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BeauVis: A Validated Scale for Measuring the Aesthetic
Pleasure of Visual Representations

Tingying He, Petra Isenberg, Raimund Dachselt, and Tobias Isenberg



Aesthetics

e Aesthetic Pleasure




Aesthetic Pleasure (or Beauty)

A pleasurable subjective experience
that is directed toward an object and
not mediated by intervening reasoning.




Aesthetic Pleasure
In Visualization

Focuses on a visualization’s

visual appeal or beauty

NOT related to how understandable,
informative, or memorable it is

Do not need to understand
the visualization’s meaning or its data



Aesthetic Pleasure

An Important aspect
of Visualization

Affects usability and effectiveness
[Cawthon & Vande Moere, 2007; Healey & Enns, 2022]

Has the potential to communicate
[Brath et al., 2005]

and to engage viewers
[Bach et al., 2013; Tateosian et al., 2007]

Has been identified as one of the
heuristics of some subfields

e.g., ambient visualization [Mankoff et al., 2003]



How to measure aesthetic pleasure?



Rating scales



A Rating scale measuring the _ of websites (e & rractinsky, 2003

Construct To what extent do you agree or disagree or disagree with the following statements: The website has a/an .
Strongly disagree Strongly agree
Factor 1: Classic aesthetics aesthetic design
pleasant design
Rating items
clear design
clean design
symmetric design
Factor 2: Expressive aesthetics ~ creative design
fascinating design
use of special effects

original design

sophisticated design
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human thought and practic part played
a petty role in human-computer interaction rescarch. Increasingly, however, rescarchers
attempt o strike a balance between the traditional concerns of human-computer interaction

and considerations of aesthetics. Thus, recent rescarct i i
computer interfaces is a strong determinant of users’ satisfaction and pleasure. However, the
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1. Introduction

“The question of what constitutes beauty has been given a
variety of answers over the past centurics (c.¢., Feagin and
Maynard, 1997; Fenner, 1996; Osborne and Balakian,
1968). Many theorists conceived beauty as a property of an
object that produces a plessurable_experience in any
perceiver. In contrast to this objectivist view, the sub-

objective versus subjective distinction and_adopt an
interactionist perspective: Beauty is seen as a function of
both, properties of an object and characteristics of the
perciver, that is, beauty emerg

perceivers and objects relate. In ine with ths interactionist
viewpoint, the philosopher Santayana (1955) describes
three defining features of beauty. Beauty is value positive,
intrinsic, and objectified. Beauty is value posiive, because

it view proposes that be beautiful as

o s the senses. Beauty is regarded as @ mere

funton of Hiosyneratic quatie of (e peecver, abes
. " e
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than

Most modern philosophical analyses, however, reject the
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not objective, but dirccted toward a

Scales for measuring the aesthetic pleasure of ...

designed artifacts

[Moshagen & Thielsch, 2010]
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AttrakDiff Questionnaire

[Hassenzahl et al., 2003]

Pragmatic
Quality

e.g. controllable

Hedonic
Quality

>

Assessment of
Attractiveness

e likesble

e.g. innovative — stimulation

valuable - identity

meCUE Questionnaire

[Minge et al., 2017]

Module |
Perception of
instrumental
product qualities

Module Il
Perception of
non-instrumental
product qualities

usefulness
usability

visual aesthetics
status
commitment

User Experience Questionnaire (UEQ)
[Schrepp et al., 2017]

b

Attractiveness

Overall impression of the product. Do

users like or dislike it?

©

Dependability

Does the user feel in control of the

interaction? Is it secure and
predictable?

Q

Perspicuity

Is it easy to get familiar with the
product and to learn how to use it?

©

Stimulation

Is it exciting and motivating to use the
product? Is it fun to use?

Module Ill Module IV Module V
Emotions Consequences global
positive
emotions
negative
emotions

o
Efficiency

Can users solve their tasks without
unnecessary effort? Does it react
fast?

9

Novelty

Is the design of the product creative?
Does it catch the interest of users?



