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Tests of enactivism require mobile measurements of gaze and brain imaging.

HOW TO INVESTIGATE COGNITION?

Nagel SK et al. (2005) J Neural Eng
Kaspar K et al. (2014) Conscious Cogn
König SU et al. (2016) Plos One

Cogni-on is some-mes modelled 
as manipula-ons of symbolic 
representa-ons.  

Enac-vism takes a contras-ng 
view and emphasises the in-mate 
rela-onship of ac-on and 
cogni-on. O’Regan (here on a cat 
walk with the feelSpace belt) & 
Noe present a specific variant of 
this approach sensorimotor 
con-ngencies theory. The quality 
of percep-on is governed by the 
sensorimotor con-ngencies. Kevin O’Regan
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Common	coding	space	
or	is	it	reasonable?

www.nature.com/scientificreports/
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Figure 3. Examples of (A) Sensorimotor, (B) Motor, (C) Sensory, and (D) Unspeci!ed ICs. "e exact procedure 
of grouping of all ICs into the four groups is described below. "e round component scalp maps on the le# side 
represent topography of ICs from 64-channel EEG recordings. "e component scalp map values returned by 
ICA were proportional to µV (scaling is distributed between the component maps and activity time courses)26, 
33. Panels on the right side of each scalp map depict activity data of the IC. (1) "e “top-le#” plot in each panel 
shows colour-coded amplitude of the IC activity in a recording session. Each line in the plot represents a trial. 
Trials were sorted according to latency of reaction time. "e black vertical line (OX = 0 ms) shows the onsets 
of the stimuli and the black curve in the positive direction shows the moments of a button-press event. (2) "e 
“top-right” plot in each panel depicts the same trials as the “top-le#” plot, but this time trials were aligned by 
onset of a button-press event (OX = 0 ms). "e straight vertical line shows the moments of the button-press 
events and the curve in the negative direction shows the onsets of the stimuli. (3) "e “middle-le#” and (4) 
“middle-right” plots in each panel show Event Related Potentials (blue curves) derived from trials depicted in 

A Melnik

Melnik et al. (2017) Sci Rep

D Ferris D Hairston
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These findings reveal EEG correlates of tightly coupled sensorimotor processing in the human brain, 
and support frameworks like embodied cognition, common coding, and sensorimotor contingency .

1 - COMMON CODING SPACE

Melnik et al. (2017) Sci Rep

blue

green

2-AFC task on congruent vs 
incongruent colors + EEG. Stimuli and recording setup (top left). 

Example of sensorimotor IC (top middle). 
#ICs in different categories as a function 
of #channels (sensorimotor ICs red). 
Localisation of sensorimotor ICs in 
source space. Three clusters of 
reproducible ICs are colour coded.

www.nature.com/scientificreports/
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Figure 3. Examples of (A) Sensorimotor, (B) Motor, (C) Sensory, and (D) Unspeci!ed ICs. "e exact procedure 
of grouping of all ICs into the four groups is described below. "e round component scalp maps on the le# side 
represent topography of ICs from 64-channel EEG recordings. "e component scalp map values returned by 
ICA were proportional to µV (scaling is distributed between the component maps and activity time courses)26, 
33. Panels on the right side of each scalp map depict activity data of the IC. (1) "e “top-le#” plot in each panel 
shows colour-coded amplitude of the IC activity in a recording session. Each line in the plot represents a trial. 
Trials were sorted according to latency of reaction time. "e black vertical line (OX = 0 ms) shows the onsets 
of the stimuli and the black curve in the positive direction shows the moments of a button-press event. (2) "e 
“top-right” plot in each panel depicts the same trials as the “top-le#” plot, but this time trials were aligned by 
onset of a button-press event (OX = 0 ms). "e straight vertical line shows the moments of the button-press 
events and the curve in the negative direction shows the onsets of the stimuli. (3) "e “middle-le#” and (4) 
“middle-right” plots in each panel show Event Related Potentials (blue curves) derived from trials depicted in 

