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Preface 

The International Conference on Perception and Action (ICPA) is the oĸcial conference of the International 
Society for Ecological Psychology (ISEP). As such, it provides a forum for scientific discussion for those 
scholars interested in the ecological approach to perception and action, as well as other topics in ecological 
psychology, inspired by the work of :ames and Eleanor 'ibson. AŌer last year s͛ conference in 'uadalajara, 
Mexico and switching to even-numbered years, this year the conference is held in Trondheim, Norway. 

In accordance with previous ICPA, Studies in Perception and Action, Volume XVII, is the Poster �ook that 
represents the posters presented at the meeting. This year, we are again making copies of the actual 
posters available in electronic format as a PD& file. All presenters were asked to submit the final electronic 
versions of their posters before the meeting, allowing us to publish the full posters prior to the conference, 
with the aim of encouraging scientific discussion among attendees. We also hope that the electronic 
version will make the posters widely available. The Poster �ook will be permanently archived on the ISEP 
website (http:ͬͬcommons.trincoll.eduͬisepͬ).  

Readers of the book will find research on a wide variety of topics including perception in any modality, 
motor control and coordination, ecological neuroscience, perceptual control of action, aīordances, social 
interaction, development, learning, cognition, language, human factors, design, sensory substitution, 
rehabilitation, complex systems, and the dynamics of all the above. This work represents an excellent cross-
section of the fascinating and diverse research inspired by the ecological approach today. 

We want to thank <jell Tore Nčsgaard for designing the logo of ICPA2024 that was used on the cover of the 
poster book. Kur gratitude extends to members of the Scientific Committee for their timely revisions and 
comments. 

Silje-Adelen Nenseth 
Ruud van der Weel 
Audrey van der Meer 
Norwegian University of Science and Technology 

:une 2024 
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Perception of affordances for receiving serves in 
virtual volleyball: Higher order affordances in real time

Danilo G. Arruda1, Jeffrey B. Wagman2 & Thomas A. Stoffregen1

1Affordance Perception-Action Laboratory, University of Minnesota
2Department of Psychology, Illinois State University

Introduction

Methods

School of Kinesiology

Discussion

Results

Fig. 4. Experiment 1. A. The proportion of underhand serve receives as a 
function of serve height and sex. B. Fore-aft headset displacement.

Fig. 1. Representative responses using the 
HMD and wrist sensors. 
Left: Overhead. Right: Underhand.

Fig. 5. Experiment 2. A. The proportion of underhand serve receives as a 
function of serve height and sex. B. Vertical headset displacement.

Fig. 2. Anticipatory whole-body movement. A. Overhead technique. B. Stepping 
back to optimize the underhand serve reception technique. See Exp 1. 

Fig. 3. Anticipatory whole-body movement: 
Jumping to optimize the overhead serve 
reception technique. See Exp. 2.

Arruda, D. G., Wagman, J. B., & Stoffregen, T. A. (2023). Perception of affordances for receiving serves in virtual volleyball: Effects of serve height in women 
and men. Poster presented at ISEP XXI, Guadalajara.  
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Introduction

• Practice conditions impact the efficacy
of skill acquisition.

• This study investigated the
effectiveness of practicing a reaching
and grasping task with a sensory
substitution glove (SSG).

• A variability of practice paradigm was
used.

Methods

• The distance-based SSG provided
vibrotactile information on thumb or
index finger whenever the thumb or
index finger pointed toward the
object (Fig.1).

• We used a pretest-training-posttest
design, recruited forty-four
participants, and divided
participants into two equally sized
groups with the same pretests and
posttests (Fig. 2).

• The task was to perform reaching
and grasping movement (Fig. 3).

• One group trained with constant
task conditions, encountering the
same initial and target object
locations and sizes on every trial.

• The other group trained with variable
task conditions, encountering
different initial and target object
positions and sizes on different trials.

• Results demonstrated improvements in task performance for the variable group in
both the constant and variable posttests. The constant group, however, only
improved performance in the constant posttest.

• Additionally, we observed increased exploration and better information detection
after both types of practice. Various strategies to perform the task were identified,
highlighting individual differences.

• In conclusion, our study suggests that incorporating variability in training programs
promotes skill acquisition, even though exploration and information detection
improve after both types of practice.

From exploration to information detection: The effects 
of practice conditions on task performance while using 

a sensory substitution device 
Saroosh Bilal1, Raoul M. Bongers2, & David M. Jacobs1

1Universidad Autónoma de Madrid, Spain  2University Medical Center Groningen, Netherlands

Results

Fig 3: Schematic Representation of Task

Proportion Correct Grasps

References
1.de Paz, C., Ibáñez-Gijón, J., Travieso, D., & Jacobs,
D. M. (2023).

Fig 2: Test Phases

Constant Group Pretest Constant Group Posttest
Variable Group Pretest Variable Group Posttest

• A 2x2x2 ANOVA results
indicate a significant three-
way interaction between the
task type, test type and
practice conditions.

• The figure shows that the
constant group improved
performance for constant
posttest only whereas the
variable group improved
performance for both tasks.Su
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Test Type

Individual differences in exploration and information detection

This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under the Marie Skłodowska-Curie grant agreement No 956003

: saroosh.bilal@uam.es
: @SarooshBilal

Fig 1: Sensory 
Substitution Glove

Vibrotactile 
unit on 

index finger

Infrared 
Markers

Vibrotactile unit on 
thumb

Increased Exploration and Information Detection 

• Panels A and B
show increased
exploration from
pretest to posttest
for exploration,
quantified by using
the standard
deviation of hand
positioning and
hand opening.

• Panels C and D
show increased
vibrotactile
information from
pretest to posttest.

The following figures depict two different cases of individual trials of two 
different participants, indicating different movement patterns.

Panel A shows synchronized movement of 
the index finger and thumb markers, 
indicating a consistent hand opening 
(Panel C) until the final grasp. Panel B 
indicates the resulting finger vibrations 
from this exploration strategy.

Panel A shows the symmetrical change for 
index finger and thumb. Panel C shows the 
pronounced peaks and valleys in the hand-
opening curve, indicate a repetitive hand-
opening strategy. Vibration are turning on 
and off with repetitive opening and closing 
(Panel B).

Conclusions

mailto:saroosh.bilal@uam.es


Unfamiliar environments and the use of electronic aids by 
visually impaired individuals:  A qualitative study 

Saroosh Bilal1, Jorge Rebate2, Veronica Sevillano1, & David M. Jacobs1

1Universidad Autónoma de Madrid. Spain,  2Fundacion Once, Madrid

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under the 
Marie Skłodowska-Curie grant agreement No 956003

1.What are the challenges
encountered by the individuals
during hotel stays?

2.Of those challenges, which ones
could be overcome with appropriately
designed distance-to-vibration SSDs?

3.What is the individuals’ perception
about electronic mobility aids in
general and SSDs in particular?

Research Questions

• Sensory substitution devices (SSDs)
convey information about the
distance to surfaces and objects
through vibrotactile stimulation
which has shown promising results in
laboratory settings for tasks like
navigation, obstacle avoidance, and
grasping.

• Despite their seeming benefits, rarely
do individuals with visual
impairments integrate these devices
into their daily lives.

• Inclusion of individuals with visual
disabilities is therefore important in
the device development process by
actively seeking their input on their
specific needs.

• Aim: This research aims to bridge the
gap between scientific development
and end-user needs, regarding
distance-to-vibration SSDs for
enhancing the independence and
quality of life for visually impaired
individuals, particularly during hotel
stays.

Introduction

• Identified themes highlight the
navigational difficulties through
lack of understanding of localized and
global positioning, complex open
structural layouts in indoor
unfamiliar spaces, and inaccessibility
of buildings.

• Characterization of aids and
devices, indicated the utility of
devices and aids as well as lack of
utility arising due to device design
(bulky, multiple component etc.),
provision of inappropriate amount of
information (overload/ limited
information), lack of user centric
design approach, need of training and
practice. Interestingly, participants
indicated social evaluation concerns
with the rehab aids.

• The study identifies the user’s needs
regarding the environment: 
Autonomy (provided by 
understanding the environment, 
exploration, compatibility), Control 
over environment, and Sociability. 

Conclusions

Results

Cane
  Room exploration, social 
evaluation, limited obstacle 
detection
Mental Map 
  Autonomy, Requires practice
Environmental Cues
  Smelling, specific objects (fire 
extinguisher, paintings etc.)
Hands
  Exploration from wall to wall, 
texture differentiation, finding 
sockets

saroosh.bilal@uam.es

• Autonomy
• Obstacle detection
• Fast scan
• Helpful for novice

users

Negative 
aspects

• 8 legally blind Spanish participants
(mean age 39 years, 5 males, 3
females) were interviewed online
through a semi-structured protocol
(duration: 45 to 60 min.)

• Thematic analysis conducted by
using Atlas.ti. The total number of
verbatims (253) were coded into
subthemes and themes.

Key
Neutral
Positive
Negative

Methods

Total three major themes were identified.
Theme 1 comprised 30%, theme 02 comprised 33.6% whereas theme 03 made up 
36.4% of total verbatims. 

Methods Challenges

“I always stay on the wall, I make arches 
and I go from one part to the other to 
know that I'm doing well or to not look 
like a painter, or to not take a little table 
with a plant, that kind of thing”.

Location finding reception, rooms, elevators, 
bathrooms, and objects 
Accessibility issues due to unavailability of braille, 
static or dynamic obstacles, room’s keys and buffets
Structural Layout  Large and open hallways and 
rooms

Technology

36.4% Theme 3:
User’s Needs

1. Autonomy through
Understanding environment
Exploration
Others (lack of autonomy)
Compatibility within the
environment

2. Control over Environment
3. Sociability through

Aid from people
Social evaluation “...Oh! no, forget it, if you have to look 

for that (accessibility) you run out of 
hotels.” .

“I usually go with someone, because I 
understand that for a blind person, 

going on holiday is not his strength.” 

33.6% Theme 2: Characterization of wayfinding aids and technology

30% Theme1:  Orientation and Navigation

“So, we went through all the floors 
of the hotel and never made it to 
the reception floor because the zero 
button was outside the entire 
control panel.”

• Bulky
• Multiple components
• Limited/overload information
• Time inefficiency
• Need of practice
• Lack of UCD
• Dependency on phone

Positive aspects

Dogs and Cane
Guide Dogs
  Autonomy, navigational efficacy
  Maintenance concerns, limited 
utility
Cane
  Navigation ease in indoor and 
public spaces, obstacle detection 
  Inability to detect above waist 
level obstacles, requires careful 
navigation

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Navigation Apps

Cane with VT feedback

Cane with audio feedback

Wrist band with VT Feedback

Glasses with auditory feedback

Product identification apps.

General characterization of devices

Percentage of positive and negative verbatims 
against mentioned technical/ rehab aid

Positive Negative

“…problem with cane it tells 
where the obstacles are…. I like 
dogs as they move in a zigzag 
way… more fluid movement, 

guiding you where you should 
go…”

References: 
Braun, V., & Clarke, V., 
2006
de Paz et al., 2023
de Paz et al., 2019
Favela et al., 2018
Kolarik et al., 2017
Lobo et al., 2019
Lobo et al., 2014

“Do not create a distance 
between users and their needs.
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Predicting repetitive worker 
behaviour using eye-gaze

Eye-gaze is identified as a very stable queue for 
predicting high pitched repetitive human action!
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Research question: 
Is proactive eye-gaze (PEG) present also 
in highly repetitive behaviour?

Erik Billing, Anna Brolin, Raquel Quesada Díaz, Malin Eklund, Dan Lämkull

BACKGROUND
Proactive eye-gaze (PEG) is a behavioural pattern where eye-
fixations on the target precede may human actions. Action 
prediction has a wide range of application areas, including 
industrial settings where prediction of worker actions could 
increase safety and improve interaction with automation 
technology, such as collaborative robots. 

Most experimental investigations of PEG involve tasks that are 
novel to the participants. However, less is known about PEG in 
repetitive tasks, the latter being much more relevant as a 
predictive queue in professional settings. 

METHOD
With the goal of analysing PEG in repetitive actions, eye-gaze of 
four industry workers (age 23-43) at Volvo Cars (Torslanda, 
Sweden) were recorded during manual assembly operations. All 
participants were experienced workers with two or more years 
of experience as Volvo employees and nine or more months of 
experience working at the precise workstation. A total of 57 
assemblies were recorded using Pupil Labs Invisible eye-
tracking glasses, comprising 1340 high-phased assembly 
operations such as reach to grasp, placement of components, 
screwing, and finger press. For each operation, the time of first 
fixation on the the target and the time of hand contact with the 
target were manually annotated using ELAN. 

RESULTS
A mean PEG of 795 ms (median 707 ms, std 526 ms) reveals a 
pattern of stable proactive eye-movements towards the target 
location of each assembly operation. The vast majority (97.4%) 
of all eye-fixations appeared at least 200 ms before the hand 
reached the target, supporting the hypothesis that PEG could 
constitute a reliable queue also in very repetitive situations. 
While 200 ms is a limited time window, it could for example be 
used to turn off or break dangerous equipment, drastically 
increasing safety.

Contrary to our expectations, these results show similar, or 
possibly even stronger, proactive eye-gaze than what is usually 
found in traditional experimental investigations, suggesting 
that PEG is at least as prominent in repetitive actions as in more 
novel situations. 

Time of target fixation in relation to first 
hand contact

Red circle indicate current eye-gaze, blue circles indicate fixations. 
Courtesy of Volvo Cars. 

Courtesy of Volvo Cars



1. All successful passes and their timecode were manually recorded from 12
games (i.e., from the quarter finals from 2019 men’s FIBA Basketball World Cup)

2. A sliding temporal windows were applied along each possession (time
window duration: 6s, time step between two consecutive time windows: 0.25s)

3. For each time window, the corresponding passing pattern was retained (i.e.,
among the list of possible graphlets). At this stage,. each possession is a
succession of graphlets, and it can be seen as a state/transition problem

4. Then, 3 profiles were created at game-level (for each team separatly):
1. graphlet profile (i.e., the collection of states)
2. transition profile (i.e., the collection of transitions)
3. restricted transition profile (i.e., transition profile, with self-transitions excluded)

5. Entropy metrics were computed on profiles. State Entropy (SE), Transition
Entropy (TE) and Restricted Transition Entropy (RTE) are defined as follows:

Quentin Bourgeais1, Rodolphe Charrier2, Eric Sanlaville2, Ludovic Seifert1

1 CETAPS UR3832, Université de Rouen Normandie, France
2 Normandie Univ, UNIHAVRE, UNIROUEN, INSA Rouen, LITIS, Le Havre, France
Contact: quentin.bourgeais@univ-rouen.fr

Introduction

Method

Results & Discussion

Basketball teams as complex adaptive systems: a temporal 
network analysis of collective behavior and performance

• The aim of this work is to study a sports team as a complex adaptive system 1,
characterized by the temporal passing network 2 between players.

• Such systems’ adaptability arise from the exploitation of degeneracy 3, that is
linked with complexity and can be captured using measures like entropy 4.

➔ In this study, this is hypothesized that the more complex the temporal passing
network, the higher the entropy, which is correlated with better performance.

1 Ramos-Villagrasa, P. J., Marques-Quinteiro, P., Navarro, J., & Rico, R. (2018). Teams as complex adaptive systems: Reviewing 17 years of research. Small Group 
Research, 49(2), 135-176.
2 Bourgeais, Q., Charrier, R., Sanlaville, E., & Seifert, L. (2024). A temporal graph model to study the dynamics of collective behavior and performance in team sports: 
an application to basketball. Social Network Analysis and Mining, 14(1), 1-25.
3 Edelman, G. M., & Gally, J. A. (2001). Degeneracy and complexity in biological systems. Proceedings of the National Academy of Sciences, 98(24), 13763-13768.
4 Tononi, G., Sporns, O., & Edelman, G. M. (1999). Measures of degeneracy and redundancy in biological networks. Proceedings of the National Academy of Sciences, 
96(6), 3257-3262.
5 Skinner, B. (2010). The price of anarchy in basketball. Journal of Quantitative Analysis in Sports, 6(1).

Conclusion

• A passing network model integrating temporal dimension was built to capture
team behavior, and entropy measures were used to evaluate network complexity

• Sports teams, viewed as complex adaptive systems, indeed benefits from using
various patterns of interaction (i.e., exploiting the degeneracy property)

References

List of possible graphlets

Correlation between the performance variable and each of the 3 entropy metrics:
• p-values ranged from 0.026 to 0.042 = significant correlations (at p<0.05)
• Spearman’s rho ranged from 0.42 to 0.46 = correlations are positive and moderate
= Entropy in temporal passing patterns is positively correlated with the number of points scored

➔ A team using a wider variety of patterns is more likely to score more points

Why ? Exploiting degeneracy would make a team…
1. more adaptable to its surroundings (i.e., teams are complex adaptive system)
2. less predictable from the defensive team point of view (conceptually demonstrated 5)

6. Finally, the correlation between the points scored by the team and each of these entropy metrics was tested over the entire data set (figures below illustrate for 1 game)

where 𝑝𝑖 is the prior probability of state 𝑖, 𝑁 the total number of reachable
states, 𝑝𝑖𝑗 the probability of transition from state 𝑖 to state 𝑗, and 𝑝′𝑖𝑗 the
probability of transition from state 𝑖 to state 𝑗 excluding self-transitions.



Integer Ratio Biases in Rhythm Reproduction Are Predicted by Neural Oscillation and Hebbian 
Learning 

Hayes Brenner1; Edward Large, PhD1; Ji Chul Kim, PhD1

1University of Connecticut
Music Dynamics Laboratory, Ecological Psychology, Department of Psychological Sciences

• Using nonlinear oscillators and Hebbian learning,
with some physiological constraints and a realistic
training set, we showed a statistical preference for
integer ratio rhythms similar to that of Jacoby &
McDermott.

• Network had issues converging to rhythms that
summed to 7 and 8. Could be due to a strong
attractor at 1:1:1 and/or due to how mode locking is
weaker for higher order resonances.

• Future experiments could be done using real-world
training data, or could focus on whether integer ratio
preference is present in speech and conversation.

• Previous research has demonstrated a universal
bias towards integer-ratio rhythms (i.e. rhythms
whose Inter-Onset Intervals [IOIs] are related by
integer values).1

• Previous attempts to model rhythm reproduction
have accounted for integer-ratio bias, but did
not incorporate learning.2,3

• We aim to create an embodied, dynamic, and
physiologically plausible model of rhythm
reproduction that incorporates both integer ratio
bias and rhythmic learning

Introduction

• After conducting a fourier analysis on all integer
ratio rhythms used in Jacoby & McDermott
2017, we found that almost all component
frequencies had a phase of either 0 or π (aka
in-phase or anti-phase) relative to the
fundamental frequency.

• For rhythms where integer components added
up to 6, some component frequencies had
phases of ±π/2, but those were anti-phase with
each other, suggesting that in-phase/anti-phase
dynamics could be used to replicate integer-
ratio rhythms

Experiment 1

Integer Ratio Rhythm Analysis

Network

Discussion/Future WorkExperiment 1A

Experiment 2

Hayes Brenner
E: hayes.brenner@uconn.edu
P: 336-602-7008
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Figure 3. Probability Density Estimate of Iteration 5 of Experiment 1

Experiment 1 Results
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• Training: We trained the network on all 22 integer
ratio rhythms from Jacoby & McDermott 2017,
creating 22 separate learned connection matrices.
When ‘tapping’ to a rhythm, the network selected
whichever connection matrix was closest to the
generated rhythm, and implemented that matrix.

• We generated 275 random rhythms with 3 IOIs, and
generated new rhythms based on the response of
our peak picking algorithm. This process was
repeated for 5 iterations, effectively replicating
Jacoby & McDermott 2017 using our model. Iteration
5 was then analyzed for statistical significance.

• For statistical analysis, we generated results from a
uniform distribution 1000 times, and compared those
results to a truly uniform distribution using the
Jensen-Shannon Divergence, giving us a 95%
Confidence Interval for an expected uniform
distribution. We then compared our experimental
results to the uniform distribution to get a p-value.

Figure 1. Fourier Transforms of Jacoby & McDermott’s
 integer ratio rhythms

Figure 5. Probability Density Estimate of Iteration 5 of Experiment 2: Noisy

Figure 2. Peak Picking Example

• For the final iteration, JSD = 0.351 (p < .001)

Experiment 2 Results

• Experiment 1 relied on the network ‘choosing’ a
connection topology, which we felt did not accomplish
the goal of having an embodied, dynamic model.

• To make our model dynamic, we incorporated Haken-
Kelso-Bunz (HKB) dynamics into the connection
dynamics.6 We also changed the training so that a
single connection matrix was trained on all 22 integer
ratio rhythms used in Jacoby & McDermott 2017.

• To see what would happen if the network trained on
‘imperfect’ data, we developed two conditions.

• Deterministic: Training data was the same as
experiment 1.

• Noisy: Internal IOIs of training data could vary up to
40ms, to simulate a more realistic training corpus.

• Deterministic: For the final iteration, JSD = 0.167
(p < .001)

• Noisy: For the final iteration, JSD = 0.168 (p<.001)

• In order to establish whether our network showed a
specific preference for integer ratio rhythms, we had
the network learn a series of non-integer ratio
rhythms that landed in between integer ratio rhythms
(2:1:1 – 2:2:1), and looked at their connection
matrices as they evolved.

• Results showed that as rhythms moved away from
integer ratios, higher frequency connections were
lost, until rhythms got closer to another integer ratio
rhythm, at which point high frequency connections
were learned again.

• To create a model that could replicate integer
ratio preference, we modified the previously-used
Gradient Frequency Neural Network4,5 (GrFNN)
with dynamical constraints that generalized in-
phase/anti-phase dynamics to mode locking
oscillators.

• We relied on the assumption that excitatory
connections could be learned between excitatory
populations and inhibitory connections between
inhibitory populations.5

• We replicated the phenomenon of ‘tapping’ within
GrFNN by using a Gaussian filter on the mean
field response of network 2, then took the 3
highest peaks from every 2 second iteration,
found the timing of these peaks, then averaged
them across all 10 repetitions of the rhythm. This
final result was used to create the inter-onset
interval for each subsequent iteration.



Discussion 
• The results confirmed that affordance discovery becomes more accurate with practice 2,3,4. Additionally, novel insight into the changes that occur during practice are presented.
• Differences in correlations between Pre- and Post-Test suggest that PPs in both conditions used different information for the estimation of their maximum reaching ability.
➢ 1DoF started using a more dynamic approach (concerning their ACB) after receiving feedback during practice compared to the geometric approach used at Pre-Test (TAL).
➢ MDoF used ACB from the Pre-Test and continued with the same approach. MDoF is considered a dynamic act so PPs might be more prone to use ACB, resulting in the difference

between the two groups.
• Furthermore, during practice PPs showed different patterns that could be characterised into specific clusters, so people vary in learning to perceive affordances. Moreover, not all

patterns led to discovery of affordances because we found differences between end of learning and Post-Test, indicating the relevance of examining learning routes of affordances.

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under the Marie Skáodowska-Curie grant 
agreement No 956003

Introduction 
• Affordances are the opportunities the environment affords for action and can be perceived 1.
• Previous research has shown that with practice, affordance discovery becomes more accurate2.
• However, the effects (and processes) of practice might differ for affordances where only geometric properties are more relevant compared to where also dynamics are important.
• The aim of this study is to gain insight into the exploration strategies used to discover and improve the perception and actualization of affordances.

Research Question 1: Is there an Effect of practice on Perceived Reaching Ability (PRA)? And does it differ between 1 degree of Freedom (1DoF, i.e. geometric) and Multiple degree of 
Freedom (MDoF, i.e. dynamic) actions? 
Research Question 2: Is there a change in the information participants used to discover their maximum reaching ability (MRA)? 
Research Question 3: How can changes during practice be characterized?

Giacomo Bressanello, Naomi Schreurs, Raoul Bongers and -oanne Smith 
Department of Human Movement Science, University Medical Center Groningen, University of Groningen, Netherlands 

Differences in Practice Effects between Geometric 
and Dynamic Affordances in a Reaching Task
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3) Ishak, S., Assoian, A. B., & Rincon, S. (2019). Experience influences affordance perception for low crawling under barriers with altered body dimensions. Ecological Psychology, 31(4), 332– 352.
4) Wagman, J. B., & Day, B. M. (2014). Changes in context and perception of maximum reaching height. Perception, 43(2-3), 129–144.

Research Question 3: 

           
            

Figure 6. Difference in PRA between Trial 20 and Post-Test for each PP 

Research Question 1:
The boxplot below shows the difference in PRA before 
and after practice and the difference between 1DoF and 
MDof. 

Significant difference between pre- test and post-test for 
both condition, 1DoF (p=0.015) and MDoF  (p=0.004). In 
Post-Test participants (PPs) were significantly closer to 
the ACB. Furthermore, we also found a significant 
difference between 1DoF and MDoF (p=0.001).

Figure 3. Differences in PRA Pre- and Post-Test and differences 
between the two conditions.

Methodology 

Figure 1. Design Plan of the study Figure 2. Task Diagram and Explanation of the task

Analysing the perceptual judgments made during the 2 practice blocks, using a cluster analysis, it was possible to characterise 
the changes during practice by dividing the PPs into 3 clusters for each condition shown in figure 5.

The scatterplots shows the difference between the mean PRAs of end 
of learning and Post-Test for each PPs. It seems to be the case that 
these patterns found with the cluster analysis led to differences in 
discovery of the ACB. 

Cluster 4: highly underestimated during most of 
practice phase, only reaching ACB at end of 
practice.​
Cluster 5: underestimated at start and then 
trendline ​gradually approached ACB. ​
Cluster 6: highly underestimated whole practice 
phase and never reached ACB.

Research Question 2: 
The plots below show the correlations between the perceptual judgment of pre- and post-test with the Absolute Critical 
Boundary (ACB) and Total Arm Length (TAL).