No validated scale
targeted for measuring aesthetic pleasure
in the visualization field
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[Jenny et al.,, 2021]
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[Albo et al.,, 2016]

) Aestnetic Requirements

articipants rated the display they were exposed tc
emantic differential scales. Participants rated

yredominantly ~Attractive, Beautiful, and Interesti
vith no negative responses being listed in these ca
ne participant rated the display they saw during

[Rodgers and Bartram, 2011]

)€ criteria: (1) Ease/ditticulty 1n understanding
aseline visualization; (2) Ease/difficulty in using
r comparison; (3) the aesthetic appearance of the
des, we also asked for their general feedback.

esults

[Chen et al., 2021]
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Memex was rated faster in terms of p
> time (average rating of 5.7 v. 4.8 for Facet]
1 terms of aesthetic appeal, FacetMap scc
(average rating of 5.3 v. 4.1), t(18)=1.9, |
user satisfaction ratings are provided in Tab

[Smith et al., 2006]

L ncuuluaIt = 1mmrorimative,
e Hindering — Helpful,
e Boring - Entertaining,
Ugly - Elegant.
We asked the participants to rate each ¢
active features (i.e.. cartoeram-switchino a
[Duncan et al., 2021]



Self-selected terms:
Not sure about the reliability or validity



To what extent do you agree that this visual representationis ... ?

enjoyable
. likable
BeauVis Scale
pleasing

nice

appealing

BeauVis scale in its recommended version



Methods

Scale Development

Step 1: Term Generation
e Literature Review
* Expert Suggestion

Step 2: Term Filtering

* Filtering on Occurrence and Semantics

e Expert Review

Step 3: Exploratory Phase

e (Crowdsourced Experiment
e Exploratory Factor Analysis
Reliability Evaluation

Cronbach’s Alpha

Scale Validation

Step 4: Validation Phase

e Crowdsourced Experiment
e Confirmatory Factor Analysis
e Reliability Evaluation

e Cronbach’s Alpha

e Validity Evaluation
e Convergent Validity
e Discriminant Validity
e Differentiation by Known Groups



Step 1: Term Generation

Literature Review: VIS Literature

Terms from
68 out of 3189 IEEE VIS, TVCG and CG&A papers

ikert scale between poor and excellent. For
ants also indicated which image was better for a t
hich image was more aesthetic, and which image '
ly. These questions were answered with one 5-f
i pair. The possible answers were clearly lef

[Jenny et al., 2021]

The visualization was 3.75 St
enjoyable

Llcino the vicnalizatian aid

[Albo et al., 2016]

- Aesthetic Requirements

Jarticipants rated the display they were exposed (¢
emantic differential scales. Participants rated
redominantly - Attractive, Beautiful, and Interesti
vith no negative responses being listed in these ca
e _participant rated the display they saw during

[Rodgers and Bartram, 2011]

€ criteria: (1) base/ditficulty in understanding
aseline visualization; (2) Ease/difficulty in using
r comparison; (3) the aesthetic appearance of the
des, we also asked for their general feedback.

esults
[Chen et al., 2021]
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Memex was rated faster in terms of p
> time (average rating of 5.7 v. 4.8 for Facetl
1 terms of aesthetic appeal, FacetMap scc
(average rating of 5.3 v. 4.1), t(18)=1.9,
user satisfaction ratings are provided in Tab

[Smith et al., 2006]

e Hindering - Helpful,

e Boring - Entertaining,

e Ugly - Elegant.

We asked the participants to rate each ¢
active features (i.e.. cartooram-switchine a

[Duncan et al., 2021]

Journal

Spreadsheet for collecting terms

e doltink Tiename

Evaluating Cartogram  ilps idolorq/ 10,1109V
Efectveness 0620162642108 07782176 pct

Ghartem: Reviing Chart
Images wih Data. i dol o/ 10.11091T
Embedting VCG203030351 1111008337

Facetitap: A Scalable

‘Search and Browse it dol or/10.1031T 06 infovs_smt
VCG2006 142 h

Visuaization

Co-Biidges; Pairwise.

Visual Connection and.
for Muffom it dolora/ 10,1100
G034 1111006612

SineStroam: Improving the
Readabiltyof

‘Sraamgraphs by

Ninimizing Sina lluson it/ doiorg/ 10,1109
Efects VCG2003030404 1111006634

“The Inflence of Contour

on Simiarly Porception of il 2051 200912

tar Glyphs. VCG20142348425  -fuche 2046428
Visdtiritage: Visual
Analyics Approach on
Grotia Wall Paining .ot org/10.1091T

VCG213219 13 vast_zhang

Callope: Automatc Visual
Data Story Ger from

bl dol org/10 410911
a Sproadshot VCG20203030403 1111008453

famate: Intsracive Visusl

aST20ia062488 0
‘Augmented Reaity Grapn  itpsidolcrg/ 10,1103

kert torm adjoctive: To what

oxtont do you agreo
that this visualization
s

searchterm

777 (-point.

