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Data is abundant

2Image from https://unsplash.com/photos/white-printing-paper-with-numbers-Wpnoqo2plFA 



Visualization
the use of computer-supported, interactive  
visual representations of data  
to amplify cognition [Card et al., 1999]

3Image from https://unsplash.com/photos/turned-on-flat-screen-monitor-dBI_My696Rk 

https://unsplash.com/photos/turned-on-flat-screen-monitor-dBI_My696Rk


Transform data into visual representations
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Information visualization reference model [Chi, 1999]

visual form



marks

Marks [Munzer, 2015]

visual variables

…

Visual variable examples  
[Olaya, 2018]

Visual mapping
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mapping data values to graphical properties of graphical elements



Jacques Bertin
(1918 – 2010) 
a French cartographer and graphic designer 

the first to systematically investigate the concept 
of visual variables

6Image from Wikipedia (https://fr.wikipedia.org/wiki/Jacques_Bertin_(cartographe))



Initial list of visual variables by Bertin
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Initial list of visual variables [Bertin, 1967] 
Image taken from [Olaya, 2018]

position

6 retinal variables



Semiology of Graphics

8Image from https://commons.wikimedia.org/wiki/File:Bertin_semiologie-graphique.png

guidance of the usage of visual variables

Retinal variables on point, line and area marks 
[Bertin, 1967]

Book: Semiology of Graphics

https://commons.wikimedia.org/wiki/File:Bertin_semiologie-graphique.png


Visual variables
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A foundational and influential framework for visualization research

[Cleveland and McGill, 1984] [Mackinlay, 1986] [Roth, 2017]

examples of subsequent research on visual variables
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initial list of visual variables [Bertin, 1967] 
image taken from [Olaya, 2018]

It is crucial to identify and articulate  
the basic visual variables  
that can be manipulated 
to encode data effectively.

repetitive encoding



pattern (or texture?)
typically features repetitive dots or lines

11



Popularity in the history

12Images from J. Bertin, Semiology of Graphics: Diagrams, Networks, Maps, and W. C. Brinton, Graphic Methods for Presenting Facts



Broad application

devices with limited color display capabilities readers with color deficiencies or visual impairments

13

enhance the accessibility of visualizations



Research gap

14

lack of design guidelines and empirical research on 
how to better use patterns for data encodings

popularity in history broad application



Rich attributes

Variations of patterns

15



If used these attributes inappropriate…

16

[Tufte, 1983]



How to aesthetically and effectively use patterns  
for data visualization?

17
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How to aesthetically and effectively use patterns  
for data visualization?

Introduction

Clarification of terminology Which term is more suitable for describing this visual variable: texture or pattern?

Design space of patterns

Empirical studies

Scale development

Discussion

Conclusion

Which pattern attributes can we manipulate for encoding data?

How can we compare the aesthetic pleasure of visual data representations?

How can we aesthetically and effectively use b/w patterns for categorical data visualization?

Other contributions and future work

Contributions of this thesis



Clarification of terminology

19

Which term is more suitable for describing this visual 
variable: texture or pattern?



Why is the term texture not suitable?

20

texture emphasis more on surface characteristics

Google Image: ”texture" Google Image: ”pattern”



Why is the term texture not suitable?

21

texture is a widely used concept in computer graphics, which is 
different from visual variables.

Textures in (a) surface rendering, (b) volume rendering, and (c) flow visualization

The visual variable that we recommend to call as “pattern"
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Google Image: ”texture"

Textures in (a) surface rendering, (b) volume rendering, 
and (c) flow visualization The visual variable that we recommend to call as 

“pattern"

Texture
Surface and material characteristics

Pattern
Repetition and structure of elements

Google Image: ”pattern”



3 interpretations of texture as a visual variable
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[Zeng and Battle, 2023][Roth, 2017][Bertin, 1967]

Grain Spacing Pattern
Size+Spacing



3 interpretations of texture as a visual variable

24

This issue originates from the translation of Semiology of Graphics.

English versionFrench version



Grain: The original term Bertin used

25

Grain in the French version → Texture in the English version

Variation of “grain"
GRAIN

Change both the size and spacing of 
primitives simultaneously,  
while maintaining a given ratio of 
black to white



Spacing: A misinterpretation in Bertin’s book

26

Translator’s note from the English version of Bertin’s book

A and B differ in their spacing between primitives

Grain



3 interpretations of texture as a visual variable

27

[Zeng and Battle, 2023][Roth, 2017][Bertin, 1967]

Grain Spacing Pattern
Size+Spacing
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What does texture mean in this context?

