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SunBurst BeamTree



 Which visualization is more beautiful?

 Do you all agree?

 By how much?
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SunBurst BeamTree



 Which visualization do you find more readable?

 Do you all agree?

 By how much?
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SunBurst BeamTree



Rating Scales
To what extent do you agree or disagree with the following statements:

Strongly disagree Strongly agree
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 Which visualization is more beautiful?

 Do you all agree?

 By how much?
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https://tinyurl.com/beauvis
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HOW ABOUT VIS?

 We need new & dedicated measurement instruments

 For subjective experiences
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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
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Université Paris-Saclay, CNRS, Inria, LISN & Technische Universität Dresden



The beauty of 
b/w textures

[Brinton, 1914]

[Bertin, 1967]



Beauty
An important aspect

in visualization

12

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

 Communicates
[Brath et al., 2005] 

 Engages viewers 
[Bach et al., 2013; Tateosian et al., 2007]
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How can we assess
beauty in 

visualization
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[Chen et al., 2021]

[Cawthon & Van de Moere, 2007] [Wang et al., 2020]

[Bu et al., 2020]



Problem 1

There is no standard way to evaluate 
the “aesthetics” of a visualization

15



Problem 2
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What do we mean by 
“beauty” or “aesthetics”?



Reliability vs. Validity

 Do people rate a phenomenon consistently?

 Do people really rate the phenomenon and not something else?

17

RELIABILITY

VALIDITY
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Measurement 
quality

Poor 
reliability

Good 
reliability

Good 
validity

Poor 
validity



Researchers in psychology, health, and social 
sciences have decades of experience to share

Boateng et al. (2018)
Best Practices for Developing and 

Validating Scales: A Primer
doi:10.3389/fpubh.2018.00149

DeVellis and Thorpe (2021)
Scale development:

Theory and Applications
ISBN: 9781544379340 19

https://doi.org/10.3389/fpubh.2018.00149


Scale development steps

20
Adapted from Boateng et al. (2018) 

doi:10.3389/fpubh.2018.00149

Define domain
Research what to ask

Population icon by Adrien Coquet from Noun Project (CC BY 3.0)

?...

https://doi.org/10.3389/fpubh.2018.00149


Scale development steps

22
Adapted from Boateng et al. (2018) 

doi:10.3389/fpubh.2018.00149

Define domain
Research what to ask Developing a scale

                        
                     

Population icon by Adrien Coquet from Noun Project (CC BY 3.0)

?...

https://doi.org/10.3389/fpubh.2018.00149


Scale development steps

24
Adapted from Boateng et al. (2018) 

doi:10.3389/fpubh.2018.00149

Define domain
Research what to ask

Evaluating the 
scaleDeveloping a scale

                        
                     

?...

https://doi.org/10.3389/fpubh.2018.00149


Scale development steps

26
Adapted from Boateng et al. (2018) 

doi:10.3389/fpubh.2018.00149

Define domain
Research what to ask

Evaluating the 
scaleDeveloping a scale

?...
                        
                     

https://doi.org/10.3389/fpubh.2018.00149


BeauVisScale

enjoyable

likable

pleasing

nice

appealing

Recommended version

2
7



1. Define domain
Research what to ask

28

?...



Identification of the domain 
What are we trying to measure?

29

1. Creating candidate questions



Aesthetics

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

30

Aesthetic Pleasure



Aesthetic Pleasure: 
Beauty

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

31

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



Aesthetic Pleasure: 
Beauty

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

32

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



Item generation
What could we ask to measure 
our target variable?

33

1. Creating candidate questions



Literature review from VIS papers

37

[Smith et al., 2006]

[Rodgers and Bartram, 2011]

[Albo et al., 2016]

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

[Duncan et al., 2021]

…

Spreadsheet for collecting termsTerms from 68 out of 3189 IEEE 
VIS, TVCG and CG&A papers



Literature from related field

38

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]



Expert suggestions

39

Survey for collecting terms 
(31 responses)

Invitation email sent to 
57 visualization experts



209
terms
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Content validity
What is the face validity of 
our candidate items?