www.nature.com/scientificreports/
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Figure 4. Distribution of ICs into the four groups: Motor, Sensory, Sensorimotor, and Unspeci!ed. Panel (A) 
depicts 1412 accepted ICs in the study from 32-, 64- and 127-channel datasets. Each dot represents an IC with 
a Sensory ITC value as the X coordinate and a Motor ITC value as the Y coordinate. Blue dots represent Motor 
ICs. Green dots represent Sensory ICs. Red dots represent Sensorimotor ICs. Black dots represent Unspeci!ed 
ICs. "e vertical black line at X = 0.2 represents the sensory ITC threshold, and the horizontal black line at 
Y = 0.2 represents the motor ITC threshold to separate ICs into the four groups. "e grey diagonal dashed 
line (X = Y) represents the ITC-threshold trajectory of the intersection of the threshold lines. "e results of 
distribution of ICs into the four groups at di#erent points of the trajectory are shown in Panel (B). "e X-axis 
is derived from the X = Y dashed line in Panel (A). "e Y-axis represents a mean number of ICs in a group per 
session at di#erent points of the grey diagonal dashed ITC-threshold-trajectory line (X = Y) in Panel (A). "e 
grey dotted line at X = 0.2 indicates the selected ITC threshold for Sensory and Motor ITC values in Panel (A). 

www.nature.com/scientificreports/
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more complex higher-order electric !elds, e.g., a quadrupole, is possible. A dipole !t to such ICs would have a 
high residual variance and lead to a rejection by the dipole !t !ltering procedure. However, in the current study 
we report the existence of sensorimotor functional modules represented by Sensorimotor ICs; thus, we delib-
erately chose the conservative approach to minimize the chances of false positive results and be sure that such 
Sensorimotor ICs are real.

The topographical sparseness threshold used to remove ICs from further analysis was set to 5 (Fig."2). 
We did an additional control to check whether the threshold TS = 5 might cause a selection bias on compo-
nents selected for further analysis. Those results indicated that the threshold choice did not cause a selec-
tion bias. We found that TS threshold selection below 5 did not influence the proportion of Sensorimotor 
ICs (Sensory and Motor ITC values > 0.2) in the 32-, 64-, and 127-channel datasets. Having a TS threshold 
higher than 5 was not appropriate because we wanted to remove from further data analysis ICs which had a 
one-channel-dominant-projection-weight topography. In 32-channel datasets, such a topography corresponds 
to TS = 5.5. Therefore, the current selection TS = 5 seems reasonable and did not cause a selection bias on 
Sensorimotor ICs selected for further analysis.

#e ITC threshold used to divide all ICs into the four groups (Sensorimotor, Sensory, Motor, and Unspeci!ed 
- Figs"3 and 4) was set to 0.2. Figure"4 shows how the distribution of ICs into Sensory, Motor, and Sensorimotor 
groups changes when the ITC threshold moves. #ere was no gap of bi-modal distribution, and we did not !nd 
indications that the results depended on the exact ITC threshold. #e selected ITC threshold = 0.2 seems to be 
a reasonable choice, as it is around the peaks of Sensory (green) and Motor (blue) lines (Fig."4B). Furthermore, 
also for deviant choices of the threshold value, the number of Sensorimotor ICs was minimally dependent on 
the number of channels (Fig."4B, solid, dashed, and dotted red line). #us, we did not !nd any indication that 
Sensorimotor ICs were a result of squeezing sensory and motor modules into a single IC due to a limited number 
of channels. Instead, additional degrees of freedom were taken by the Sensory ICs and the Unspeci!ed ICs. #e 
ITC threshold level = 0.2 gave a good separation of ICs into the groups and shi$ing the threshold slightly up or 
down did not change the ratio of Sensorimotor ICs in datasets with a di%erent number of channels (32, 64 and 
127 ch.).

Location of the centroid of Cluster 1 coincides with the anterior cingulate cortex (ACC). #e anterior cingu-
late cortex is associated with con&ict monitoring in the engagement of cognitive control38, 39, i.e., in the Stroop 
task40. Indeed, the paradigms in the current study are variations of the Stroop task. It has also been proposed that 
“the anterior cingulate cortex is a cortical region where a cognitive/motor command, coming from a di%erent cor-
tical region (e.g., prefrontal cortex), is being modulated and funnelled to the motor system, and this modulation 
takes place within distinct, motor output-speci!c subregions of the anterior cingulate cortex, thus emphasizing 
the motor character of this region”41–43. Errors in the localization accuracy of EDs are possible, limiting our con-
clusions to the anterior cingulate cortex likely being involved with sensorimotor processing for our task.

