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Outline
• What is visualization literacy?
• What is network visualization literacy?
• Selecting tasks for NetVisLit
• Results of NetVisLit performance studies
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Visualization Literacy
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http://guides.library.duke.edu/vis_types
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How well can people read 
visualizations?
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How well can people read 
visualizations?
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Figure 3: Midmeans of log absolute errors against
true percentages for each proportional judgment type;
superimposed are curves computed with lowess.

the results for the position-angle experiment to those for the
position-length experiment. By designing judgment types 6
and 7 to adhere to the same format as the others, the results
should be more apt for comparison. Indeed, the new results
match expectations: psychophysical theory [7, 34] predicts
area to perform worse than angle, and both to be significantly
worse than position. Theory also suggests that angle should
perform worse than length, but the results do not support this.
Cleveland & McGill also did not find angle to perform worse
than length, but as stated their position-angle results are not
directly comparable to their position-length results.

EXPERIMENT 1B: RECTANGULAR AREA JUDGMENTS
After successfully replicating Cleveland & McGill’s results,
we further extended the experiment to more judgment types.
We sought to compare our circular area judgment (T7) re-
sults with rectangular area judgments arising in visualiza-
tions such as cartograms [9] and treemaps [26]. We hypoth-
esized that, on average, subjects would perform similarly to
the circular case, but that performance would be impacted by
varying the aspect ratios of the compared shapes. Based on
prior results [19, 34], we were confident that extreme varia-
tions in aspect ratio would hamper area judgments. “Squar-
ified” treemap algorithms [3, 35] address this issue by at-
tempting to minimize deviance from a 1:1 aspect ratio, but it
is unclear that this approach is perceptually optimal. We also
wanted to assess if other differences, such as the presence of
additional distracting elements, might bias estimation.

Method
We again used Cleveland & McGill’s proportional judgment
task: subjects were asked to identify which of two rectangles
(marked A or B) was the smaller and then estimate the per-
centage the smaller was of the larger by making a “quick
visual judgment.” We used a 2 (display) ⇥ 9 (aspect ra-
tios) factorial design with 6 replications for a total of 108
unique trials (HITs). In the first display condition (T8) we

Cleveland & McGill's Results
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Figure 4: Proportional judgment results (Exp. 1A & B).
Top: Cleveland & McGill’s [7] lab study. Bottom: MTurk
studies. Error bars indicate 95% confidence intervals.
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Figure 5: Rectangular area judgments by aspect ratios
(1B). Error bars indicate 95% confidence intervals.

showed two rectangles with horizontally aligned centers; in
the second display condition (T9) we used 600⇥400 pixel
treemaps depicting 24 values. Aspect ratios were determined
by the cross-product of the set { 2

3 , 1, 3
2} with itself, roughly

matching the mean and spread of aspect ratios produced by
a squarified treemap layout (we generated 1,000 treemaps of
24 uniformly-distributed random values using Bruls et al.’s
layout [3]: the average aspect ratio was 1.04, the standard de-
viation was 0.28). We systematically varied area and propor-
tional difference across replications. We modified the squar-
ified treemap layout to ensure that the size and aspect ratio
of marked rectangles matched exactly across display condi-
tions; other rectangle areas were determined randomly.

As a qualification task, we used multiple-choice versions of
two trial stimuli, one for each display condition. For each
trial (HIT), we requested N=24 assignments. We also re-
duced the reward per HIT to $0.02. We chose this number
in an attempt to match the U.S. national minimum wage (as-
suming a response time of 10 seconds per trial).

Heer & Bostock (2010)
http://vis.stanford.edu/files/2010-MTurk-CHI.pdf
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Network Visualizations

A B C D

A 1 0 1

B 1 1 0

C 0 1 0

D 1 0 0
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Network Visualization Literacy Tasks
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Shortest path between A and B?