41

1. Creating candidate questions



209
terms

42



Filtering on occurrence and semantics

43

6 criteria we applied

37
terms



Expert review

44

Survey for collecting terms 
(25 responses)

Invitation email sent to 
56 visualization experts



31
terms
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2. Developing 
the scale

46

                        
                     



Sampling and survey administration
How to establish a representative 
sample for data collection?

→what visualizations should we test this on?

47

2. Developing the scale



Crowdsourced Experiment

 1001 participants

 15 data representations

 Each participant rated 
3 representations

48

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

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

4
9



Extraction of factors
Identifying components 
of aesthetic pleasure

60

2. Developing the scale



Potential factors

61

2. Developing the scale



Parallel Analysis shows 1 factor

62

2. Developing the scale

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



Item reduction
Which candidate items 
should we eliminate?

63

2. Developing the scale



Reliability: Cronbach’s Alpha

64

2. Developing the scale

Alpha > 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

Cronbach’s alpha for each image on the most reliable 3-, 4-, and 5-item subsets 



BeauVis Scale

65

BeauVis scale in its recommended version

enjoyable

likable

pleasing

nice

appealing



3. Evaluating the scale
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201 Prolific participants



Good news

 The scale still had only 1 factor

 The results were still reliable 

 We have convergent validity

68

Pearson correlation

Convergent Validity



How should you use BeauVis

 Ideally at the start of an experiment

 Give all 5 items, calculate the average

 Use it in conjunction with other measures

69



PREVis
Perceived Readability
Evaluation for Visualizations

Anne-Flore Cabouat, Tingying He, Petra Isenberg, Tobias Isenberg

82

Université Paris-Saclay, CNRS, Inria, LISN



… readable?

83



PREVis: 11 questions across 4 scales

84

DataRead

DataFeat

Understand

Layout

Strongly 
disagree

Strongly 
agree

Disagree AgreeNeutralSlightly 
disagree

Slightly 
agree

I don’t know / Not applicable (if you wish, feel free to elaborate below)

obvious + represent + understand

messy + crowded + distracting

find + identify + inform

visible + clear



PREVis: 11 questions across 4 scales

It is obvious for me how to read this visualization

I can easily understand how the data is represented in this visualization

I can easily understand this visualization

85

Strongly 
disagree

Strongly 
agree

Disagree AgreeNeutralSlightly 
disagree

Slightly 
agree

I don’t know / Not applicable (if you wish, feel free to elaborate below)

Understand obvious + represent + understand



Layout   messy + crowded + distracting

PREVis: 11 questions across 4 scales

I don’t find this visualization messy

I don’t find this visualization crowded

I don’t find distracting parts in this visualization

86

Strongly 
disagree

Strongly 
agree

Disagree AgreeNeutralSlightly 
disagree

Slightly 
agree

I don’t know / Not applicable (if you wish, feel free to elaborate below)



PREVis: 11 questions across 4 scales

I can easily find specific elements in this visualization

I can easily identify relevant information in this visualization

I can easily retrieve information in this visualization

87

DataRead find + identify + inform

Strongly 
disagree

Strongly 
agree

Disagree AgreeNeutralSlightly 
disagree

Slightly 
agree

I don’t know / Not applicable (if you wish, feel free to elaborate below)



PREVis: 11 questions across 4 scales

I find data features (for example, a minimum, or an outlier, or a trend) 
visible in this visualization

I can clearly see data features (for example, a minimum, or an outlier, 
or a trend) in this visualization

88

DataFeat visible + clear

Strongly 
disagree

Strongly 
agree

Disagree AgreeNeutralSlightly 
disagree

Slightly 
agree

I don’t know / Not applicable (if you wish, feel free to elaborate below)



Scale development steps

89
Adapted from Boateng et al. (2018) 

doi:10.3389/fpubh.2018.00149

Creating candidate 
questions

Evaluating the 
questionnaire

Developing a 
questionnaire

                        
                     

?...

https://doi.org/10.3389/fpubh.2018.00149


1. Creating 
candidate 
questions

90

?...



Text readability

91

a



Text readability

92

a

thanks
Letters



Text readability

93

thanks

So long and thanks 

for all the fish.

a

Letters Words



Text readability

94

a

Letters

thanks

Words

So long and 

thanks for all 

the fish.

Sentences

The last ever dolphin message was misinterpreted

as a surprisingly sophisticated attempt to do a

double-backwards-somersault through a hoop

whilst whistling the 'Star Spangled Banner,' but

in fact the message was this: ‘So long and thanks

for all the fish.’