Figure 6. #ree clusters (coloured in red, yellow, and blue) obtained by the k-means clustering algorithm from 
192 Sensorimotor EDs reproducible across subjects from 32-, 64-, and 127-channel datasets. 151 Sensorimotor 
EDs, which were not reproducible across subjects, were coloured in grey and did not participate in the k-means 
clustering. Cluster 1 = Sensorimotor EDs coloured in red; Cluster 2 = Sensorimotor EDs coloured in yellow; 
Cluster 3 = Sensorimotor EDs coloured in blue. Labels at the crosses represent anterior (A), posterior (P), dorsal 
(D), ventral (V), le$ (L), and right (R) sides.
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MOVE	or	is	it	worth	while?

P Fischer

Ehinger et al. (2014)  
Front Hum Neurosci 

B Ehinger AL Gert F Weber L Kaufhold G Pipa
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Statements on the physiological mechanisms of real world navigation 
 are often based on extrapolation.

2 - MOVE

Previous EEG spa-al naviga-on studies find 
alpha suppression in parietal and occipital 
areas during spa-al upda-ng. However, with 
few excep-ons, they are conducted using 
sta-onary setups.

Overview�|�Methods�|�Results�|�Discussion�OCCAM�2013

Overview

� Previous�EEG�spatial�navigation�studies�find�alpha�suppression�
in�parietal�and�occipital�areas�during�spatial�updating

Gramann

 

et�al.�(2010),
Human�Brain�Dynamics�Accompanying�use�of�
Egocentric�and�Allocentric

 

Reference�Frames�
during�Navigation.�
Journal�of�Cognitive�Neuroscience.

Overview�|�Methods�|�Results�|�Discussion�OCCAM�2013

Overview

� Previous�EEG�spatial�navigation�studies�find�alpha�suppression�
in�parietal�and�occipital�areas�during�spatial�updating

Gramann

 

et�al.�(2010),
Human�Brain�Dynamics�Accompanying�use�of�
Egocentric�and�Allocentric

 

Reference�Frames�
during�Navigation.�
Journal�of�Cognitive�Neuroscience.
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The design allows to disentangle vestibular and kinesthetic sensory information.

2 - MOVE

Ehinger et al. (2014) Front Hum Neurosci 

Mobile EEG + VR setup: HMD SX 60, 
horizontal FOV of 44°, 1280 x 1024 
resolu-on, PPTX infrared tracking, 
Iner-a Cube with 4ms latency, HMD 
combined with EEG, eye tracker had to 
be dismantled.  
Task was to Adjust an arrow indica-ng 
the correct homing direc-on.

Overview�|�Methods�|�Results�|�Discussion�OCCAM�2013

Methods

� Mobile�EEG�+�VR�setup
� Starfield environment

� Task:�Adjust�an�arrow�to�
indicate�the�correct�homing�
direction

VR#Marker

HDMInertia/Sensor

EEG#Cap

EEG
Amplifier

HDM
Controler

Stimulus
Computer

EEG#/Recording
Computer

Exchangeable
board

lockable
rolls

Overview�|�Methods�|�Results�|�Discussion�OCCAM�2013

Methods

� Mobile�EEG�+�VR�setup
� Starfield environment

� Task:�Adjust�an�arrow�to�
indicate�the�correct�homing�
direction

2x2�Design
No�vestibular�input������������������Vestibular�input

Active�walking
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���
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Passive�standing Vestibular�only

Kinesthetic�only
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We reproduce findings of previous, stationary experiments in the “passive” 
condition, but results modulated by availability of sensory information.

2 - MOVE

Ehinger et al. (2014) Front Hum Neurosci 

The lec column displays the loca-ons of all dipoles 
belonging to the nine separate clusters projected to an 
MNI standard brain. Log-frequency ERSPs are shown in 
the central four columns. Blue denotes a decrease and 
red an increase in EEG power compared with baseline. 
Boxplots in the right column depict the mean, cluster-
wise ERSP ac-vity in the alpha band (8–12 Hz) during 
the turn for each condi-on.  