rterainng borngele
| gantdrabinovatioc

st
kertassthetc;

‘aesthatc (-pain: igh acsthotc
impactona. .. no
impactatallona):

kertaesthetc;
asstholoappeal  assthot
(T-pon?);

questionnaireia
estnetc;
‘asstheto appearance  assthetcrice:ugly:
(5-pomnt: nice, more or

kartquestionn
areinterviewa
estheti;

esthetcpreference  aestheticreadani;

kortquostionn disagreo - neutal

aitacsthotc;  lotaly agree)
assthetc sestrtc
prforencsi-pant
Songlyprfered )

hertquestonn

aimaashate

assthetical-designe
o

questionnairea aesthelcvisual
estnoic;  design;
‘assthetcness (5-poit: aesthelcexpressivey
worst nerstandable;
bestjexpressiveness
(Spont:worst...
lkertquestionn  besjunderstandabilty
airointorviow  (&-pont wors .. best)
esthetics (11-point 0 aestheticel:designe
10)isual dosgn o
{it-point0... 0]

questionnairea
ostholi;

questionnairea assthelis (Spont  assihelc

whethor | saw
the wholo

Tkertterm  found relevent participant
context now. excluded term_fecdback

helpfuinderin
gintoresied o
cartograms;
bow much the
embedding
atorns on
background

preference and iie(the

brige
reacaviity, o safisfcation melaphor):

stveamgraph;

satsfidnic
dosignhoughtt
visualzaton; ul dosign

for analyzing
domaintasks; o

partcipant
Teedback
context

path

Nis-al_ul_pa
por_pistoxto

111008337 teix

il ul_pa
per_pofstexte
actlon results
Jnfovis 200610
& infovs_smith
o

Vil fulpa

11000634 tix.

Ni-alul_pa

vast_znangler
i

sl

por_peistoxto
raction-results
Infovis-202011
111002455 tolx
i

Ni-alul_pa
per_pofstexte
actlon-results
Nast20140 0.



Step 1: Term Generation

Literature Review: Literature from Related Field

Terms from

. Spreadsheet for collecting terms
4 aesthetics-related scales development papers

u—— Biovens, 2017 Lavi, 2003 Moshagen, 2010
sosiot soshet
repelling/appealing appealing
vacivn aacive atiaclvely positonediatiectie;
alancod:hro rs 100 many emont n o
beauitl oautl
doan doan
ceatve aeaive aeaive cesive
homonis
imitng inviing
madom modomcontomporary
oo
argnized easany orgaizad
avaiosdod cverioadod
pretty.
appos good aste
sosgned Sty doigned
st
an an borng
soghtl
aioyaio
axcitng exciing
foscnaing foscnaing
good good
o . B nostng Inarostngiacks tresing dosign daais
[Lavie & Tractinsky, 2003] [Moshagen & Thielsch, 2010] [Blijlevens et al., 2017] [ e
matvating mlvang
pleasant Ppleasant;pleasurable pleasing g:pleasant a pleasant effect.
- proessionalunprofssiona rofosional profssional eessona
Pragmatic »
. sopisicated soptiscted
Quality
dynamic dynamic
donay crowdedioo many slements
Assessment of monalonous monotonous
‘confers quality
eg. controllable . syish
Attractiveness ot poscors
oot clotutio ow cirs

Hedonic
Quality eg likesble

e.g. innovative - stimulation

valuable - identity [Hassenzahl et al., 2003]



Expert Suggestion

Invitation email sent to 57 visualization experts

Subject: Survey Invitation - How to Judge the Aesthetics of Visualizations?

To: [email of an expert in visualization]

Dear [expert's name],

We are currently working on a research project about generating a validated scale for rating
the aesthetics of a visualization. An important step in the generation of a scale is to elicit
terms from experts. Given your expert status in our domain we would much appreciate it if
you could spend 2-3 minutes of your time and fill out our short survey.

To participate, please access the survey here:[survey link]

Please notice that this study has a two-stage evaluation process. After this survey, we would
like to contact you again for a second very short survey.

We thank you a lot in advance and would be happy to share the results of our work with you
if you are interested! Just let us know.