Text readability

95

a

Letters

thanks

Words

So long and 

thanks for all 

the fish.

Sentences
Paragraphs, 

chapters, 
books!

The last ever dolphin message was misinterpreted

as a surprisingly sophisticated attempt to do a

double-backwards-somersault through a hoop

whilst whistling the 'Star Spangled Banner,' but

in fact the message was this: ‘So long and thanks

for all the fish.’



Easy to read

96



Visualization readability?

“The relative ease with which the user finds the information 
he is looking for.” [Ghoniem et al.]

“The ability to make direct observations from the visualizations.” 
[Ruchikachorn and Mueller]

“The extent to which a visualization supports the 
graphical perception of the information it contains.” [Thudt et al., 2016]

97

“the visual decoding of information 
encoded on graphs” [Cleveland and McGill, 1984]



Item generation: deductive method

98

Literature review "likert" AND ("readab" OR "legib" OR "deciph")

IEEE VIS papers (1990–2022)  + TVCG and CG&A journal 
papers presented at IEEE VIS (2011–2021)



Item generation: deductive method

Literature review

100

Terms from reported
user comments

34 publications
84 unique terms



Item generation: deductive method

Literature review

101

Terms from questions 
used in studies

34 publications
64 unique terms

Terms from reported
user comments

34 publications
84 unique terms



Terms collected from our systematic literature review 102



Not just different terms!

This graph has good readability

The visualization looked cluttered

It was easy to gain a good overview of the data

It was easy to see the link between two components

Is it clear what information is being presented and why?

Which of these charts is quicker and easier to read?

103



Visualization quality

This graph has good readability

The visualization looked cluttered

It was easy to gain a good overview of the data

It was easy to see the link between two components

Is it clear what information is being presented and why?

Which of these charts is quicker and easier to read?

104

vs user activity



Different objects

This graph has good readability

The visualization looked cluttered

It was easy to gain a good overview of the data

It was easy to see the link between two components

Is it clear what information is being presented and why?

Which of these charts is quicker and easier to read?

105



Different granularities: high-level vs low-level

This graph has good readability

The visualization looked cluttered

It was easy to gain a good overview of the data

It was easy to see the link between two components

Is it clear what information is being presented and why?

Which of these charts is quicker and easier to read?

106



Item generation: inductive method

Literature review

109



Item generation: inductive method

Literature review

110

Expert survey

29 experts
129

statements
propositions

179
unique terms
from experts



Merging inductive and deductive methods

111

179

unique terms
from experts

84

unique terms from
user comments

64

unique terms from
studies questionnaires



Merging inductive and deductive methods

112

unique terms
from experts

unique terms from
user comments 17984

64

unique terms from
studies questionnaires



Merging inductive and deductive methods

113

59
terms common

to at least 2 pools



Item generation: phrasing patterns

Literature review

114

Expert survey

29 experts
129 statements

propositions

179 unique terms

Conceptual patterns 
in sentences



Conceptual patterns to help 
write items from terms

clear
What kind of objects are referred to as being “clear” 
(e.g., data, patterns, information…)?

understand
Should we write “This visualization is understandable” 
or “I can understand this visualization”?

Are there frequent descriptions of how people should be able to 
“understand” readable visualizations (e. g., quickly, easily, clearly)?

115



39
items

116



Item generation: content vqlidity

Literature review

117

Expert survey

29 experts (106 invited)

Expert validation

31 experts  (106 invited)
39 items validated



2. Developing 
a questionnaire

118

                        
                     



Pre-testing with non-expert 
visualization readers
 Think-aloud procedure

 11 participants over 3 rounds 
(saturation)

 Respondent problem matrix 
coding to identify difficulties
in answering the questions
[Conrad, 1996]

119

“So, uh, I have difficulty to answer this 
(…) It's hard to know what's an 
appropriate manner. For me.” [1042447091] 

EXAMPLE: ITEM DROPPED

This visualization shows the data in 
an appropriate manner for me



71 2 3 4 5 6

Pre-testing with non-expert 
visualization readers
 Think-aloud procedure

 11 participants over 3 rounds 
(saturation)

 Respondent problem matrix 
coding to identify difficulties
in answering the questions
[Conrad, 1996]

120

I find this visualization messy.