In cluster OM the ves-bular condi-on differs 
significantly from that in the passive and kinesthe-c 
condi-on. More anterior clusters ML and FP show 
significant alpha band effects between ves-bular and 
passive, ves-bular and ac-ve, and ac-ve and passive 
condi-ons. ERSP alpha ac-vity of cluster FP shows a 
significant difference between the kinesthe-c and 
ac-ve condi-on.  

The clusters are labeled as follows: OM, Occipital 
Medial; OL, Occipital Lec; OR, Occipital Right; PL, 
Parietal Lec; PM, Parietal Medial; PR, Parietal Right; ML, 
Motor Lec; MR, Motor Right; and FP, Fronto-Parietal. 

Previous lab based studies reproduced.

What is really going on.
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Equipment	or	get	the	tools	needed

A Melnik

Melnik A et al. (2017) Front Hum Neurosci;                         Ehinger et al. (2019) PeerJ

Melnik et al. EEG Systems, Sessions, and Subjects

FIGURE 3 | (A) Mesh-head model with the 1082 mesh channels shown as white dots. Black labels represent the 10–20 international system and depict positions of
35 electrodes. Labels at the crosses represent anterior (A), posterior (P), dorsal (D), ventral (V), left (L) and right (R) sides. (B) Allocation of electrodes. Beneath the
topoplots are photos of the corresponding EEG systems used in the study (Photos with permission from Emotiv, g.tec, Brain Products, and ANT Neuro).

channels had the same positions on the mesh-head model in
all EEG recordings in the study. Therefore, we could compare
selected mesh channels between all EEG recordings in the
study.

For each paradigm we found a region of interest and selected
a cluster of interpolated mesh channels (see definition of clusters
for the paradigms below in the results). Due to the varying
density of electrodes across EEG systems, some clusters in a
part of recordings may lack of electrodes within the clusters.
Table 2 demonstrates average distances from clusters to nearest
electrodes.

Statistical Analysis
ANOVA
Repeated measurements of a paradigm recorded with different
subjects, systems, or in different sessions encompass some
variance related to these factors. We wanted to know to
what extent each of these factors influenced the variance.
The analysis of variance (ANOVA) approach offers itself to
statistically estimate which factor influenced EEG data the most.
Therefore, we used a three-way ANOVA of factors: System,
Subject and Session and their two-factor interactions (Matlab
function anovan.m, Sum of Squares (SS) Type III). ANOVA is

Frontiers in Human Neuroscience | www.frontiersin.org 6 March 2017 | Volume 11 | Article 150

D FerrisD Hairston B Ehinger K GroßP Legkov K Izdebski S Kärcher
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EEG SYSTEMS COMPARISON

Melnik A et al. (2017) Front Hum Neurosci

Depending on the experimental paradigm, the choice of EEG system 
 contributes noticeably to the variance of EEG recordings. 

Melnik et al. EEG Systems, Sessions, and Subjects

FIGURE 3 | (A) Mesh-head model with the 1082 mesh channels shown as white dots. Black labels represent the 10–20 international system and depict positions of
35 electrodes. Labels at the crosses represent anterior (A), posterior (P), dorsal (D), ventral (V), left (L) and right (R) sides. (B) Allocation of electrodes. Beneath the
topoplots are photos of the corresponding EEG systems used in the study (Photos with permission from Emotiv, g.tec, Brain Products, and ANT Neuro).

channels had the same positions on the mesh-head model in
all EEG recordings in the study. Therefore, we could compare
selected mesh channels between all EEG recordings in the
study.

For each paradigm we found a region of interest and selected
a cluster of interpolated mesh channels (see definition of clusters
for the paradigms below in the results). Due to the varying
density of electrodes across EEG systems, some clusters in a
part of recordings may lack of electrodes within the clusters.
Table 2 demonstrates average distances from clusters to nearest
electrodes.