Figure 4. Correlation of the Perceptual Judgment with TAL and ACB for 1DoF (above) and MDoF (below).

1DoF: PPs used TAL 
(geometric) to estimate 
their MRA at the start 
but during and after 
practice they shifted to 
ACB (dynamic).

MDoF: PPs used ACB to 
estimate their MRA 
during and after 
practice. During Pre-
Test there was no 
significant correlation.

Figure 5. Clusters showing different trendlines. 1DoF (above) and MdoF (below). 

Cluster 1: very accurate, fluctuated around ACB. 
Cluster 2: underestimated at start and then the 
trendline ​gradually approached ACB. ​
Cluster 3: initially overestimated, then shifted the 
trendline to underestimation until the end.​



Striking a balance: The role of baseline postural differences and 
noise type in noise-based stimulation effects

Method
Participants
• 8 young, typically healthy participants (2 Male, 6 Female,

Aged from 24-32 years).
• We intend to collect more participants in the future.

• Expected decrease in RMSE-AP in white noise
condition compared to no-noise in the EO
condition (Figure 1).

• Surprisingly, this trend was not seen in the
EC condition, possibly due to an order
effect or sample size.

• We found similar trends to these with radial
sway, but no trends in CoP velocity.

• We did not see major differences across the
different white noise volumes, however, there
was slightly reduced RMSE-AP in the medium
volume compared to the others in the EO
condition.

• We are not finding major postural differences
between EC and EO in the no noise conditions
(Figure 2) in opposition to typical quiet standing
research.

• While participants show a lot of individual
variability, some seem to show the expected
changes in CoP with NBS (Figure 3).

Data Preparation & Exploration
Data Cleaning
• Nine trials in total were removed due to unexpected participant

behavior or technical issues.
• The initial seconds of the trial were cut to remove any startle

response to noise stimuli.
• All Center of Pressure (CoP) data was examined visually in the

mediolateral (ML) and anterior-posterior (AP).
Outcome Variables
• Root mean square error (RMSE-AP & RMSE-ML)
• Radial Sway
• Velocity (AP & ML)

Due to a currently low sample size the results are restricted to 
exploratory and descriptive analyses.

Scan for references:

Scan for my website:

Nicole S. Carver, Scott G. Fasone, Paula L. Silva
University of Cincinnati

Discussion
• These initial explorations highlight the need for replication in this area of research.

While there are many promising results, some standardization in methodology may
be beneficial.

• Additionally, this work underscores that auditory NBS effects may be very subtle in
typically developing and healthy individuals. Comparison to other groups with
balance deficits may reveal larger effects.

• Due to large variability across participants, it may be useful to identify baseline
postural metrics that modify the effects of NBS. We intend to examine how baseline
fluctuations in postural control might predict differential effects of noise.

Procedure
• Participants were instructed to stand

quietly on an AMTI force platform while
staring at a target approximately 3m away
placed at eye height.

• Participants wore over-ear headphones
during all trials.

• Noise conditions were blocked with 3
primary blocks: no noise, white noise, and
pink noise. Two other blocks included a
quieter white noise and a louder white
noise to examine the role of volume. A 5-
minute washout period was completed
between blocks.

• For each noise block participants
completed 3 eyes open (EO) followed by 3
eyes closed (EC) trials.

Initial Results

Figure 1. RMSE-AP for white and no 
noise conditions. Each line represents a 
participant from the sample. Black circles 

are group means.

Background
Noise-based stimulation (NBS), or the use of auditory, vibrotactile, and galvanic noisy stimuli, has been shown to potentially improve motor performance 
across a variety of motor tasks including postural control [refs]. However, the mixed literature and methods used in this research line begs the question of 
how robust NBS is and what factors could influence its outcomes. For example, researchers have recently begun exploring non-white noise in auditory 
NBS and its potential differential effects on postural control [refs]. Other factors can include the task type and difficulty, as well as features of the participant 
themselves [refs]. While there are many open questions in the NBS literature, the ability to replicate baseline findings across labs is essential for the 
investigation of these questions.

This work is an initial small-sample pilot study to examine whether we could:
 a.) successfully replicate similar auditory NBS results,

b.) see any differential effect of non-white noise on NBS results
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Figure 2. RMSE-AP no noise conditions 
across EO and EC conditions. Each line 

represents a participant from the 
sample. Black circles are group means.

Figure 3. Example plots of raw 
CoP data for one participant. The 
red oval represents the SD of CoP. 
Left: no noise EC. Middle: no noise 
EO. Right: no noise EO.



A ball-and-board game based on coordination for 
re-learning postural stability in ACL rehabilitation.

Anaslle Cheillan1, David Jacobs2, Jomo Milho3 
and Pedro Passos4

1 Faculdade de Motricidade Humana, Universidade de Lisboa
2 Facultad de Psicologta, Universidad Autynoma de Madrid 
3 Instituto Superior de Engenharia Lisboa, Instituto Politpcnico Lisboa
4 CIPER, Faculdade de Motricidade Humana, Universidade de Lisboa

✓ Postural stability deficits after an ACL injury should be addressed from a systems perspective [1,2]. Accordingly, we
designed a ball-and-board game involving both inter-limb and inter-agent coordination to help ACL patients relearn
perception-action and consequently improve postural stability.

✓ In our game, players with higher performance demonstrated less periodicity in their postural oscillations (i.e., higher
sample entropy) allowing an increased ability to resist to perturbations threatening postural stability.

✓ Relative phase between the angular positions of left and right knees was analyzed. A two-component PCA analysis
based on the distribution of nine relative-phase regions revealed a cluster in the lower-limb coordination strategies
adopted by players with lower performance.

✓ The uncontrolled manifold (UCM) method [3] was used to investigate whether reciprocal compensation between the
players’ hand motion in the vertical plane occur to stabilize the board center height. Interpersonal synergies, defined as
the presence of such a functional reciprocal compensation, emerged with the improvement of performance.

➢ What information is used when learning how to move the board to control the ball trajectory?

METHOD

NEW FINDINGS, NEW QUESTION

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under the Marie Skáodowska-Curie grant agreement No 956003.

RESULTS

CONCLUSION

REFERENCES
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11 healthy dyads, 2 sets of 15 trials
Markers on ball, board center, wrists

Complete as many circles as 
possible within the target path

within 1 minute while both 
standing on the BOSU!

. . . . . . . . . . . . . . . . Direct Learning approach [4] . . . . . . . . . . . . . 

Movement Variables:
Learning how to control the ball trajectory on the board means 
learning how to induce an appropriate board lift
- in the ball direction (torqueVB),
- in the perpendicular direction of the ball direction (torqueVP).

Informational Variables:
Among 18 candidate informational variables,
- V1: absolute ball linear acceleration,
- V2: neg. angular velocity ball direction - tangent to target,
- V3: neg. board angular position in the ball direction
selected as the most correlated variables with torqueVB;
- W1: absolute ball linear velocity,
- W2: board angular velocity in the ball direction,
- W3: neg. board angular position in the ball direction
selected as the most correlated variables with torqueVP.

Movement-Information relationship in learning:
Dyads’ trajectory from Set 1 to Set 2 in two informational spaces:

V = i(V1) � j(V2) � (1-i-j)(V3) for torqueVB;
W = i(W1) � j(W2) � (1-i-j)(W3) for torqueVP.

~Perf. torqueVBBset1 torqueVBBset2 torqueVPBset1 torqueV2Bset2

Coord. i j i j i j i j

R (coef) -.26 .44 -.66 .73 -.48 -.23 -.49 -.10

p-value .44 .17 .027 .011 .14 .49 .13 .76✓ Overall, dyads tended to explore similarly the
usefulness of the available information over practice.

✓ Dyads with higher performance used more information
related to the task goal (target) compared to the dyads
with lower performance at the end of the experiment.

✓ Learning trajectories could be studied in ACL patients.

Optitrack 8-camera system
Board 114 cm diam., 2.5 kg
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[2] Bernstein. N.A. (1967). The Co-ordination and Regulation of Movements. Oxford: Pergamon Press.
[3] Scholz, J. P. & Sch|ner, G. (1999). The uncontrolled manifold concept: identifying control variables
for a functional task. Exp. Brain Res. 126, 289–306.
[4] Jacobs. D. M. & Michaels. C. F. (2007). Direct Learning. Ecological Psychology. 19(4). 321-349.

Learning trajectory of Dyad X in each
informational space from Set1 to Set2X



Modeling the Continuous Jab and Cross Combinations of Boxing 
as Nonlinear Oscillators

E-mail : eric14209@gmail.com

Experiment
An elite amateur boxer threw punches of 16 to 18 cycles to hit a wall pad in each condition 
at a 0.9 arm-length distance from the target across various frequencies played by the speaker. 
The camera recorded the movement of gloves on the horizontal plane.

National Taiwan Normal University, Taipei, Taiwan
Cheng, Szu-Hong & Liu, Yeou-Teh

• This study aimed to explore the nonlinear oscillator model of jab and cross combinations in different limb conditions across various frequencies.

• Jab and cross are basic types of punches, with different tasks to complement each other in boxing competitions.
(Kapo et al., 2021)

• The combinations of jabs and crosses, a periodic movement, can be considered the oscillator related to the constraints.

• Previous studies have shown that modeling periodic movement by the nonlinear oscillator is feasible and may provide a window to unravel the movement properties.
Linear Oscillator: ሷ𝑥 = −𝑘𝑥 + 𝑐 ሶ𝑥 

RD Model: ሷ𝑥 = −c10𝑥 − c30𝑥3 + c01 ሶ𝑥 − c03 ሶ𝑥3

Hybrid Model: ሷ𝑥 = −c10𝑥 + c21𝑥2 ሶ𝑥 + c01 ሶ𝑥 − c03 ሶ𝑥3

• Oscillator can correspond to the continuous movement which lacks the fixed point with zero velocity and acceleration in each cycle.

Discussion

Data Processing
The horizontal movement videos recorded by the camera were imported into a computer. The displacement of gloves in videos were digitized with 
Simi Motion and remained in the cycles from the 2nd to the 14th (13 cycles) for further analysis after Hilbert transformation. Absolute error (AE) and 
coefficient of variance (CV) were used to measure each condition’s temporal error and variety of movement frequencies. Determine the nonlinear 
oscillator model by qualitative observing the phase plane plots (𝑥- ሶ𝑥 plane) and Hooke’s planes plots (𝑥- ሷ𝑥 plane). Multiple regressions based on the 
nonlinear oscillator model were conducted for each limb in all conditions.

Order Limb condition Frequency condition
1 Jabs preferred
2 Jabs 1.5Hz
3 Jabs 2Hz
4 Jabs 2.5Hz
5 Jabs 3Hz
6 Jabs 3.5Hz
7 Jabs and Crosses preferred
8 Jabs and Crosses 1.5Hz
9 Jabs and Crosses 2Hz

10 Jabs and Crosses 2.5Hz
11 Jabs and Crosses 3Hz
12 Jabs and Crosses 3.5Hz

Introduction

9.2.1. 2019 1.8.0

Results

Limb condition
Frequency Jabs Crosses Jabs only

Preferred Fre:1.05±0.04Hz
CV:0.04

Fre:1.02±0.04Hz
CV:0.03

Fre:1.55±0.05Hz
CV:0.03

1.5Hz AE:0.02s
CV:0.03

AE:0.02s
CV:0.03

AE:0.02s
CV:0.05

2Hz AE:0.02s
CV:0.04

AE:0.01s
CV:0.03

AE:0.02s
CV:0.05

2.5Hz AE:0.02s
CV:0.06

AE:0.01s
CV:0.04

AE:0.01s
CV:0.03

3Hz AE:0.02s
CV:0.07

AE:0.02s
CV:0.06

AE:0.02s
CV:0.09

3.5Hz AE:0.02s
CV:0.07

AE:0.02s
CV:0.08

AE:0.02s
CV:0.07

Performance of Frequency Conditions

Multiple Regressions

Limb condition
Frequency Jabs Crosses Jabs only 

Preferred 𝑅2 = .83 𝑅2 = .69 𝑅2 = .68
1.5Hz 𝑅2 = .92 𝑅2 = .66 𝑅2 = .76

2Hz 𝑅2 = .94 𝑅2 = .80 𝑅2 = .93
2.5Hz 𝑅2 = .90 𝑅2 = .90 𝑅2 = .96

3Hz 𝑅2 = .90 𝑅2 = .92 𝑅2 = .92
3.5Hz 𝑅2 = .94 𝑅2 = .87 𝑅2 = .94

ሷ𝑥 = 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 + 𝑐10𝑥 + 𝑐30𝑥3 + 𝑐01 ሶ𝑥 + 𝑐11𝑥 ሶ𝑥

Conditions

• In the conditions where frequencies were higher than 2Hz, the
oscillator model with nonlinear terms 𝑥3 and 𝑥 ሶ𝑥 captured the
dynamic of jab and cross combinations showing on the phase 
plane and Hooke’s plane well.

• The movement mechanism may change from discrete to
continuous at about 2Hz but is slightly different due to distinct
limb conditions. (Huys et al., 2008; Huys, 2010)

• We then surveyed with experiment videos, and 32 young non-
boxer adults judged whether the punch sessions from the
experiment videos were continuous (Cohen’s kappa = 0.71).

𝐩 =
𝒆−𝟓.𝟔𝟐+𝟐.𝟕𝟖(𝒇𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚)

𝟏 + 𝒆−𝟓.𝟔𝟐+𝟐.𝟕𝟖(𝒇𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚)

• For modeling human movement, it is worth reconsidering the term that may induce the x-axis
asymmetry on the phase plane like 𝑥 ሶ𝑥.

• Young adults who do not have expertise in boxing could percept the movement mechanism, and the
oscillator model may entail the continuous movement mechanism invariant.

• In addition to testing more data from different boxers, future work will also focus on the task
constraints and perception of the movement in the boxing context.

• These preliminary results provide a promising direction for continuing to develop the model.

Conclusion

(Turvey, 1990 )

(Kay et al., 1987; Mottet & Bootsma, 1999)

(Huys et al., 2008; Huys, 2010)

Method

Hooke’s Planes Plots

• After logistic regression
based on frequencies, the
significant effect on the
results (p< .001) showed the
inflection point occurred at
about 2Hz, echoing the
oscillator results.

Phase Planes Plots



Me Against the World: Influences of Actor vs. 
Environment Variation on Affordance-Guided 

Behaviour
Dalton S. Cooper MSc, Emily Wang MS, Dominic Bley, BS, Tehran J. Davis PhD
University of Cincinnati, Department of Psychology, Cognition, Action, and Perception Lab

Background
In work investigating affordance-guided behaviors, pi ratios—a unitless measure of the relationship between an agent and their environment—
have been employed to investigate behavioral responses to changes in affordance landscapes (Warren and Whang, 1987). For example, 
when considering aperture passing, the passability can be understood as a ratio (A/E) between the width of an agent’s body (A) and the width 
of the aperture (E), whereby ratios greater than 1 reflect an impassable aperture. Noteworthy is that manipulations to either characteristics in 
the agent or the environment  may maintain the same ratio. Empirical work will typically choose either agentic (e.g., Stefanucci & Geuss, 2009) 
or environmental factors (e.g. Warren and Whang, 1987) to manipulate, based on methodological constraints or the action that is under 
investigation. However, variation in the agent and environment may have deeper contextual meaning to the behavioral landscape of a task. 
Hypothesis: that, given the same pi-ratios, participants will transition between behaviors differently (either through explicit transition points or 
dynamical behavior around the transition) when the source of variation results from the agent than the environment. 

Thirty right-handed undergraduate students participated for course credit. 
Participants completed a 3D bimanual reaching task to move an object, 
representing their hand, from a start location though a choice of either constant or 
variable passable apertures, to a goal location. The passability of these apertures 
varied as a function of either the size of the apertures, or the size of the object. 
Virtual targets and obstacles were presented in a virtual environment (VE) 
presented via a head-mounted display (HMD), where participants moved a 
physical Valve Index controller through the space. Explicit decisions and x,y,z 
coordinates of the controller were recorded.

In conditions where the affordance landscape changed due to the environment 
(left), a single aperture varied, creating a variable pi ratio (A/E). In conditions 
where the affordance landscape changed due to the agent (right), a single 
aperture remained the same size, while both the agent’s capability and another 
aperture varied systematically. In this case, the aperture that did not change had a 
varying pi ratio, due to changes in the scale of the agent’s effector.

Stefanucci, J. K., & Geuss, M. N. (2009). Big people, little world: The body influences size perception. Perception, 38(12), 
1782-1795.
Warren, W. H., Jr., & Whang, S. (1987). Visual guidance of walking through apertures: Body-scaled information for 
affordances. Journal of Experimental Psychology: Human Perception and Performance, 13(3), 371–383. 
https://doi.org/10.1037/0096-1523.13.3.371 

Results and Discussion

Method

References

Transition points were submitted to a linear mixed effects model, revealing an interaction between the source of variation and the direction of 
change in the affordance landscape, F(1, 179.9) = 12.63, p = <.001. When variation occurred in the agents¶ capabilities, participants 
expressed enhanced contrast (t(141) = 2.76, p = .007), transitioning between apertures earlier. When variation occurred in the apertures, 
participants demonstrated hysteresis (t(140) = -2.88, p = .005), lagging in their initial behavior and transitioning between apertures later. Of 
note, the context of the changing affordance landscape influenced the impact of source of variation. In this, no difference was found between 
the source of variation when the environment restricted behavior into only one choice (p = >.05, n.s.), but when options increased from one 
affordance to two, the source of variation impacted these transitions (t(140), = 6.69, p = <.001). This data suggests contextual differences in 
the manipulation of environmental and agentic characteristics in the study of affordances, and potential implications for the control of 
affordance-guided behavior in the face of variability. 

https://doi.org/10.1037/0096-1523.13.3.371


Table 1: Classification 
table of actual 
interception performance 
and frequencies of verbal 
judgments (“No”s)

Result

Intercepted Not 
Intercepted

Verbal 
Judg.

Judg. present
(“No”) 1.57% 15.23% 16.80%

Judg. absent
(-) 60.83% 22.35% 83.19%

Total 62.40% 37.59%

III Results

This project has received funding from the 
European Union’s Horizon 2020 research and 
innovation programme under the Marie 
Skłodowska-Curie grant agreement No 956003.

Samruddhi Damle1, Reinoud Bootsma2, Frank Zaal1

To intercept a target, one needs to be in the right
position at the right time. This involves the control of
interceptive action, which might be affected by the action
opportunities and boundaries in the specific situation.

What makes a ball interceptable or not?

Here we investigate what factors make a ball
interceptable or not using a lateral interception task. We
hypothesize that this affordance of interceptability might
be determined by the distance to be covered in the given
time, which is in turn controlled by the ball speed. We
observe the affordance actualization and affordance
perception through two tasks, an action and a judging
task respectively.

IV Discussion

What Makes A Ball Interceptable?
Examining the Affordance of Interceptability for oneself

Table 2: Classification 
table of model predicted 
interceptability and 
frequencies of verbal 
judgments (“No”s)

100

50

0

Ball Arrival Position (cm)

S
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ce
ss
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at

e 
(%

)

84 63 42 21 0

n = 15

• Interceptability was best predicted by the variables of distance from start, ball flight time and angle of approach
(AoA). Altogether, these factors characterized an action boundary for each participant.

• A secondary effect of ball flight time led to poorer accuracy on “interceptable” balls close to the paddle start position.
• Participants’ verbal judgments on perceived interceptability were accurate on 75% of trials.
• Participants’ judgments were based on the action boundary, but disregarded the speed-accuracy trade-off.
• Congruence between perceived interceptability and predicted interceptability (based on action model) was 83%.

Action Judging

1 University Medical Center Groningen, The Netherlands, 2 Aix-Marseille University, France 

Fig. 3. Significant interaction effect between 
distance from start and ball flight time on the 

probability of interception. Z-scores were used for 
the GLMER model. The significant main effects were 
of distance, ball flight time and angle of approach.

Fig. 4. Significant interaction effect 
between distance from start and 

angle of approach on the probability 
of interception. Z-scores were used 

for the GLMER model.

Fig. 2. Percentage success rate of one exemplar participant as a function of ball arrival 
position (BAP). Participants’ paddles began from BAP = 0cm. The three ball flight times 

were 1.2s (blue), 0.8s (orange) and 0.6s (green). 

GLMER Analysis
Interceptability

Model Predicted Result

Interceptable Un-
interceptable

Verbal 
Judg.

Judg. present
(“No”) 2.46% 14.35% 16.80%

Judg. absent
(-) 68.78% 14.40% 83.19%

Total 71.24% 28.75%

Training

To intercept 
as many 
balls as 
possible

To say “No” as 
soon as a ball is 
perceived to be 
uninterceptable

Judging 

Judging Action

Action

I Introduction II Method

84  63  42   21   0

Fig. 1. Experimental design and set-up. The fixed 
paddle starting position is marked by the red box. 

Fig. 5. Probability density plots per ball 
flight time (in seconds) relative to the 
timing of calling “no” (in seconds). The 
mean timing of calling “no” (Tno) and 

frequency of “no”-calls (N) are depicted 
per condition.

@SamruddhiDamle 
s.damle@rug.nl

Scan to read the 
full article:
Damle et al., 2024



Object identification with a minimal sensory 
substitution glove

Carlos de Paz1, David Travieso1, Manuel Heras-Escribano2, & Lorena Lobo3

Introduction Method

Results

Discussion & Conclusions

Minimalist SSDs:
• Are electronic devices that allow the detection of

information through an alternative perceptual systems.
• Use minimalist design principles & direct sensory

mapping.
• Previous research from the ecological & enactive

approaches has shown:
✓ Distal attribution (Siegle & Warren, 2010).
✓ Object location (Lenay et al, 2001, 2010)
✓ Navigation (Lobo et al., 2019; Favela et al., 2015)

Form perception
Can form be perceived with a minimalist SSD? 
✓ Form a sensorimotor manifold (Lenay et al., 2001; Siegle

& Warren, 2010)
✓ Bermejo et al. (2015): this ability develops rapidly.

But:
▪ Feedback was included
▪ Different projections were used

Purpose.
Detection of form using a reverse Molyneux approach: discriminate a sphere 
and a cube through a new perceptual modality (the minimalist SSD)

Participants. 56 blindfolded participants (university students).

Apparatus.  A vibrotactile SS glove.
- One motor on the index finger vibrates as a function of the pointing
direction of that finger
- Distance towards the object →linear increments of stimulation intensity
- Detection through a 6 cameras mocap system (Qualisys, inc.)