Best regards,
Tingying He, Petra Isenberg, Raimund Dachselt, and Tobias Isenberg

Survey for collecting terms (31 responses)

You decided that you want to ask people torate the vi ion using a 7-point scale |
Strongly ~ Disagree Slightly Neutral Slightly Agree Strongly
disagree disagree agree agree
Your task is to find good terms with which to capt ion of participants about the aesthetics of the visualization. This means: y y about what

the visualization looks like and NOT about how well people undersland the data that it visualizes. So you decide to ask:

This visualization is

Which terms would you put in the blank? Give us as many alternative terms as you can think of, but please give us at least 3 terms related to aesthetics.

This is the last question in this survey. Please take at least a minute to think about your answer before clicking “Next". Thank you.
. .25 (5 2
Term 1
Term2
Term3
Term 4 (optional)
Term 5 (optional)
Term 6 (optional)
Term 7 (optional)

Term 8 (optional)

If you have any comment or additional terms, please put them here.



Step 1: Term Generation

209 Terms

aesthetic emotion cognitive data-aesthetic

a poor visual focus alienating a poor visual focus expressive

aesthetic appealing appropriate informative

appealing appreciating attention-catching suitable

artistic averageness categorizable

asymmetrical challenging

attractive boring clear other

awesome bring me closer to people/separates me  cluttered printing effect

from people

balanced calm compelling admirable

beautiful comfortable comprehensible alive

bold connective conceptless amateurish

calm 00 confusing a

captivating delightful contemplative botched

cautious desirable cumbersome cheap

clean disgreeable easy to grasp colorblind-safe

cluttered disturbing elicits associations consistent

color-harmonious dynamic informative convenient

colorful elation inspiring convenient

complex emotive interpretable conventional

conservative energetic intuitive easy on eyes

contrastful engaging ‘meaningful easy orientation

conventional enjoyable memorable casy to navigate

creative entertaining practical easy to use

crisp evocative readable fauvist

crowded evoking feelings slick fit together

discouraging exciting stimulating creativity flowing

distinctive fascinating stimulating curiosity fluent to process

drab favorable straightforward good

elegant fun structured hectic

expressive gratifying undemanding ‘high-quality

eye-catching understandable human

familiar hideous use of color is successful innovative

geometric integrating itis possible to discover new things even
when looking at the page for a longer

harmonious intense avageable

has enough free space interesting noisy

‘high-quality intriguing one-sided

illuminating intrusive pleasantly animated

innovative isolating premium

inventive likable professional

inviting motivating restless

just eye-candy moved romantic

lack imagination perfection shows complete ignorance of human vi-
sual perception

looks great, but does not enable to get  pleasing some elements seem out of place

insight

lovely positive sophisticated

‘made with care powerful static

modemn predictable stucco

nice preferable technology

novel provoking the control instructions are too static

old-fashioned relaxed the number of images is adequate

orderly satisfying the page contains too much text

ordinary stimulating too little happens on the page

organized striking unique

original sublime unrul

overloaded the page changes too little due to user uses special effects

painterdy A or chills varied

patchy touched versatile

presentable warm feeling well-combined

pretty well-finished

realistic appearance wretched

rejecting

simple

streamlined

stunning

stylish

symmetrical

tacky

tasteful

thoughtful

thrown together

ugly

unimaginative

unique

up-to-date

use of color is successful

vulgar

well-crafted
well-designed
well-proportioned




Filtering on Occurrence and Semantics

6 Objective Criteria by Authors

1. The terms needed to be related to aesthetic pleasure rather than
understanding or comprehension of a visual representation or its
data (e. g., we excluded “informative,” “clear,” or “confusing”).

2. The terms had to have appeared at least twice in one of the three
resources we used for our item generation: visualization papers,
other relevant aesthetics scale papers, or expert suggestions.

3. The terms should be usable in a rating scale and have a clearly
good or bad connotation (e. g., we excluded “complex” because
a complex aesthetic could be seen as positive or as negative).

4. The terms should be easy to understand (e.g., we excluded
“consistent” because it would be unclear according to what aspect
a visual appearance would be consistent) and their interpretation
should be clear (e.g., we excluded “novel” because it would
require people to know what “old” visualizations look like; we
also excluded “drab” as a rare term that is not easily understood
by many non-native speakers of English).

5. The terms had to clearly apply to an assessment of a visual
representation (e. g., we excluded “dynamic” because, within
visualization, the term may be read as referring to the property of
being animated or interactive, rather than a dynamic aesthetic).