Statistical Analysis
ANOVA
Repeated measurements of a paradigm recorded with different
subjects, systems, or in different sessions encompass some
variance related to these factors. We wanted to know to
what extent each of these factors influenced the variance.
The analysis of variance (ANOVA) approach offers itself to
statistically estimate which factor influenced EEG data the most.
Therefore, we used a three-way ANOVA of factors: System,
Subject and Session and their two-factor interactions (Matlab
function anovan.m, Sum of Squares (SS) Type III). ANOVA is

Frontiers in Human Neuroscience | www.frontiersin.org 6 March 2017 | Volume 11 | Article 150

Melnik et al. EEG Systems, Sessions, and Subjects

FIGURE 11 | Analysis of variance (ANOVA) Sum of Squares (SS) summary of six paradigms. (A) Color bars represent ratios of SS of factors: System, Subject
and Session in the paradigms AEPs, SSVEP, MPs, vMMN, N170, and vDM. (B) ANOVA table summary of SS due to each source for the six paradigms. “d.f.”:
degrees of freedom associated with each source.

in the study. However, ratio of variation over subjects (Figure 11)
was smallest in the ‘‘low-level’’ tasks like flickering checkerboard
(Figure 11—SSVEP) and highest in the more cognitive-oriented
tasks like decision-making task (Figure 11—vDM). The factor
System was also a significant source of variance in all paradigms.
The factor Session was a relatively small source of variance, and it
had a significant p-value (p < 0.01) only in two paradigms (MPs
and SSVEP) out of six.

Interpolation-Related Error
We introduced the interpolation step of the physically recorded
channels to 1082 mesh channels in order to make the
different systems comparable at a selected location. This does,
however, raise a question regarding the validity of whether the
interpolation step creates abnormal, unrealistic or other spurious
data resulting in increased variance between the systems or
poorer performance based solely on channel density. To address
this, we compared an exemplar original recording by the full set
of electrodes with a reduced and interpolated version thereof.
Specifically, we used data from the system with the highest
electrode count (asalab) and selected channels that were also
present in the other systems, i.e., Emotiv EPOC, g.Nautilus, or
similar electrodes (actiCAP had a spherical montage) to create

an artificially sparse, but matching montage. Based on this
sub-selection of electrodes, we interpolated the signals for the
region of interest similar to had been performed for all previous
analyses (Figure 4B). We chose the AEP paradigm as a relevant
example, as not all systems have good coverage of the region of
interest. Distances between the AEP cluster of mesh channels and
the nearest electrodes were 0 cm for the original 127 channels
and the 63- and 31-channels down sampling. This means that
at least one physical electrode was present right in the region
of interest and close to the mesh points. The distance for the
14-channels down sampling was 3.2 cm, which is more than two
times greater than the average distance for Emotiv EPOC (1.4 cm,
see Table 2).

Figure 12 compares the AEP of the original recording and
reduced, interpolated data sets. The high similarity of the
evoked potentials demonstrates that here the interpolation step
does not introduce relevant additional variance (Figure 12).
Thus, in this case, as the topographic distribution of the
evoked potential was relatively smooth, the interpolation could
capture the evoked potential even though the distance of
physical electrodes to the region of interest was relatively large.
However, this does not imply that the number of electrodes
is irrelevant. It only shows that the interpolation step does

Frontiers in Human Neuroscience | www.frontiersin.org 15 March 2017 | Volume 11 | Article 150

We record four subjects in three sessions each with 
four EEG systems in a baiery of tasks. An ANOVA 
revealed that on average 9% of the variance is caused 
by the systems factor. Given that in typical studies 16 

or more subjects are measured and averaged, but a 
single EEG system is used the effec-ve contribu-on of 
the systems factor to variance of the final result is 
even larger. 