Design. 
- Two conditions: Equal side or Equal volume
• Side: Cube’s side = sphere diameter (0.2 m)
• Equal volume (0.008 m3)

Procedure.  
- The two objects are shown simultaneously - Participants move freely
- No training & no feedback (only info about the device functioning)

• Participants do not discriminate form consistently with a minimalist SSD
• Performance is not different from chance in the first trial
• Without feedback, form is not consistently discriminated despite repetitions
• Several participants perform significantly below chance (coherent misidentification of

forms)

• Participants improve performance only for the equal side (different volume) condition
• Objects can be differentiated based on their volume.
• Experiments with SSDs (Bermejo et al., 2015), cataracts surgery (Held et al., 2011), and

neonates (Streri & de Hevia., 2023) have no considered these differences

• There are significant differences in the exploration with improved performance
• There is a significant reduction exploration time and amplitude (equal side)
• There is a significant increment in the exploration of the edges (equal side)

References
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Overall Performance 

Side Volume
Overall .71 (.18) .58 (.17)
100 % 6 (17%) 1 (4%)
↓ 50% 9 (25%) 12 (46%)

Binomial test
Side Volume

1st trial .66 (p = .06) .38 (p = .33)

Last 
trial .78 (p = .001) .65 (p = .17)

Total Exploration

Side Volume
1st Last 1st Last

Time (s) 96.1 50.9 103.6 57.7

Linear D. (m) 5.11 3.78 7.75 6.03 

Angular D. (º) 2054 1314 3221 2408

Proportion of time 
exploring the edges

Side Volume
1st Last 1st Last

Time .42 .49 .54 .53

Linear D. .43 .47 .54 .53

Angular D. .42 .47 .54 .52



Perceptual Learning of Feelies is Influenced by Viewpoint, Motion, 
and Affordance Priming
Dowell, C.1, Gunter, M.2, Hajnal, A.2
1 University of Southern Indiana, Department of Psychology
2 University of Southern Mississippi, School of Psychology

Contact: cjdowell@usi.edu
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Figure 1: 
Objects used in 
the experiments

Background:
• According to the ecological theory, perceptual learning is not a

process of enriching input from the environment, but of developing
the skill to differentiate general information that was already
available (Gibson & Gibson, 1955)

• This study investigated visual perceptual learning using
ecologically valid, novel objects known as “feelies” (Gibson, 1962)

• Experiment 1 focused on factors that may influence learning
through perception (viewpoint and motion)

• Experiment 2 investigated the effect of functional uses
(affordances) and semantic primes on learning

Hypotheses:
H1: Learning will be faster when objects are seen from the side 
with motion 
H2: Priming will facilitate learning in all conditions but will be most 
effective when functional uses (affordances) for objects are 
actively generated by participants

Method
Design
• 3-D printed copies of the 10 original feelies were photographed and recorded to be used as

stimuli (see Figure 1)
• Objects seen from either a side view (~30° angle) or a top view

(see Figure 2)
• Objects presented as either static or rotating clockwise about a fixed vertical axis (3.75 rpm)

(see Figure 3)
• Between-subjects design:
2 View (side, top) x 2 Motion (rotating, static) x 3 Prime (GS, GA, PA)  
• Experiment 2 included ‘Priming’ variable

• Generated Semantic (GS): “name physical features of object”
• Provided Affordance (PA): “imagine using object to crack nuts”
• Generated Affordance (GA): “name several uses of object”

Participants
• Experiment 1: n = 175 Experiment 2: n = 265

Conclusions
• Experiment 1 established that individuals can learn to

perfectly discriminate completely novel, complex
objects (e.g., feelies)
‒ feedback about accuracy is not necessary for 

learning
• Motion was expected to improve learning

‒ learning was generally faster in conditions where
objects were static

‒ when examined as relative changes in discrimination 
accuracy over learning blocks and when paired with a 
functional task (actively generating affordances for 
objects), the sight of a rotating object produced more 
efficient and stable patterns of leaning compared to 
semantic association of provided affordances

• Benefit of motion in GA conditions most pronounced in
the Sideview condition (top right panel in Figure 5)
‒ supports the hypothesis that a more natural

viewpoint would result in better perceptual learning

Procedure
• Data collected online using Collector (Garcia et al., 2015)
• Task was to study the target object and respond whether

each subsequently presented object was identical to the
target object (“same”) or not identical to the target
(“different”)
• Feelies presented sequentially

• 3 sec to study target objects, 2 sec to explore test
objects,  unlimited time to respond

• Learning criterion: perfectly differentiate the 1 target
feelie from the 9 non-target feelies over a series of 8
learning blocks
• 1 block = 1 study presentation of the target + 13

experimental trials (4 presentations of the target; 18
total presentations of non-targets, each object twice)

Measures: d-prime; blocks needed to reach criterion

Figure 2: Sample stimuli 
used in the experiments

Top View Side View

Figure 3: In the motion 
condition objects rotated 
clockwise on a podium

Experiment 2
Linear Mixed Model Analysis
dprime ~ View * Movement * Prime * Block + (1 | Subject)
• Significant Motion x Viewpoint x Prime x Block interaction, β = 1.113, SE = .43, p = .01

(see Figure 5)
‒ Motion provides the greatest benefit in the Generated Affordance (GA) condition when 

objects are seen from a side view

Results
Experiment 1
• Significant main effect of Motion (see Figure 4)

‒ Learning criterion reached sooner in Static conditions
Linear Mixed Model Analysis (on d-prime):
dprime ~ View * Movement * Block + (1 | Subject) 
(β = .985, SE = .3996, p < .05)
ANOVA on blocks-to-criterion: F(1,171) = 31.864, p < .001, η2

p=.157

Sideview:

Topview:

Figure 5: View x Motion x Prime x Block interaction on changes in d-prime. 
Note: blocks are presented relative to the last block (8) in which criterion was reached

Figure 4: Blocks needed to reach criterion 
as a function of View and Motion

mailto:cjdowell@usi.edu


Cooperative Affordance:
• Affordance in multi-agent systems which allows for an agent to actualize a given

disposition by using the other agents in its environment, even if it doesn't have the 
required capability to act directly upon the entity

• E.g: an agent wanting to move a heavy object could leverage the presence of another
agent with sufficient lifting capability

• Cooperative dispositional match (CD): An agent's capability can be seen as a
reciprocal disposition to an object's actualizable disposition

Elementary Patterns:

Combined Patterns:

Overview of combined patterns:
• Cooperatives affordances can be used to

actualize the disposition of a given entity by 
several means

• E.g: the dispositions of o_1 and o_2 can be
actualized in 4 differents ways given the
perspective of one agent

cd_1

o_1

a_1

a_0 hasAffordance
hasBearer

hasTrigger

hasAffordance
dm_1

o_1

o_2

a_0 hasDM
hasBearer

hasTrigger

hasAffordance
o_1a_0

hasAffordance

a_1

a_2

a_0

cd_1

o_1

hasAffordance

cd_3

o_2

hasAffordance

cd_2

cd_4cd_0

dm_0

3 4 2
1

An agent uses its own capabilities and the ones 
from another agent to actualize a DM

An agent uses its interaction capabilities to 
actualize a DM given another agent's presence

dm_1

cd_1

o_1

a_1

a_0 hasAffordance o_2

hasDM

Using dispositional match

cd_1

cd_2

o_1

o_2

a_0 hasDM a_1

hasAffordance

To collaborate

An agent uses its interaction capabilities to 
transitively actualize the disposition via another 

agent which in turn can leverage the capabilities of 
a third agent

An agent uses its interaction capabilities to 
coordinate two other agents to actualize the 

disposition

cd_2

o_2

a_2

hasAffordance

cd_1

cd_3

o_1

a_0 hasDM
a_1

hasAffordance

To coordinate

cd_1

cd_2

o_1

a_2

a_0 hasAffordance a_1

hasAffordance

To act transitively

Representation of Cooperative Affordances

 

Affordances: A Knowledge Representation towards Human-Robot Interaction
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Goal: Can we make the representation process of the agent's action possibilities 
autonomous, meaningful, trackable, and explicit?

Objective:  Design of inference mechanisms and patterns for affordance representation
in the robot's knowledge base

Scenario:
• Shared goal manipulation task between human and robot in a kitchen environment
• Actions: take, place, put in, give, hand-over, make reachable (bring closer), pour, ...
• Example: Prepare a recipe or cleaning the table

Introduction Representation of affordances Agent-Object(s)
Affordance agent-object:

• The match between capabilities and
dispositions enable the affordance relation to
be created between the agent and the object

• Agent-tool systems bring new affordances
through the acquisition of a new capability 
provided by the tool (functional affordance)

• E.g: pr2 hasCuttingAffordance tomato_1

Affordance agent-dispositional match:
• The reciprocal dispositions of objects create an

individual encompassing the involved dispositions 
and the interacting dispositions

• Dispositional Match (DM): “partners for a mutual
 manifestation that is their common product”[6]

• Trigger/Bearer roles
• E.g: pr2 hasXAffordance knife_dishwasher_dm

hasCapability CuttingDisposition

knife_0

CutableDisposition

tomato_1

pr2

pr2_capa

enableCutting
Affordance

hasExtComponent

hasAvailable
Component

tomato_1_disp

knife_0_disp

isDispositionOf

CuttingCapability

isA

isA

hasCutting
Affordance 1

3

2 isA

4

pr2 pr2_capahasCapability

knife_dishwash
er_washing_dm

enableEntityWashing
Affordance

hasEntityWashing
Affordance 7 6

EntityWashingDMisA
5

knife_0

knife_0_disp

dishwasher

dishwasher_disp

hasTrigger hasBearer
3

4 4

hasDisposition hasDisposition

enableEntity
WashingDM

1

hasEntity
WashingDM

2

Discussion
Affordance ontological representation:

• Represent/Infer simultaneously the action possibilities of agents in the environment
• Leverage the presence of other agents with the cooperative affordances
• Future works could be to add effect in the representation, for instance to enable

planning algorithms to provide a task plan.

 

Background & Formalism
Capability: “the ability to carry out a type of activity”[1]

• Agents can have different capabilities given their configurations (embodiements)
• Combinations of capabilities can enable higher-level capabilities

Disposition: “the property of a thing that is a potential”[2]
• Objects can have dispositions, which can be linked to particular sub-parts
• Conceptual equivalence: objects can be referred to by dispositions (not only by class)

Affordance: “What the environment offers to the animal, either for good or ill”[3]
• Opportunities for action within an agent-environment system
• Affordances stem from the “fit” between agent's capabilities and entity's dispositions :

Social Affordance: “Social affordances are possibilities for social interaction or
 possibilities for action that are shaped by social practices and norms”[5]

• Opportunities for action within a multi-agent system
• Widens the action possibility range of agents by providing new ways of actualizing a

given disposition using other agents

Knowledge Base: Ontology 
• “formal specification of a shared conceptualization” allowing to define concepts,

individuals, and relationships.
• E.g: clara is an individual of the class Human and is linked to the individual fred by the

property hasBrother
• Enables DL-logic reasoning processes to infer new knowledge

Affordance formalism: Chemero's
• Relational view:  Affords-Φ(feature, ability)
• Φ is a behavior, feature is an entity’s disposition and ability an agent’s capability
• E.g grasping behavior, graspabe disposition and grasping capability)

[4]

grasping

grasping
interacting

grasping

grasping

CuttingDisposition ≡ hasAvailablePart some
(hasDisposition some CuttingDisposition)

GraspingCapability ≡ hasAvailableComponent
 some (Gripper and MotionPlanningAlgorithm)

Capability:
• Inheritance relations over a single individual representing the agent's capabilities

(pr2 hasCapability pr2_capa)
• Inference mechanism according to equivalent classes defined as the possession of

subsets of components

Disposition:
• Similar pattern as for Capability, a single individual represents the object's

dispositions (knife_0 hasDisposition knife_0_disp)
• Objects can be composed of subparts which can provide the object with a given

disposition

 Representation of Capability & Disposition

CuttingDispositionknife_0 knife_0_dispisDispositionOf

blade_0
hasPart

blade_0_disphasDisposition

isA

isA
hasAvailablePart

pr2

pr2_capa

hasCapability

move_it MotionPlanning
Algorithm

isA

pr2_r_arm pr2_r_gripperhasComponent hasComponent
isA

hasComponent
PR2GripperGripper

hasComponent

isCapabilityOf hasAvailableComponent
hasAvailableComponent

GraspingCapability
isA

isA



Development of Audio-Visual «Looming» Perception in Infants Receiving Extra
Motor Stimulation and Full-Term Controls: A Longitudinal High-Density

Electroencephalography Study
Ane Kristine Eggen, Audrey van der Meer & Silje-Adelen Nenseth

The infant brain develops in accordance with experiences and interactions 
with the environment. Baby swimming stimulates the infant with motor and 
locomotory actions, sensory input, and interaction with other humans. 
Previous research studies have found positive outcomes of baby swimming 
on both motor skills and visual motion processing (Borge Blystad & Van 
der Meer, 2022). However, infant brain activity during looming motion has 
not yet been investigated.

To investigate whether extra stimulation in the form of baby swimming in 
early infancy can enhance the development of audio-visual processing in 
the infant brain during the first year. 

Extra-stimulated Controls
Mean (SD) or n (%) Mean (SD) or n (%)

Age at first testing (weeks) 20 (1.6) 17.7 (3.7)
Age at second testing (weeks) 42.3 (6.3) 43.4 (4.4)
Age of crawling onset (weeks) 30.5 (6.6) 34.4 (6.1)
Female, n (%) 6 (60) 3 (30)

Extra-stimulated infants developed enhanced processing of audio-visual 
motion with higher efficiency, including processing in higher frequency 
bands, more functional connections between brain regions, and a looming-
related brain response that occurred closer to the virtual collision 
compared to control infants receiving a normal upbringing.

Table 1. Characteristics of the study groups

Design and methods

• 10 extra stimulated infants and 10 control infants born at term (Table 1)
were tested longitudinally before and after the onset of crawling.

• High-density electroencephalography (128 electrodes) was used during a
looming experiment (Figure 1).
- Peak analysis
- Time frequency analysis
- Coherence connectivity analysis

Results

• Extra-stimulated infants exhibited significantly shorter time-to-collision
(TTC) values than control infants after crawling onset in the second
testing (Figure 2).

• All infants shifted from a timing strategy based on visual angle (TTC
varies with loom speeds) to one based on time to collision (more fixed
TTC across loom speeds) after crawling onset.

• After crawling onset, extra-stimulated infants showed processing of
looming motion in the gamma frequency band while control infants
showed processing at lower frequencies in the alpha-beta band (Figure
3).

• Both infant groups showed connections from visual cortex to parietal
midline, indicating involvement of the dorsal stream after crawling
onset. However, extra-stimulated infants showed a higher number of
significant connections (Figure 4).

Conclusion

Figure 1. Illustration of the experimental setup
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Figure 2. Graph bar of the TTC values of the looming-related peaks in the infants’ 
brain responses to fast, medium, and slow looms before and after crawling onset.

Figure 4. Connectivity in the infant brain during processing of audio-visual 
looming motion and non-looming.  

Figure 3. Significant clusters in frequency bands during processing of audio-visual 
looming motion compared to non-looming.
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Figure 5.  Average metabolic cost per agent (mixed agents included)
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Figure 6. Average metabolic cost per agent
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Local navigation strategies guide 
global route selection

How do humans navigate through unfamiliar environments to reach a goal?

Conclusions

References
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Cassandra Engstrom1 and William H Warren1

1 Department of Cognitive and Psychological Sciences, Brown University 
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cassandra_engstrom@brown.edu

Previous work has shown that humans use several locally perceivable variables to guide the selection of near-optimal routes to goal locations in unknown environments [1,2,3,4] (See Fig 1). 
However, much of this research assumes that humans use only one strategy rather than potentially trading them off. Additionally, it is not clear whether the strategies therein reported are only 
employed under conditions of uncertainty, as in some cases global environment structure, while novel, may be visible from the starting point. 

In Experiment 1, we tested whether local, heuristic-based navigational strategies differed as a function of proximity to and visibility of the goal location.
In Experiment 2, we tested whether these same strategies were utilized even when route options were fully visible and equal.

d
Local distance to door

[greedy strategy]

γ
Turn angle to door

[local energy conservation strategy]

θ
Angular deviation from goal

[goal-oriented strategy]

d
[greedy strategy]

γ
[local energy conservation strategy]

θ
[goal-oriented strategy]

Layer 1

Exp.1A
beacon 
visible 

Exp.2A
no start ramp 

Exp.2B
start ramp 

Participants were tasked to navigate to the pink goal beacon as 
quickly as possible without rushing. Door positions were random-
ized between trials (total=64) so that navigation was naïve. 

In exp. 1A (n=17) the beacon was visible throughout the trial. In 
exp. 1B (n=17) the beacon was only visible for 2s at the start of 
the trial and then disappeared. 

We used a logistic regression model to predict door choice based 
on 3 locally perceivable variables (Fig. 1). We also looked at inter-
actions with layer and beacon visibility.

In experiment 2, participants were tasked to navigate to a yellow goal becon by 
choosing one of the two routes around a rectangular courtyard.

Before the environment populated, participants had to orient towards an orienta-
tion pole (not shown), which determined their start heading (see pink arrows).

In experiment 2A (N=14), participants began each trial at the corner of the court-
yard opposite to the goal beacon (see Fig. 7). In experiment 2B (N=13), participants 
began each trial at the end of an onramp that led to the corner  (see Fig. 8).

Participants completed 91 trials (7 start orientations * 13 courtyard types).

We again used a 
logistic regression 
model, this time look-
ing at the effect of raw 
difference scores for 
the θ and γ
 variables on route 
choice. We also 
looked at interactions 
with experiment 
(ramp/no ramp) and 
trial number (time).

Exp.1B
beacon 
invisible 

start pole

goal beacon

virtual maze:
~11m x 8.5m

Layer 2

1x1

~1m 

1.2m or 
1.8m

3x4 1x2

1x1 3x4 1x2

Layer 3

Figure 2.  Comparing variable infuence between experiments 

Figure 1.  Local variables guiding naïve navigation Figure 3.  Change in variable influence across layers

Figure 9 Figure 10. Output of the (γ only) model

Figure 11. Visualizing random effects
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Here we tested whether differences between the Exp. 1A and Exp 1B 
models could be explained by memory decay of beacon location given 
beacon disappearance. We correlated the turns of agents driven by the 
Exp 1B model and the the Exp 1A model (+ random Gaussian error of 
beacon location). Correlations were weak, suggesting changes in strate-
gy use cannot be explained by memory decay alone.

a

b b b
c

c

d p<.05
p<.05

Figure 7.  Exp. 2A courtyards

Figure 8.  Exp. 2B courtyards

In a follow-up analysis to experiment 1, we programmed artificial agents who
behaved in accordance with a singular strategy or with our statistical models 
(fit to human behavior) (Figure 6). We also compared the performance of 
agents who had a ‘mixed’ strategy, switching variable use between layers 
(Figure 5) - where “T” = θ, “G” = γ and “D” = d. 

The energetic costs of the routes selected by each agent were estimated 
using [3]. The overall energetic efficiencies of each agent, controlling for 
door configuration/environment as a random effect, were compared by
estimating the effect of agent (predictor) on metabolic cost (outcome) as part 
of a linear mixed effects model.

Note that path costs were computed using biologically realistic trajectories 
produced by human participants through all configurations presented in 
experiment 1.

We found that the pure θ agent performed best, but not significantly better than 
the agents driven by the logistic regression models fit to each experiment.

The pure γ and pure d agents performed relatively poorly, and mixed agents had 
intermediate performance. 

All agents performed significantly worse than the optimal (omniscient) agent but 
significantly better than the random agent. 

[1] Bailenson, J.N., Shum, M.S. & Uttal, D.H. The initial segment strategy: A heuristic for route selection. Memory & Cognition 28, 306–318 (2000). [2] Baxter BA, Warren WH. Route selection in barrier avoidance. Gait Posture. 2020 Jul;80:192-198.[3]
Brown, GL, Seethapathi, N, & Srinivasan, M (2021). A unified energyoptimality criterion predicts human navigation paths and speeds. Proceedings of the National Academy of Sciences of the United States of America, 118(29). [4] HochmairHH, Karlsson V,
2005, “Investigation of preference between the least-angle strategy and the initial segment strategy for route selection in unknown environments”, in Spatial Cognition IV Eds FreksaC, KnauffM, Krieg-BrücknerB, NebelB, BarkowskyT, (Springer, Berlin) pp
79–97.[5] van Tilburg, W., & Igou, E. R. (2014). Moving Onwards: An Action Continuation Strategy in Finding the Way. JOURNAL OF BEHAVIORALDECISION MAKING, 27(5), 408-418.

Experiment 1 
• Humans reliably use 3 locally perceivable variables to guide path-finding while navigating through unfamiliar environments.
• Which of these variables dominates depends on ones proximity to their destination. Goal-directed strategies influence intermediate stages of a journey, while locally maximizing strategies are most influential at the end.
• The same strategies are employed even when the goal is invisible (consistent with reliance on path integration), although the goal-oriented strategy (θ) is weaker due to the loss of a visual reference.
• Agent-based simulations suggest that the human strategy is nearly energetically optimal, especially in ideal (visible goal) conditions. However, using only the goal-oriented strategy is equally efficient.
Experiment 2
• The goal-oriented strategy is not utilized when the entire route is visible (and routes are equalized), suggesting it may only be employed under conditions of uncertainty (Figure 9).
• When the entire route is visible, humans appear to turn randomly at first, but only when they approach bifurcations from another subpath (figure 9, 10).  They are more influenced to reduce turn angle after navigating for a while.
• Humans have a stronger tendency to reduce turn angle when they begin at the route bifurcation and rotate while standing still (rather than mid-trajectory).
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Figure 9. Mean FL/FR error across intended FL/FR during 
trials 5 and 6 of the transfer test. 
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Learning to produce challenging multi frequency 
coordination patterns with transformed visual feedback 

DESIGN & HYPOTHESES

Acquiring some bimanual coordination 
patterns has been shown to be more 
difficult than others.1 Multifrequency 
patterns, such as 3:4, are much more 
challenging to learn compared to 
coordination patterns like 1:1.

Experiment 2: After five blocks of 1:2 
TVF training, participants (n = 8) 
completed a transfer test gauging their 
performance on 11 coordination 
patterns using the TVF.

Determine if TVF training 
results in transfer to more rapid 
acquisition of challenging 
multifrequency coordination 
patterns when the transformed 
feedback is removed.

Increase trial lengths to allow 
for further implementation of 
epoch-based analysis.

Test participants performance 
during 3:4 training without any 
transformation applied. 

Investigate learning curves 
over multiple sessions to 
determine what learning occurs 
with TVF training over a longer 
time scale and compare to non-
transformed training. 

Develop dynamical systems 
models of the phenomenon.

Phase data was organized into epochs, with epochs being 
defined as complete rotations of the handle starting at 
zero degrees. Incomplete rotations at the beginnings and 
ends of each trial were not included as epochs in the 
analyses. 

Measures

Materials

After training with 1:2 TVF, 
participants were able to more 
rapidly acquire 3:4, implying 
that participants learned how 
to use the transformation 
during 1:2 TVF training, not 
just how to perform the 1:2 
coordination pattern. 

A B C

Figure 2. A) The bimanual crank-turning apparatus. 
Participants rotated handles which resulted in motion of 
circles on the above display. B) Phase (θ) calculation 
method. C) The relationship between motion of the 
handles and motion of the circles on the display. In BP 
training, no transformation was applied, During TVF 
training, the transformation resulted in 1:1 motion of the 
circles when the handles were moved at the correct 
pattern (1:2 or 3:4).

Participants who train with Lissajous 
feedback are able to rapidly acquire a 
different coordination pattern if still 
using the transformation.1,2,3 But this 
transfer has not been studied with the 
Mechsner transformation.4 

Experiment 1: Participants did four 
blocks (11 trials each) of either 3:4 TVF 
training (n = 5) or 2 blocks of 1:2 TVF 
training followed by 2 blocks of 3:4 TVF 
training (n = 6).

1Kovacs, A. J., Buchanan, J. J., & Shea, 
C. H. (2010a). Perceptual and
attentional influences on continuous 2: 1
and 3:2 multi-frequency bimanual
coordination. Journal of Experimental
Psychology: Human Perception and
Performance, 36(4), 936.

2Kovacs, A. J., Buchanan, J. J., & Shea, 
C. H. (2010b). Impossible is nothing: 5:
3 and 4: 3 multi-frequency bimanual
coordination. Experimental brain
research, 201, 249-259.

3Kovacs, A. J., Buchanan, J. J., & Shea, 
C. H. (2009b). Using scanning trials to
assess intrinsic coordination dynamics.
Neuroscience letters, 455(3), 162-167.

4Mechsner, F., Kerzel, D., Knoblich, G., 
& Prinz, W. (2001). Perceptual basis of 
bimanual coordination. Nature,
414(6859), 69-73.

Figure 3. A) Instantaneous 
Frequency of each hand (FL & 
FR ). B) Relative frequency 
ratio (FL/FR ). 

Frequency ratio (FL/FR) was calculated by dividing the 
frequency of the left hand by the frequency of the right 
hand. Frequency ratios above 16 and below 1/16 were not 
included. 

Experiment 1: Does TVF transfer to a new pattern?

Figure 10. Mean RMSE across intended FL/FR during trials 5
and 6 of the transfer test. 

H2: Learning 1:2 with TVF will result in 
rapid acquisition of other patterns 
during transfer test.

H1: Participants who start with 1:2 
TVF will more rapidly acquire 3:4.

The absolute value of the difference between the 
observed FL/FR and the intended FL/FR was calculated to 
get an absolute frequency ratio error. The root mean 
square error (RMSE) of this metric was also calculated. 

Experiment 2: Does TVF transfer to all patterns?
A repeated measures ANOVA was conducted to compare 
the effect of intended FL/FR on observed FL/FR during the 
transfer test. A significant effect of intended ratio on 
observed ratio was found for the 11 intended ratios 
F(10,70) = 1437.94, p < .001, η² = .995.

Post hoc comparisons using the Bonferroni correction 
indicated significant differences at p < .001 for all 
comparisons. 

A one-way ANOVA was conducted to compare the effect of 
starting intended FL/FR on observed FL/FR. A significant 
effect of starting intended ratio on observed ratio was 
found for the first block of trials where the participants 
performed 3:4, F(1,9) = 20.08, p < .05, η² = .690.

Figure 5. Mean FL/FR and FL/FR error for participants who 
started with 3:4 TVF. Black vertical lines delineate blocks.

Research has shown that when giving 
participants transformed visual 
feedback, it is possible to rapidly 
acquire otherwise challenging 
coordination patterns.

A B

Figure 1. A) 3:4 figure for the 
Mechsner visual transformation. Every 
rotation of the right hand results in 1¼ 
rotations of the RH circle, whereas the 
LH circle directly corresponds to hand 
motion. Making the circles move in 1:1 
means 3:4 is being produced with the 
hands. B) 3:4 Lissajous feedback 
figure. Right hand motion results in x-
axis movement of the dot and left hand 
motion results in y-axis. When tracing 
the path of the figure, participants are 
successfully performing 3:4. 

Two types of transformations have 
been studied, the Lissajous 
transformation, and the Mechsner 
transformation (see Figure 1).  

Will participants be able to rapidly 
acquire a new multifrequency 
coordination pattern after training with 
Mechsner-style transformed visual 
feedback (TVF)?

Will TVF training with one coordination 
pattern result in transfer to rapid 
acquisition of any challenging 
coordination patterns when using TVF?

Research Questions

Figure 8. Mean FL/FR across intended FL/FR during trials 5 
and 6 of the transfer test. Natural log scaled. 

After training with 1:2 TVF, 
participants were able to 
accurately perform a number of 
challenging multifrequency 
coordination patterns. This 
suggests that the what is 
learned during TVF training 
transfers to all coordination 
patterns, not just the one in 
which the transformation was 
initially learned, consistent with 
findings from the Lissajous 
feedback literature.1,3

Does TVF transfer 
to all patterns?

Does TVF transfer
 to a new pattern?

Figure 7. An example trial of the transfer test.

Left and right frequency (FL & FR) was defined as the 
difference in phase value between one sample to the next 
divided by 1/480 (the sample rate). 

Post hoc comparisons using the Bonferroni correction 
indicated significant differences at p < .05. Participants who 
did 1:2 TVF training before 3:4 TVF training had less mean 
error than participants who started with 3:4 TVF training.

Figure 6. Mean FL/FR and FL/FR error for participants who 
started with 1:2 TVF. Black vertical lines delineate blocks.

Figure 4. Wrapped 
degrees for a 1:2 
coordination trial 
separated by epoch (black 
vertical lines).
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The study explored haptic perception in children with Down
syndrome (DS) versus typically developing (TD) children.
Using tasks assessing the utility and length of rods, it was
found that children with DS may have deficits in haptic
perception, as they struggled with capturing relevant haptic
information compared to TD children. This suggests a
unique impact of DS on haptic perceptual abilities.

Abstract

• Task 1: Children with Down syndrome exhibited a lower
agreement index (P=0.004), indicating a potential deficit
in haptic perception.

• Task 2: ANOVA demonstrated significant main effects of
Group (p=0.042), Rod length (p=0.0001). Contrasts
demonstrated that, considering the rods ' lengths, the
perceived length was different in all groups (p<0.028).