6. The terms should not be pairs of opposite adjectives. We only
retained negative terms that did not have a clear positive opposite
(e. g., we excluded “ugly” as the opposite of “beautiful”).



Expert Review

Invitation email sent to 56 visualization experts

Subject: Invitation for new short 4min survey - Terms to judge the aesthetics of a
visualization

To: [email of an expert in visualization]
Dear [expert's name],

You have previously received an email from us about a first quick survey regarding how to
judge the aesthetics of a visualization. If you had a chance to participate, thank you very
much! We received a lot of useful input and comments that we will address! If not - don’t
worry - you still have a chance to participate in this second survey.

To clarify, our project is about developing a simple instrument to gauge the aesthetic
pleasure of a visualization — meant to provide a few simple rating questions that can
accompany other types of experiments (quantitative or qualitative).

In the first phase of our work we asked you to provide a few terms that you consider to be
usable in an aesthetic rating. In addition to terms provided by experts like you, we have also
assessed the literature and come up with a final list of 37 terms; narrowed down from a list of
> 200 terms. An important second phase in scale development is to ask experts to rate the
appropriateness of the terms we collected. As such, we would much appreciate it if you
could spend around 3-4 minutes of your time to fill out our second survey. We hope that at
least as a small reward seeing the list of terms may already be useful or inspiring to you.

To participate, please access the survey here: [survey link]

We thank you a lot in advance and would be happy to share the results of our work with you
if you are interested! Just let us know.

Best regards,
Tingying He, Petra Isenberg, Raimund Dachselt, and Tobias Isenberg

Survey for reviewing terms (25 responses)

Th he pl peopl i isualization for its own sake, f immedi pleasure in itself,
and not essentially for its utility in produci or thatis either useful or pleasurable.
T includes terms that have used in the literature by visuali like you for studying i avi

Imagine that these terms would later be used in a rating scale that asks participants to select to what extent a visualization is ..[term)

ke e i ter, i ider them for y judging thetic pleasure of a visualization. Please note
that we only care about in terms of ion looks like and not the data that it shows.

*How relevant do you think the following terms are for judging or describing the aesthetic pleasure of a visualization?

1=notatall
relevant 2 3 4 5= very relevant

sophisticated
beautiful
appealing

likable

cluttered
enjoyable

tasteful

modern

aesthetic

clean
color-harmonious
boring

satisfying
delightful
entertaining
exciting
attractive

good

et



Step 2: Term Filtering

31 Terms

aesthetic emotion cognitive  other
appealing appealing cluttered professional
artistic delightful sophisticated
attractive engaging

balanced enjoyable

beautiful exciting

clean fascinating

cluttered interesting

color-harmonious  likable

creative motivating

elegant pleasing

harmonious provoking

inviting satisfying

lovely

nice

organized

pretty

tasteful

well-designed




Step 3: Exploratory Phase

Crowdsourced Experiment

%To what extent do you agree or disagree with the following statement: Strongly Slightly Slightly Strongly

. 1 0 01 p a rt i Ci p a n t S The visualization disagree Disagree disagree Neutral agree  Agree  agree
e visualizationis .

motivating

provoking

e 15 data representations

Each participant rated 3 representations

organized
engaging
creative
clean
aesthetic
beautiful
pretty
pleasing
fascinating

elegant

Strongly Slightly Slightly Strongly

Exploratory experiment screenshot

Image from Liu et al., 2013 (https://doi.org/10.1109/TVCG.2008.166) © IEEE, used with permission.



15 data representations we used in our exploratory experiment

Pirates of the Caribbean:
At World's End

Harry Potter
‘and the Order
of the Phoenix

Images from other people's papers, used with permission, see our paper for details



2D vs. 3D

Shrek
the Third

Pirates of the Caribbean:
AtWorld's En

Eun
Amgny 1408

Harry Potter
and the Order
of the Phoenix

uuuuuuuu

The Simpsons
Movie

e o om0 woome  imikn  torkor  toomien 1ben

Images from other people's papers, used with permission, see our paper for details.




Images from other people's papers, used with permission, see our paper for details



Black background vs.




Black background vs. White background

Eun
Amgry 1408

The Simpsons
Movie

Images from other people's papers, used with permission, see our paper for details.



Abstract vs. Physical content

The Simpsons
Movie

0 i e —————" e T

Images from other people's papers, used with permission, see our paper for details.




vs. Physical content




Handcrafted (appearance) vs.