71

I can easily find specific elements in this visualization.

Real target Selected 
answer

2 3 4 5 6



Pre-testing with non-expert 
visualization readers
 Think-aloud procedure

 11 participants over 3 rounds 
(saturation)

 Respondent problem matrix 
coding to identify difficulties
in answering the questions
[Conrad, 1996]

121

I find this visualization messy.

I can easily find specific elements in this visualization.

Strongly
agree

Strongly
disagree

NeutralDisagree Slightly
disagree

AgreeSlightly
agree

Strongly
agree

Strongly
disagree

NeutralDisagree Slightly
disagree

AgreeSlightly
agree



Pre-testing with non-expert 
visualization readers
 Think-aloud procedure

 11 participants over 3 rounds 
(saturation)

 Respondent problem matrix 
coding to identify difficulties
in answering the questions
[Conrad, 1996]

122

I don’t find this visualization messy.

I can easily find specific elements in this visualization.

Strongly
agree

Strongly
disagree

NeutralDisagree Slightly
disagree

AgreeSlightly
agree

Strongly
agree

Strongly
disagree

NeutralDisagree Slightly
disagree

AgreeSlightly
agree



Pre-testing with non-expert 
visualization readers
 11 participants over 3 rounds 

(saturation)

 Think-aloud procedure

 Respondent problem matrix 
coding to identify difficulties
in answering the questions
[Conrad, 1996]

123

29 items left



Exploratory survey

124

 6 visualizations

A. Bezerianos, P. Dragicevic, J.-D. Fekete, J. Bae, and B. Watson. 
GeneaQuilts: A system for exploring large genealogies. doi: 10/btb4js

A B C

D E F

https://doi.org/10/btb4js


Exploratory survey

125

 6 visualizations

 Each participant saw one visualization

 2 reading questions (low-level tasks)

 29 candidate readability questions
(fully randomized order)

Stimulus N
A 288
B 288
C 287
D 309
E 293

F 293
Total 1758

A B C

D E F



Exploratory 
Factor Analysis

Identifying meaningful 
co-variance patterns 
(i.e., dimensions, or 
factors)

126
Correlation matrix from our exploratory study data

-1

0

1



How many factors?

127

« Elbow » at 1 factor



Exploratory Factor Analysis

128

Up to a 4-factor solution, 
the signal is stronger than 
at random



4-factors solution

129



4-factors solution

130

Reader’s understanding

It is obvious for me how to read this 
visualization

I can easily understand the overall 
meaning of this data visualization

I am confident in my understanding of 
this visualization

I can easily understand how the data is 
represented in this visualization

I can easily understand this visualization

I can quickly understand this visualization

I can easily understand what the different 
elements of the visualization mean



4-factors solution

131

Layout clarity

I don't find this visualization crowded

I don't find this visualization messy

I don't find distracting parts in this 
visualization

I find this visualization well organized



4-factors solution

132

I can easily find specific elements 
in this visualization

I can easily identify relevant 
information in this visualization

I can read data values from this 
visualization

I can easily retrieve information 
from this visualization

I find this visualization readable

"Reading the data"
[Curcio, 1987]



4-factors solution

133

I find data features (for example, a 
minimum, or an outlier, or a trend) 
visible in this visualization

I can clearly see data features (for 
example, a minimum, or an outlier, 
or a trend) in this visualization

"Reading between the data"
[Curcio, 1987]



Selecting final items for each scale

135

 Poor factor loading

 Cross-factors loading
(contributes to 2 factors)

✓ Highest ranking items, 
based on their contribution 
to the scale’s

✓ Congruent phrasing



Explora

136



3. Evaluating the 
questionnaire

137



Validation study

 N=147 on Prolific

 All participants saw A, B, and C in random order

 People answered 2 reading questions then 11 PREVis questions
138

A B C



Results: ratings

139

Point estimates with 95% CI

Understand obvious + represent + understand Layout messy + crowded + distracting

DataRead find + identify + inform DataFeat visible + clear

A B C



Results: convergent
construct validity

140

Computed reference layout measures 
from greadability.js (Gove, 2018)