• Significant between-subject variability was observed
(p<0.0001). The group factor accounted for part of the
variance, suggesting different perceptions of rod length.
For typically developing children, the principal moment of
inertia significantly predicted perceived length
(p<0.0001), an association not found in children with
Down syndrome (p>0.05).

Introduction

Participants
The study included two groups of children:
• Typically Developing Children: A group of 14 children,

selected based on standard developmental milestones,
participated in the study to serve as a control group.

• Children with Down Syndrome: A group of 9 children
diagnosed with Down syndrome, matched for age with
the control group, were included to assess the impact of
Down syndrome on haptic perception.

Assessments
Two distinct tasks were designed to evaluate the children’s
haptic perceptual capabilities:
• Task 1: Utility Perception of Rods (Fig 1)

o Procedure: Children were given rods and asked to
choose the most useful for pulling objects towards
them. Each of the three rods was presented four
times, yielding 12 trials per child.

o Measurement: The agreement index was calculated
as the percentage of correct perceptual judgments
provided by each child about the usefulness of each
rod to pull an object positioned on a flat surface. 

• Task 2: Perception of Rod Length (Fig 2)
o Procedure: Children were given rods of different

lengths and asked to estimate their length without
visual information.

o Measurement: Metric responses about rod length
judgment were recorded and used for analyses. The
largest principal moment of inertia (I1) was calculated
to test its role as a potential perceived length predictor.

Statistical Analysis
• Agreement Index: For Task 1, the agreement index was

compared between groups using an independent t-test.
• Regression Models: For Task 2, The judgment of the

rod’s perceived length was analyzed by an ANOVA with
one between-subject effect (Group) and two within-
subject effects (Rod length and Mass position). Multilevel
models for repeated measures were used to test whether
I1 was a predictor of perceived length and whether the
observed relation between these variables differed
between groups.

Methods

This study’s findings reveal a nuanced understanding of 
haptic perception in children with Down syndrome. The 
lower agreement index in Task 1 suggests that children with 
Down syndrome may experience difficulties in utilizing 
dynamic touch to assess the utility of objects, which could 
impact their daily interactions with the environment. The 
lack of a significant correlation between the principal 
moment of inertia and perceived rod length in children with 
Down syndrome, as observed in Task 2, further indicates 
that these children might capture haptic information 
differently.
These results underscore the importance of tailored 
therapeutic strategies to support the development of haptic 
perception skills in children with Down syndrome. 
Enhancing these skills could contribute to more effective 
and autonomous interaction with their surroundings.
Future research should explore the underlying mechanisms 
of haptic perception deficits in children with Down 
syndrome and investigate interventions that could mitigate 
these challenges. Additionally, longitudinal studies could 
provide insights into how haptic perception evolves as 
children with Down syndrome grow and how early 
interventions might influence their developmental trajectory. 

Discussion

The findings suggest that children with Down syndrome 
may have difficulty detecting the relevant information for 
haptic perception of rod length, unlike their typically 
developing peers. This study contributes to a deeper 
understanding of the impact of Down syndrome on haptic 
perceptual abilities.

Conclusions

Haptic perception is a cornerstone of human interaction 
with the environment. Dynamic touch, a specialized form of 
haptic perception, allows individuals to perceive objects’ 
dimensions and orientation by mechanically contacting 
these objects. This sensory modality is crucial for children 
navigating and learning from their surroundings.

While the assessment of haptic perception has been 
primarily focused on healthy adults, its exploration in 
children, especially those with developmental disorders, 
needs to be more well-documented. Children with Down 
syndrome may face unique challenges in haptic perception 
due to potential motor skill impairments and distinct 
musculoskeletal properties. 

The current study compared the haptic perceptual 
capabilities of Down syndrome children to those of typically 
developing. The study sought to uncover the specific 
aspects of haptic perception affected by Down syndrome. 
This could provide insights into the sensory world of these 
children, paving the way for interventions that enhance their 
ability to interact with their environment effectively.

Results

Figure 1. Apparatus, rods, and positioning of the children during task 1: perception 
of the usefulness of rods for pulling an object. The children manipulated the rods 

with their vision occluded by the curtain.

Figure 4. Plot of Log PL (perceived length) and Log I1 relation for each group.
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1. To assess the haptic perception of children with Down 
syndrome.

2. To compare their haptic perceptual skills with those
of typically developing children.

Objectives

Figure 2: Apparatus and positioning of the children during task 2: Two wooden rods 
(radius=0.6 cm) with lengths of 30cm (mass=16.43kg) and 50cm (mass=38.98g) were 
used. The mass distribution of each rod was manipulated by attaching stainless steel 
cylinders (length=1.05cm; mass=22.23g) at positions corresponding to 50%, 70%, and 

90% of its length from the proximal end (6 principal moments, I1). The children 
manipulated the rod under the table and recorded the perceived length using the 

marker placed on the table.

Rods 
Length

Mass 
Position I1

Lp- TD 
Group

Lp- Ds 
Group

30

50 0.0008
28.364
(1.761)

66.194
(14.917)

70 0.0013
30.614
(1.838)

65.338
(15.530)

90 0.0020
34.925
(2.440)

63.533
(13.735)

50

50 0.0024
46.844
(2.885)

73.765
(16.754)

70 0.0038
48.911
(3.361)

79.783
(17.907)

90 0.0057
56.578
(3.953)

76.709
(11.297)

Table 2: Rods length (cm), mass position (%), means (standard error) of perceived 
length (Lp) for all groups (cm) and values of principal moment of inertia- I1(kgm2)

TD Group DS Group

Age * 9.21 (0.318) 9.88 (0.309)

Sex**

Male 6 6

Female 8 3

Body Weight* 29.87 (1.72) 36.02 (3.213)

Height * 1.36 (0.02) 1.31 (0.03)

Standard Verbal 
Score - KBIT2* 114.64 (4.37) 53.67 (3.93)

Table 1: Descriptive results for age (years), sex, body
weight (Kg), height (m), and KBIT2 score.  
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Figure 3. Mean (SE) of agreement index
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This study delves into the challenges faced by 
children with Down syndrome (DS) regarding 
postural control, a consequence of inherent 
hypotonia and joint laxity. The research introduces 
a novel approach—utilizing a tensegrity-organized 
set of elastic bands (TEB)—to potentially 
counteract these challenges. By assessing sway 
amplitude, velocity, and dispersion in various 
conditions, the study evaluates the efficacy of TEB 
in enhancing haptic information and improving 
postural stability. The findings suggest a promising 
avenue for therapeutic interventions aimed at 
bolstering postural control in children with DS. 

Abstract

The results showed that the postural control of 
children with DS improved with the use of TEB. 
The center of pressure dispersion (RMS) 
(p=0.008), velocity (p=0.05), and amplitude of 
sway (p=0.008) decreased with the use of the 
elastic bands. In addition, removing visual 
information degraded the postural control of the 
children only when considering the amplitude of 
sway (p< 0.028), which was minimized by wearing 
the elastic bands. Wearing the elastic bands during 
the eyes closed condition did not affect sway 
velocity.
The findings of this study, while confirming the 
initial hypothesis, revealed a potential 
breakthrough. The use of TEB showed a positive 
impact on the behavior of the children with DS, 
with the center of pressure dispersion (RMS), 
velocity, and amplitude decreasing, indicating 
improved postural control. This suggests that the 
TEB could potentially enhance the postural control 
of children with DS, a promising prospect for the 
field of pediatric physical therapy and 
rehabilitation.

Introduction

Participants
• The study included eight children diagnosed

with Down syndrome, aged between 9 to 14
years. The selection criteria included children
who could stand unassisted on the force
platform, ensuring consistent measurement of
postural control.

Assessments:
• Postural control was assessed using a force

platform that recorded sway amplitude, velocity,
and dispersion in the anteroposterior direction.
The children were subjected to four testing
conditions in a randomized order:

1. Wearing the TEB with eyes open.
2. Without the TEB with eyes open.
3. Wearing the TEB with eyes closed.
4. Without the TEB with eyes closed.

Statistical Analysis:
• The study employed a Two-Way repeated

measures ANOVA to evaluate the interaction
and main effects of the TEB and visual
conditions on the postural control variables. The
level of significance was set at a = 0.05.

Methods

• The findings underscore the TEB’s role in
enhancing postural stability in children with DS.
The improvement in postural control suggests
that the TEB, in addition to structural support,
may augment haptic perception, providing the
children with additional information to
compensate for their postural control deficits.
However, the contribution of TEB to haptic
perception must still be investigated.

• The lack of visual information degraded the
postural control, especially in the amplitude of
sway.

• The absence of change in sway velocity under
the eyes-closed condition while wearing the
TEB indicates that this aspect of postural
control is more dependent on the presence of
visual information than on haptic information.

• These results highlight the potential of
integrating tensegrity structures into therapeutic
interventions for children with DS to improve
their motor functions and independence in daily
activities.

Discussion

The study concluded that wearing TEB can 
improve postural control in children with DS, 
potentially through enhanced haptic perception 
and mechanical support provided by the bands. 
This finding offers a promising intervention for 
addressing postural control issues in this 
population.

Conclusions

Down syndrome often manifests in changes in 
physical attributes, such as hypotonia and joint 
laxity, which can impair postural control. This 
impairment not only affects the daily activities and 
independence of individuals with DS but also 
poses a substantial challenge for therapeutic 
interventions. The current study addressed this 
aspect of DS by hypothesizing that the decreased 
stiffness in muscles and connective tissues may 
also lead to altered haptic perception, hampering 
even more postural control. To test this hypothesis, 
we explored the effect of wearing TEB on the 
postural control of children with DS. The TEB 
mimics the body’s natural tensegrity structure 
organization, providing mechanical support and 
perceptual information to enhance postural control. 

Results Figure 3. Mean (SE) for sway velocity in the 
anteroposterior direction

Figure 2. Mean (SE) for sway amplitude in the 
anteroposterior direction
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The purpose was to evaluate the effectiveness of 
TEB in improving postural control in children with 
DS. This study assessed sway amplitude, velocity, 
and dispersion under the conditions of wearing the 
TEB and with and without visual information. 

Objectives

 -

 5,00

 10,00

 15,00

 20,00

 25,00

 30,00

Without Elastic
Bands

With Elastic Bands Without Elastic
Bands

With Elastic Bands

Eyes Opened Eyes Closed

Amplitude A/P (mm)

 -

 1,00

 2,00

 3,00

 4,00

 5,00

Without Elastic
Bands

With Elastic Bands Without Elastic
Bands

With Elastic Bands

Eyes Opened Eyes Closed

Velocity A/P (mm/s)

 -

 1,00

 2,00

 3,00

 4,00

 5,00

 6,00

Without Elastic
Bands

With Elastic Bands Without Elastic
Bands

With Elastic Bands

Eyes Opened Eyes Closed

RMS (mm)

Figure 2. Mean (SE) for sway dispersion (RMS) in the 
anteroposterior direction



Nested affordances in person-object systems: How body- and action-
scaling interplay to support calibration in aperture crossing

Gisele C. Gotardi1, Matt Miller-Dicks2, Ludovic Seifert1

1CETAPS, Université de Rouen Normandie, Mont-Saint-Aignan, France
2School of Sport, Health and Exercise Science, University of Portsmouth, Portsmouth, UK

Introduction Method

Results

Conclusions Bibliography

Contact

gcgotardi@gmail.com

Participants
▪ Group 1 (n=13): HBw = Sw
▪ Group 2 (n=13): HBw > Sw (+ 10cm)
▪ Group 3 (n=13): HBw < Sw (- 10cm)

Handlebar 
width (HBw)

Shoulder 
width (Sw)

Aperture width conditions
▪ ratio aperture/handlebar (A/H)
▪ From MAC-1 ratio to MAC+8 ratio, in increments of 0.05 ▪ Task-goal: to cross the

aperture without touching the
poles

▪ MAC tests: minimum passable
width in each handlebar width

▪ The handlebar width changed how participants exploited
the modes of action to overcome the obstacle, indicating
functional equivalence.

▪ These observations seem to indicate that body- and action-
scaling interplay to determine action capabilities and
support calibration to changes in aperture widths.

▪ Group with wider handlebar showed higher action
capabilities.

▪ Fajen, B. R. (2007). Affordance-based control of visually guided action. Ecological
Psychology, 19(4), 383-410.

▪ Higuchi, T., Murai, G., Kijima, A., Seya, Y., Wagman, J. B., & Imanaka, K. (2011).
Athletic experience influences shoulder rotations when running through
apertures. Human Movement Science, 30(3), 534–549.
https://doi.org/10.1016/j.humov.2010.08.003

▪ Seifert, L., Dicks, M., Wittmann, F., & Wolf, P. (2021). The influence of skill and
task complexity on perception of nested affordances. Attention, Perception, and
Psychophysics, 83(8), 3240–3249. https://doi.org/10.3758/s13414-021-02355-5

▪ Wagman, J. B., Caputo, S. E., & Stoffregen, T. A. (2016). Hierarchical nesting of
affordances in a tool use task. Journal of Experimental Psychology: Human
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Maximum Action Capabilities Performance

Modes of Action

Person-Plus-Object System

Aim: To investigate how different person-object systems calibrate to 
changes in aperture width and its relation to action capabilities.

body-scaling

action-scaling
perceptual-motor 

calibration

In nested affordances, different 
modes of action may be utilised 
to achieve the same outcome.

(Seifert et al., 2021)

Functional 
equivalence

▪ The ability to use the appropriate mode of action
to cross the aperture

▪ Decision-making: to cross the
crossable gaps and escape
uncrossable ones

Maximum Action Capabilities

Performance

Modes of Action

Affordance-based control: 
information guiding action is 
scaled to the individual’s action 
capabilities.

(Fajen, 2007)



curvature = π*d/2

curvature = 2*d

• The ratio of object diameter and handspan was proposed as the invariant, however, the results showed that it did not map onto perception in a 1:1 fashion
• The ratio of contact surface curvature length and handspan map onto perceived graspability in a 1:1 fashion irrespective of shape. This result demonstrated that the

adjusted ratio is the invariant that specifies perceived graspability
• πadj is invariant for PERCEPTION → results in 1:1 mapping πadj is NOT invariant for ACTION (spherelike objects are less graspable than cubelike objects)
• Future experiment will investigate whether object symmetry plays an additional role in grasping
• Perception task underspecified (due to lack of feedback)? Actual grasping involves gripping [friction] & holding [mass]. Sharp edges of cubes afford better gripping?

Contact surface curvature length specifies graspability

Introduction 

Experiment

McKenzie L. Gunter, Myah Kelly, & Alen Hajnal

University of Southern Mississippi, School of Psychology, Hattiesburg, MS, 39406, USA
Email: mckenzie.gunter@usm.edu 

Conclusions

• N=22 participants
• 25 objects (5 shapes, 5 sizes)
• 75 perception trials; 25 action trials

Results (diameter/handspan)

• Affordances of objects are the opportunities for action that those objects
offer.

• Grasping is one of the fundamental affordances of objects. We can directly
perceive graspability without need for haptic feedback (Gibson, 1979)

• We grasp objects of varying shapes every day. These objects are typically
some form of spherelike or cubelike shape.

• The perceptual information we use to grasp objects is structured by lawful
patterns of ambient energy (optic, kinesthetic, etc.) in the environment known
as invariants.
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Figure 2: Experimental Setup (observer sat on 
chair, not permitted to look at their hands during 
trials) 

PERCEPTION 
ACTION 
COGNITION LAB

π-ratio = diameter/handspan ADJUSTED π-ratio = curvature/handspan

What is the Information for Grasping? 

d

d

d: diameter (edge length)
h: handspan

For a given 
diameter, 
sphere’s 
curvature is 
smaller than 
cube’s

TASK 1: “Can you pick it up with one hand?”
TASK 2: “Try to actually pick it up and hold in 
air for 3 seconds!” 

Figure 1: Sample shapes and sizes 

• Objects generated with varying degree of
cubeness and sphereness using the
Catmull-Clark (Catmull & Clark, 1978) and
Shrinkwrap (van Overveld & Wyvill, 2003)
algorithms

h

π=d/h πadj=c/h
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Quantum Mechanics in Perception and Action?
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Fig. 2. Turvey’s (2015) solution to the “outness problem” lies in the 
concept of specification. A. The classical view that Turvey rejected. 
B. The ecological view that Turvey endorsed.

Introduction

Is quantum mechanics real?

School of Kinesiology

Fig. 1. Turvey’s (2015) illustration of the “outness problem”, 
which he attempted to relate to the Locality Principle from 
quantum mechanics. 

Discussion
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Table 1. Table from Shaw & Kinsella-Shaw (2015) relating the Ecological 
Approach to explanatory frameworks in classical physics and quantum 
mechanics. 

3rd millennium physics

Fig. 3. Turvey’s (2015) argument that the 
existence of multiple simultaneous affordances is 
equivalent to quantum-level superpostion. 

2nd millennium physics
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Stimuli: video of the speaker producing /ba/ paired with 
audio of /ba/, /a/ or /pa/.
Button press data to the deviant sound (/a/ or /pa/).

TD children were more accurate in discriminating between 
/ba/–/a/ and /ba/–/pa/ contrasts in the PX condition relative to the 
ASD group. 

2&7

Button press responses to identify what sound was heard was 
collected in two AV conditions: 1. a fully visible speaking face (AX), 
2. a pixelated (PX) condition that included a face, but the mouth
and jaw were pixelated with random movement, removing all
articulatory information. When articulatory features were present
for the /ba/–/a/ contrast, it was expected that the influence of the
visual articulators would facilitate a phonemic restoration effect in
which “/a/” would be perceived as /ba/.

ERPs in response to the /ba/–/pa/ contrast within both AV and PX 
conditions differed between children with ASD and TD children 
(earlier P300 responses for children with ASD). 

o Patterns of gaze in children with ASD appear diffesr from TD
peers in a visual only and AV speech in noise context. 

o Children with ASD differ in behavioral response and in the
underlying neural mechanisms responsible for speech
processing compared with TD peers within an AV context.

o Processing of AV speech varies with task demands.



Apparatus
- Dark room for controlling the visible stimulus in the environment (Fig 1)
- Participants stood upright with their arms held alongside their body and the
inside of their feet aligned
- Reference point information

 Head-centered (Fig 2): Wore a mask with an extended self-body reference 
(extended nose, visible in the dark), and as a comparison, without an extended 
self-body reference (invisible)
 Environment-centered (Fig 3): Different densities of wall textures (no external 
reference point/ single point/ array of points (5×5) ) 

- Measurement: Head and hip movements (magnetic tracking system (Patriot,
Polhemus, 60Hz)).

Experimental Condition (Fig 4)
- Pre-cursor Session: standing upright in the dark with eyes opened/closed,

without the extended nose   (3 trials for each)
- Experimental Session: standing upright with eyes opened for 6 conditions  (3

trials for each)
- a total of 24 trials per participant; each trial duration was about 70 s

Data Analysis
- Dataset: Extracted 10 s to 70 s for each trial
- Preprocess: 2nd order low-pass Butterworth filter, cut-off frequency 15 Hz
- Sample Entropy  (SEn) [1] [2]

Lower values: more regular and predictable, less complexity
Higher values: more random and less predictable
Parameters: m = 1, r = 0.01

-ANOVA
ML and AP sway with (1) within-subject factors: eyes (2 levels) and trials (3
levels); and (2) within-subject factors: extended nose (2 levels), wall texture (3 
levels) and trials (3 levels).

Method
Participants 
- 13 university students (age: 20.46 (SD=1.27) years, height: 1.62 (SD=0.09) m,

normal or corrected vision,  healthy)
- Informed consent was obtained from all participants
- Approved by the Ethics Committee at Sapporo Gakuin University (#2023-001)

An intrinsic role of the human nose 
in postural control 
Mariko Ito1,  Takayuki Kondoh2,  Hiroyuki Mishima2 (1Sapporo Gakuin University,  2Waseda University)

Introduction
- The human nose in the field of view has the following persistency and

consistency characteristics: 
(1) always in the field of view
(2) fixed in position within the field of view
(3) appearance hardly changes
(4) occludes part of the environment

- These characteristics can provide important information about our postural
control in the perception-action system.
- Thus, we experimentally investigated the effects of nose information on

postural control using an extended nose.

Result

References 
[1] Kedziorek, J., and Błazkiewicz, M. (2020).
Nonlinear measures to evaluate upright
postural stability: a systematic review. Entropy
(Basel) 22, 1357. doi: 10.3390/e22121357
[2] Martínez-Cagigal, V. (2018). Sample Entropy.
Mathworks.
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Fig 2. Extended nose as reference point

Luminous sticker
(visible in the dark)

No sticker
(invisible in the dark)

Sticker size: 
9 mm × 15 mm

Fig 4. Experimental flow 
Pre-cursor Session Experimental Session

Head-cent. Info. Env. Info.

No Texture

Single point

Array of points 
(5×5)

w/o extended 
nose

w/ extended 
nose

Eyes opened

Eyes closed

randomly performed 1 trial of each condition on one session, 
repeated three sessions

Fig 1.  Dark room

Room size: W 1.4 m × D 
1.65 m × H 2.28 m
Viewing distance: 1.2 m

No sticker 1 sticker 25 stickers

0.6m

Fig 3. External reference points

Fig 5.  Sample Entropy of head movement in the ML direction.

Discussion (1) Healthy systems can control posture adaptively to
the environment (switching postural control with 
simplicity or adaptability) and SEn values could change 
depending on healthy systems postural control 
strategies. Postural control with simplicity was chosen 
by participants in the with-extended-nose conditions in 
this experiment.

(2) A certain range of SEn values for postural control
could exist (SEn values should not be too low or too 
high for postural sway with stability and flexibility).

Further experiments are needed to test these ideas.

In postural control studies using SEn analysis, 
healthy systems are characterized by greater 
irregularity and complexity, and their 
characteristics diminish with aging and 
diseases[1]. Therefore, the lower SEn values in 
the with-extended-nose-conditions (Fig 5) 
seemingly contradict our hypothesis that the 
visible nose improves healthy postural control. 
However, our hypothesis could be consistent if 
the following points are taken into account. 

Fig 6.  Sample Entropy of head movement in the AP direction. 



Do probing dynamics differ when 
perceiving different properties 
of the probe-surface system?

21

Arghya Kashyap1, Kwesi Blankson1, Alen Hajnal2, & Jeffrey B. Wagman1

People use different exploratory 
movements to perceive different 
properties of hand-held objects

….and use different wielding 
movements to perceive different 

properties of wielded objects

Enclosure

Lateral Motion Unsupported Holding

Pressure

Movement (acceleration) data 
was collected using an OPAL 

sensor on the hand (APDM labs)
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Participants probed an occluded surface 
and reported the angle of the surface or 
whether they could stand on the surface

…and people make different postural sway 
movements to visually perceive geometric 

or affordance properties of a viewed surface 

‘Angle’  vs. ’Possible to stand on?’

DISCUSSION

Exploratory probing patterns predicted 
perception of affordances but not 

perception of geometric properties…
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Angle (°)

27.2

Perceived angle was nearly perfectly correlated 
with (but imperfectly scaled to) actual angle

…and participants were aware of which 
surface inclinations were ‘stand-on-

able’ and which were not…

We used mixed effects modeling to 
investigate whether parameters of 

probing  movements predicted 
responses in either condition

Perceived Boundary = 27.2°
Actual Boundary = 26.5° 

Do people use different probing 
movements to haptically perceive 

geometric or affordance 
properties of a probed surface?

