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Aesthetics 
• Aesthetic Pleasure

Osbert, Alphonse. (1908). Soir Antique [Oil on canvas]. Petit Palais, Paris.




Aesthetic Pleasure (or Beauty)


A pleasurable subjective experience 
that is directed toward an object and 
not mediated by intervening reasoning. 
[Reber et al., 2004]

Osbert, Alphonse. (1908). Soir Antique [Oil on canvas]. Petit Palais, Paris.




● 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

In Visualization 



An Important aspect

of Visualization

Aesthetic Pleasure

● 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 aesthetic pleasure of websites [Lavie & Tractinsky, 2003]

To what extent do you agree or disagree or disagree with the following statements: The website has a/an ____ .

aesthetic design

pleasant design

clear design

clean design

symmetric design

creative design

fascinating design

use of special effects

original design

sophisticated design

Strongly disagree Strongly agree

Factor 1: Classic aesthetics

Factor 2: Expressive aesthetics

Factor(s)

Rating items

Construct



websites websites designed artifacts

[Lavie & Tractinsky, 2003] [Moshagen & Thielsch, 2010] [Blijlevens et al., 2017]

Scales for measuring the aesthetic pleasure of …



AttrakDiff Questionnaire 

[Hassenzahl et al., 2003]

User Experience Questionnaire (UEQ) 

[Schrepp et al., 2017]

meCUE Questionnaire 

[Minge et al., 2017]



AttrakDiff Questionnaire 

[Hassenzahl et al., 2003]

User Experience Questionnaire (UEQ) 

[Schrepp et al., 2017]

meCUE Questionnaire 

[Minge et al., 2017]

meCUE Questionnaire 

[Minge et al., 2017]

No validated scale 

targeted for measuring aesthetic pleasure 


in the visualization field



[Smith et al., 2006]

[Rodgers and Bartram, 2011]

[Albo et al., 2016]

[Chen et al., 2021][Jenny et al., 2021]

[Duncan et al., 2021]



[Smith et al., 2006]

[Rodgers and Bartram, 2011]

[Albo et al., 2016]

[Chen et al., 2021][Jenny et al., 2021]

[Duncan et al., 2021]

Self-selected terms:

Not sure about the reliability or validity



BeauVis Scale

enjoyable

likable

pleasing

nice

appealing

BeauVis scale in its recommended version



Methods

Step 1: Term Generation → 209 Terms

• Literature Review 

• Expert Suggestion


Step 2: Term Filtering → 31 Terms

• Filtering on Occurrence and Semantics

• Expert Review


Step 3: Exploratory Phase → Final Scale

• Crowdsourced Experiment

• Exploratory Factor Analysis

• Reliability Evaluation


• Cronbach’s Alpha

Scale Development Scale Validation

Step 4: Validation Phase

• Crowdsourced Experiment

• Confirmatory Factor Analysis

• Reliability Evaluation


• Cronbach’s Alpha

• Validity Evaluation


• Convergent Validity

• Discriminant Validity

• Differentiation by Known Groups



Literature Review: VIS Literature

Spreadsheet for collecting terms

[Smith et al., 2006]

[Rodgers and Bartram, 2011]

[Albo et al., 2016]

[Chen et al., 2021][Jenny et al., 2021]

[Duncan et al., 2021]

…

Terms from 

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

Step 1: Term Generation



Literature Review: Literature from Related Field

Spreadsheet for collecting terms
Terms from 


4 aesthetics-related scales development papers

[Lavie & Tractinsky, 2003] [Moshagen & Thielsch, 2010] [Blijlevens et al., 2017]

[Hassenzahl et al., 2003]

Step 1: Term Generation



Expert Suggestion

Step 1: Term Generation

Survey for collecting terms (31 responses)Invitation email sent to 57 visualization experts



209 Terms

Step 1: Term Generation



Filtering on Occurrence and Semantics

Step 2: Term Filtering

6 Objective Criteria by Authors



Expert Review

Survey for reviewing terms (25 responses)