Stimulus A 0.872

Stimulus B 0.786

Stimulus C 0.679

R. Gove. It pays to be lazy: Reusing force approximations to compute better graph layouts faster. OSF preprint, 2018. doi: 10/gftd8t

A B C

https://doi.org/10/gftd8t


PREVis
implementation
guidelines

141



7-points Likert agreement labels

142

Strongly 
disagree

Strongly 
agree

Disagree AgreeNeutralSlightly 
disagree

Slightly 
agree

I don’t know / Not applicable (if you wish, feel free to elaborate below)

To what extend do you agree or disagree with the following statement:

(…)



Perceived readability

Understand

Layout

DataRead

DataFeat

143

obvious + represent + understand

messy + crowded + distracting

find + identify + inform

visible + clear
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A B C

D E F

Exploratory survey: 6 independent samples  (N=287 to 309 per sample)

A. Bezerianos, P. Dragicevic, J.-D. Fekete, J. Bae, and B. Watson. 
GeneaQuilts: A system for exploring large genealogies. doi: 10/btb4js

https://doi.org/10/btb4js
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D E F

Mean score and 95% confidence interval

D

E

F

Understand obvious + represent + understand
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D E F

For each scale: mean score and 95% confidence interval

D

E

F

D

F

E

D

E

F

D

E

F

Understand obvious + represent + understand Layout messy + crowded + distracting

DataRead find + identify + inform DataFeat visible + clear



147

D E F

For each scale: mean score and 95% confidence interval

Understand obvious + represent + understand Layout messy + crowded + distracting

DataRead find + identify + inform DataFeat visible + clear



Individual subscales

148

Understand

Layout

DataRead

DataFeat

obvious + represent + understand

messy + crowded + distracting

find + identify + inform

visible + clear
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A B C

Mean score and 95% confidence interval (N=147 participants from PREVis validation study)

A

B

C

Layout



Filling PREVis out takes less than 1 min 30

150

DataRead

DataFeat

Understand

Layout

obvious + represent + understand

messy + crowded + distracting

find + identify + inform

visible + clear

aviz.fr/PREVis
Templates
FAQ
Study protocols

github.com/AF-Cabouat/
PREVis-scales/Data analysis code



Why seek subjective 
evaluation of readability? 

151



3 components influencing readability:
the visualization, the task, and the reader

152A.-F. Cabouat, T. He, F. Cabric, P. Isenberg, and T. Isenberg, “Position paper: A case to study the relationship between data visualization readability and visualization literacy.”
CHI 2024 - Workshop Toward a More Comprehensive Understanding of Visualization Literacy, May 2024. hal-04523790v2

https://hal.science/hal-04523790v2


Viewer’s cognitive processes in data visualization

156

?
Perception

Reading

Interpreting

Reasoning

A.-F. Cabouat, T. He, P. Isenberg, and T. Isenberg, “Pondering the reading of visual representations.” Jun. 23, 2023. Available: https://inria.hal.science/hal-04240900

https://inria.hal.science/hal-04240900


Viewer’s cognitive processes in data visualization

157

Interaction with the system

Verification, reasoning biases

Perceptual predicition



Viewer’s cognitive processes in data visualization

158



Measuring readability?

Reading

159

COGNITION

Sensory
input

Task
output

Perception Interpreting

Reasoning



Measuring readability?

160

Behavioral
measurements

Can be influenced by other
factors (reader’s bias, 
interactive features…)



Measuring readability?

Behavioral
measurements

Subjective
evaluations

Can be influenced by 
other factors (interactive 
features, reader’s bias…)

Complementary

161



Studying cognitive activities

162

Subjective
evaluations

Behavioral
measurements



Studying cognitive activities

163

Subjective
evaluations

Behavioral
measurements

Convergent 
evidence



FUTURE WORK

164



User experience evaluation scales
for visual analytics systems

165

NASA-TLX System Usability Score



ADDITIONAL 
SLIDES

167



ITEM
DEVELOPMENT

168



Diversity of Likert answer options

 Agreement (7 points)

169

Strongly AgreeStrongly Disagree

The visualization looked cluttered.



Diversity of Likert answer options

 Agreement (7 points)

 Bipolar numbered 
agreement (5 points)

170

AgreeDisagree

It was easy to understand the information 
displayed.