Angle (°)
Pe

rc
en

t ‘
ye

s’
 re

sp
on

se
s Small  Mean 

Acceleration

Large Mean
Acceleration

Parameters of probing movements 
did not predict perceived angle…

…but did predict perceived affordances

SMALLER MEAN ACCELERATIONS:
More dramatic changes in perceived 

affordances as surface angle increases

MORE VARAIBLE ACCELERATIONS:
More dramatic changes in perceived 

affordances as surface angle increases

Angle (°)

Pe
rc

en
t ‘

ye
s’

 re
sp

on
se

s Large  Mean 
Variability

Small Mean
Variability

…consistent with the proposal that perceiving 
is for guiding behavior via active exploration 
and not for perceiving geometric properties



Analyzing Whole-Body Coordination in Perception-Action System During Slacklining
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Whole-body dynamic balancing
• Human body has many multifarious degrees of freedom (DoF), from

microscopic cell level to macroscopic skeletal level (Bernstein, 1967)

• Compression of DoF is governed by the self-organization principle
(emergence of macro-level pattern from interaction among micro-level components
under the specific constraints) (Turvey, 1990; Kelso, 1995)

• In slacklining, under the constraint
dynamic balancing skills are required

Previous studies on slacklining skills
• Bimanual coordination is supposed to be a characteristic skill for single-leg

standing on the slackline (Mildren et al., 2018; Kodama et al., 2021)

• Fractal dynamics has been observed in slacklining (standing/walking) as an
index of stability within the performer–environment system or exploratory
behavior (Montull et al., 2020; Kodama et al., 2023)

Assessing network topology in embodied systems
• Researchers have attempted to quantify interactions in multivariate

systems and create the network topology of complex systems (Bashan al.,
2012; Tolston et al., 2020)

• Global coordinative structure in a local pendulum swinging task has been
visualized using a network-like representation (Yagai al., 2022)

Nonlinear time-series analysis + Network visualization
• Cross-Recurrence Quantification Analysis (CRQA) for assessing coordination

between two non-stationary data (Zbilut, Giuliani, & Webber, 1998)

Background

Propose an analytical method for whole-body coordination (synergy)

Slackline
• A flat belt made from nylon or polyester tightly

spanned between two anchor points (Fig.1)

• For bouncing and swinging in all directions, keeping
balanced on it is very difficult

• Slacklining requires one to regulate whole-body
coordination (synergy) dynamically and flexibly

Objectives

Granacher et al. (2010)

Fig.1. Single-leg standing on a slackline

Result & Discussion

Method

Experiment (Pilot study)
• Participant : An experienced player (age 39, male)
• Task : Perform single-leg standing on a slackline
• Condition : Gaze-free (no instruction), Gaze-fixed

(gaze at a target tape on the wall 3 meters ahead)
• Data : Gaze (Tobii Pro Glass 3, 50 Hz), Motion

(OptiTrack Flex 13, 100 Hz) [ML direction, 10 sec.]
• Processing : Motion data was down-sampled to 50

Hz, gaze and motion data were filtered by 2nd order
Butterworth filter (cut-off: 10Hz)

• Software : CRP Toolbox for MATLAB (Marwan, 2024),
Package crqa for R (Coco et al., 2021)

CRQA measures
• %REC : Coordination stability, the ratio of the actual

number of shared locations to the number of
possible shared locations in phase space

• MAXL : Coupling strength, the longest shared
trajectory in phase space

• %LEAD : Temporal precedence, the ratio of
upper/lower recurrence points to total number of
recurrence points in the recurrence plot (Fig.4)

Cross RQA Network visualization
%LEAD

Gaze

Right hand

Right leg
(stance)

Left hand

Left leg
(swing)

CoM

Head
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(swing)
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Head
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Time-series

Gaze

Head

CoM

Hand (R)

Leg (R)

Hand (L)

Leg (L)

Gaze

Head

CoM

Hand (R)

Leg (R)

Hand (L)

Leg (L)

Cross Recurrence Plot

Ha
nd

 (L
)

Le
g 

(L
)

Ha
nd

 (R
)

Le
g 

(R
)

He
ad

Co
M

Ha
nd

 (L
)

Le
g 

(L
)

Ha
nd

 (R
)

Le
g 

(R
)

He
ad

Co
M

Ga
ze

-fi
xe

d 
co

nd
iti

on
Ga

ze
-fr

ee
 co

nd
iti

on

Comparison between two conditions
• Similarities: %REC and MAXL are relatively high in

Gaze-Head coordination, %LEAD are high in Gaze-
Legs coordination suggesting that Gaze tends to
lead leg movements

• Differences : %REC is low in Gaze-free condition but
high in Gaze-fixed condition in Gaze-Stance leg and
Gaze-Head coordination, %LEAD is high in Gaze-free
condition but low in Gaze-fixed condition in Gaze-
Head coordination suggesting that Gaze condition
affect Gaze-Head relationship

Future direction
• Experimental comparison: Other constraints

(environment, task, actor including skill level…)

• Measurement/analysis: Fractal analysis (e.g., DFA)
based on Complexity Matching (global
coordination) hypothesis to reveal the exploratory
behavior (Kodama et al., 2023)

• Additional components: Physiological data (e.g.,
EMG) by applying Joint-/Multidimensional RQA
(Wallot, 2019; Tolston et al., 2020)

• Quantification: based on Graph Theory (e.g.,
degree, distance, cluster…) using all combinations
among components (nodes)

Input parameters for performing CRQA
• Delay time : Selected based on Average Mutual

Information (t=20)
• Embedded dimension : Selected using False Nearest

Neighbors method (d=4)
• Radius : Selected an optimal value according to a

tutorial (r=1, in Euclidean distance, after z-score
normalization) (Webber, 2005)

Fig.3. How to create recurrence plot
(Coco & Dale, 2014)

1. delay and embed (copy)

2. choose radius,
find recurrences

3. draw recurrence points

X is producing a configuration that
Y produced at an earlier point in time

Y is producing a configuration that 
X produced at an earlier point in time

Y leads X

X leads Y

Fig.4. Leader-follower in recurrence plot
(Shockley & Riley, 2015)

Fig.5. Eye-tracker and Mocap system

Gaze-free condition
CRQA

%REC MAXL %LEAD

Head 2.8 40 66.3

Hand (R) 1.5 25 13.3

Leg (R) 2.1 8 62.8

CoM 2.7 36 37.5

Leg (L) 1.9 44 55.0

Hand (L) 3.2 33 47.8

Gaze-fixed condition
CRQA

%REC MAXL %LEAD

Head 5.3 45 41.6

Hand (R) 3.6 34 23.4

Leg (R) 5.4 28 65.7

CoM 2.4 48 44.6

Leg (L) 3.1 25 58.9

Hand (L) 4.1 50 44.4

Gaze

%REC MAXL %LEAD
node size edge width edge colorFig.2. Whole-body synergy

(Turvey, 1990)



The movement of curl patterns within the optic flow can 
be perceived but cannot be pursued

•Speed and direction perception of the moving curl
pattern are possible

•The pursuit gain is close to zero
•This is compensated by frequent catch-up saccades
which are accurate

à Dissociation of saccade and pursuit system

First-order derivative of optic flow is helpful for direct perception of non-rigid 
motion but not for oculomotor pursuit
Krischan Koerfer1 (krischan.koerfer@uni-muenster.de)  & Markus Lappe1

1University of Münster

Explanation: the movement of curl patterns can 
be used as a cue only by selected systems
•It can be used for saccades but not for pursuit
•It cannot be used for prediction across
saccades

German Research Foundation

Dissociation between the saccade and pursuit 
system leads to a failure of spatial stability
•During pursuit the curl pattern appears
moving smoothly if it jumps backwards on
each catch-up saccade

•During fixation this effect vanishes

Adding a ring of second-order motion around the curl pattern 
makes it pursuable and changes perception
•A ring of flicker restored the ability to pursue
•During pursuit, the curl pattern is perceived as a spinning globe
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A Longitudinal HD EEG Study of Perception of Occluded Moving Objects 
in Preterm and Full-term Infants and Children

Ingrid Bastøe Larsen, Audrey van der Meer & Silje-Adelen Nenseth
Developmental Neuroscience Laboratory (NU-Lab), Department of Psychology, Norwegian University of Science and Technology (NTNU) in Trondheim

Aim
• This study investigated neural oscillatory activities and connectivity in full-

term and preterm children at 1 and 6 years of age during visual motion
perception including temporary occlusion

• By examining these neural patterns, we aim to uncover the specific
vulnerabilities in the dorsal stream of preterm children, and how these may
affect their ability to perform tasks requiring prospective control

Results: Infants

Conclusion
• Full-term and preterm children engaged neural networks differently during visual

motion perception involving temporary occlusion at both 1 and 6 years of age,
suggesting a dorsal stream vulnerability still present into middle childhood

• This vulnerability may explain why preterm children showed less accurate timing
responses at 6 years of age

• This underscores the importance of providing appropriate support and interventions to
optimize the development and minimize long-term consequences for prematurely
born children

Figure 1. Occlusion stimulus set up: a red car travelling under three different speeds

Design and methods
• Full-term (n=9) and preterm (n=9) participants were presented with a

temporarily occluded fast-moving car on a large screen at both 1 and 6 years of
age

• Brain activity was measured using high-density EEG
• At six years, children pushed a button to stop the car precisely between two

tunnels (see Fig. 1)
• Brain activity data were analyzed in the time-frequency and connectivity

domains, and button press responses were analyzed for timing error

Figure 2. Time-frequency plots of two typical infants. The full-term infant showed a
pattern of synchronized (red) and desynchronized (blue) gamma activity, whereas the
preterm infant showed a pattern of only desynchronized gamma activity.

Figure 3. Significant connectivity in the gamma frequency band in occipital regions in full-
term and preterm infants before, during, and after occlusion. Full-term infants showed
more connections before occlusion, whereas preterm infants showed more connections
during and after occlusion.

Background
• Prospective control—the ability to predict and respond to moving objects—

relies on correct visual motion perception, and becomes more challenging
when moving objects are temporarily occluded

• Preterm birth can disrupt the development of the dorsal stream, crucial for
visual motion perception and prospective control, potentially leading to long-
term cognitive and behavioural difficulties

• Studies using electroencephalogram (EEG) have shown that preterm infants
often exhibit altered brain activity and connectivity during visual motion
perception

Figure 4. Time-frequency plots of two typical 6-year-olds. The full-term child showed
synchronized gamma activity (in red) except during MISSES, whereas the preterm child showed
consistent desynchronized gamma activity (in blue).

Figure 5. Significant connectivity in the gamma frequency band in occipital regions in full-term
and preterm children before and during occlusion. Preterm children showed more connections
before and during occlusion, whereas full-term children showed fewer but stronger connections,
indicating a more specialized connectivity network in full-terms.

Figure 6. Visualized network
strength differences in full-term and
preterm children when performing
HITS and MISSES. Full-term
children showed five significant
connections between occipital
regions, whereas preterm children
only showed two. This indicates that
full-term children exhibited a more
specialised network during HITS
compared to MISSES than their
preterm peers.

Figure 7. A timing error analysis of
button presses revealed that preterm
children displayed significantly
higher timing errors than full-term
children for all car speeds,
indicating they were further from a
perfectly timed response than full-
term children.

Results: Children
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Bird’s-eye view of racket trajectory

Interval of acoustic events

LRSR

D1

LRSR

D2

***

*

✓ Later backswing initiation (after feeder hit)
✓ Similar backswing movement time and distance
✓ Later forward swing initiation
✓ Shorter forward swing movement time and distance
✓ Lower racket speed at ball-hit
✓ Lower in-bounds rate for push and topspin-drive

Effect of eliminating auditory perception
✓ Similar backswing initiating timing
✓ Similar backswing movement time and distance
✓ Similar forward swing initiating timing
✓ Similar forward swing movement time and distance
✓ Similar racket speed at ball-hit
✓ Lower in-bounds rate for topspin-drive

BIT

FIT

Topspin-drive

Topspin-drive

Push

Push
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✓ Time intervals of table2-feeder hit (D1) and
feeder hit-table3 (D2) were different between
two landing zones (SR & LR).

✓ STR of SR (85.6±14.5%) and LR (78.3±11.5%)
were significant higher than 50%.
• Shorter D1 + longer D2 afforded push
• Longer D1 + shorter D2 afforded topspin-drive 0.5 10.25 0.750

Ss BIT BMT BMD FIT FMT FMD RS
      

s1       T; P

s2    T; P T; P T; P 

s3       

s4       

s5       

s6       T; P

Ss BIT BMT BMD FIT FMT FMD RS
      

s1  T; P T; P T; P   T; P

s2       T; P

s3   T; P  T; P  

s4   T; P  T; P  

s5     T; P  

s6   T; P    T; P

⚫ Table tennis is also called ping-pong due to the sounds of the racket hitting the ball and the ball bouncing off the table.

⚫ Due to the temporal sensitivity of auditory perception, the time interval of acoustic events may be the cue for players to strike.

⚫ Depriving auditory information impaired table tennis striking accuracy.     (Fujita et al., 2023; Klein-Soetebier et al., 2021)

What Does “Ping Pong” Afford? 

Li-Yin Lin & Yeou-Teh Liu
National Taiwan Normal University

- The Role of Acoustic Cues in Table Tennis

Introduction

Methods

To investigate the role of acoustic
information during table tennis
rallies by eliminating player’s
vision or hearing.

Purpose

Striking outcome

→2 Technique x 3 Condition
repeated measures ANOVAs

→Individual analysis: 2 x 3 ANOVAs
or Kruskal-Wallis test

Participants
6 elite varsity table tennis players
Age: 18-24 Y/O. (M=20.7) 
Training years: 10-15 YRs. (M=12.3)

Task

Data Processing & Analyses

IR (in-bounds rate) = [ Number of in bounds
10 successful trials ]

Digitize 3D racket position

Movement time & distance in Backswing 
(BMT, BMD) & Forward swing (FMT, FMD),
Racket speed at ball-hit (RS)

Feeder

Server

(2) Feeding
Participant

SRLR D2D1

Table1 Timeline

Server
hit

Table2

Feeder
hit

Table3

Participant 
hit

x
No-vision(NV)
Normal(N)
No-audition(NA)

3 conditions

Earphones

Goggles

White noise Earmuffs+ +Topspin-drive

2 techniques

Push Recorded by DSC-
RX10M4 (120fps)(10 trials)      +    (10 trials)

D1 & D2 between 2 type of feeding  → Pair t-tests

Acoustic information

STR (successful trials rate)

= [ 10 correct identifications
Total trials ]

Distinguishing performance

→One-sample t-tests (compared to 50%)

Movement kinematics 

BIT: Time of (Backswing start - Feeder hit) 
FIT: Time of (Forward swing start - Table3)

Initiation time lags
in each feeding region

The level of significance was set at α=.05.

lilylylin@gmail.com

Maximal 
racket speed

Feeder 
hit

Backswing 
initiation

Forward swing 
initiation HittingTable3

Push
hit

Topspin-drive hit
1.2 0.8 1.2 1.6 0.8 1.2 1.61.6

⚫ Elite players could identify the ball’s location from the distinct
auditory information when vision is unavailable.

⚫ Although the sounds did not dominate as cues to action, they
may affect individual performance.

Conclusions
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participant

Move after 
Table 3

NV N NA

Striking the feeding shot through topspin-drive or push technique
depending on the random landing area of the shot in 3 conditions.

→ Friedman tests
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• Forty-eight young adults were randomly assigned to one of the 4 conditions and practiced the 30cm line drawing task 400 trials a day for 4
consecutive days.

• Task: draw a 30 cm line to the right in 600 ms from the midline of the body
group A                                             group B group C                                              group D

Passing through the quarter-line       Passing-through the mid-line           Passing-through the 3-quarter-line       Stop at the end point at 600 ms
at 150 ms and stop at end point         at 300 ms and stop at end point        at 450 ms and stop at end point

• The percentage of time where the peak velocity (PVT) occurred on day1 and day4 of each condition was compared to 0.5 with one sample t-test.

Attentional Constraints and the Symmetry of Discrete Movement Dynamics
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Introduction
• Discrete aiming tasks have been characterized by an initial impulse to accelerate the limb and a complementary decelerating impulse.

(Schmidt et al., 1979)
• There are many possible combinations of time and distance for comparable impulses for achieving the discrete aiming performance.
• We examined the effect of practicing different passing time locations of the discrete aiming tasks on the symmetry of the accelerating and

decelerating impulses.

Methods

Results

Discussion

• Acceleration proportion increased over practice for all target conditions (Beggs & Howarth, 1972).

• After passing through the target line, the duration was maintained approximately at 300 ms until stopping at the endpoint.

• Aiming to pass through the midline with 300 ms resulted in a similar overall movement time to the 600 ms endpoint condition.

• Attentional constraints on the mid or end point resulted in similar movement time outcomes but different impulse dynamics.

Contact: yeouteh@ntnu.edu.tw

A:    t(11) = -2.28, p = .04*

B:    t(11) =  0.35, p = .74

C:    t(11) = -1.54, p = .15

D:    t(11) = -0.57, p = .58

A:    t(11) = -0.19, p = .85

B:    t(11) =  1.48, p = .17

C:    t(11) =  0.80, p = .44

D:    t(11) =  4.56, p < .001*
B vs D:  t(22) = 2.21, p = .04

15 cm 15 cm

300 ms

✐

This research was supported by the NSTC of  Taiwan Grant MOST 111-2410-H-003 -024 -MY2  awarded to Y-T Liu 

7.5 cm 22.5 cm

150 ms

✐
22.5 cm 7.5 cm

450 ms

✐
30 cm

600 ms

✐

*

*

Day1 Day4 Day 1

B vs D:  t(22) = 0.28, p = .79

Day 4

PVT compare to 0.5
Compare the terminal MT between groups B and D on day 1 and day 4
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03  RESULTS

01 INTRODUCTION
• Individuals with schizophrenia generally engage in significantly less physical

activity in comparison with the general population, partly due to motivation
deficits, but also organizational barriers1.

• One solution is to use social robots to facilitate engagement and enhance
physical activity in schizophrenia.

• As interpersonal coordination is important in social interaction, enabling robots to
coordinate with patients could increase motivation to practice physical activity.

To investigate if an adaptative 
Socially Assistive Robot can have 
positive effect on motivation to 

practice physical activity in 
individuals with schizophrenia

Conditions Measures

Motivation to engage in physical activity • Individuals with schizophrenia reported
similar behavioral intention to practice 
physical activity with NAO than the control 
participants.

• Although past studies showed that
motivation to practice physical activity is
lower in people with schizophrenia1, we
demonstrated that it can be stimulated in
the context of human-robot interaction

• The robot’s ability to synchronize its behavior
to his/her partner did no lead to an increase
of motivation to engage in Physical activity

• Socially assistive robots might represent a
helpful alternative to encourage individuals
with schizophrenia to be physically active.

• This study contributes to the increased efforts
to develop new technologies in mental
health care interventions.

N = 22 
Schizophrenia
patients - SZ 

N = 24 
Control 

participants - CT
Task

• Squat movements
• Arm movements
90 sec with the robot NAO

Robot’s Control 
Mode2

2. Not adaptative

3. Adaptative

1. Baseline

Motivation to engage 
in physical activity

(HAPA)3

• Affective outcome expectancy
(positive/negative)

• Self efficacy
• Behavioral intention (intention,

determination, fatigue)

Baseline

Baseline BaselineAdaptative Adaptative

Baseline Not 
adaptative

Adaptative Adaptative

Baseline AdaptativeNot 
adaptative

Not 
adaptative

Not 
adaptative

Not 
adaptative

SZ

CT

BaselineAdaptativeNot 
adaptative

Both groups have more 
positive attitudes 
toward physical 

activity with the robot 
than negative 

attitudes.

SZ behavioral intention 
to engage in physical 
activity remains high 

along conditions.

SZ reported lower self-
efficacy compared to CT.
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01 INTRODUCTION
• While interacting with someone, we tend to mimic their emotional expressions

and catch their emotions1. This emotional contagion is socially beneficial by
increasing liking, affiliation, empathy, and prosocial behavior2.

• Quantifying the emotional body movements of individuals in interaction and
their influence on their partner’s movements and feelings could provide a
better understanding of emotional contagion and open up avenues to possible
ways of cognitive behavior therapies.

To investigate emotional 
contagion (mimicry and 

feedback) of joy and sadness in 
dyads through changes in arm 

movements

1Hatfield E, Hatfield C, Cacioppo JT, Rapson RL. Emotional Contagion. Cambridge 499 University Press; 1994. 256 p. 2Chartrand TL, Lakin JL. The Antecedents and 
Consequences of Human Behavioral Mimicry. Annu Rev Psychol. 2013;64(1):285-308. 3Noy L, Dekel E, Alon U. The mirror game as a paradigm for studying the 
dynamics of 587 two people improvising motion together. Proc Natl Acad Sci. 27 déc 588 2011;108(52):20947-52. 4McIntosh DN. Spontaneous facial mimicry, liking 
and emotional contagion. Emot 509 Contag. 2006;37(1):31-42.

N = 15 dyads
Individual Motor Signature (IMS) - Mimicry

Autobiographical recall paradigm
Joy NeutralSadness

Incongruent emotionsCongruent emotions VS

0

1

Similar IMS

Dissimilar IMS

Felt emotions - Feedback

Similarity
Index I felt glad, happy, joyful

I felt sad, down-hearted

I felt surprised, amazed

I felt disgusted, repulsed

1 2 3 4

1 2 3 4

1 2 3 4

1 2 3 4

Mean
congruent 

Index

Mean
incongruent 

Index
p Effect

size

Neutral > Joy 0.0595 0.0472 < .05 0.35
Neutral > Sadness 0.0520 0.0397 < .05 0.53

Individual Motor Signature change

Emotion change

Sadness

Neutral

Joy

- 1st measure: before interaction
- 2nd measure: after interaction

• Significant increase in felt joy after the interaction
with a joyful participant and after the interaction
with a neutral participant.

• Significant decrease in felt sadness after the
interaction with a neutral and a joyful participant.

Ordinal Cumulative Link Mixed Model (CLMM):
- Time (1st vs. 2nd measures)
- Condition (congruent vs. incongruent interaction)

• As each IMS represents an idiosyncratic way
of moving, we demonstrated that neutral 
members engaged in similar motor 
behaviors to their joyful and sad partner 
during the interaction.

• Change in a joyful feeling from a neutral
state following a joyful mimicry was
highlighted, unlike change in sad feeling.

• Emotional mimicry and feedback are not
automatically appreciated together during
a body-engaging experimental study4.

• People can mimic emotional uni-
dimensional arm movements in addition to
face, voice, and posture, opening the field
of possibilities in the study of emotional
contagion.

• Our study is the first step in quantifying the
emotional behavior of moving individuals
during dyadic social interactions, leading to
potential avenues of cognitive behavior
therapies.
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Background  

Low-level visual structure in films (incl., shot density, degree of motion) have been suggested to 
influence emotional engagement by mediating the valence and perceived intensity of emotions 
experienced by viewers (Armstrong & Cutting, 2022). For instance, it has been proposed that altering 
the continuity of films - such as through the use of jump cuts - may influence the density of movements 
(e.g., gestures, facial expressions) on-screen, and thus their emotional impact (Hogan, 2007). 

Interestingly, the temporal structure of film editing tends to be fractal (i.e, exhibiting self-similarity in 
time), and this fractal structure has become increasingly prevalent in recent decades (Cutting et al, 
2010). Similar patterns have been reported for overall motion in films, as well as scene and shot 
durations (Cutting et al., 2018). This lawful structure that characterizes (especially modern) films 
appears to guide attentional processes, possibly through the shaping of the temporal structure of 
viewers’ event perception (Blau et al., 2013). Recent research has suggested that films with a fractal 
editing structure similar to that observed in various neutral environmental events (H ≈ 0.65) are better 
liked than those that are not fractal (H ≈ 0.50 or H > 0.65) (Blau & Carello, 2020). 

This study examined how (mono)fractal scaling of films’ inter-edit-interval and motion energy series 
related to viewers’ subjective appraisals of films. 

Fractal scaling of low-level perceptual variables in films and 
subjective aesthetic appraisals of viewers  

Figure 3. Inter-edit-interval series (A) and motion 
energy series (B) of The Big Lebowski (1998)  

Figure 4. Inter-edit-interval series (A) and motion 
energy series (B) of Burn After Reading (2008) 

Discussion 
- Large intra-individual differences in appraisal - Individuals vary greatly in

their personalities, preferences, and prior experiences with films, which may all
influence their sensitivity to the complexity of visual and narrative elements
(Furnham & Walker, 2011; Chamorro-Premuzic et al., 2010; Fayn et al., 2015) 

- Overall, low liking scores and negative mood response to film selections
were observed (see Table 2) - Could potential interactions between emotional
valence and arousal impact how sensitive viewers are to differences in
perceptual variables in films (Silvia, 2005)?

- Bodily engagement with art is considered to be tightly intertwined with
aesthetic appraisals and emotional states of being moved (Brinck, 2018; Fuchs
& Koch, 2014). For instance, increased interest and liking of an artwork has
been shown to correspond with more dynamic, approaching bodily movements
(Kühnapfel et al., 2022).

- Despite the presupposed link between edit intervals and ME (i.e, in terms of
cuts or scene transitions corresponding to large-scale changes in ME), fractal
scaling of films’ ME does not necessarily correspond to films’ editing structure 

RQ1: Is there a difference in appraisal
for viewers watching films with different 
editing structures? 

Participants’ liking and mood change (pre-post 
film difference) scores do not differ when for 
films with different editing structures (p > 0.05).  

Intensity and frequency scores on the 
AESTHEMOS did not differ across films with 
different editing structures for most factors  
(p > 0.05), with a few exceptions.  

Watching films with an ‘Optimal’ editing structure 
seemed to elicit more frequent feelings of 
nostalgia (Z = 2.355, p = 0.017) and sadness  
(Z = 2.135, p = 0.034) than watching films with a 
‘Low’ editing structure, but less frequent 
negative emotions such as confusion or 
boredom (Z = -2.221, p = 0.025), that were also 
less intense (Z = -2.130, p = 0.032). 

Methods 
- n = 36, first-year Psychology Bachelor’s students 
- Mixed-level repeated-measures design 
- All subjects watched 2 films: 

- 2 within-subject factors
- Film with inter-edit interval series that has an  ‘Optimal’

Hurst exponent (O1, O2; H ≈ 0.65) 
- Film with inter-edit interval series that has a ‘Low’ Hurst

exponent (L1, L2; H ≈ 0.50 ) 
- 4 between-subject factors (see Table 1) 
- 8 total groups (after counterbalancing) 

- L1/O1, L1/O2, L2/O1, L2/O2… 

Check out our OSF 
registration for 
further details 

Figure 1. Inter-edit-interval series (A) and motion 
energy series (B) of The Ladykillers (2004) 

Figure 2. Inter-edit-interval series (A) and motion 
energy series (B) of Intolerable Cruelty (2003) 

RQ2: Is there a difference in appraisal
for viewers watching films that differ with 
respect to the monofractal structure of 
their motion energy (ME)? 

Participants’ liking and mood change (pre-post 
film difference) scores do not differ when 
comparing films with relatively higher or lower 
Hurst exponents of their ME series (p > 0.05). 

Intensity and frequency scores for all factors of the 
AESTHEMOS did not differ for films with 
relatively higher or lower Hurst exponents of their 
ME series (p > 0.05), with the sole exception being 
that films with relatively higher Hurst exponents of 
their ME series elicited more frequent feelings of 
sadness (Z = 2.214, p = 0.027). 

Future Directions… 

- Do individual differences (gender, film genre
preferences, personality traits) mediate the
relationships between appraisal, editing
structure, and the fractal structure of film ME? 

- Does (the fractal structure) of participants’ ME
differ across films, and does it relate to measures
of appraisal?

- Does the degree of entrainment of participant
and film ME influence appraisal of films? 
- Cross-recurrence quantification analysis

(CRQA; Coco & Dale, 2014) 

- Potential interactions across time scales, visual
signals exhibiting varying scaling relations? 
- Multifractal detrended fluctuation analysis

(MFDFA; Ihlen & Vereijken, 2010) 

Figure 5. Log-log plots for the inter-edit-interval series of 
all films; bin size on x-axis and fluctuation size on y-axis

Figure 6. Log-log plots for the motion energy series of 
all films; bin size on x-axis and fluctuation size on y-axis

Table 2. Means and standard deviations (SD) of liking 
scores and mood change for all films 

Notes: Film codes refer to films in Table 1. Means and standard deviations 
of liking and mood change scores are displayed for all films. Liking scores 
were calculated as the mean of the answer to two questions (see QR code) 
rating the film from 1-10. Mood change scores were calculated as the 
difference between participants’ mood prior to film-viewing and their mood 
after viewing the film. Mood was rated on two dimensions (valence & 
arousal) on a scale from 1-10. Missing data for O1 (n = 1) and O2 (n = 1) 
was the result of the dropping out of two participants who were assigned to 
watch either film O1 or O2 during their second viewing session. 