Step 2: Term Filtering

Invitation email sent to 56 visualization experts



31 Terms

Step 2: Term Filtering



Crowdsourced Experiment

Step 3: Exploratory Phase

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

● 1001 participants

● 15 data representations


Each participant rated 3 representations

Exploratory experiment screenshot



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

15 data representations we used in our exploratory experiment



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

2D vs. 3D



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

2D vs. 3D



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

Black background vs. White background



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

Black background vs. White background



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

Abstract vs. Physical content



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

Abstract vs. Physical content



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

Handcrafted (appearance)  vs. (clearly) Computer-generated 



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

Handcrafted (appearance)  vs. (clearly) Computer-generated 



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

Black and white vs. Colorful



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

Black and white vs. Colorful 



Exploratory Factor Analysis

Step 3: Exploratory Phase

Term correlations

Potential factor structure of our scale: 1 factor
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FA  Actual Data
 FA  Simulated Data

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



Exploratory Factor Analysis

Step 3: Exploratory Phase

Term correlations

terms / image 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Average
likable 0.91 0.79 0.88 0.87 0.86 0.84 0.90 0.88 0.84 0.86 0.85 0.89 0.87 0.87 0.89 0.87
pleasing 0.85 0.80 0.84 0.88 0.89 0.87 0.90 0.84 0.80 0.88 0.87 0.88 0.87 0.84 0.88 0.86
enjoyable 0.87 0.78 0.83 0.86 0.86 0.84 0.88 0.87 0.84 0.87 0.85 0.88 0.83 0.85 0.89 0.86
appealing 0.85 0.80 0.80 0.84 0.87 0.83 0.88 0.85 0.85 0.88 0.85 0.88 0.88 0.83 0.90 0.85
nice 0.90 0.81 0.81 0.82 0.87 0.83 0.87 0.87 0.81 0.85 0.84 0.82 0.89 0.82 0.89 0.85
attractive 0.84 0.78 0.81 0.81 0.86 0.87 0.89 0.84 0.84 0.86 0.85 0.87 0.86 0.84 0.85 0.84
delightful 0.86 0.74 0.78 0.85 0.83 0.81 0.89 0.82 0.79 0.82 0.86 0.88 0.89 0.84 0.88 0.83
satisfying 0.77 0.73 0.77 0.83 0.85 0.80 0.90 0.80 0.82 0.85 0.86 0.87 0.85 0.81 0.84 0.83
pretty 0.85 0.76 0.77 0.78 0.81 0.81 0.88 0.79 0.76 0.80 0.84 0.85 0.83 0.86 0.85 0.82
beautiful 0.84 0.77 0.76 0.79 0.84 0.78 0.87 0.81 0.76 0.82 0.85 0.85 0.78 0.82 0.84 0.81
lovely 0.85 0.75 0.78 0.82 0.80 0.77 0.83 0.81 0.74 0.81 0.86 0.86 0.83 0.79 0.83 0.81
inviting 0.83 0.74 0.71 0.73 0.82 0.80 0.84 0.85 0.78 0.78 0.83 0.78 0.84 0.76 0.83 0.79
engaging 0.79 0.70 0.76 0.74 0.78 0.78 0.82 0.83 0.74 0.76 0.79 0.77 0.80 0.73 0.80 0.77
tasteful 0.78 0.64 0.68 0.72 0.77 0.78 0.80 0.81 0.81 0.80 0.82 0.76 0.81 0.77 0.83 0.77
exciting 0.79 0.66 0.72 0.76 0.81 0.76 0.81 0.77 0.70 0.77 0.82 0.77 0.79 0.75 0.79 0.77
motivating 0.74 0.65 0.71 0.77 0.83 0.78 0.84 0.75 0.75 0.77 0.78 0.71 0.83 0.76 0.77 0.76
elegant 0.83 0.76 0.71 0.78 0.74 0.68 0.83 0.69 0.71 0.84 0.76 0.80 0.78 0.74 0.80 0.76
harmonious 0.79 0.69 0.76 0.75 0.82 0.74 0.74 0.74 0.69 0.80 0.77 0.80 0.76 0.75 0.81 0.76
well designed 0.76 0.71 0.67 0.77 0.81 0.73 0.69 0.71 0.73 0.74 0.76 0.81 0.81 0.66 0.76 0.74
fascinating 0.68 0.64 0.73 0.77 0.70 0.72 0.80 0.71 0.72 0.66 0.73 0.77 0.76 0.70 0.71 0.72
interesting 0.70 0.70 0.71 0.74 0.76 0.71 0.73 0.74 0.61 0.64 0.70 0.73 0.74 0.59 0.74 0.70
balanced 0.69 0.63 0.61 0.73 0.71 0.69 0.59 0.70 0.65 0.77 0.74 0.66 0.68 0.71 0.74 0.69
clean 0.73 0.70 0.71 0.64 0.70 0.60 0.66 0.70 0.60 0.68 0.71 0.71 0.63 0.73 0.67 0.68
sophisticated 0.68 0.63 0.62 0.63 0.61 0.62 0.73 0.65 0.66 0.63 0.63 0.75 0.71 0.71 0.71 0.66
organized 0.59 0.61 0.62 0.74 0.67 0.59 0.55 0.60 0.59 0.66 0.64 0.66 0.65 0.62 0.65 0.63
creative 0.53 0.49 0.55 0.60 0.67 0.62 0.66 0.70 0.62 0.68 0.65 0.64 0.58 0.54 0.65 0.61
artistic 0.52 0.49 0.51 0.59 0.66 0.63 0.69 0.61 0.56 0.66 0.64 0.69 0.55 0.58 0.67 0.60
professional 0.63 0.67 0.52 0.61 0.62 0.53 0.60 0.46 0.50 0.61 0.52 0.67 0.67 0.62 0.60 0.59
color harmonious 0.65 0.59 0.63 0.63 0.64 0.63 0.48 0.55 0.43 0.62 0.51 0.62 0.43 0.64 0.64 0.58
provoking 0.17 0.20 0.22 0.28 0.28 0.33 0.19 0.37 0.32 0.27 0.40 0.32 0.22 0.22 0.35 0.28
cluttered 0.30 -0.33 0.03 0.15 0.39 0.18 0.27 0.34 0.41 0.45 0.21 -0.05 0.12 0.05 0.24 0.18