Images from other people's papers, used with permission, see our paper for details



vs. (clearly) Computer-generated

Pirates of the Caribbean:
AtWorld's End

Transformers

Harry Potter
and the Order
of the Phoenix

“The Simpsons
Movie

Images from other people's papers, used with permission, see our paper for details



Black and white vs.

Images from other people's papers, used with permission, see our paper for details



vs. Colorful

Pirates of the Caribbean:
AtWorld's End

Ear
gy 1408

Transformers

Harry Potter
and the Order
of the Phoenix

“The Simpsons
Movie
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Images from other people's papers, used with permission, see our paper for details
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Step 3: Exploratory Phase

Exploratory Factor Analysis

Potential factor structure of our scale: 1 factor

A
—*— FA Actual Data

wt o\ FA Simulated Data
BH o]
1 A
=
>
o
[«3]
oo —
]

o ---mr.ﬂ.._.A.._.A.,.A.,.A._..A._.A.,ﬁ._.ﬁ;.A..A...A...A...A...A..A..A..Af.A..A..A...A...A.-.A.-.A.-.A.-.A.—.Ae-A

I | | | | |
5 10 15 20 25 30
factor number

o]

Scree plot for Image 1 (3D surface glyphs), see our paper for details



Step 3: Exploratory Phase

Exploratory Factor Analysis

terms / imaae 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Averaae

likable 0.79 0.87

pleasing 0.80 0.86 H o 1
peasing - st Factor Loading > 0.7 : High
appealing 0.80 0.80 0.85 .

nice 0.81 0.81 0.85 [Hair, 2009]

attractive 0.78 0.81 0.84

delightful 074 078 0.83 .

satisfying 073 077 0.83 Retained 12 terms

pretty 076 077 078 081 0. 0.76 0. 0.82

beautiful 077 0.76 0.79 0.76 78 0.82 0.81 . .

lovely 0.75 078 0.80 077 0.74 081 0.79 0.81 Wlth a faCtOF IOadlng > 0.7
inviting 0.74 0.71 073 0.80 0.78 0.78 0.78 0.76 0.79

engaging u./y U./JU U.JO U./4 U8 U./B  UBZ UBS U./4 U./O U/Y U// UBU U./3 0 U.BU .71/ °

tasteful 078 064 068 072 077 078 080 081 081 080 076 081 077 083 077 for all 15 lmages

exciting 0.79 0.66 072 076 0.81 076 0.81 077 070 0.77 077 079 075 079  0.77

motivating 0.74 065 071 077 0.83 0.78 075 075 077 078 071083 076 077 076

elegant [0:83" 076 071 078 074 0.68 0.69 071 0:84 076 080 078 074 080 0.76

harmonious 0.79 0.69 076 075082 074 074 074 069 080 077 0.80 076 075 0.81 076

well designed 076 071 067 077 081 073 0.69 071 073 074 076 081 081 066 076 074

fascinating 0.68 0.64 073 077 070 072080 071 072 066 073 077 076 070 071 072

interesting 070 070 071 074 076 071 073 074 061 064 070 073 074 059 074 070

balanced 0.69 0.63 0.61 073 071 069 0.59 070 0.65 077 074 0.66 0.68 071 074  0.69

clean 073 070 071 0.64 070 060 0.66 070 0.60 0.68 071 071 063 073 0.67  0.68

sophisticated 0.68 0.63 0.62 0.63 061 062 073 065 0.66 063 0.63 075 071 071 071 0.6

organized 0.59 0.61 0.62 074 067 059 0.55 060 059 0.66 0.64 0.66 0.65 0.62 0.65  0.63

creative 0.53 049 0.55 0.60 0.67 0.62 0.66 070 0.62 0.68 0.65 064 058 054 0.65 061

artistic 0.52 049 051 059 066 063 0.69 061 056 0.66 0.64 0.69 0.55 058 0.67  0.60

professional 0.63 0.67 0.52 0.61 062 053 0.60 046 050 0.61 052 0.67 067 062 0.60  0.59

color harmonious ~ 0.65 0.59 0.63 0.63 0.64 0.63 0.48 055 043 062 051 062 043 0.64 064  0.58

provoking 017 020 022 028 028 033 019 037 032 027 040 032 022 022 035 028

cluttered 0.30 [E0%3] 0.03 0.15 039 018 0.27 034 041 045 021 [0.05 012 005 024 0.18