Films Liking Score Mood Change (Pre - Post)

“Optimal” (n = 34) 4.12 (2.76) -0.60 (1.28)

O1 (n = 17) 4.18 (2.58) -0.56 (1.45)

O2 (n = 17) 4.06 (3.01) -0.65 (1.14)

“Low” (n = 36) 4.03 (2.59) -0.72 (1.26)

L1 (n = 18) 4.61 (2.77) -0.77 (1.42)

L2 (n = 18) 3.44 (2.33) -0.67 (1.12)

Table 1. Characteristics of films presented to participants 

Notes: All films directed by Joel & Ethan Coen and released within 10 years of each other. Selected films all fit into the 
‘comedy’ genre category (or similar sub-category, e.g., romantic comedy). Classification of edits and ‘inter-edit-intervals’ is 
defined by Blau & Carello (2020). Edit density is given in edits per minute. Hurst exponents of inter-edit-interval time series 
(Blau & Carello, 2020; see Appendix A) and motion energy series (Ramseyer, 2020; Kleinbub & Ramseyer, 2021) were 
obtained with detrended fluctuation analysis (DFA), performed with a custom Matlab code based on an established 
algorithm (Peng et al., 1995). *Given the short length of the inter-edit interval series, the smallest bin size was set to four 
data points and the largest bin size to ¼ of the series’ length. **For the motion energy series, DFA was performed with the 
same largest bin size setting, but the smallest bin size was set to 256 data points.  

Outcome Measures 
- Participants’ overall liking of films 
- Mood change (pre-/post- film-viewing difference) 
- Frequency & intensity of their aesthetic emotions (AESTHEMOS; Schindler et al., 2017) in

response to the films 

Notes: Inter-edit-interval series obtained by calculated the number of frames between every edit point in the films (see 
Blau & Carello, 2020). Motion Energy Analysis (Ramseyer, 2020), a tool based on a frame-differencing algorithm, was 
used to obtain motion energy (ME) series for the films. 

Code Film Hurst
edit

* Hurst
ME

** Duration Total Edits Edit Density 

O1 The Ladykillers (2004) 0.67 0.92 104 1448 13.92

O2 Intolerable Cruelty (2003) 0.61 0.83 100 1176 11.76

L1 The Big Lebowski (1998) 0.54 0.86 117 1083 9.26

L2 Burn After Reading (2008) 0.53 0.80 96 1091 11.36



Results and Discussion
Pendulum-Training Blocks: In line with our expectations for the training blocks, 
participants with the pendulums had a lower error on average (Mean = 0.113, 
SD = 0.069) when compared with the no-pendulum participants (Mean = 0.325, 
SD = 0.134) t = -4.586, df = 13.371, p < .001. See Figure 2.

Post-Pendulum Vs. No Pendulum: Not in line with our expectations, participants 
who had the pendulum training did not have significantly different errors in their 
first no-pendulum block (Mean = 0.263, SD = 1.549) when compared to the first 
block of the participants in the no-pendulum condition (Mean = 0.325, SD = 
0.134) 
t = -0.800, df = 18.888, p = .434. 

Trend in the Pendulum Training to Post-Pendulum Data: Individual participants 
in the Pendulum Training Condition had essentially different performances once 
required to perform the coordination pattern with the pendulums removed. 
Some participants seemed to perform very well within the first trials of the post-
pendulum training blocks - we termed these participants "High-Transfer" 
participants. However, there was a second group that we termed "Low-
Transfer" participants since, despite having seemingly acquired the 
coordination with the guiding pendulums (demonstrated by not having different 
errors from the "High-Transfer" participants in the final pendulum-training 
blocks), these skills did not transfer to the task once we removed the guiding 
pendulums - in-fact these participants seemed to perform worse than those 
participants with no pendulum training. See Figure 4.
Participants' answers during post-experiment debriefing identified two strategies 
used by participants for performing the task. Some participants, when asked 
about their strategy during the pendulum training portion, said that they focused 
on trying to keep their right hands moving twice as fast as their left hands to 
produce the 1:2 coordination pattern, while other participants noted trying to 
perform one swing back and forth with their right hand for every half swing of 

Unchanged 
1:2 Relative  
Phase Value 

Per Cycle

Fr
eq

ue
nc

y 
R

at
io

 
Le

ft/
R

ig
ht

Fr
eq

ue
nc

y 
R

at
io

 
D

iff
er

en
ce

 fr
om

 0
.5

Trials

Last Blocks of Pendulum Training Post-Pendulum Testing Blocks

Figure 4. Although performance on the last two blocks of the 
Pendulum Training Trials was similar across participants in the 
Pendulum Training Condition, performance for trials following the 
removal of the pendulums on Block 6 varied significantly between 
participants as well as when compared with performance in the 
first two blocks of No-Pendulum training.

Block 1 No-Pendulum Participants Block 2 No-Pendulum Participants
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Frequency Ratio 
Left/Right

1:2 Target

Frequency Ratio 
Error

1:2 Coordination Training: Pendulum-Training Condition vs. No-Pendulum Condition

Trials

Figure 2. Participants in the Pendulum Guided condition performed the task with significantly less error on 93.3% of trials in the first four blocks of the experiment, 
with the first instance of significantly reduced error in the second trial—details of Frequency Ratio and Absolute Error Calculations Given in Figures 3.

Figure 3. Estimation of instantaneous 
frequency and relative phase. An 
estimation of the instantaneous 
frequency and phase angle of the 
handle rotations were calculated using 
the Hilbert method, in which a Hilbert 
transform function is performed on a 
centered, real-valued time series to 
generate an imaginary, analytic signal 
component. For each time point, the 
angle of the complex value given by the 
original time series and its analytic 
function gives an estimation of the 
instantaneous phase for that time point. 

 The change in the instantaneous phase 
between two adjacent samples is then 
used to estimate the instantaneous 
frequency of the signal at that time. We 
then take the ratio of the left and right 
hands' instantaneous frequency for 
each time point to measure task 
performance. When participants move 
through the oscillation phases of their 
right hand and left hands, performing 
two cycles of the right hand for every 
cycle of the left hand, the frequency 
ratio will be 0.5. Absolute difference 
from that target ratio was then used as 
a continuous measure of task 
performance.

Example 20-Second 
Trial Data Recording

Estimated Instantaneous 
Phase of  the Left and 
Right Hands

1:2 Coordination Relative 
Phase Relationship

Instantaneous 
Frequency

Instantaneous 
Frequency Ratio

Left Hand (Hz)

Right Hand (Hz)

Tuned Pendulums Improve Performance of a 1:2 Coordination Pattern Task, 
but Training with Those Pendulums May Help or Hinder Performance in the 
Task Once the Pendulums Are Removed.
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Figure 5. 1:2 Relative Phase Patterns suggest that participants 
who focused on matching the peaks of their swings (staying in a 
1:2 phase relationship of 0- or 180 degrees and changing their 
phase relationship less) performed better than those who focused 
on maintaining a particular speed relationship during the 
pendulum training.

Figure 1. The Apparatus used in the experiment both when 
set with the 2:1 tuned training pendulums (A) and when set 
without weights (B).

A BIntroduction
Human beings are capable of learning novel bimanual coordination tasks. Even 
tasks which require precise asymmetrical coordination of the left and right hands 
(e.g., a tennis serve,  Julienning with a chef knife, or folding a sheet) with practice, 
individuals are able to obtain a high degree of accuracy and consistency in their 
performance. Based on previous findings that by manipulating the physical 
constraints of a task can influence the training effectiveness and behavior (Button 
et al., 2020; Newell, 1986), we hypothesize that by using tuned pendulums to guide 
the participants, we will be able to manipulate the rate of acquisition of new 
coordination patterns, as well as influence their skill and performance on the task 
once the guiding physical constraints are removed.

In this experiment, participants (N=21) were instructed to perform what we termed 
a 1:2 coordination pattern, during which participants rotate handles back and forth 
via pronation and supination of their forarms. Specifically, they were instructed to 
rotate left hands once for every two rotations of their right hand. Participants were 
assigned to one of two conditions - they either learned the 1:2 coordination pattern 
using unweighted handles or they learned with training pendulums attached to the 
handles (tuned to have a 1:2 ratio of their natural frequencies). 
See Figure 1.

Design and Expected Findings
Participants with the tuned pendulums (N=11), were expected to have more rapid acquisition of the 1:2 coordination pattern when compared with 
those without the guiding pendulms (N=10), and we expected participants in the pendulum condition to show less variability overall. Furthermore, 
once the pendulum-trained participants completed 80 trials (5 blocks), they performed an additional 48 trials (3 blocks) of 1:2 coordination without 
pendulums. We expected participants who had previously trained with the pendulums to have improved performance more quickly after training 
with the pendulums.
Details describing the evaluation of task performance are provided in the description of Figure 3.
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their left hand while focusing on the peaks of the swings. These different 
strategies were reflected in the participants' 1:2 relative phase coordination 
pattern, with the group of participants who focused on the peaks as anchor 
points seemingly spending far more time matching peaks of their swings 
(at 0- or 180-degrees relative phase). To investigate whether the two 
strategies explained the Low- and High-Transfer participant groups, we 
correlated the average error of the first post-pendulum testing block and 
the average relative phase distance away from 0- and 180 degrees during 
the final pendulum training block. There was a significant positive 
correlation between the post-pendulum block error and the relative phase 
distance from 0- and 180-degree values r = 0.615, t = 2.467, df = 10, p = 
.033. We believe that this suggests that participants who identified and 
used an anchor point (swing peak) strategy were able to transfer those 
skills to the no-pendulum blocks, while those who were focused on speed 
(indicated by lower preference for 0- and 180-degree relative phase 
coordination patterns), were less effective when transferring those skills. 
See Figure 5.



Global contextual constraints influence affordance-based behavioral 
transitions in a virtual reality pass-through aperture task

Participants:

• Forty-six healthy undergraduates were randomly assigned to
one of each experimental group. The non-pressure group
(NPG) consisted of 26 individuals (62% female, 38% male),
and the pressure group (PG) consisted of 26 individuals
(73% female, 27% male), with a mean age of 19 years.

Experimental task:

• The navigation task consisted of moving towards a target-
goal located in front of the participants. While approaching
the goal, two NPCs were running towards the participants,
closing a gap until potentially intercepting the participant’s
trajectory.

• Speed ratios ranged from 0.6 — 1.4, with 0.1 increments,
presented in an ordered manner either in ascending or
descending order. Participants were instructed to go through
the gap every time they perceive it as possible. For the
pressure condition, the additional instruction involves telling
the participants to reach the waypoint as fast as possible,
which means going through the gap whenever possible.

Outcome Measures:

• Participants’ decision for each gap, registered as
probabilities of taking a particular decision for each gap in
each condition.

• These data were fitted into a logistic curve where the x-axis
represented the speed ratio and the y-axis the decision
probabilities for each speed ratio, which allowed the
definition of the critical ratio for each participant. This data
was later averaged for each experimental group.

• A mixed model with three predictors were built:
• IV1= time pressure (NPG X PG);
• IV2= gap presentation order (ascending X descending);
• IV3= task experience (Block 1 X Block 2).

Method

Experimental task: VR scene. 

• Affordance-guided behavior:
• During team-sports practice athletes are constantly under
time pressure to decide if they can pass through dynamical
gaps formed by their opponents. The chosen path emerges
from the perception of the affordances that unfolds between
the agent – environment interaction.

• The information that specifies dynamic gap passability is
defined by a speed ratio of Vminimal / Vcapable. Thus, a
Vmin/Vcap ratio of 1 defines the affordance boundary that
separates passable from non-passable gaps. Vmin/Vcap >1 =
non-passable; Vmin/Vcap <1 = passable.

•Hysteresis effect:
• Previous studies used the speed ratio as a control
parameter to define the action boundary in a virtual pass-
through ability task, finding that the participants were
sensitive to that relationship and organized their paths
toward a goal according to this parameter.

• Studies on behavioral transitions have found that for some
tasks the transition depends on (1) the previous condition of
the system and, (2) the magnitude of the control parameter.
This effect is known as hysteresis effect.

Introduction

The present study aimed to investigate how temporal pressure 
influences perceptual exploration and consequently route 
selection in sports-inspired pass-through ability virtual task. 
We predicted that: 
• Time pressure will influence the dynamics of route transition,

possibly indicating better calibration to the action boundary.

• Both groups will exhibit hysteresis effect in the behavioral
transition patterns.

Objectives

Results suggests:
• Temporal pressure shifts the behavioral transition of route

selection, tending it to occur closer to the action boundary.
• Both groups exhibited hysteresis effects, but in opposite

direction. The NPG showed a classical positive hysteresis
effect (π-number Asc > π-number Desc). On the contrary, the
PG showed a negative hysteresis effect (π-number Asc < π-
number Desc).

• Previous experience in performing the navigation task seems
not to influence the behavioral transition dynamics.

Discussion

• We ran an ANOVA to detect the significance of each effect
accounted for in the regression model. Where significant
effects were found, we did post-hoc Estimated Marginal Means
(EMMs) to test if, on average, the speed critical ratio were
significantly different between the groups and conditions of
interest.

Time-pressure (group effect):
• We found a significant group effect on the action boundary

ratio, F(1, 46.86)= 11.09, p= .0017, with EEM for the non-
pressure group of .90 (df: 47.7; SE: .018, CI= .86 - .94), and of
.99 (df: 46.1; SE: .018, CI= .95 – 1.02) for the pressure group.
Post hoc EEM contrast analysis between the two groups was
also significant (NonPres – Pres= -.087, SE= .026, p= .0017).

Gap presentation (hysteresis effect):
• Our results showed a significant interaction between group X

gap presentation, F(1,91.68)= 6.11, p= .015.
• NPG: during the ascending direction, critical speed-ratio was

.91(SE: .019, CI= .81 - .95), transitioning from “passing
through” to “going around”, whereas for the descending
direction, critical speed-ratio was .89 (SE: .020, CI= .85 - .93),
transitioning from “going around” to “passing through” at ratio.
The EEM was non-significant (ascending – descending= .013,
SE= .012, p= .29).

• PG: during the ascending direction, critical speed-ratio was .97
(SE: .019, CI= .93 – 1.01),  transitioning from “passing through”
to “going around”, whereas for the descending direction, critical
speed-ratio was 1.00 (SE: .019, CI= .96 – 1.04) transitioning
from “going around” to “passing through” at ratio. The EEM was
significant (ascending – descending= -.030, SE= .01, p= .015).

Task experience (Block 1 X Block 2):
• There as no significant interaction for task experience.

Results

• Temporal pressure seems to affect the active pursue for
relevant information specifying route selection in a sports-
inspired pass-through ability virtual task.

• Our study differs from previous studies by demonstrating a
better calibration in identifying the critical action boundary in
the PG1.

• Route selection is a task that exhibit hysteresis effect, whose
dynamics might be self-regulated by more than one
parameter, when negative hysteresis effect is observed5.

• Overall contextual goals, such as arriving at the goal as fast
as possible, changes the calibration to affordances specifying
immediate task goals, such passing through a shrinking gap.

Conclusion

[1] Alt, J. M., Kiefer, A. W., MacPherson, R., Davis, T. J., & Silva, P. L. (2021). The
Effect of Navigation Demand on Decision Making in a Dynamic, Sport-Inspired Virtual
Environment. Journal of sport & exercise psychology, 43(5), 375–386.
https://doi.org/10.1123/jsep.2020-0320
[2] Balestrucci, P., Marc & Moscatelli, A. (2022). Psychophysics with R: The R
Package MixedPsy. 10.1101/2022.06.20.496855.
[3] Fajen, B.R., & Mathis, J.S. (2011). Direct perception of action-scaled affordances:
The shrinking gap problem. Journal of Experimental Psychology: Human Perception
and Performance, 37(5), 1442-1457.
[4] Frank, T. D., Richardson, M. J., Lopresti-Goodman, S. M., & Turvey, M. T. (2009).
Order parameter dynamics of body-scaled hysteresis and mode transitions in
grasping behavior. Journal of biological physics, 35(2), 127–147.
https://doi.org/10.1007/s10867-009-9133-4.
[5] Lopresti-Goodman, S. M., Turvey, M. T., & Frank, T. D. (2013). Negative hysteresis
in the behavioral dynamics of the affordance "graspable". Attention, perception &
psychophysics, 75(5), 1075–1091. https://doi.org/10.3758/s13414-013-0437-x.
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A Review on the Association between 
Numerical and Visual Perception

Belde Mutaf-Yıldız 
Norwegian University of Science and Technology

Numerical Perception
Mathematical performance is important not only for academic achievement but 

also for daily life, therefore the foundations of mathematical skills have been 
studied intensively. An important building block of mathematical skills is 

suggested to be numerical perception, that is a preverbal capacity to quickly 
estimate the number of items in a given set. 

Traditionally, the association between numerical and mathematical skills has 
been explained by a cognitive mechanism that both skills share; the Approximate 
Number System (ANS) that represents the numerosity of a set in an approximate, 
non-symbolic manner and allows us to estimate magnitude (1). However, several 

other studies did not find any association between magnitude processing and 
mathematics (2). Alternatively, “The visual perception hypothesis” has been 

proposed as both numerical perception and mathematics rely on visual 
information (3): A bowl containing three apples reflects different visual properties 

than a bowl with five apples. Especially, visuospatial and visuomotor processes 
have been linked with numerical and mathematical skills (4,5,6,7).

Visual Motion Perception
Visual motion perception is another preverbal capacity to process speed and direction of 

events. It is an important function of the brain to navigate and be prepared for the upcoming 
events in a dynamic environment. 

Prospective control is measured via tasks such as visual occlusion and looming. Infants can 
follow a moving target and respond with head, hand, and eye movements (8) and can process 

impending collusion information and respond with defensive blinks (9). 
Infants’ visual motion perception improved as infants become mobile around the age of one 

(10). 
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Figure 1. Number Sense task
Credit: Jen Christiansen; “Large Number Discrimination in 6-Month-Old Infants,” by Xu & Spelke, (2000) 
Cognition, Vol. 74

The Association
Visual perception at kindergarten has been found to be a unique predictor of mathematical 

skills at 1st grade (11) and children who scored low on mathematics performed worse on 
visuoperceptual tasks (12). Furthermore, neuro-imaging studies demonstrated that 

numerical and visual (especially ‘where’ and ‘how’) information is processed in closely 
associated areas in the brain. Cortical electrical activities were found in a right network 
pertaining to the dorsal pathway, including the right inferior parietal and right inferior 
frontal region in response to number processing in 3-month-old infants (13). Cortical 

processing of visual perception also involves the dorsal visual stream and rapidly improves 
during the first year of life, however this development was not observed in preterm infants 
and attributed to ‘visual dorsal stream vulnerability’ (14,15,16). However, a knowledge gap 

exists on neural and behavioural associations of numerical and visual perception in full-
term and preterm infants. Figure 3. Appearance of the experimental set-up to measure visual motion perception.

Figure 2. Example of the occlusion stimuli

PrePER
The Marie Skłodowska-Curie Actions Postdoctoral Fellowship project, Longitudinal Investigation of Visual and Numerical Perception in Preterm and Full-

term Infants, will investigate the characteristics of cortical processing of numerosity in preterm infants, and whether and how visual and numerical 
perception is associated in infancy to consolidate the visual perception hypothesis. Furthermore, PrePER aims to uncover the underlying neural signatures 
of the cognitive dysfunctions that preterm infants might display in the first year of their lives to predict preterm infants that are at risk of developing these 

cognitive difficulties in the second year of their lives.
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DISCUSSION

• Locomotor asymmetry initially degrades DVA, but this degradation is
mitigated after continued exposure.

• Anti-phase coupling of the head and CoM is the dominant coordination
mode during baseline locomotion when paired with a visual task.

• Anti-phase coupling of the head and CoM decreases and head-dominant
coupling increases during asymmetric locomotion, regardless of
exposure.

• These results indicate that while locomotor asymmetry elicits changes
in the coordination of the head and CoM, other mechanisms are likely
driving the restoration of DVA during asymmetric locomotion.

• Statistical analysis confirms that locomotor asymmetry disrupted anti-phase
coupling of the head and CoM across both the first (p = 0.001; d = 2.03) and
last (p = 0.017; d = 1.03) fifty strides.

Fig. 3. Scatterplots depicting the evolution of coupling angle across the group mean stance 
phase (center of plot represents 0% and outer ring represents 100%) over the first fifty strides. 
Also included are polar histograms to show the maximum-normalized coupling angle frequency.

Fig. 4. Scatterplots depicting the evolution of coupling angle across the group mean stance 
phase (center of plot represents 0% and outer ring represents 100%) over the last fifty strides. 
Also included are polar histograms to show the maximum-normalized coupling angle frequency.

INTRODUCTION

METHODS

• To aid in visual perception, the locomotor system employs numerous
mechanisms to stabilize the visual field [1].

• Examples include the attenuation of impact shock, as well as
compensatory rotations of the head in response to movements of the
body [2,3].

• We have previously demonstrated that locomotor asymmetry reduces
shock attenuation, thereby degrading dynamic visual acuity (DVA) [4].

• It is currently unknown, however, whether locomotor asymmetry also
disrupts the coordination of the head and body, and whether this
contributes to degraded DVA.

• The present study examines how locomotor asymmetry affects 1) DVA,
and 2) the coordination of head pitch and vertical center-of-mass (CoM)
position.

• Participants (n=10) walked on a split belt treadmill for 500 strides, first in the
baseline condition (both belts moving at 1.2 m·s⁻¹), and then in an
asymmetrical adaptation condition (left belt moving at 0.6 m·s⁻¹; right belt
moving at 1.8 m·s⁻¹).

• Participants responded verbally to the direction of a Landolt C optotype that
was projected at heel contact for 700 ms (Fig. 1A).

• DVA was measured over the first and last fifty strides of each condition, with
scores ranging from 0 to 1 based on response correctness.

• Head pitch and vertical CoM position during stance were measured over the
first and last fifty strides of each condition using motion capture.

• The coordination of head pitch and vertical CoM position was quantified using
vector coding (Fig. 1B) [5].

Fig. 1. Experimental setup (A): Split-belt treadmill with Landolt C optotype projected on 
display. Vector coding (B): Polar plot representing the coordination modes as derived from 
vector coding analysis.

RESULTS

• Locomotor asymmetry in the adaptation condition led to degraded DVA over
the first fifty strides (p = 0.008; d = 1.00). This degradation was not present
over the last fifty strides (p = 0.209; d = 0.34) (Fig. 2).

Fig. 5. Frequency of anti-phase coupling for the baseline and adaptation conditions over the 
first and last fifty strides. White circles and gray bars represent mean ± std.

Fig. 2. DVA values for the baseline and adaptation conditions over the first and last fifty 
strides. White circles and gray bars represent mean ± std.

• Over the last fifty strides, anti-phase coupling of the head and CoM was again
the dominant coordination mode during baseline locomotion (44%).

• This coordination mode was disrupted by locomotor asymmetry in the
adaptation condition, decreasing from 44% to 36%.

• In contrast, head-dominant coupling increased from 13% in the baseline
condition to 26% in the adaptation condition.

• Over the first fifty strides, anti-phase coupling of the head and CoM was the
dominant coordination mode during baseline locomotion (46%).

• This coordination mode was disrupted by locomotor asymmetry in the
adaptation condition, decreasing from 46% to 34%.

• In contrast, head-dominant coupling increased from 11% in the baseline
condition to 31% in the adaptation condition.
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Observation in Everyday Environments: Understanding the 
Development of Behavior Embedded in Places and Events

Objective
Discuss the application of naturalistic observational methods in 
exploring children's perception and action development, and 
social development. 

Backgrounds
• Recent developmental studies have increasingly focused on what
children learn in their everyday environments.

• Experimental studies primarily reveal the outcomes of
development. However everyday experiences influence
development is not yet sufficiently understood.

Longitudina
l Observatio

n at 

Home and D
aycare Cent

ers

Walking initiation 
Observation of four infants at home to investigate how they 
adjust their posture to take the first step based on room 
layouts.

A longitudinal observation in a daycare center over 1 year to 
examine how interactions with objects change after the onset 
of walking, focusing on affordance perception. 

A longitudinal observation of a child over two and a half years, from 7 
months to 32 months of age, examining natural interactions with objects 
at home. 
Focusing on the child's engagement with objects placed in or removed 
from concavities (hollowed or curved spaces) or enclosures, such as 
cabinets, shelves, boxes, and containers.

The act of combining objects and containers, walking 
while carrying them, and experiencing the repetitive 
sequence of daily events at home intertwines to form 
organized behaviors. Examples of these behaviors 
include preparing a toy container before playtime and 
tidying up afterward.

Discussion
1.Places have different meanings, and locomotion
provides opportunities to sequentially connect
functionally different places.

2.Place-event-based research provides insights into
understanding the wide range of development
inclusively from perception-action to cognition and
sociality.
Place provides various affordances for life activities. Event,  
in contrast to the conventional notion of absolute time, are 
perceived as sequences that cannot be shuffled (Gibson, 
1979). Learning to connect functionally different places in a 
specific order must be crucial for young children.

• The concept of behavior settings (Heft, 2018) may relate to this
perspective. However, the places exemplified in these studies are
primarily well-defined facilities such as post offices, convenience
stores, and schools. Important resources for learning include more
ambiguous locations that emerge and disappear within hours or
minutes.

• The critical aspect is not knowing how to adapt to existing places
or behave appropriately, but how young children explore the
environment and perceive the affordances of places.

• There is no need to segregate “social” information from
“perceptual” information. What we need to identify is the
information young children pick up to participate in ongoing events.

