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well-studied magnitude-5.6 Oklahoma event, Nov 6, 2011



Computer with soundcard
and TCL-LabX software

Listening through
headphones

Controlling the sound playing
and grouping the sounds

Subject
(Listener)



0.5 1 1.5 2

60 120 180 240 300
1
0

0

0.8

0.6

0.4

0.2

0

-0.2

-0.4

-0.6

-0.8

-1

audio time (s)

seismic time (s)

N
or
m
al
iz
ed
am
p
li
tu
d
e

0.5 1 1.5 2

60 120 180 240 300
1
0

0

0.8

0.6

0.4

0.2

0

-0.2

-0.4

-0.6

-0.8

-1

audio time (s)

seismic time (s)

N
o
rm
a
li
ze
d
a
m
p
li
tu
d
e

signals audified via Matlab audiowrite, speed up factor = 150



free-categorization task: TCL-LabX interface

during one realization of the experiment…



free-categorization task: TCL-LabX interface

…and at the end of one realization of the experiment
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summary of free-categorization results: 
“tree” analysis



summary of free-categorization results: 
“tree” analysis



summary of free-categorization results: 
what do the groups correspond to?



perceived sound intensity changes with frequency (Benade, 1990;
Roederer, 2008).

On the other hand, two objects can be put into the same natural
category if they share some features, and separated into different
categories if they differ in some other respects: this aspect of the
theory of natural categories can take into account the diversity of
objects within a group, and the relationship between attributes, which
are not assumed to be independent, and can be unknown a priori.

3.2. Free categorization method

We apply the free categorization method, consistent with the
theory of categorization outlined in Section 3.1. The recordings by

17 stations of the array described in Section 2.1 are sonified as
described in Section 2.2: 17 sound samples are then to be listened
to and categorized by the subjects. In the following, we take the
psychoacoustical perspective and we use the word “stimulus” for
“sound sample”. Two examples of such stimuli, corresponding to
stations V35A (near the epicenter) and W38A (far from the epi-
center), are shown in Fig. 4.

Of the K¼24 subjects who took part in the experiment, none
reported to have prior expertise in the listening of sonified seismic
signals. All subjects nevertheless had backgrounds in Earth sciences,
acoustics or sound engineering, so have an a priori expertise in either
listening or seismology.
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Fig. 3. Rayleigh-wave (left) and Love-wave (right) phase-velocity variations (with respect to the regional average) according to (Ekström, 2013), at periods of (top to bottom)
5, 12 and 35 s. The region is the same as that depicted in Fig. 1.
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summary of free-categorization results: 
what do the groups correspond to?

phase velocities in the 
region of study

(model by Göran Ekström)



1.  subjects behave similarly and some coherent categories emerge

2.  those categories can be explained in terms of several geological features

3.  we are unable to disentangle those geological features from one another

summary of free categorization test (Paté et al., 2016)



second experiment: constrained categorization

data set 1: same kind of focal 
mechanism, depth magnitude, but 

path can sample ocean.OR.continent

data set 2: same sampled 
terrain, depth magnitude, 

but two types of focal 
mechanisms



data set 1, continental paths

data set 1, oceanic paths

data set 2, thrust faults

data set 2, strike-slip faults

second experiment: examples of traces





constrained categorization: summary of results



a"er	  training	  

constrained categorization: summary of results after training



constrained categorization: verbal data



constrained categorization: 
do verbal data correspond to quantitative features of traces? 



constrained categorization: 
do verbal data correspond to quantitative features of traces? 



1.  on average, subjects are able to correctly classify seismograms by audition 

2.  their performance is improved by training

3.  criteria that subjects claim to follow correspond to quantitative features in data

summary of constrained categorization test 
(Boschi et al., submitted to SRL)
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