+2-2 -1 +10



Diversity of Likert answer options

 Agreement (7 points)

 Bipolar numbered
agreement (5 points)

 Bipolar quality
(7 points)

171

Very hardVery easy

Is it easy or hard to interpret?

Poorly-organizedWell-organized

The visualization was…



Diversity of Likert answer options

 Agreement (7 points)

 Bipolar numbered
agreement (5 points)

 Bipolar quality
(7 points)

 Bipolar statements
(5 points)

172

It makes
perfect sense

I am utterly
confused

Is it clear what information is being 
presented and why?



EXPLORATORY 
STUDY

173



PREVis: a standardized questionnaire
to evaluate perceived readability

174



Development and validation methodology

175

Paper

Appendices
(35 pages)
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A B C

D E F

Exploratory survey (N=280 to 300 participants, independent samples)



177
Note: there is a large number of terms in the literature for encodings taxonomies: visual variable and visual channel refer more to perceptual channels. Visual encodings is a 
broader term that also encompasses marks and possibly even idioms. « Encoding Channels: position (X/latitude, Y/longitude), length, angle, area, texture, shape, color saturation, 
color hue, orientation, column, row. Mark Types: point, line, area-circle, area-rect, area-arc, area-other, text, geoshape, box-plot. » (Zeng et Battle, 2023)

See Research log
p.60 



Reducing the number of questions

Exclusion criteria:

 Weak factor 
loading

 Cross-factors
loadings

 Final selection on 
reliability metrics

178



Explora

179



Ratings with PREVis scales on exploratory stimuli

180



VALIDATION 
STUDY

181



Validation study

 N=147 on Prolific - All participants saw A, B, and C in random order

 People answered 2 reading questions then 11 PREVis questions

 Exclusion criteria: 1 comprehension check and 1 attention check
182

A B C



Results:
construct validity

1. Inter-scales reliability: 
each scale should 
highly correlate with 
the others, because 
they are all related to 
the same underlying 
construct: readability

183



Results:
construct validity

1. Inter-scales reliability

2. Discriminant validity: 
the results should not 
correlate with 
measures of an 
unrelated construct
(extraversion scale 
from the Big Five 
Inventory

184



Results:
construct validity

1. Inter-scales reliability

2. Discriminant validity

3. Convergent validity: 
the results should 
positively correlate 
with independent 
measures that also 
relate to readability

185



Results:
construct validity

1. Inter-scales reliability

2. Discriminant validity

3. Convergent validity

186

A B C

Computed reference layout measures 
from greadability.js (Gove, 2018)

Stimulus A 0.872

Stimulus B 0.786

Stimulus C 0.679

R. Gove. It pays to be lazy: Reusing force approximations to compute better graph layouts faster. OSF preprint, 2018. doi: 10/gftd8t

https://doi.org/10/gftd8t
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Results: ratings
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A

B

C

Point estimates with 95% CI

Understand obvious + represent + understand

Layout messy + crowded + distracting

DataRead find + identify + inform

DataFeat visible + clear
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Why? To complement other measures
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Task performance Qualitative interviews



PREVis: implementation guidelines

Why? To complement other measures

When? After people used the visualization (s)
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PREVis: implementation guidelines

Why? To complement other measures

When? After people used the visualization (s)

How? Ensure reliability of your results: read the *** manual!

 Question order and randomization

 Questions wording

 Answer options and labels

 Study cases and data analysis choices

192



Available materials
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 Full paper 
with appendices

 Pre-registrations

 Research log

 Implementation 
companion guide

 Code and example data 
to help you produce 
different figures

 Code and data to 
reproduce our work
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Thank you
www.aviz.fr/Research/PREVis

PREVis
Perceived Readability Evaluation for Visualizations

It is obvious for me how to read this visualization

I can easily understand how the data is represented
in this visualization

I can easily understand this visualization

I don’t find this visualization messy

I don’t find this visualization crowded

I don’t find distracting parts in this visualization

I can easily find specific elements in this visualization

I can easily identify relevant information in this visualization

I can easily retrieve information in this visualization

I find data features (for example, a minimum, or an 
outlier, or a trend) visible in this visualization

I can clearly see data features (for example, a 
minimum, or an outlier, or a trend) in this visualization

Understand obvious+ represent+ understand

Layout messy + crowded + distracting

DataRead find + identify + inform

DataFeat visible + clear



ITEM
DEVELOPMENT
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Diversity of Likert answer options

 Agreement (7 points)
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Strongly AgreeStrongly Disagree

The visualization looked cluttered.