Melnik et al. EEG Systems, Sessions, and Subjects

FIGURE 9 | Face-sensitive N170 component (ERP waveforms subtraction “faces minus cars”). (A) Superposition of an ERP from the literature (Rossion and
Caharel, 2011) and the grand total ERP (subtraction “faces minus cars”) of all 48 sessions in the current study. We shifted the ERP from the literature by 23 ms to the
right and reduced the voltage scale by 2.95 times, in order to find the best superposition of these two ERPs. (B) 3D map of the grand total ERP (subtraction: face
minus car) in the current study at 160 ms after the stimulus onset (subtraction peak (SP) in panel A). Nine white dots on the right side of the head depict the cluster
of mesh channels selected for further analysis. The central point of the cluster is [ 70 �83 6 ] (MNI coordinates), the radius of the cluster is 22 mm. Black labels
represent the 10-20 international system. (C–E) Grand average ERPs of the factors specified in the title above each panel and derived from the cluster of selected
mesh channels (shown in panel B). Each ERP (colored lines) in panels (C,D) is based on 12 sessions grouped by a level of a factor and in panel (E) on 16 sessions,
e.g., the dark blue ERP in panel (C) represents the grand average ERP (subtraction “faces minus cars”) of 12 sessions recorded with the asalabTM EEG system and
with four subjects, each recorded three times. The black dotted ERP in each panel is the grand total ERP (subtraction “faces minus cars”) of all 48 sessions in the
study.

revealed that the factor Subject was the biggest source of variance,
relative to other factors.

See post hoc-test summary for all paradigms in Figure 13.
In the factor System (Figure 13A) with four levels (asalabTM,
actiCAP, g.Nautilus, Emotiv), asalabTM’s mean value was
significantly different fromEmotiv’s mean value; actiCAP’smean
value was significantly different from Emotiv’s mean value;
g.Nautilus’s mean value was significantly different from Emotiv’s
mean value; Emotiv’s mean value was significantly different from
asalabTM’s, actiCAP’s, and g.Nautilus’s mean values. In the factor
Subject (Figure 13B) with four levels (subject 1, subject 2, subject
3, subject 4), subject 1’s mean value was significantly different
from the mean values of subjects 2 and 3; subject 2’s mean
value was significantly different from the mean values of subjects
1, 3, and 4; subject 3’s mean value was significantly different
from the mean values of subjects 1, 2, and 4; subject 4’s mean
value was significantly different from the mean values of subjects

2 and 3. In the factor Session (Figure 13C) with three levels
(session 1, session 2, session 3), mean values of all three levels
of the factor were not significantly different from each other.
The post hoc test revealed (Figure 13) that two research-grade
EEG systems (asalabTM and actiCAP) demonstrated similar
results to each other. Emotiv demonstrated significantly different
results from both of the research-grade EEG systems. Subjects
split up in three statistically distinguishable groups: the first
group—subjects 1 and 4, the second group—subject 2, and the
third group—subject 3.

Paradigm 6: Visual Decision-Making
N240 Component (vDM)
The ANOVA results found statistical significance for the
following factor: Subject (SS = 258.0, F = 56.9, p < 0.01). The
factors System (SS = 7.4, F = 1.6, p = 0.18) and Session (SS = 1.1,
F = 0.4, p = 0.69) were not statistically significant. One two-factor

Frontiers in Human Neuroscience | www.frontiersin.org 13 March 2017 | Volume 11 | Article 150

Face-sensitive N170 component: ERP waveforms subtraction “faces minus cars” 

What we use in the following.
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The quality and congruence of the two eye trackers is high. 

EQUIPMENT, EYE TRACKING

Ehinger et al. (2019) PeerJ

Pupil Labs

SR Research

To validate our mobile eye tracker we perform simultaneous (!) recordings with a high quality lab standard eye tracker.

The overall shape and even liile details match in both recordings.  
A quan-ta-ve evalua-on (data not shown) confirms the subjec-ve impression of these example data. 
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For the present purpose the Pupil Labs system  is perfectly suited. 

WILD WILD, EYE TRACKING

Ehinger et al. (2019) PeerJ

To test conditions relevant for the rich action repertoire during real world movements we devised a set of 10 tests.  

For most measurement types the the SR Research 
tracker served as the gold standard. The data quality 
of the Pupil Labs eye tracker deviated in most tests by 
a factor of up to 2. Some of the devia-ons originate in 
the lack of sync between cameras during binocular eye 
tracking and might be corrected by beier algorithms.  

