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Which drawing has more crossings?
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Which drawing has more crossings?

3147 crossings 55 crossings



Which drawing has lower stress?
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Which drawing has lower stress?

higher stress lower stress 5



Which drawing has lower stress?
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Which drawing has lower stress?

lower stress higher stress 7



What is stress?

● The extent to which graph theoretic distances in a graph line up with 
geometric distances in the graph drawing.

● Formally: 
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What is stress?
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Kruskal Stress Metric (KSM)

Instead of calculating the exact discrepancy between theoretic and geometric 
distance:

Maintain the ordering of distances

i.e. from each node, the node that is first, second, and third etc. closest in terms of 
graph theoretic distance should still be first, second, and third etc. closest in the 
drawing respectively
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Kruskal Stress Metric calculation

A Shepard diagram is formed by forming a set of coordinates for each pair of 
nodes i, j: ci,j = (||Xi − Xj ||, di,j ). 

A Shepard diagram created from an ideal drawing would have all points lying 
exactly on a straight line, since this would correspond to all input distances being 
exactly all output distances. 

To measure the deviation from this line, Kruskal performs a monotonic regression 
with (n choose 2) points to best fit the diagram. The matrix D^ is defined such that 
ˆdi,j is the distance in the x-coordinate to the fitted line from ci,j .
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Kruskal Stress Metric (KSM)

Why are we using this definition?

● Scale invariant

● Rotation invariant

● Normalised
○ Values lie in the range 0-1, where 1 represents the “best” value, i.e. zero stress.

● Useful experimental alternative to traditional stress
○ Correlation of 0.871 on dataset of ~half a million graph drawings (KSM vs KK)
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Experimental Design

● 3 Experimental conditions: Trained, Untrained, Expert participants
○ Recruited via prolific

● 3 Graph sizes: nodes: 10, 25, 50 - 5 graphs of each size

● Trained: 25 participants per graph size (75 total)

● Untrained: 10 participants per graph size (30 total)

● Expert: 8 participants - experts participate for all graph sizes
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Training material - Explanation of stress



Training material - Explanation of stress
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Training material

● Explanation of stress

● Participants were asked 9 training questions (similar to main experiment)
○ Shown two graph drawings and asked which has lower stress

■ The drawing on the left has lower stress
■ The drawings have the same stress
■ The drawing on the right has lower stress

○ Needed 5/9 correct to continue
○ Trained participants received accuracy feedback 
○ Untrained participants given no accuracy feedback

● Expert participants were not given any training questions
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Training material
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Training material
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Experimental Procedure

● Compare two 
graph drawings, 
and pick the one 
with lower 
stress.

● Same graph; 
different 
drawings
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Experimental Procedure - Data collected

● Accuracy - 0 or 1
● Response time - in seconds
● Confidence rating - 0 or 1
● Strategy + demographic information
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Stimuli - Why limit to 0.4 and 0.8 bounds?

● Upper limit at 0.8 because the optimisation algorithm used is not capable of 
generating anything higher

● Lower limit at 0.4 because anything lower creates drawings where one node 
is moved as far as possible from other nodes.

○ Similar to this drawing but more extreme
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Stimuli

● 3 Graph sizes: 10, 25, 50
○ Low density graphs (n <= m <= 2n)
○ 5 Graphs for each size
○ Randomly generated using the Erdős–Rényi model

● Drawings generated with hill climbing 
algorithm for 9 distinct KSM values

○ 0.4, 0.45, 0.5... 0.8 (and hence 9 unique differences: 
0, 0.05, 0.1, 0.15… 0.4)

○ 15 x 9 = 135 drawings 
○ Repeated 3 times 

● 3 sizes ⨉ 5 graphs ⨉ 9 stress values ⨉ 3 
drawings = 405 total drawings
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0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8

0.4 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

0.45 0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

0.5 0.1 0.05 0 0.05 0.1 0.15 0.2 0.25 0.3

0.55 0.15 0.1 0.05 0 0.05 0.1 0.15 0.2 0.25

0.6 0.2 0.15 0.1 0.05 0 0.05 0.1 0.15 0.2

0.65 0.25 0.2 0.15 0.1 0.05 0 0.05 0.1 0.15

0.7 0.3 0.25 0.2 0.15 0.1 0.05 0 0.05 0.1

0.75 0.35 0.3 0.25 0.2 0.15 0.1 0.05 0 0.05

0.8 0.4 0.35 0.3 0.25 0.2 0.15 0.1 0.05 0
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Stimuli - Experimental procedure per participant

● 45 trials
○ 9 unique KSM 

differences
○ 5 graphs

● Left/Right 
chosen 
randomly

● Exact drawings 
& KSM values 
chosen 
randomly
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Results - Trained Participants (25 per graph size)

● Participants performed 
better when the stress 
difference is higher

● Slightly lower response 
time and greater 
confidence for larger 
differences

● Smaller stress differences 
were more likely to have 
the response “The stress 
is the same”
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Results - Untrained Participants (10 per graph size)

● Participants performed 
better when the stress 
difference is higher

● Slightly lower response 
time and greater 
confidence for larger 
differences

● Smaller stress differences 
were more likely to have 
the response “The stress 
is the same”
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Results - Expert Participants (8 for all graph sizes)

● Participants performed 
better when the stress 
difference is higher

● Slightly lower response 
time and greater 
confidence for larger 
differences

● Smaller stress differences 
were more likely to have 
the response “The stress 
is the same”
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Results - Participant comparisons

● Independent samples t-test
○ Mean accuracy

■ Trained vs Untrained
■ 0.009
■ Significant difference

■ Trained vs Expert
■ 0.361
■ No significant difference
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Results - Graph size comparisons

● Graph size made no difference 
on performance
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Visual Proxies

“Please describe the strategy you used to determine which drawing had lower stress.”

Participants reported several ‘perceptive shortcuts’

32r = 0.69 r = 0.65 r = 0.30 r = - 0.64



Future work
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Conclusion

● Contributions:
○ First empirical study testing the perception of stress 

directly

○ People can be taught to ‘see’ stress as well as experts 
can

○ Graph size doesn’t seem to affect perception

○ Larger differences in stress are more easily detected
■ Accuracy increases above differences of 0.15
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