Factor loadings for all 31 terms and 15 images

Retained 12 terms 

with a factor loading > 0.7 
for all 15 images

Factor Loading > 0.7 : High

[Hair, 2009]
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enjoyable-likable-pleasing

enjoyable-likable-nice

likable-nice-pleasing

terms / image 3-item scale

5-item scale

alpha 0.7 1.00.9

enjoyable-likable-pleasing
-nice
enjoyable-likable-appealing
-pleasing
enjoyable-likable-appealing
-nice

avg

4-item scale

enjoyable-likable-nice
-pleasing-appealing
appealing-attractive
-enjoyable-likable-pleasing
attractive-enjoyable-likable
-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.

Reliability: Cronbach’s Alpha

Step 3: Exploratory Phase

Enjoyable

Likable


Pleasing

Enjoyable

Likable


Pleasing

Nice

Enjoyable

Likable


Pleasing

Nice


Appealing

0.91

0.93

0.94

Alpha > 0.7 : Reliable

[Boateng et al., 2018]



BeauVis Scale

BeauVis scale in its recommended version

enjoyable

likable

pleasing

nice

appealing



● 201 participants

● 3 data representations

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

Crowdsourced Experiment

Step 4: Validation Phase

Confirmatory experiment screenshot

Terms from the BeauVis scale and Lavie and Tractinsky’s scale



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

StarTree BeamTree

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

3 data representations we used in our confirmatory experiment

SunBurst

Most beautiful Most ugly



BeauVis Replicated the Aesthetic Ranking [Cawthon & Vande Moere, 2007]

Ranking in previous study

(“Known groups”)

SunBurst


Most beautiful

StarTree

BeamTree

Most ugly

Step 4: Validation Phase

Results with BeauVis scale

(Differentiation by known groups)

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



Step 4: Validation Phase

Cronbach’s alpha for each visualization

Reliability

Pearson correlation

Validity Goodness of fit indices

Standardized factor loading for 5 items

Confirmatory Factor Analysis



Usage of the BeauVis Scale

Rapidly compare the aesthetic pleasure of different visual data representations.

Recommended form of using the BeauVis scale

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



Other Research Methods

Usage of the BeauVis Scale

+BeauVis Scale

enjoyable

likable

pleasing

nice

appealing

Images from unDraw (https://undraw.co/); ©2022 · Katerina Limpitsouni, used with permission.
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