Detec-ng blinks and micro saccades is more 
problema-c with the Pupil Labs system. In the 
condi-ons involving head movements the Pupil Labs 
system has in fact some advantages. 

large grid pursuit free viewing micro
saccades blinks

pupil dilation small grid small gridhead yaw head roll

calibration / validation
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Wild	lab	or	this	is	was	we	were	aiming	for

AL Gert B Ehinger TC Kietzmann

Gert A et al. (in preparation)
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We analyze fixation-locked ERPs in a 2x2 design  
(previous/current fixation, face/background).

WILD LAB, EXEMPLARY TRIAL

Gert A et al. (in submitted)

Now subjects can freely explore sta-c natural scenes (right) that we recorded in the fully mobile 
condi-on (a few slides ahead). These were presented on top of a large pink noise s-mulus serving 
as a frame to avoid edge artefacts. We differen-ate between saccades from non-face to a face, 
from face to non-face, from face to face and from non-face to non-face.  

S Timm

Bounding Box

Face to Face (Within Face)

BG to Face

Face to Face

Face to BG

BG to BG

Logo by Adrien Coquet

Prev. Background
Prev. Face
Current Face
Current Object
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Looking at a face will lead to a larger fERP amplitude.  

WILD LAB, MAIN EFFECT OF CURRENT FIXATION

Gert A et al. (in preparation)

Tes-ng the main effect of current s-mulus, 
i.e. background vs face, we observe a large 
N170 with a wide spread central topography.   

The significant cluster starts well before 
100ms and includes the posi-vity.

-0.5 0 0.5 1Time [sec]

0

4

8

A
m
pl
itu
de
 [µ
V] X -> Face

X -> BG

currentFace - 
currentBG
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For details see Gert et al. (Posters & Demos & Videos II)  today at 18:00

WILD LAB, THE FULL STORY

Gert A et al. (submitted)

A. The eye tracking data 
show the classic paierns  
but systema-c differences 
between condi-ons. 

B. unfold is a great toolbox 
and indispensable when you 
wo r k w i t h n at u ra l i s- c 
condi-ons . Apply ing a 
p r o p e r d e c o n v o l u - o n 
technique the large baseline 
shic disappears. There is no 
indica-on of a pre fixa-on-
onset baseline shic due to 
peripheral visibility.  

C. When looking at a face 
previously, the ac-vity will 
different even before the 
current fixa-on onset.

10 20 30
Saccade Amplitude[°]

00

0.5

Sa
cc
ad
e 
A
m
pl
itu
de
 p
df

Face -> Face
Face -> BG
BG    -> Face
BG    -> BG
Within Face observed

(overlapping)
EEG

isolated
(non -overlapping)
responses

fixation typefa ce fa ce fa ce fa ce objectobject

A B

C

16 EmbodiedCognition_ETRA_21.key - 26. May 2021



The ERP in the wild lab condition is correlated to the lab condition  
and even better reproducible.  

WILD LAB, RELATION OF LAB AND WILD LAB CONDITIONS

Gert A et al. (submitted)

• We observe a significant posi-ve 
correla-on of the size of the ERP in 
lab and wild-lab condi-ons. 

• The variance in the wild lab condi-on 
is smaller than in the lab condi-on!
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Eye	movements	as	a	window	to	

cogni?ve	processes

H	Neumann K	Izdebski T	SchülerA	Keshava

Keshava et al. (2021) Just-in-time. bioRxiv 
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Humans use task irrelevant constraints to reduce search space. 

WHAT DO GAZE MOVEMENTS TELL ABOUT THE INTENDED ACTION?

Keshava A et al. (2021) bioRxiv

S Timm

Task and performance. In contrast to previous studies, we 
inves-gate non-overtrained tasks. 

LeK:	 In a virtual environment par-cipants sorted objects 
based on color and/or shape while we measured their eye 
and body movements. Sor-ng objects based on just one 
object feature were considered EASY, whereas sor-ng based 
on both features was considered HARD. 

Middle:	 Humans can do this task well and perform near 
op-mal (∆~1) or at a moderate penalty (∆~6) in EASY and 
HARD trials respec-vely.  

Right:	Visualizing the drop-off loca-ons reveals a strong bias 
to the 4 lec most and 4 top most shelfs. This is not part of 
the task and a voluntary decision by the subjects. We 
observe this bias in virtually all of our 60 subjects.