• Walking initiations with sideways steps,
twisting their bodies for directional
changes, and lifting objects from a sitting
position were common.

• The initial direction an infant faced before
initiating walking along with the availability
of furniture for support, influenced how
they began walking.

7 to 12-month-old
Pulling out as many objects as 
possible. 

Crawling and cruising period
 "Exploration " and games like 

"peek-a-boo" with their caregivers 

13 to 18-month-old
• Taking objects in and out of containers

were embedded in walking.
• Frequent carrying with bags and

containers.
• Preparations for subsequent activities

were observed. 

19 to 32-month-old
• Pulling out as many objects as

possible, which was common in
the first period, became less
frequent and became more
context specific.

• Putting the toys back into the toy
box after playing and returned
them to their original place.

After the walking onset
 "Wearing" and "carrying”

• The infants initiated social interactions
more frequently after walking onset.

• When they tried to wear the cloth and walk,
thin, light cloths easily fell off their bodies,
leading them to ask caregivers for help by
gesturing

Obse
rvatio

nal Stu
dies by Our

Research Group

Change in infants’ interaction with scarf-sized thin 
chiffon fabrics before and after the walking onset.

Chihiro Nishio   Konan University, Japan

Nishio, Kudo, & Sasaki., 2018

Nishio, Ishi, & Toyama, 2021

Nishio,Nozawa, Yamazaki, & Kudo 2023
Organized behavior

Infants perceive new affordances for the furniture and 
them when they begin walking.

Affordance perception regarding the 
cloth changes when infants carry it and 
invite others to handle it. 

Interaction with objects

This work was supported by JSPS KAKENHI Grant Numbers 22H00988,23K02306,22K13672.
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Affordance Dynamics During
Gender-Affirming Hormone Therapy 
PATRIC C. NORDBECK, OTTO E. SNOEREN, TOVE LUNDBERG
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GIAGAB

Intelligibility

Concealment vs Expression

The GAHT Process

Safety vs Authenticity

For many transgender people, assigned gender at birth (AGAB) and gendered physical appearance do not match their gender
identity (GI). As a result, there is a mismatch between proprioception and the way they would like to explore and express their
identity through e.g. clothing, makeup, movement dynamics, and affordance actualization. Here, we present a theoretical
perspective on the combination of intelligibility and Ecological Psychology (Gibson, 1979).

Assigned Gender At Birth and Gender Identity

Intelligibility refers to an individual’s perceived coherence and acceptance as a normatively gendered member of society (Butler,
1990). Coherence is perceptually judged based on the agreement between gendered physical appearance, gendered affordance
actualization, and contemporary social conventions. Perceptual incoherence results in unintelligibility, which in turn attracts
punishments of different kinds (Carrera-Fernández, et al., 2018). To avoid this and increase safety, altering affordance
actualization to conceal unintelligibility and conform to conventions and social rules associated with one’s gendered physical
appearance can become a goal.

Intelligibility, Perception Dynamics, and Safety

Gender Dysphoria (GD) is the psychological discomfort
experienced by trans people due to the mismatch
between AGAB and GI. In many countries, trans
people require a GD diagnosis in order to get access to
Gender-Affirming Hormone Therapy (GAHT) and other
gender-affirming medical care. However, not every
trans person experiences dysphoria. Nonetheless,
GAHT has a profound positive impact on the
psychological well-being of trans people (D'hoore &
T'Sjoen, 2020). The positive impact can thus not
entirely be attributed to alleviation of GD.

Gender Dysphoria and GAHT

Transgender people who are at the start of the GAHT
process and experience incongruence between
gendered appearance and GI, can have two conflicting
goals. On the one hand, safety can be achieved by
concealing their GI to increase intelligibility. On the
other, the goal of authenticity decreases intelligibility
but expression is congruent with GI. For these people
there emerges a need to navigate between the two
conflicting goals, each motivating opposing perceptual
and affordance dynamics. The hypothetical model
here represents this process but remains to be tested
empirically.

Safety-Authenticity Conflict 

GAHT gradually changes a person’s physical appearance to be more congruent with their GI. For some trans people on GAHT,
congruent gender expression begins to fulfill the goal for authenticity as well as the goal for safety, since gendered affordance
actualization is becoming congruent with gendered perceptual dynamics. Dynamic navigation of the two opposing goals toward
their resolution is mirrored in wide scale changes of availability in the landscape of affordances (Rietveld & Kiverstein, 2014).
Importantly, it affords some trans people agency to decide whether they want to disclose their transgender status, rather than
being “out” by virtue of their perceived unintelligibility and risk safety.

GAHT Alters the Landscape of Affordances
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The Effects of Ambient 
Light Intensity on 

Affordance Perception
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INTRODUCTION:
• Standing in front of a flat surface

at a steep angle stabilizes
posture and increases
movement complexity (Hajnal et
al., 2014)
• Does ambient light affect

perceived standonablenes?
• Present Study

• Manipulated ambient lighting
(Scotopic, Mesopic, Photopic)

• Manipulated slope angle (0° -
90°)

• Affordance task: ”Could you
stand on this ramp?”

METHODS (n = 31):
• 13 angles repeated 3x in each

lighting condition
• Dependent variables:

Yes/No responses
Response time
Head movements: Mean,
Coefficient of Variation (CV),
Effort to Compress (ETC)
Center of Pressure (COP): Mean,
CV, multifractal spectrum width
(MFW), ETC

• Design:
3 Lighting conditions x 13 Slope
Angles

RESULTS:
•Perceptual judgements transition from Yes to No with

increase in slope angle
•Responses were more conservative under scotopic and

mesopic light (H1 & H2 confirmed)

Experimental task:
• Virtual environment in Oculus Quest
• Stand on forceplate (AMTI)
• Respond (yes/no) with hand-held

controllers

HYPOTHESES:
•H1: The action boundary in the

scotopic condition should be < 30
degrees

•H2: The action boundary in the
scotopic condition will be lower
than in the mesopic and photopic
conditions

•H3: Response time should be
longer in the scotopic condition
compared to the photopic and
mesopic conditions

•H4: Body movements should be
more complex in the scotopic
condition compared to the
photopic and mesopic conditions

•H5: Light intensity and body
movements should interact and
predict affordance judgments

DISCUSSION:
• Perceived affordance boundary is more

conservative under low ambient light
• Latency is maximal at affordance

boundaries (critical fluctuations??)
• Magnitude and variability of postural

sway is not affected by ambient lighting
conditions! (H4 not confirmed)

• Complexity is lowest at affordance
boundary (30°) for all lighting conditions
(contrary to H5)

• Complexity is BEST PREDICTOR of
PERCEPTION (H5 confirmed)
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Virtual Reality Display

30° at 1m

• Head movements recorded at 60Hz from
Oculus headset

• Postural sway recorded by forceplate at 1000Hz
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Affordance boundaries: F(2,52)=12.65, p<.001, ηp
2=.33

Photopic: M=28.45° (95%CI=3.41°)
Mesopic: M=22.5° (95%CI=3.5°)
Scotopic: M=23.93° (95%CI=2.9°)

Slope: F(12,312)=8.6, p<.001, ηp
2=.25

Slope x Lighting: F(24,624)=2.4, p<.001, ηp
2 =.08

Slope: F(12,276)=2.74, p<.002, ηp
2=.11

Lighting: n.s.

* (p<.05)

RESULTS continued:
•Response time is longest at

corresponding affordance boundaries
of each lighting condition (H3 not
confirmed)

• Effort to Compress is lowest at
action boundaries as a function of
ambient light (H4 not confirmed; 
H5 confirmed)

• MFW is lowest at action boundary
and not influenced by ambient light
(H4&H5 not confirmed)

HEAD SWAY

• Mixed-effects logistic regression:
Perception~ComplexityXAngleXLighting

ETC(head)xLightingxAngle* (β=-0.056, SE= 
0.018, p=.002, OR=0.946)
ETC(COP)xLightingxAngle* (β=-0.068, SE= 
0.034, p=.045, OR=0.934)
MFW(COP)xLightingxAngle* (β=0.085, SE= 
0.033, p=.011, OR=1.089)
• H5 confirmed (complexity ** predictor)
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Starting from 3D digital models of 
four animals, we generated outlines 
similar to cave art which varied in 
two dimensions: 
- perspective (0°, 45°, 90°, 135°,

and 180° viewing angles)
- abbreviation (complete, partial)

The vast majority of representational displays made by humans during the 
Upper Palaeolithic – including drawings, paintings, and engravings – consists 
of animal depictions [1, 2]. In Western Europe, the most commonly depicted 
animals are large herbivores: horse, bison, auroch, deer, and ibex [3].

These depictions show a great deal of variation, including in the materials, 
tools, and techniques involved in their making, the styles they express, the 
incorporation of natural rock features (such as cracks and protrusions), their 
placement within the cave, their spatial and compositional relations with 
nearby displays, and so on [1, 2].

With rare exceptions, the animals are almost exclusively depicted from the 
side view (see Fig. 1). This is largely thought to support effective recognition, 
although this claim has not been systematically tested. The prevalence of the 
side view may also be related to aesthetic preferences, established social 
norms, and the functioning of the visual system [4, 5, 6, 7, 8].

While many depictions show a nearly complete contour of the animal’s 
body, partial or abbreviated outlines are also common, for example, when 
only the most salient parts are depicted by the head-neck-dorsal line [4, 8] 
(see Fig. 1). Our main research question is: The tasks

The visual stimulation

Fig 1. Examples of cave art showing complete (top) and partial (bottom) outlines of animals. Images a, b, 
c, e, f, g: modified from [9]; d, h: modified from [8].

bison horse hind ibex

a c e

d f h

g

b

We modelled the data using Bayesian hierarchical regression models 
specified with brms 2.20.4 [9] and fitted with stan 2.33.1 [10] in R 4.3.1 [11].

Ø The side and oblique views afford similar recognition. From an ecological
approach this makes sense, as these views are part of a family of
“perspective transformations” [7] and contain the same invariants
specifying the depicted animal. Additionally, the frontal view affords
similar recognition than the side and oblique views.

Ø For complete outlines, the side and oblique views are judged more
beautiful than the frontal view. The rear view is the least beautiful, but it
seems absent in cave art. For partial outlines, the frontal view is judged the
most beautiful, but it is extremely rare in cave art.

Ø Compared to complete outlines, partial outlines afford less accurate
recognition (but still high) and are judged less beautiful.

[1] Clottes, J. (2008). Cave art. Phaidon Press.
[2] David, B. (2017). Cave art. Thames & Hudson.
[3] Sauvet, G. (2019). The hierarchy of animals in the Paleolithic iconography. Journal of Archaeological Science: Reports, 28, 102025.
[4] Halverson, J. (1992). The First Pictures: Perceptual Foundations of Paleolithic Art. Perception, 21(3), 389–404.
[5] Hodgson, D. (2003). The biological foundations of Upper Palaeolithic art: Stimulus, percept and representational imperatives. Rock Art Research, 20(1), 3–22.
[6] Gibson, J. J. (1966). The senses considered as perceptual systems. Mifflin.
[7] Gibson, J. J. (1979). The Ecological Approach to Visual Perception: Classic Edition. Psychology Press. https://doi.org/10.4324/9781315740218
[8] Lorblanchet, M. (1977). From naturalism to abstraction in European prehistoric rock art. In P. J. Ucko (Ed.), Form in indigenous art: Schematisation in the art of aboriginal
Australia and prehistoric Europe (pp. 44–56). Duckworth.
[9] Breuil, H., Alcade del Rio, H., & Obermaier, H. (1913). La Pasiega à Puente-Viesgo (Santander) (Espagne). Monaco, Chêne.
[10] Bürkner, P.-C. (2017). brms: An R Package for Bayesian Multilevel Models Using Stan. Journal of Statistical Software, 80, 1–28.
[11] Stan Development Team. (2024). Stan Modeling Language Users Guide and Reference Manual, 2.33.1. [Computer software].
[12] R Core Team (2024). R: A Language and Environment for Statistical Computing. R Foundation
for Statistical Computing, Vienna, Austria.

Are affordances for taxonomic recognition and aesthetic 
appreciation in animal outlines affected by:
1) the perspective (vantage point) represented, and
2) the degree of abbreviation?

Fig 2. The stimulus set.

Fig 3. Schematic view 
of the recognition task. Fig 4. Schematic view of 

the aesthetic rating task.

This study is funded by an EU ERC consolidator grant (101044626) awarded to the last author for the project The Evolution of Early 
Symbolic Behavior, eSYMb.
We thank Izzy Wisher and the Gobierno de Cantabria for the opportunity to visit the Monte Castillo caves in May 2023.
Top banner: El Castillo cave. Photo by Gabinete de Prensa del Gobierno de Cantabria, CC BY 3.0 ES, Wikimedia commons.

Taxonomic recognition
After a practice block to learn the key-animal associations, 
participants were shown the outlines one-by-one in random order 
(five times in total) and instructed to identify the depicted animal 
as quickly and accurately as possible.

For complete outlines:
Ø No difference among side and oblique views (ER < 3)
Ø side/oblique views not more accurate than frontal (ER < 3)

For partial outlines:
Ø No difference among side and oblique views (ER < 3)
Ø side/oblique views less accurate than frontal (ER = 3.26)

Across all angles:
Ø complete more accurate than partial (ER = 19.51)

Aesthetic rating

“How beautiful do you find the outline?”

Not at all  Very much

Participants were shown the outlines one-by-one in random 
order (five times in total) and instructed to indicate how 
aesthetically pleasing they found each outline using a continuous 
slider ranging from ‘not at all’ to ‘very much’. 

For complete outlines: 
Ø No difference among side and oblique views (ER < 3)
Ø side/oblique views more beautiful than frontal (ER = 11.42)

For partial outlines:
Ø No difference among side and oblique views (ER < 3)
Ø side/oblique views less beautiful than frontal (ER = 6.52)

Across all angles:
Ø complete more beautiful than partial (ER = 665.67).

bison

hind

horse

ibex

partial outlinescomplete outlines

0° 45° 90° 135° 180°
frontal oblique side oblique rear

0° 45° 90° 135° 180°
frontal oblique side oblique rear

Fig 5. Distribution (grey), Median and 
95% CI (point-interval) of model 
estimates of expected accuracy (left) and 
aesthetic rating (right) across conditions.

Ø These results go against the commonly accepted idea that the strict side
view became the canonical mode of representation because it facilitates
recognition. The rarity of frontal and oblique views in cave art cannot be
explained by their effect on recognition alone. Other factors such as
aesthetic preferences, available drawing techniques, social norms, and the
workings of the visual system, must be considered

Ø These results suggest that the use of partial outlines in cave art is primarily
related to practices of economic representation rather than the artist’s
intention to afford aesthetic appreciation.
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Interpersonal coordination is crucial in communication. The success of the interaction 
depends on it and it also influences the satisfaction of the participants, the degree of 
cohesion and rapport (Hove & Risen, 2009; Miles et al., 2009).

Interpersonal synchrony is particularly important in doctor-patient interactions, as it can 
be an indicator of patient satisfaction (Koss & Rosenthal, 1997) and clinical communication 
quality (e.g. Hamel et al., 2022). Furthermore, lexical, vocal, and motor synchronization has 
been linked to the subjective experience of empathy (Finset & Ørnes, 2017).

The present study examined an educational setting. In the Doctor-Patient 
Communication course, 4th-year medical students have to communicate (specifically to 
deliver bad news) with an actor-patient in a real GP practice. The interaction is videotaped, 
then discussed in small groups, under the guidance of the instructor. The students also 
receive feedback from the instructor and from the patient too.

We expected that the degree of coordination would be related to the feedback received 
from the instructor and from the patient.

Introduction

Methods

Discussion

Recurrence rate negatively correlated with the feedback scores received from the actor-
patient (r= -0,606, p=0.017), but we found no correlation with the feedback from the 
instructor. 

There was no correlation between the feedback from the instructor and the feedback 
from the patient
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Frame Differencing

Video recordings (30 fps) from 16
participants were submitted to analysis

The recordings were divided into two 
parts, each containing only one person

To get motion data from the video, we 
measure differences between single 
frames
Small differences – less motion
Big differences – big motion

From these normalized numbers we get 
a time series for each participant 
representing the changes in the 
movements of participants
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Interpersonal coordination in (almost)doctor-patient communication

Results

The degree of coordination was indeed related to the feedback received from the patient, 
but not in the way we expected. As suggested by the literature, our expectation was that 
stronger synchrony will result in higher satisfaction with the doctor. However, our results 
show a negative correlation between the level of synchrony and the level of satisfaction.

As opposed to previous doctor-patient studies, this was a very special and heavy 
conversation. The emotional load of these conversations, and the need for emotion 
regulation might be the best explanation of why less synchrony means better conversation 
for patients. When we are in difficult situations or crisis, we do want the other to 
counterbalance our negative, hard-to-control emotions.

In negative emotion situations, mother-child diads’ physiological measurments showed 
negative correlation with empathic behaviors of the child and also, suggested that 
maintaining synchrony might not be beneficial in some contexts (Creavy et al., 2020). Others 
have proposed that in problem solving, weak synchronization might be more useful, because 
of more flexibility and thus better performance (Abney, Paxton, Dale & Kello, 2015)

Our results support the idea, that interpersonal synchrony might be a more complex 
phenomenon, not obeying the more is better rule, instead being sensitive to the 
circumstances and participants’ needs. Focusing on a special doctor-patient situation, our 
results can help to understand the dynamics involved, and improve the training of medical 
students.

Cross Recurrence Quantification Analysis
CRQA

To investigate the synchrony between
the doctor and the patient we used 
CRQA (Webber and Zbilut, 1994) that 
quantifies the level of coordination 
between two time series.

Placing the two time series in one 
reconstructed phase space (using 
delayed copies of the single time series)
we can analyze the dynamics of these 
systems

Recurrence rate (RR) measures the 
proportion of time the two systems are 
in similar states simoultaneously. High 
RR indicates synchronization, low RR  
weak relationship
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23 participants, age 13–16
2 maps, 12 questions to answer on each map (4 levels of difficulty)

THE TASK

OBJECTIVES

RESULTS

MFSW relation to task difficulty gets 
stronger by the end of the first minute 
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Can we see different multifractal patterns in eye movements:
- for different levels of task difficulty?
- for high vs low performing individuals?
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Multifractal analysis of developing map reading skills

Evolution of multifractal spectrum width (Chaabra & Jensen, 1998) in the first 60 seconds

MFSW for 10 seconds long non-overlapping segments

By the end of the first minute: Spearman’s rho = 0.492, p=0.015

Different patterns in performance and 
in task difficulty

Difficult Simple

What is the name of
the town that is closest 
to Keahole Point 
airport and is 
surrounded by 
sugarcane plantations?

Overall performance appears to be 
related to reverse u shape of the 
changes in MFSW of the eye 
movements, especially in the more 
complex tasks.

Our pilot suggests that the proposed 
measurement may support the 
development of learner specific 
education systems.

Cognitive performance dynamics follow a fractal (power-law) pattern in relation to both 
size and time scale. These fluctuations, which exhibit fractal properties, represent the 
flow of energy governing cognition across all scales (Dixon et al, 2012). Rather than a 
single power-law relationship, the cognitive system displays multiple power-law 
relationships, whether observed over time or space. This multifractality sheds light on 
how energy flows through the cognitive system. Looking at the short scale time-
evolution in the multifractal spectrum important aspects of cognitive performance are 
revealed.  

THE IDEA



MAX ACCELERATION can be obtained from the work of Postma et al. 2022 on the 
macro-dynamics of sprint running. They found that maximal acceleration was a non-linear 
combination of maximal running speed and maximal running acceleration and could be modelled 
accurately by the following polynomial function:

EQ.4

Equation 4, models maximal running acceleration as a function of maximal running speed, current 
running speed, and maximal running running acceleration. The black line in Fig 1B shows this boundary.

A UNIFIED ACCOUNT 
OF CURRENT-FUTURE CONTROL
& AFFORDANCE-BASED CONTROL 
ABSTRACT Current-Future Control and Affordance-Based Control offer two distinct 
approaches to understanding the visual guidance of action. Current-Future Control strategies, like the 
‘Optical Acceleration Cancellation (OAC) strategy’, are essentially error-nulling strategies. That is, the 
visual guidance of movement is predicated on nulling the error around the critical value of some optical 
invariant. Whether error-nulling is (still) possible, given the action boundaries of the agent, is not 
specified in Current-Future Control strategies. There is no specification of affordances. Affordance-
Based Control aims to resolve this issue by explicitly incorporating action boundaries into the control 
of action. While promising, Affordance-Based Control strategies have been criticized for their lack of 
specific predictions on the control of movement. Affordance-Based Control strategies are under-
constrained in the sense that there is no specific control law that guides action within the space of 
possibilities. In this contribution, we resolve this issue by showing that Current-Future Control and 
Affordance-Based Control need not be fundamentally different and that their guiding principles can in 
fact be reconciled. We propose a new control strategy (i.e. current-future affordance-based control) for 
the fly-ball paradigm and show its effectiveness through simulations. We show how our strategy is both 
informative of the control that is needed to intercept a ball as well as of the affordance of catchability.

CURRENT-FUTURE CONTROL The optical accele-
ration cancellation (OAC) strategy is a classical control strategy to 
account for locomotor behavior in running to catch fly balls but is not 
informative of the affordance of catchability (Postma et al., 2017). When 
Optical Acceleration is non-zero, catchability is not uniquely specified.

IDEAL ACCELERATION can be obtained from the mathematical equation for optical 
acceleration:

EQ. 1

Setting the Equation for OA (EQ.1) to equal zero and isolating "̇! (the horizontal running speed of the 
catcher) will provide the constant running speed for which Optical Acceleration is successfully nulled:

EQ.2

Differentiating EQ.2 with respect to time will provide the required constant acceleration, or ideal 
acceleration (aideal), that will guide an outfielder to the right place in the right time to make a catch:

EQ.3

INFORMS ABOUT THE AFFORDANCE OF CATCHING 
Whenever the ratio of aideal over amax is smaller than 1, a fly ball is (still) catchable. Whenever the ratio of 
aideal over amax is greater than 1, the fly ball is no longer catchable (see also Fig 1). 

GUIDES THE FIELDER TO THE RIGHT PLACE IN TIME 
Simulated outfielders that are guided by the ratio of aideal over amax will arrive at the right place in the 
right time to make a catch.

FLEXIBLE NAVIGATION OF THE AFFORDANCE SPACE  
All locomotor patterns that satisfy aideal / amax ≤1 will guide the fielder to successfully intercept the ball. 
Fielders can flexibly navigate the affordance space.

LOCOMOTOR PATTERNS ALIGN WITH THE OAC STRATEGY 
The locomotor patterns of an outfielder running to null Optical Acceleration will coincide with the 
locomotor patterns of an outfielder running to null the ratio of aideal over amax. 

dr. Dees B.W. Postma & dr. ir. Frank T.J.M. Zaal

CORRESPONDING AUTHOR: DEES POSTMA
D.B.W.POSTMA@UTWENTE.NL

MODELLING CURRENT-FUTURE AFFORDANCE-BASED CONTROL

SIMULATING CURRENT-FUTURE AFFORDANCE-BASED CONTROL
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Fig 2: Positional coordinates of ball and fielder (Panel A) and x-position of ball and fielder over time (Panel B) Fig 3: Positional coordinates of ball and fielder (Panel A) and the associated values of aideal over amax  over time

Fig 4: Optical Acceleration profiles (Panel A) and Required Constant Acceleration over time (Panel B) Fig 5: Different locomotor patterns in terms of velocity (Panel A) and acceleration (Panel B) for a single ball path

CONCLUSION & FUTURE WORK
CONCLUSION This work shows, in the context of the fly-ball paradigm, that Current-Future 
Control and Affordance-Based Control can be unified in a principled manner such that the information 
that guides a fielder to the right place in the right time to make a catch is also informative of the 
affordance of catchability. Outfielders that run to null the ratio of aideal over amax will reach the constant 
velocity that will lead them to the right place in the right time to make the catch. Thus, aligning with the 
OAC-strategy. However, our current formulation is also in line with the core principles of Affordance-
Based Control in the sense that outfielders are free to navigate the affordance space as they seem fit, 
any ratio of aideal over amax smaller than 1 will guide the outfielder to the right place in the right time.

FUTURE WORK Based on our present efforts; we set out to address the following issues in 
in the further development of Current-Future Affordance-Based Control:
1. Investigate whether the ratio of aideal over amax is indeed the information that is used by outfielders 

to guide locomotor behavior.
2. Investigate whether the ratio of aideal over amax can explain the temporal pattern of perceiving fly 

balls to be (un)catchable during attempted catches.
3. Specifying the ratio of aideal over amax in optical terms rather than in world terms.
4. Translate the present findings to extant control laws in different tasks (e.g. interception and braking).

AFFORDANCE-BASED CONTROL To address the 
problem of action boundaries, Fajen (2007) formalized the concept of 
Affordance-Based Control for the braking paradigm as the ratio of ideal 
deceleration (dideal) over maximal deceleration (dmax). Values smaller than 
1 indicate that safe braking is (still) possible; values greater than 1 
indicate that braking is no longer possible. Fajen showed that motorists’ 
control of braking respected this ratio. For the fly ball paradigm, we use a 
similar rationale and express affordance-based control as the ratio of 
ideal acceleration (aideal) over maximum acceleration (amax), see below.

AFFORDANCE-BASED CURRENT-FUTURE CONTROL

acceleration = 0
catchable!

acceleration ≠ 0
(un)catchable?

catchable

uncatchable

Fig 1: Required constant acceleration and maximal acceleration as ratio (Panel A) and in absolutes (Panel B)
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Do arm-support exoskeletons affect pointing movements and accuracy?
Balagopal Raveendranath, Christopher C. Pagano & Divya Srinivasan
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Introduction

Figure 1. Arm-support exoskeleton

• Exoskeletons are wearable devices that help us to do
tasks like lifting heavy objects, or repetitive tasks
involving elevated arms.