Effectiveness of Visual Channels [Mackinlay, 1986]

？



Issues with the term texture
‣ emphasis on surface characteristics 
‣ different interpretations as a visual variable

29

Textures in (a) surface rendering, (b) volume rendering, and (c) flow visualization

？



Pattern

30



Design Space of Patterns

31

Which pattern attributes  
can we manipulate for encoding data?



Bertin used a lot of patterns,  
but he did NOT systematically discuss this concept. 

Bertin unconsciously generated patterns  
while trying to address the inherent limitations  
of line and area marks.

32



Inherent limitations of line and area marks
‣ Line marks cannot change in orientation 
‣ Area marks cannot change in size, shape, or orientation

33[Bertin, 1967]

we cannot rotate a region without breaking 

Its geographical meaning



Bertin applied  
all 6 retinal 
variables to point, 
line and area marks

34[Bertin, 1967]

6 retinal variables

Point marks Line marks Area marks



Bertin’s inconsistent approaches
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Take the visual variable size for example

Apply visual variables on marks directly Add repetitive additional marksAdd one additional marks

Patterns



Bertin:  
limited the use of patterns 
not fully explored the concept

36



Pattern: Not only repetitive shape variation

37



From a single mark to a composite mark,  
what new potentials patterns offer  
for our use in encoding data?

38



Pattern 

39

A pattern is composed of graphical primitives which can also serve as marks

A single mark A pattern
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Position

Appearance

Spatial relationships

Appearance relationships 

Appearance of individual primitives

A single mark Pattern (a group of marks)



Pattern configuration

‣ A lattice structure 
‣ Lattice points: Predefined positions for primitives

41

Basic structure for arranging primitives

Lattice point



Pattern configuration

42

The number of lattice dimensions influences the parameters required 
to define the lattice.

2D lattice

1D lattice



Pattern configuration

43

4 most common configuration of patterns



Define a lattice with lattice parameters
Spatial relationship variables

‣ Lattice unit cell: The smallest unit of a lattice 
‣ The entire lattice can be generated by the repetitive tiling of the 

unit cells

44

Lattice unit cell



Spatial relationship variables

Θ: included angle of the unit cell 

a and b: spacing between primitives 

Φ:  orientation of the unit cell 

R: positional regularity

45



Appearance relationship variables
‣ Common patterns: Internal consistent 
‣ Composite nature of pattern: Internal variation

46



Number of primitive groups

47

1 2 4



Ratio between each group

48

/ 1:1 1: 3



Distribution style of different primitives
‣ How we place each group of primitives within the pattern 
‣ Different from spatial arrangement

49



Appearance relationship variables

‣ Number of primitive groups 
‣ Ratio between each group 
‣ Distribution style of different primitives

50



Patterns with internal variation

51

Example of using appearance relationship variables

[Bertin, 1967]

Number of primitive groups: category I, II, III 
Ratio between groups: ratios between category I, II, III



Patterns with internal variation

52

Example of using appearance relationship variables

Number of primitive groups: nationality groups 
Ratio between groups: ratios between nationality groups 
Recursive usage of patterns



Patterns with internal variation

53

Example of using appearance relationship variables



Retinal visual variables on each primitives

‣ same in primitive relationships 
‣ different in rental variables

54



Retinal visual variables on each primitives
‣ not new variables introduced by pattern 
‣ can use all retinal variables that can be applied to single marks on 

pattern

55



Regularity of  retinal variables

56

a secondary visual variable characteristic



Emergent phenomenon 
‣ Regional value 
‣ Optical illusion

57

[Retchless and Brewer, 2015] 

[Bertin, 1967]



Design space of pattern

‣ Spatial relationships 
‣ Θ: the shape of the unit cell (included angle) 
‣ a & b: the size of the unit cell (primitive spacing) 
‣ Φ:  orientation of the lattice 
‣ R: positional regularity 

‣ Appearance relationships 
‣ Number of primitive groups 
‣ Ratio between each group 
‣ Distribution style of different primitives 

‣ Individual appearance characteristics of primitives 
‣ Regularity of  retinal variables
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Design space of pattern

‣ Spatial relationships 
‣ Θ: the shape of the unit cell (included angle) 
‣ a and b: the size of the unit cell (spacing between primitives) 
‣ Φ:  orientation of the lattice 
‣ R: positional regularity. 