A

B

Purchase, 1997; Purchase, 2000; 
Purchase, Carrington, & Allder, 2002;
Purchase, Cohen, & James, 1997; 
Ware, Purchase, Colpoys, & McGill, 2002;
Huang, 2013; Huang, 2014; 
Huang, Eades, Hong, & Lin, 2013; 
Huang & Huang, 2011; 
Huang, Huang, & Lin, 2016

Design variations:
• edge bends
• edge crossings
• layout symmetry
• link exit angle
• orthogonal grid
• path continuity
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Network Visualization Literacy Tasks
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A

2

1

Which is more similar to A?

Fabrikant & Montello, 2008; 
Fabrikant et al., 2004; 
Fabrikant, Ruocco, Middleton, 
Montello, & Jörgensen, 2002

Design variations:
• Euclidean distance
• Measured path length
• # nodes on path
• Design of path 

(width, darkness, hue)
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Network Visualization Literacy Tasks

15
Ghoniem, Fekete, & Castagliola, 2005

Design variations:
• data sizes 

(20, 50, 100 nodes)
• data densities 

(.2, .4, .6)
• layout conditions 

(node-link, matrix)

Tasks:
• # nodes
• # edges
• most connected node
• find node by label
• find link by label
• find common neighbor
• find path between node
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Gaps

• Tasks based on real-world network usage
• Small changes in graphic design
• Layouts vs. tasks
• Differences in user experience

16
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Statement of purpose

The purpose of this research is to explore the 
tasks for which network visualizations are 
best suited, taking into account the 
experience level of the user and the 
properties of the visualization. 
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Study A: 
Network science task selection
What network measures do network science experts consider most 
important? Easiest to estimate using a visualization?
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Candidate tasks
Level Candidate task

Element (node)

1. Closeness Centrality

2. Eigenvector Centrality

3. Node Betweenness Centrality

4. Node Degree

Element (link)
5. Link Betweenness Centrality

6. Loops

Small groups

7. Component Size

8. Modularity

9. Number of Components

Full network

10. Average Degree

11. Average Path Length

12. Average Shortest Path

13. Clustering Coefficient

14. Density

15. Diameter

16. Number of Links

17. Number of Nodes
19
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Questions

• How important are these measures to your 
research?
• How likely is it that you would be able to 

estimate these measures from a visualization?

20
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Participants
Open invitation to SOCNET listserv (n=51)
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Final tasks

Level Task

Element (node)
1. Node Degree
2. Node Betweenness Centrality

Small group
3. Number of Components
4. Component Size

Full network

5. Number of Nodes
6. Number of Links
7. Average Degree
8. Density

25
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Study B: 
Visualization task performance
How do a network’s properties (e.g., number of nodes, density), design (e.g., 
color, size, layout) or context (e.g., concrete vs. abstract question phrasing) 
affect the ability of users to interpret the visualization? 

26
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Network datasets

7 real-world datasets
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network

nodes 8 30 67 184 270 321 379

edges 14 337 143 246 932 583 914

density 0.5 0.775 0.065 0.015 0.026 0.011 0.013
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Graphic Conditions 
(between subjects)
• Baseline

NLD with GEM layout

• Concrete phrasing
Using “person” and “relationship” 
rather than “node” and “link”

• Color
add a solid color to the nodes

• Size
make all nodes slightly larger

28
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Measure Name Question Phrasing (Technical) 
Node degree Find the node with the most links. About how many links does it have?

Click on the node with the most links.  (Your last click will be the only click 

recorded.)
Node betweenness centrality Find any nodes that bridge gaps between clusters, rather than being 

closely connected to a single cluster.  Click on each of those nodes.  (If you 

see a lot of these nodes, please choose at most five that seem to be clear 

examples.) 
Cluster detection If you were asked to estimate the number of clusters in this network, about 

how confident would you be in your estimation?
Number of unconnected 

components 

How many clusters do you see in this network? Please type the number 

below.
Component size distribution Find the largest cluster in the network, and look at the nodes in that 

cluster.  What percentage (approximately) of the total nodes in the 

network can be found in the largest cluster?
Number of nodes About how many total nodes are in this network? 
Average degree or degree 

distribution 

About how many links does each node in this network have, on average? 

Number of links About how many total links are in this network? 