Diversity of Likert answer options

 Agreement (7 points)

 Bipolar numbered 
agreement (5 points)
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AgreeDisagree

It was easy to understand the information 
displayed.

+2-2 -1 +10



Diversity of Likert answer options

 Agreement (7 points)

 Bipolar numbered
agreement (5 points)

 Bipolar quality
(7 points)
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Very hardVery easy

Is it easy or hard to interpret?

Poorly-organizedWell-organized

The visualization was…



Diversity of Likert answer options

 Agreement (7 points)

 Bipolar numbered
agreement (5 points)

 Bipolar quality
(7 points)

 Bipolar statements
(5 points)
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It makes
perfect sense

I am utterly
confused

Is it clear what information is being 
presented and why?



EXPLORATORY 
STUDY
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PREVis: a standardized questionnaire
to evaluate perceived readability
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Development and validation methodology
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Paper

Appendices
(35 pages)
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A B C

D E F

Exploratory survey (N=280 to 300 participants, independent samples)



204
Note: there is a large number of terms in the literature for encodings taxonomies: visual variable and visual channel refer more to perceptual channels. Visual encodings is a 
broader term that also encompasses marks and possibly even idioms. « Encoding Channels: position (X/latitude, Y/longitude), length, angle, area, texture, shape, color saturation, 
color hue, orientation, column, row. Mark Types: point, line, area-circle, area-rect, area-arc, area-other, text, geoshape, box-plot. » (Zeng et Battle, 2023)

See Research log
p.60 



Reducing the number of questions

Exclusion criteria:

 Weak factor 
loading

 Cross-factors
loadings

 Final selection on 
reliability metrics
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Explora
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Ratings with PREVis scales on exploratory stimuli
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VALIDATION 
STUDY
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Validation study

 N=147 on Prolific - All participants saw A, B, and C in random order

 People answered 2 reading questions then 11 PREVis questions

 Exclusion criteria: 1 comprehension check and 1 attention check
209

A B C



Time spent on PREVis ratings
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Results:
construct validity

1. Inter-scales reliability: 
each scale should 
highly correlate with 
the others, because 
they are all related to 
the same underlying 
construct: readability
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Results:
construct validity

1. Inter-scales reliability

2. Discriminant validity: 
the results should not 
correlate with 
measures of an 
unrelated construct
(extraversion scale 
from the Big Five 
Inventory
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A B C

Computed reference layout measures 
from greadability.js (Gove, 2018)

Stimulus A 0.872

Stimulus B 0.786

Stimulus C 0.679

R. Gove. It pays to be lazy: Reusing force approximations to compute better graph layouts faster. OSF preprint, 2018. doi: 10/gftd8t

https://doi.org/10/gftd8t
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C

Point estimates with 95% CI

Understand obvious + represent + understand
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DataFeat visible + clear
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PREVis: implementation guidelines

Why? To complement other measures

When? After people used the visualization (s)

How? Ensure reliability of your results: read the *** manual!

 Question order and randomization

 Questions wording

 Answer options and labels

 Study cases and data analysis choices

220



Available materials
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 Full paper 
with appendices

 Pre-registrations

 Research log

 Implementation 
companion guide

 Code and example data 
to help you produce 
different figures

 Code and data to 
reproduce our work
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www.aviz.fr/Research/PREVis

PREVis
Perceived Readability Evaluation for Visualizations

It is obvious for me how to read this visualization

I can easily understand how the data is represented
in this visualization

I can easily understand this visualization

I don’t find this visualization messy

I don’t find this visualization crowded

I don’t find distracting parts in this visualization

I can easily find specific elements in this visualization

I can easily identify relevant information in this visualization

I can easily retrieve information in this visualization

I find data features (for example, a minimum, or an 
outlier, or a trend) visible in this visualization

I can clearly see data features (for example, a 
minimum, or an outlier, or a trend) in this visualization

Understand obvious+ represent+ understand

Layout messy + crowded + distracting

DataRead find + identify + inform

DataFeat visible + clear