‣ Appearance relationships 
‣ Number of primitive groups 
‣ Ratio between each group 
‣ Distribution style of different primitives 

‣ Individual appearance characteristics of primitives 
‣ Regularity of  retinal variables

59

Directly encode geographical location 
into the position of primitives?
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‣ Read at region level 
‣ Create patterns  
‣ with regional information



Conclusion 
‣ Elucidated the underlying thoughts in Bertin’s works and 

inconsistencies of Bertin’s methods 
‣ Systematically summarize pattern variations 
‣ Connect the concept of pattern to map reading process

61



Tingying He, Jason Dykes, Petra Isenberg, Tobias Isenberg. Toward an 
Understanding of ‘Pattern’ as a Visual Variable. In preparation.

62



Empirical studies

63

How can we aesthetically and effectively  
use black-and-white patterns  
for categorical data visualization?
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Geometric patterns

Iconic patterns



Three empirical experiments
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Collect good pattern designs for visualizations from experts
Experiment 1

Rate the collected designs based on visual appearance
Experiment 2

Assess the top-rated designs regarding effectiveness and aesthetics
Experiment 3: 



Experiment 1 66

Our pattern design interface



Experiment design
Experiment 1

‣ Mixed design 
‣ Between-subjects variable: chart type 
‣ Within-subject variable: pattern type 

‣ Participants: 30 experts 
‣ 12 female, 18 male 
‣ Ages: mean = 40.1, SD = 14.4 
‣ Prior experience in visualization design: mean = 13.4 years, SD = 11.0 years

67



Collect 66 designs from 30 experts - 14 bar charts
Experiment 1

68



Collect 66 designs from 30 experts - 30 pie charts
Experiment 1

69



Collect 66 designs from 30 experts - 22 maps
Experiment 1

70



Design strategies
Experiment 1

‣ Readability 
‣ Distinguishability 
‣ Clarity 
‣ Semantic association 

‣ Aesthetics 
‣ Visual appearance 
‣ Visual balance

71



How does the general public perceive collected patterns in 
terms of their visual appearance?

72

Experiment 2



Stimuli: Represent different aesthetic styles
Experiment 2

73



Task: Rating
Experiment 2

‣ 5 rating items from BeauVis scale measuring aesthetics 
‣ 1 rating item measuring vibratory effect

74

Experient 2 screenshot



Task: Ranking

75

Based on overall preference



Experiment design
Experiment 2

‣ Mixed design 
‣ Between-subjects variable: chart type 
‣ Within-subject variable: pattern type 

‣ Participants: 150 from Prolific 
‣ 75 female, 75 male 
‣ Ages: mean = 28.2, SD = 8.9 
‣ Education: 87 Bachelor or equivalent, 27 Master’s or equivalent, 3 PhD or equivalent, 33 

other) 

‣ 53 participated in the bar condition, 44 in the pie condition, and 53 
in the map condition.

76



Procedure
Experiment 2

‣ Evaluate 8 designs in total 
‣ 2 blocks by pattern types

77

Rate 4 designs Rank 4 designs Rate 4 designs Rank 4 designs

Block 1 Block 2



Individual chart
Experiment 2: Data analysis

‣ BeauVis score with distribution 
‣ Count of being ranked first for overall preference 
‣ Vibratory effect score

78



‣ Uniform rating distributions of BeauVis score 
‣ Each chart was ranked as the top choice by some participants

Diverse preference among participants
Experiment 2: Results

79



Mean

Pairwise difference

Compare geometric and iconic patterns
Experiment 2

80

Mean

Pairwise difference

Report sample means and pairwise mean differences with 95% CIs

Aesthetics

Vibratory effect



Compare geometric and iconic textures
Experiment 2

81

For bar and pie charts, there is no evidence of difference in aesthetic appeal 
between geometric and iconic patterns

Geometric maps were perceived as more aesthetic than iconic maps



Compare geometric and iconic textures
Experiment 2

Iconic patterns were perceived as having a lower vibratory effect for 
all three chart types

82



How does the use of patterns affect chart reading?

