell-Level Properties

Panel-Level Aggregation
[[] Display Chi-Square and Cramer's V
Significance Level: (0.05 VELECR ElDbserved Freque

Observed Frequency

Expected Frequency k erging

Row Percentages
Matrix Type: (@) Square (O) Triangular Scope: |Column Percentages

P Residual
[ Apply Grey Shading to Labels ‘earson Residuals

Disglay Paletta:

Cell Chi-Square Values
o =

Wariable 2:

Reset Display
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Default Colour Palettes

Univariate: Sequential " flare (seaborn)

Diverging . -

blue-white-red

Bivariate: Cynthia Brewer's nine-class bivariate maps

Less precise as . .
fewer shades

DivSeq SeqSeq DivDiv

used for each
variable
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Text Labels

None (Default) Text (Observed Freq.)

& x 3
> . Y ¥ D & e
FF S P ST e

First . 6 145. 122.
Second 24 106 167 118
Class
s - -E -
e B -0
o EEE |, EE I
Age
Child [ & |24 79 o 45 64 52 57

Female 145 | 106

23 45 126 .
Sex
v EEED

No 122 | 167 .E 1438 [ EFIN 1364
Survived
o 58 e o e [ » 0

low high

34

17



21/08/2023

Scope Comparison

Local (Relative) Global (Absolute)
3 2
S 532;0&\.\‘('\(\ & @6000«““6 o @ Q?}@‘@% ® &
First First
Second Second
Class Class
Third Third
Crew
oo [
Age
child

Female

Male

35
Expected Frequencies
* Shows quantities expected
if no association between o 24 193
variables m..zzs
* Calculated using category Sl =
frequencies Lo [ [
* E = Row Total x Col Total / N Child | I I I | 8|
Female | 68 | 61 | 151 | 189 23 .152
Male . 224 .. 86 Sex ..
No 220 | 193 .. . 74 .. —
Yes | 105 = 02 | 228 . 35 152.
- an
14 1645
36
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Proportions

Cell-Level Properties

Variable 1: |Observed Frequency

Palette: (@) Sequentiall (O Diverging

o
* For text labels, & S
Observed Frequency

. o First
is split into “Counts” ”2 Sove. @ Lol O Gt
. S
and "Proportions” oo Class Vet 2
Third Paletre Sequertial Diverging
* Cells show joint rew Soe ok G

probability, P(XnY), ]
where X and Y are o [ SR Age Cstomie
categories on each
axis

Child ' 0% 1% |[4% 0%

Panel-Level Aggregation

[ Display Chi-Square and Cramer's V

Female | 7% | 5% 1%

2%
e [65] [5) E E EE
No EEN IS .. E =

Yes 9% 5% 8% 10%

Display
= Matrix Type: @ Square (O Triangular
[ Apply Grey Shading to Labels

Survived
=

3%

Cell Chi-Square Values

* Shows individual contribution
of each cell to overall Chi- First
square statistic Second

» Formula: y; = (O; - Ey)* / E; ::e: 2 =. e

Class

* Large values indicate ;
disparity between observed i B
and expected frequencies
. 33 14 . 1 20
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o
w
]
=
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o
=

Adult

~
by
(=]
@
N
(=]
o
o
-
w

Male ' 22 | 9 4 40 0 6 32
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W e QI

0 243
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~
=
=
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Covid Directives Dataset (Burnette & Calude, 2022) %
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Future Work

) ° Conductuser testing, update design accordingly

/7 - Incorporate features proposed by Rocha & da Silva
(2022), especially automated sorting and binning of
continuous variables

* Develop a web-based tool where users can upload
(Nl their own categorical datasets

-

» Add support for missing values, hierarchical data

* Bigger picture: New methods for visualising (and
understanding!) statistical tests for categorical data
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