Factor loadings for all 31 terms and 15 images



Reliability: Cronbach’s Alpha

Enjoyable
Likable
Pleasing

Enjoyable
Likable
Pleasing
Nice

Enjoyable
Likable
Pleasing
Nice
Appealing

Step 3: Exploratory Phase

Alpha > 0.7 : Reliable

[Boateng et al., 2018]

imn a'phaw 3570 3 |tem scale
terme fimaga ”

< b
enjoyable-likable-pleasing .. 089 091 . 0.90 .... 091 . 091 ...
enjoyable-likable-nice .. 090 090 091 089 ... 091 091 .....
o o o o o 0 o o

4-item scale

g - | [ R
nice
sy o o on 5 A I
-pleasing

likable-nice-pleasing

enjoyable-likable-appealing 090 091 0971
-nice . ’ :
5-item scale
B oo ooz oo [G5] s R (61 o ] oo 515 o X (D

enjoyable-likable-nice
-pleasing-appealing

appeaing THIthve 091 -
-enjoyable-likable-pleasing '

attractive-enjoyable-likable 091

-nice-pleasing :

Cronbach’s alpha for each image on the most reliable 3-, 4-, and 5-item subsets
of the remaining 12 terms with factor loading > 0.7.

0.91

0.93

0.94



To what extent do you agree that this visual representationis ... ?

enjoyable
. likable
BeauVis Scale
pleasing

nice

appealing

BeauVis scale in its recommended version



Step 4: Validation Phase

Crowdsourced Experiment

%*To what extent do you agree or disagree with the following statement: Strongly Slightly Slightly Strongly

. 2 O 1 p a rt i C i p a n t S The visualizationis__. disagree Disagree disagree Neutral agree  Agree  agree

e 3 datarepresentations e

enjoyable

Previous

Confirmatory experiment screenshot
Terms from the BeauVis scale and Lavie and Tractinsky’s scale

Image from Cawthon and Vande Moere, 2007 (https://doi.org/10.1109/1V.2007.147); © IEEE, used with permission.



3 data representations we used in our confirmatory experiment

Ranking for aesthetic pleasure in the previous study. [Cawthon & Vande Moere, 2007]

SunBurst

Most beautiful

StarTree

Images from Cawthon and Vande Moere, 2007 (https://doi.org/10.1109/1V.2007.147); © IEEE, used with permission.

BeamTree

Most ugly



Step 4: Validation Phase

BeaUViS Replicated the AeSthEtiC Ranking [Cawthon & Vande Moere, 2007]

Ranking in previous study
(“Known groups”)

SunBurst
Most beautiful

StarTree

BeamTree
Most ugly

Images from Cawthon and Vande Moere, 2007 (https://doi.org/10.1109/1V.2007.147); © IEEE, used with permission.

Results with BeauVis scale
(Differentiation by known groups)

2 3 4 5
Average Ratings



Confirmatory Factor Analysis

SunBurst StarTree @ BeamTree

p-value (x3)  0.290 0.222 0.016
TLI 0.998 0.996 0.982
CFI 0.999 0.998 0.991
SRMR 0.009 0.011 0.014
RMSEA 0.034 0.045 0.095

Goodness of fit indices

Item Factor Loading

SunBurst  StarTree = BeamTree
enjoyable 0.893 0.878 0.911
likable 0914 0.925 0.874
pleasing 0.889 0.895 0.893
nice 0.845 0.877 0.888
appealing 0.910 0.842 0.889

Standardized factor loading for 5 items

Reliability

SunBurst StarTree @ BeamTree

Cronbach’s Alpha 0.95 0.946 0.95

Cronbach’s alpha for each visualization

Validity
SunBurst StarTree @ BeamTree
Classic Aesthetic 0.84 0.88 0.87
Age 0.07 0.12 0.14

Pearson correlation



Usage of the BeauVis Scale

Rapidly compare the aesthetic pleasure of different visual data representations.

strongly disagree strongly agree
enjoyable o
likable ([
pleasing o
nice o
appealing o

Recommended form of using the BeauVis scale

Image from Cawthon and Vande Moere, 2007 (https://doi.org/10.1109/1V.2007.147); © IEEE, used with permission.



Usage of the BeauVis Scale

BeauVis Scale Other Research Methods

To what extent do you agree that this visual representation is ... ?

enjoyable /’ﬁ %
likable

pleasing

EHEE

appealing .- p ‘ L 2 f“
i & A,
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