83

Experiment 3



Stimuli
Experiment 3

‣ Top-rated geometric and iconic patterns for bar and pie charts 
‣ A unicolor fill as a baseline

84
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Experiment design
Experiment 3

‣ 150 participants 
‣ 60 trials per participant: 2 question types * 3 fill types * 10 datasets

85

Which has MORE?

Which has FEWER?
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87The chart will only be displayed for 5 seconds



88



89
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Correct rate

Readability score

Response time

Aesthetics: BeauVis score

Mean

Mean

Mean

Pairwise difference

Mean

Pairwise difference

Pairwise difference Pairwise difference



Correct rate
Experiment 3: Results

‣ only included participants with ≥ 90% accuracy (45x Bar, 41x Pie) in 
the subsequent analysis 

‣ minimize the effect of random guesses

91



We only counted the correct trials

Experiment 3: Results
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Readability
Experiment 3: Results
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Aesthetics



Conclusion
‣ Differences exist, but they are minor: Pattern is a viable option 
‣ The appeal of patterns in visualization may be subjective: 

Recommend using patterns for specific aesthetic preferences or 
particular requirements

95



Tingying He, Yuanyang Zhong, Petra Isenberg, and Tobias Isenberg. 
Design Characterization for Black-and-White Textures in Visualization. 
IEEE Transactions on Visualization and Computer Graphics, 
30(1):1019–1029, January 2024. DOI: 10.1109/TVCG.2023.3326941.

96



Scale Development

97

How can we measure the aesthetic pleasure of visual data 
representations?



aesthetics
aesthetic pleasure

98



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

99



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

100

‣ focuses on a visualization’s 
visual appeal or beauty 

‣ not related to how understandable, 
informative, or memorable it is



aesthetic pleasure
an important aspect of 
visualization

‣ affects usability and effectiveness 

‣ has the potential to communicate  

‣ and to engage viewers  

‣ has been identified as one of the 
heuristics of some subfields, e.g., 
ambient visualization

101

 [Cawthon & Vande Moere, 2007; Healey & Enns, 2022]

[Brath et al., 2005] 

[Bach et al., 2013; Tateosian et al., 2007]

[Mankoff et al., 2003]



How to measure aesthetic pleasure?

102



Rating scales

103



Construct

A Rating scale measuring the aesthetic pleasure of websites

Factor(s)

Rating items

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

104

[Lavie & Tractinsky, 2003]



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

websites websites designed artifacts

Scales for measuring the aesthetic pleasure of …

105



[Schrepp et al., 2017]

[Minge et al., 2017]

[Hassenzahl et al., 2003]

AttrakDiff Questionnaire User Experience Questionnaire (UEQ) 

meCUE Questionnaire 
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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]

107

no validated scale targeted for  
measuring aesthetic pleasure of visualizations



[Smith et al., 2006]

[Rodgers and Bartram, 2011]

[Albo et al., 2016]

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

[Duncan et al., 2021]
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[Smith et al., 2006]

[Rodgers and Bartram, 2011]

[Albo et al., 2016]

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

[Duncan et al., 2021] 109

Without validation, not sure about  
reliability or validity of the scale



enjoyable

likable

pleasing

nice

appealing

BeauVis scale in its recommended version

110

BeauVis scale



Methods

111

scale development

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 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
Step 1: Term generation

112

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



Literature review: Literature from related field
Step 1: Term generation

Spreadsheet for collecting termsTerms from  
4 aesthetics-related scales development papers

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

[Hassenzahl et al., 2003] 113



Expert suggestion
Step 1: Term generation

survey for collecting terms (31 responses)invitation email sent to 57 visualization experts

114
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Step 1: Term generation

209 terms



Filtering on occurrence and semantics
Step 2: Term filtering

6 objective criteria by authors

116



Expert review
Step 2: Term filtering

Survey for reviewing terms (25 responses)Invitation email sent to 56 visualization experts

117
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Step 2: Term filtering

31 terms



Crowdsourced experiment
Step 3: Exploratory phase

‣ 1001 participants 
‣ 15 data representations 
‣ 3 representations / participant

119

Exploratory experiment screenshot



Stimuli: 15 diverse data representations
Step 3: Exploratory phase

120Images from other people's papers, used with permission,  see our paper for details.