Task phrasing – formal

29
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Measure Name Question Phrasing

Node degree Find the most popular person. About how many friends does he or she have?

Click on the person with the most friendship connections.  (Your last click will be 

the only click recorded.)

Node betweenness centrality Find any people who bridge gaps between friend groups, rather than being 

closely connected to a single friend group.  Click on each of those people.  (If you 

see a lot of these people, please choose at most five who seem to be clear 

examples.) 

Cluster detection If you were asked to estimate the number of tightly-knit friend groups in this 

community, about how confident would you be in your estimation?

Number of unconnected 

components 

How many tightly-connected friend groups do you see in this community? 

Please type the number below.

Component size distribution Find the largest friend group in the network, and look at the people in that group.  

What percentage (approximately) of the total people in the community can be 

found in the largest friend group?

Number of nodes About how many total people are in this community?  Please type the number 

below.  (For larger communities, the number can be an approximation, but 

please type only numbers into the box.) 

Average degree or degree 

distribution 

About how many friendship connections does each person in this community 

have, on average?

Number of links About how many total connections are there in this community?

Task phrasing – informal
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Layout Conditions 
(between subjects)
• GEM layout

force-directed layout

• Circular layout
nodes positioned by cluster 
assignment

• Fruchterman-Reingold
nodes evenly distributed

• OpenOrd
emphasizes clusters

31
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Amazon Mechanical Turk

Selection criteria:
• located in the United States

• approval rate for the worker is at least 95%

• number of approved tasks is at least 100

Compensation:
• $3.50 for a 25-30 minute study

32
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AMT Participants

33

network

control 104 50 51 51 50 52 49

phrasing 108 54 52 53 53 53 54

color 109 52 53 54 53 52 55

size 109 54 56 53 55 52 52

circle 102 50 47 48 46 47 47

frucht 105 49 50 51 52 49 53

openord 112 54 54 57 53 54 55

VISUALIZATION LITERACY

NETVISLIT

TASK SELECTION

TASK PERFORMANCE



netvislit.org

IU Network Science community

Selection criteria:
• Affliated with IUNI, CNS program, or other network 

science training

Compensation:
• Pilot: drawing for two $50 Amazon Gift Cards

• Graduate Students: $10 Amazon Gift Cards, pizza

• Faculty/Staff: randomly assigned to two 
conditions: $10 gift card, $10 donation

34
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IU NetSci Participants
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network

control 23 21 23 22

circle 20 18 17 19

frucht 17 17 17 16

openord 23 22 23 23
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Average Degree (Response)
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Average Degree (Error)
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Number of Nodes (Response)
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Number of Nodes (Error)
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Number of Links (Response)
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Number of Links (Error)
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High Degree Node (Response)
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High Degree Node (Error)
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# of Clusters (Response)
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# of Clusters (Error)
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Largest Cluster (Response)
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Largest Cluster (Error)
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Results: 
Conditions and Expertise
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Graphic Conditions (Error)

50

VISUALIZATION LITERACY

NETVISLIT

TASK SELECTION

TASK PERFORMANCE



netvislit.org

Layout Conditions (Error)
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Tasks by Layout
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Tasks by Layout
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Expertise (Error)
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Future work
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• Complete analysis
• Different conditions 

(e.g., variable encoding)
• Qualitative study on interpretation
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Questions?
amzoss@indiana.edu
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Thank you!
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Participants
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Participants
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Figure creation: Study B

• Used Sci2 and GUESS for GEM layout
• Used Adobe Illustrator for clean-up:
• Resize to fit in a 729 pixel x 729 pixel square
• Change all nodes to a uniform width and height
• Change all edges to a uniform width
• Standardize node and link colors
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Figure creation: Study C

• Used Gephi for three additional layouts:
• OpenOrd
• Fruchterman-Reingold
• Circular

• Used Adobe Illustrator for clean-up:
• Resize to fit in a 350 pixel x 350 pixel square
• Change all nodes to a uniform width and height
• Change all edges to a uniform width
• Standardize node and link colors
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