Drop-off
location
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Gaze and hand movements are coupled in non-overtrained tasks.  
Action relevant items are fixated just in time.

WHAT DO GAZE MOVEMENTS TELL ABOUT THE INTENDED ACTION?

Keshava A et al. (2021) bioRxiv

S Timm

LeK:	 Time course of propor-on of fixa-ons centred on the 
grasp onset (t=0). The black doied horizontal line indicates 
the chance level. The regions-of-interest consist of the target 
object (TO) or target shelf (TS) where the object is displaced 
finally, indexed by either previous / current / next grasp, and 
all the other objects / shelves. The data show gazes onto task 
relevant objects/shelfs only 1-2s before grasp onset. Thus, 

gaze movements give no indica-on of far ahead planing, but 
indicate just in -me cogni-ve processes.  
Right:	This argument is supported by the transi-on matrixes 
of gaze movements. These do not show loops or regular 
behaviour that would indicate systema-c gaze movements. 
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Overt attention is needed for the hand to pick up objects 
The eye and the hand are disengaged after object pick up.

EYE MOVEMENTS AS A WINDOW TO COGNITIVE PROCESSES

Keshava A et al. (2021) bioRxiv

S Timm

Here, I cut a few corners. The data are dependent on source 
and target shelf loca-on, and thus more complex. Take it as 
preliminary results.  
LeK:	 The horizontal angle made by the hand is a delayed 
version of the horizontal angle made by the eye. 

Right:	 eye and hand are maximally correlated at a delay of 
~1s. Eye and hand are an--correlated acer object pickup	
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Eye	movements	as	a	window	to	

cogni?ve	processes

A	Keshava

Keshava et al. (in preparation) bioRxiv 

S Balle N Gottschewsky
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We compare identical tasks utilising controller or real hand movements.

IS THE SYMBOLISED OR THE REAL ACTION RELEVANT? 

Keshava A et al. (in preparation)

S Timm
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Whether you have just to indicate or really perform a grasping action 
 makes big difference. 

IS THE SYMBOLISED OR THE REAL ACTION RELEVANT? 

Keshava A et al. (in preparation)

S Timm

A

B
C

(A) In the use condi-on, more fixa-ons on the effector of the tool, while in the lic condi-on, more fixa-ons on the handle. 
(B) For unfamiliar tools, more fixa-ons on the effector, and fewer for familiar tools. 
(C) Orienta-on of tool will elicit more fixa-ons on the handle when a real grasp is needed.
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Let’s	have	some	fun

V Clay J Schrumpf Y Tessonov H Leder U Ansorge

Clay et al. (2020) A quantitative analysis of the taxonomy of artistic styles. J Eye Mov Res 13:5 
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We can use measurement of eye movements (and pop-out) for  
an objectively defined taxonomy of artistic styles. 

A QUANTITATIVE ANALYSIS OF THE TAXONOMY OF ARTISTIC STYLES 

Clay V et al. (2020) JEMR

A. By style transfer we create varia-ons of base images in 7 different .  
B. These are used in a pop-out experiment (Does Van Gogh pop-out of Cezanne?), 
C. and an eye-tracking experiment. (Induce Van Gogh and Cezanne similar scan paths?). 
D. The hierarchical rela-on is transi-ve! 

S Timm

CA B

D

early impressionism

late impressionism

early expressionism

late expressionism Gaugin

photo

Cezanne

van Gogh
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• Inves-ga-on of cogni-ve processes must allow relevant ac-ons.  
aka: You only get answers to ques-ons you ask.  

• Measurement of ac-ons allows the inves-ga-on of cogni-ve processes.  

• Have a look at the poster by Anna Gert at 18h today. 

Ac?on	is	key.

A Melnik

D Ferris D Hairston

P FischerB Ehinger AL Gert

F Weber L Kaufhold

G Pipa

K GroßP Legkov K Izdebski S Kärcher

TC Kietzmann

H Neumann K Izdebski T Schüler

A Keshava V Clay

J Schrumpf Y Tessonov

H Leder U Ansorge
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