Exploratory factor analysis
Step 3: Exploratory phase

121

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



Reducing terms based on factor loadings
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
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The higher the factor loading 
a term has, the better this 
term is able to describe the 
construct.



Reducing terms based on factor loadings
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

Factor Loading > 0.7 : High 
[Hair, 2009]

Retained 12 terms with 
a factor loading > 0.7 for 
all 15 images
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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

> 0.7 : Reliable 
[Boateng et al., 2018]

Enjoyable 
Likable 

Pleasing

Enjoyable 
Likable 

Pleasing 
Nice

Enjoyable 
Likable 

Pleasing 
Nice 

Appealing

0.91

0.93

0.94
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enjoyable

likable

pleasing

nice

appealing

BeauVis scale in its recommended version
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BeauVis scale



Crowdsourced experiment
Step 4: Validation phase

‣ 201 participants 
‣ 3 data representations

126Image from Cawthon and Vande Moere, 2007 (https://doi.org/10.1109/IV.2007.147);  © IEEE, used with permission.

Confirmatory experiment screenshot

Terms from the BeauVis scale and [Lavie & Tractinsky, 2003]



Stimuli
Step 4: Validation phase

Ranking for aesthetic pleasure in the previous study

StarTreeSunBurst BeamTree

“most beautiful” “most ugly” 

127

[Cawthon and Vande Moere, 2007]



BeauVis replicated the aesthetic ranking
Step 4: Validation phase

Ranking in previous study 
(“Known groups”)

StarTree

BeamTree 
“most ugly” 

Results with BeauVis scale 
(Differentiation by known groups)

SunBurst 
“most beautiful” 

128

[Cawthon and Vande Moere, 2007]



Cronbach’s alpha for each visualization

Reliability

Confirmation of structure, reliability, validity
Step 4: Validation phase

Pearson correlation

Validity Goodness of fit indices

Standardized factor loading for 5 items
129

Confirmatory factor analysis



Usage of the BeauVis Scale

Recommended form of using the BeauVis scale

130

rapidly compare the aesthetic pleasure of different visual data 
representations



Tingying He, Petra Isenberg, Raimund Dachselt, and Tobias Isenberg. 
BeauVis: A Validated Scale for Measuring the Aesthetic Pleasure of 
Visual Representations. IEEE Transactions on Visualization and 
Computer Graphics, 29(1):363–373, January 2023. 

DOI: 10.1109TVCG.2022.3209390.
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Researchers are using the BeauVis scale

132

[Yao et al., 2025]

[Arunkumar et al., 2024]



Discussion

133

Other contributions and future work



Data physicalization with b/w patterns

134

monochromatic nature makes them suitable for physical creation

3D-printed charts with b/w patterns [He et al., 2023]data embroidery with b/w patterns 
[He et al., 2023]



Tingying He, Petra Isenberg, Tobias Isenberg. Data Embroidery with 
Black-and-White Textures. In Proceedings of the alt.VIS Workshop (at 
IEEE VIS, 23 October, Melbourne, Australia), IEEE, Los Alamitos, CA, 
USA, 2023.
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Semantically-resonant patterns



How to design semantically-resonant patterns?

137

Examples of semantically-remnant patterns collected in our design workshop [Lu, 2025]



Zihan Lu. A design space of semantically-resonant patterns. Master's 
thesis, supervised by Tingying He and Tobias Isenberg.
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master thesis



PREVis Scale

139

[Cabouat et al., 2025]

understandability

layout clarity

readability of data value

readability of data patterns



Anne-Flore Cabouat, Tingying He, Petra Isenberg, and Tobias 
Isenberg. PREVis: Perceived Readability Evaluation for 
Visualizations. IEEE Transactions on Visualization and Computer 
Graphics, 31, 2025. To appear.
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Best Paper Honorable Mention Award



Summary
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Contribution of my thesis

142

Theory

‣ clarification of terminology 
‣ a design space of pattern 

Empirical studies

‣ on aesthetics 
‣ on effectiveness 

Scale development

‣ introduce the methodology of scale development into community 
‣ a validated scale for measuring aesthetic pleasure of visualization 



Publication list
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Encoding with Patterns
A Design Space and Evaluations

Thank you!