• Exoskeletons can be active or passive.
• Passive exoskeletons use elastic material to store and

release energy during lifting tasks.
• Previous studies indicate that exoskeletons could

restrict movements and reduce the quality of
performance in repetitive overhead tasks1, 2.

• The current study explored the effects of wearing a
passive arm-support exoskeleton during a repetitive
pointing task.

Method
• N = 17 right-handed participants (9 females, age M = 20.76, SD = 4.8)

Figure 2. a) The target poster pinned to the wall, b) The experimental set-up, c) Arrangement of target points on the poster.

• A paper poster with eight target points printed on it was
pinned to a wall (figure 2a).

• The targets were white spots at the center of black
circles (1 cm radius) numbered from 1 through 8 (figure
2c).

Hypotheses
• Pointing error will be larger, and movements will be less deterministic and less stable when

participants wear an exoskeleton as compared to when they do not.
• Pointing error will be reduced in the post test as compared to the pre-test.
• The magnitude of pointing error and the movement dynamics will be different in the vertical and

horizontal directions.

Data Analysis
• RQA was performed on the velocity timeseries for each trial in the calibration phase.
• The phase space of each velocity time series was reconstructed using time-delayed embedding.
• Average Mutual Information (AMI) was calculated over increasing time lags and the time lag where

the first local minimum appeared was chosen for the reconstruction.
• Embedding dimension was determined by first local minimum of False Nearest Neighbors.
• The radius was allowed to vary within each DTC pair, so that the recurrence rate within each pair was

exactly 5%.
• %DET, Average diagonal length and Longest diagonal length were used for this study.

Figure 5. a) Sample RP (top) and time series (bottom) for a trial 
where the participant did not wear the exoskeleton, and the 
direction of pointing was vertical; b) Sample RP (top) and time 
series (bottom) for a trial where the participant did not wear the 
exoskeleton and the direction of pointing was horizontal.
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Results

Figure 6. Effect of exoskeleton on pointing accuracy

Figure 9. Interaction between movement type 
and direction

Figure 10. Interaction between 
phase and condition

• A linear mixed model was used to check the effects of wearing an exoskeleton, the direction of movement, and the
type of movement, on pointing error:

• Significant effect of wearing an exoskeleton, F (1, 3242) = 4.70, p = 0.03, sr2 = 0.0002
• Significant effect of direction of movement, F (1, 3242) = 85.04, p < 0.001, sr2 = 0.003
• Significant effect of type of movement, F (1, 3242) = 104.37, p < 0.001, sr2 = 0.004

Figure 11. Effect of exoskeleton on %DET

Figure 14. Effect of movement direction on average 
diagonal line length

Figure 15. Interaction between movement direction and condition

Figure 7. Effect of direction of movement on 
pointing error

Figure 8. Effect of type of movement on 
pointing error

Figure 12. Effect of exoskeleton on 
average diagonal line length

• Linear mixed models were used to check the effects of wearing an exoskeleton, and the direction of movement on
%DET and the average diagonal line length:

• Significant effect of wearing an exoskeleton on %DET, F (1, 252) = 11.57, p < 0.001, sr2 = 0.03
• Significant effect of wearing an exoskeleton on average diagonal line length, F (1, 252) = 31.26, p < 0.001, sr2 = 0.07
• Significant effect of movement direction on %DET, F (1, 252) = 46.84, p < 0.001, sr2 = 0.12
• Significant effect of movement direction on average diagonal line length, F (1, 252) = 64.44, p < 0.001, sr2 = 0.13
• The interaction between movement direction and condition on average diagonal line length was significant:

F (1, 251) = 5.03, p = 0.03, sr2 = 0.01
• Average diagonal line length was different for vertical and horizontal movements for both the exoskeleton and no

exoskeleton conditions.

Discussion
• When participants wore an arm-support exoskeleton, the pointing accuracy was similar to when

they did not wear an exoskeleton, with only a small reduction in accuracy.
• When people wore an arm-support exoskeleton, their movements were restricted, which could be

the reason for minor reduction in pointing accuracy.
• Design of new devices should take into consideration the natural motor synergies of the human

body.
• Perception and motor control should be studied together since these processes guide and inform

each other.
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Figure 3. The study design.

• Pointing task: Starting with hand on a target point, follow a 40 BPM metronome to point six times
alternating between two target points placed either on a vertical or horizontal line.

• 3 phases: pre-test, calibration, post-test (8 trials per phase)
• A motion capture system with 12 cameras captured the participants’ pointing movements with respect

to the targets.
• The pointing error and velocity of the pointing movements were analyzed.

Figure 4. a) Sample RP (top) and time series (bottom) for a trial where the 
participant wore the exoskeleton, and the direction of pointing was 
vertical; b) Sample RP (top) and time series (bottom) for a trial where the 
participant wore the exoskeleton, and the direction of pointing was 
horizontal.
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Figure 13. Effect of movement direction on %DET

• The interaction between movement type
and direction on pointing error was
significant:

• F (1, 3241) = 108.04, p < 0.001, sr2 = 0.004
• Pointing error for extension and flexion

movements were different only during
horizontal movement.

• Extension: 126.17 mm, Flexion: 95.39 mm
• The interaction between phase and

condition on pointing error was
significant:

• F (1, 3241) = 5.80, p = 0.02, sr2 = 0.0002
• Pointing error was different for

exoskeleton and no exoskeleton
conditions only during pretest.

• Exo: 106.60 mm, No Exo: 99.95 mm



An Ecological Approach to Colored Shadows in Nature and Art 
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Introduction 
Do actions of light and dark produce color in the world, and in relation to the visual system? The radical idea that after-images are objectively related to colored illumi-
nation, and that colored shadows are not after-images requires that we think clearly about the two phenomena, that we make careful observations, and that we develop 
methods for distinguishing the two color experiences.  The phenomenological method calls first for observation of the selected phenomena in natural settings.  In the 
case of colored shadow phenomena, it is easy to observe that shadows on snow in winter are blue.  (See Figure 1. for an example.) 

Constructing a colored shadow 
The first experimental step was to set up the conditions to bring about a colored 
shadow as described by Goethe (1979) by contrasting candle light to moonlight 
(Figure 2.).  An object casts a black/grey shadow in moonlight, but with the ad-
dition of candlelight the shadows instantly change to include a bluish shadow 
with a golden tinged background, and a golden shadow (Figures 3 and 4.). 

The next step was to further “tune the instrument”, that is, to educate my visual 
system and attention, by observing color fringe phenomena using a glass prism 
and drawn figures with sharp dark/light boundaries (Figures 5 and 6.).  

In the present study I proceed from Goethe’s own experiments to show the distinction between colored shadows and afterimages, and to attempt a new unity of the two phenomena based on a combination 
of ecological optics (Gibson, 1979) and phenomenological observations of color.  I repeated Goethe’s experimental observations on colored shadows,  which form instantly in the necessary conditions, and 
are stable and unchanging if the conditions remain stable.  The set up is shown in Figures 7 and 8.  Then using standard procedures for experiencing after-images (a steady focus on a colored surface, then 
a shift of view to a large white paper), I used the colored shadow formed as in Figure 8 as the visual focus point.  I was able to make clearly experienced after images of the colored shadows with the char-
acteristic qualities of after-images, i.e., delay in forming, fluidity of form, and slow dissolution.  As one cannot form an afterimage of an afterimage, the colored shadows cannot be afteimages.   

To further examine colored shadows, I viewed gray and colored shadows through the prism.   A sample colored shadow is given in Figures 8 . I then observed with an equiangular glass prism. I did see color 
fringes on the edges of dark objects and the dark shadows, but I saw absolutely no color fringe or color separation in relation to the colored shadows. A photograph of my set-up through the prism is shown in 
Figure 8. 

The surprising result is that the colored shadows are differentiated from the gray shadows in that the prism does not at all change how they look.  The fact that the complementary colored shadow behaved so dif-
ferently from all other surfaces around it when viewed through the prism is a puzzle. Perhaps the complementary colors balance each other so perfectly that a light/dark boundary does not develop, consequently 
the conditions for a color fringe are lacking. 

Colored Shadows in Art 
Leonardo’s art.  According to Fiorani (2008, 2020), Leonardo set the Annunciation to Mary in the outdoors, the first to do this, because natural light allowed for the diffuse, colored, and complex shadows that 
would make possible an expression of the subtlety and complexity of the event.  “The scene is illuminated by direct sunlight, which is red, and by “universal light,” which is “that of the atmosphere within our hori-
zon”, which is blue.  Since, as he himself wrote thirty years later, “shadows generated the redness of the sun close to the horizon will generally be blue,” Leonardo modulated the red and blue colors of these two 
light sources on people and things depending on their positions.” (Fiorani, 2020, p. 95).  Leonardo seems to have theorized that colored light formed colored shadows that were complementary colors, that blue and 
red were complementary colors, and used these ideas in his paintings of outdoor scenes.  But the Annunication painting is not consistent with these ideas in some cases.  The pale shadow cast by the pillar on the lec-
tern with is bathed in ‘reddish’ light is also reddish, and Gabriel’s shadow is monochrome dark brown.  Mary’s shadow on the light stone behind her is bluish, consistent with Leonardo’s ideas.  But his ideas on col-
ored light and colored shadows probably did not come from direct observation, because in nature shadows formed by yellowish light are blue, but shadows formed by red light are green.  But the importance of col-
ored shadows in portraying the subtlety of the experience of nature and natural light was appreciated by Leonardo.. He did not, however, go beyond the idea of ‘colored light’ to include the visual system in the ex-
planation of color.  Therefore, he did not get to the foundation of ‘colored light’ in the actions of light, dark, and vision. 

Figure 1. Blue shadows. 

Figure 2.  Moonlight and Candlelight Figure 3.  Moonlight Figure 4.  Moonlight and Candlelight 

Figure 5.  From Goethe’s Farbenlehrer Figure 6.  Dark/Light Edge through a Prism 

Figure 7. Colored light and shadows. 
Figure 8.  Colored light and colored shadows/ colored shadow through a prism. 

Figure 9. The Annunciation 

Figure 10.  
Annunciation 
detail 

I propose that a combination of Goethe’s phenomenological ac-
count of color with Gibson’s ecological direct perception gives us a more accurate understanding of color than either provides individu-
ally.  I conclude that the color of illuminating light is a critical variable of the ambient optic array for those organisms who are sensitive 
to light. Goethe’s method of investigating atmospheric color could provide a new set of observables on which to base an ecological ac-
count of the direct perception of colored surfaces.  

The problem: Are colored shadows only after-images? 

Goethe’s description of the changing colors of shadows on snow at sunset portrays a dynamic optic phe-
nomenon (1979).  Goethe characterized color as a unified process of light, darkness, and human vision.  
Note that this approach is inherently consistent with Gibson’s description of the mutuality of organism 
and surround in relation to direct perception.  But Goethe went beyond his observations to claim that col-
ored shadows are visual afterimages, that is, that the color of the shadow is “only” a physiological process 
(although he sometimes claimed that color shadows were ‘objective’ and not after-images (Benson, 
2000)).   



Discussion

Humans communicate for a diversity of purposes 
and the result of that exchange of information 
varies depending on many factors, such as the 
intention of the speaker (e.g., to motivate, express 
emotion, persuade, or provide information) and the 
context of the conversation (e.g., professional, 
educational, and medical settings). 

As virtual communication continues to play a 
central role in our daily lives, the insights gained 
from this study have practical implications for 
enhancing communication effectiveness in 
computer-mediated environments. Strategies 
aimed at optimizing metacommunicative 
information, such as promoting eye contact and 
creating conducive environmental conditions, 
can help foster clearer and more meaningful 
interactions online. Moreover, our methodological 
approach, which integrates qualitative self-reported 
measures with quantitative linguistic analysis, 
offers a comprehensive framework for exploring 
metacommunication dynamics in virtual settings. 

This study is still in the analysis stage and intends 
to contribute to filling a gap in research that in-
person and chat-based interpersonal communication 
does not address as well as become a basis for 
further research in consecutive studies. 

Limitation

This study does not account for the potential 
implications of a live discussion or presentation on 
Zoom that might include real-time feedback from 
the listener in the form of metacommunicative 
information during the interaction with the speaker.

In our future work, we hope to…​

• introduce ecological ideas like social
affordances, direct social perception, and
dynamical systems theory to
metacommunicative research.​

• more systematically manipulate specific
metacommunicative behaviors.​

• explore how metacommunication impacts
understanding in real-time videoconference
communication.

Metacommunication and Understanding in Computer-Mediated Narratives
Lucia Rivas¹², Kerry S. Kleyman³, & Alexandra Paxton¹²

¹University of Connecticut
²Center for the Ecological Study of Perception and Action

³Metro State University

Introduction

The need for a better understanding of how current 
computer-mediated interactions work has been 
made evident due to the drastic shift to virtual 
communication since the COVID-19 pandemic.

Metacommunication refers to underlying 
messages, usually conveyed in the form of non-
verbal behaviors, about the dynamics of a 
communicative interaction between two or more 
people.

While communicating, it is important for people to 
effectively convey not only the literal meaning of a 
message but also the corresponding connotation of 
a message accurately.

In this study, we aim to assess how different 
forms of metacommunication affect the way 
participants interpret the meaning behind the 
message of a story told through a virtual 
medium (Zoom). 

We hypothesized that, in an online interaction, 
positive metacommunication (e.g., eye contact) 
from the sender will be more conducive to the 
listener’s interpretation of the message (as it was 
intended by the sender) compared to neutral (e.g., 
monotone voice) and negative (e.g., bored 
demeanor) conditions.

Results

The frequencies representing the interpretation or 
not of a message of 48 participants in the positive, 
neutral, and negative conditions were analyzed 
using the chi-square test of independence (see 
Figure 4). 
This analysis found a significant relationship 
between message interpretation and experimental 
condition such that participants in the positive 
condition were more likely to explain the speaker’s 
message, compared to neutral and negative 
conditions, χ2(3, N = 48) = 7.08,  p < .05, φ = .38. 

Method

Participants

Materials and Procedure (see Figure 1)
Part I 
Participants answered a series of questions about 
their habits and preferences when communicating 
with people in a virtual video conference through a 
survey (see Figure 2). 
Part II
Participants were shown a video displaying an 
individual telling a story using Zoom along with the 
researcher. Depending on their experimental 
condition (see Figure 3), they may have watched a 
person tell the same story with a happy and 
engaging attitude in a well-lit and homely room 
(i.e., positive condition), with a neutral attitude in a 
dim and naked room (i.e., neutral condition), or 
with a bored and disengaged attitude in a dark and 
crowded room (i.e., negative condition). 
Consecutively, they were asked verbally to share 
their opinions about the attitude of the storyteller, 
the things they liked and did not like about the 
story, and how would they do it differently if it was 
them telling the story. Most importantly, 
participants were asked what the meaning of the 
story was, and how well they were able to 
understand it. 

References
Available upon request.

Figure 4
Percentages for Participants’ Message Interpretation per Condition 

Please contact us at lucia.rivas@uconn.edu with questions or 
suggestions about this or other projects. 

Thanks for your interest!

Figure 2
Participants’ Habits and Preferences 

Figure 1
Study Timeline 

Note. Percentages represent the total of participants that reported a message or 
no message under each condition. Additionally, 42.4% out of all participants 
(N=48) were able to draw a message from the narrative in the positive condition 
compared to 39.4% in the neutral condition and 18.2% in the negative condition. 

Note. Participants (n = 48) watched one of three videos and were asked to retell 
the speaker’s story (see above for procedure summary)​. Participants’ open-ended 
responses were transcribed for analysis and qualitatively analyzed for whether 
the participant correctly explained the intended meaning of the speaker’s 
message. 

Figure 3
Snapshot of the Conditions

mailto:lucia.rivas@my.metrostate.edu


MultiSOCIAL Toolbox: 
An Open-Source Library for Quantifying 

Multimodal Social Interaction

Reasoning

Tools in the Box

How It Works

In everyday life, most of our experiences are multimodal, but in our research, the study of interaction focuses on only one kind 
of behavior. However, by reducing the dimensionality of our data, we limit our ability to capture the dynamics of real-world 
interpersonal behavior. A major reason for this unimodal focus has been technological: Until recently, the richness of human 
behavior in just minutes of interaction could take over an hour of meticulous hand-coding, transcription, and annotation, but 
advances in computing power and software innovation are changing that.
While these tools exist for scientists with computer programming abilities, our goal is to expand access to 
scholars with non-existent computer programming experience and to accelerate discovery through a unified 
multimodal data processing pipeline.

Motor Movement Audio Qualities Transcript

Veronica Romero1, Tahiya Chowdhury1, Alexandra Paxton2

1Colby College, United States; 2 University of Connecticut, United States

MediaPipe Pose estimation algorithm

https://github.com/Tahiya31/MultiSOCIAL_toolbox 

1. Install Python 2. Download our app

33 landmarks

● x coordinates (width)
● y coordinates (height)
● z coordinates (depth)
● confidence

OpenSMILE algorithm

Speech-related features such as:
● Signal energy
● Loudness
● Pitch
● Voice quality
● Formants
● Line spectral pairs

https://audeering.github.io/opensmile/about.html 

OpenAI’s Whisper

Specifically, 
Distil-Whisper

https://openai.com/index/whisper/ 

This is an automated 
speech recognizer or 
speech-to-text system. 
The quality of the 
transcript will depend on 
the quality of the audio.

3. Install a local version on your computer using the command line
4. Select your video using the Browse button
5. Get your data in CSV format!!
6. Give us feedback: https://forms.gle/6M9EB661WZwNWh5D6

Advantages:
● No coding required
● Extract all the data from

video files
● Local app (so no need to

upload participant data
to the cloud)

● Free and open source

https://mediapipe-studio.webapps.google.com/demo/pose_landmarker 

https://github.com/Tahiya31/MultiSOCIAL_toolbox
https://audeering.github.io/opensmile/about.html
https://openai.com/index/whisper/
https://forms.gle/6M9EB661WZwNWh5D6
https://mediapipe-studio.webapps.google.com/demo/pose_landmarker


The Role of Emotions in Sense-Making with Art: 
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According to Dewey (1934), experiences emerge from
participatory interactions with the environment, where
meaning is derived. They involve senses, organs, and
nervous and muscular systems: They are an interplay
between individuals and their surroundings. Building on
these concepts, this study used a mixed and multi-method
approach to examine the role of emotions in the sense-
making process with art. 

The findings make novel contributions and highlight the importance of the semiotic strategy of
conceptualisation and emotions in the meaning and sense-making process of art. This consequently
initiates multiple opportunities for future research in semiotic strategies, the serially-oriented sense-
making process and the role of social relationships in the sense-making process of art. 

CONCLUSIONSCONCLUSIONS

Thirty-six participants (N=36) participated in the study
in dyads and were instructed to each bring an artwork
that was meaningful to them. During the experiment,
the dyads engaged in an audio-visually recorded
semi-structured conversation in which they reflected
on both artworks and answered pre- and post-
questionnaires. Data were collected from the
questionnaires, interviews, and body movements.

Sense-making was coded from conversational data in terms of four semiotic strategies (i.e.: perception, imagination,
conceptualisation, and analysis as per van Heusden, 2009) and two dimensions (i.e.: experiential and report level). Emotions
about their own artwork and what the other participant brought to the experiment were measured via Geneva Emotion Wheel
(GEW, Scherer, 2005) and Bodily Sensation Maps (BSMs, Nummenmaa et al., 2014).
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Motor control consequences of constraining postural sway during practice 
of an upper-limb precision aiming task in individuals with chronic stroke
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Figure 1. Representative COP 
trajectories for participant in “no-
constraint” group aiming with 
paretic upper limb. At pre-test 
(top), there was proportionally 
lower AP SD of COP relative to ML 
SD of COP. At post-test (bottom), 
this individual increased their 
AP:ML ratio by decreasing ML SD of 
COP relative to AP SD of COP.

Background

• Individuals with stroke typically have fewer and less
adaptable movement solutions available to achieve a task
goal, which can be related to upper-limb and postural
control impairments

• A common method to promote improvements in task-level
performance is to impose additional constraints on the
motor control system

• Objective: Determine whether constraining postural sway
during a practice period would affect upper-limb precision
aiming performance and underlying postural control

Method

Participants: 23 adults with chronic stroke (41-64) 

Procedure
• Stood on a force plate while immersed in a virtual

environment displaying an anterior target

• Aimed to maintain position of a virtual laser pointer in the
target with each hand

• Participants randomized to either (a) a “constraint” group
wherein they received physical constraint to limit postural
sway, or (b) a “no-constraint” group during practice aiming
at a lateral target

• Performance and postural control reassessed

• Completed transfer task involving light force production

Results

• Participants who did not receive postural constraint showed
task-sensitive changes in postural control and in the paretic
upper limb from pre- to post- test, F(1,32.71) = 7.94, p < .01
(Figure 1)

• Participants who received postural constraint showed no
changes in postural control, only changes to paretic upper-
limb strategies (which were unconstrained during practice)

• At transfer, the constraint group increased postural sway
magnitude

Conclusions

• The intent to minimize postural fluctuations through postural constraint may have
unintended negative consequences

• Postural constraint in this study created a short-term reduced capacity for postural
adaptation and decoupling between the upper limb and posture in individuals
post-stroke

References: 1. Balasubramaniam, R., Riley, M. A., & Turvey, M. (2000). Specificity of postural sway to the demands of a precision task. Gait & Posture, 
11(1), 12–24. 2. Caniëls, M. C., & Rietzschel, E. F. (2015). Organizing creativity: Creativity and innovation under constraints. Creativity and Innovation 
Management, 24(2), 184–196. 3. Cirstea, M., & Levin, M. F. (2000). Compensatory strategies for reaching in stroke. Brain, 123(5), 940–953. 4. Levin, M. F., 
& Demers, M. (2021). Motor learning in neurological rehabilitation. Disability and Rehabilitation, 43(24), 3445–3453. 5. Levin, M. F., Kleim, J. A., & Wolf, S. 
L. (2009). What do motor “recovery” and “compensation” mean in patients following stroke? Neurorehabilitation and Neural Repair, 23(4), 313–319. 6.
Orth, D., Van der Kamp, J., Memmert, D., & Savelsbergh, G. J. P. (2017). Creative motor actions as emerging from movement variability. Frontiers in
Psychology, 1903. 7. Schwab, S. M., Mayr, R., Davis, T. J., Silva, P. L., & Riley, M. A. (2023). Precision aiming performance with the paretic upper limb is
associated with center of pressure patterns in individuals with chronic stroke. Gait & Posture, 103, 133–139.
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Introduction

Method

Results & Discussion

Task constraints influence how social affordances are 
nested in rugby union

• In team sport, nested affordances relate to social affordances as they include
affordances 1) for another players, 2) of  other players and 3) for joint action
which enable players to extend their action capabilities (Silva et al., 2013).

• In rugby union, the main goal is to find gaps between defenders to reach the
other side of  the field. By manipulating the location of  the gap in the defence
our study investigated to which extent task constraints influence how social
affordances are nested in attackers during a 6v6 in rugby union.

Conclusion

• Participants:
120 rugby players (10 teams of  6 attackers 10 teams of  6 defenders) from
U18-U21 categories.

• Protocol:
Gaps in the defence are manipulated by designing 3 situations of  defence:
1) Gap between defenders;
2) Gap behind the defenders;
3) Gap between the wing defender and the side line.
N = 12 possessions x 3 situations of  defence x 10 teams = 360

• Data collection: GPS Catapult 10Hz, video sequencing.

• Data Analysis: number of  pass, pass duration, type of  pass (before/after contact, hand/foot
kick), furthest player who received the ball, passing network (flow degree, which for each
player corresponds to the number of  passed balls + received ball. We computed the mean
of  flow degree on the 6 players to assess how they all share the ball).

• Over the 360
possessions, players
performed in average 2.7
± 2.3 passes per
possession (no effect of
defence).

• The ball went to a further
player when the gap in
the defence was behind
the defenders or between
the wing defender and
the side line.

1

4

2

3
5

6

• No defence effect on the type of  hand
pass (before vs after contact),
however, a gap between the defence
involved less ball kicks over the
defence (n=3) than when the gap
was behind the defence (n=13) or
between the wing player and the side
lne (n=9).

• A gap between the defenders afforded player N°2 to run into the gap, to carry the ball a longer time and to involved less players 5 & 6, which led to less share the ball (as
reflected by mean of  flow degree).

• A gap behind the defenders and a gap between the wing defender and the side line afforded player N°2 to carry the ball a lower time and to further kick the ball over the
defence to share pass opportunities with wing player (N°6) or afforded to perform more passes and involve more players, notably on the wind side (N°5 & 6).

• A gap behind the defence involved player N°2 to carry the ball a lower time (1.19 ± 0.7s) than
when the gap was between the defenders (1.81 ± 1.1s) and between the wing defender and the
side line (1.56 ± 0.9s).

• A gap between the defenders led to lower mean of  flow degree (0.89 ± 0.5) than a gap behind
the defenders (1.08 ± 0.5) and between the wing defender and the side line (1.09 ± 0.5).



Aim To clarify the difference in the resistance to vertical and horizontal gaps in small cetaceans.
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Gap perception in porpoises and dolphins: 
Passability estimation for vertical and horizontal gaps

Conclusion Harbour porpoises have stronger resistance to horizontal gaps than vertical ones.

The XXII International Conference on Perception and Action (ICPA2024)
25th - 28th June 2024

The Norwegian University of Science and Technology (NTNU), Trondheim, Norway

▸ Older adults may leave a larger safety margin than young adults
when crossing apertures due to their trunk sway. (Hackney & Cinelli, 2013)

Horizontal motion is large
= Vertical gaps are difficult to pass 

Hypothesis

Hypothesis - Swimming behaviours of fish and cetaceans -

Fish have stronger resistance to vertical gaps, whereas 
cetaceans have stronger resistance to horizontal gaps.

Vertical motion is large
= Horizontal gaps are difficult to pass 

Feasibility of “gaps only cetaceans cannot pass through”!

▸ Bycatch (Incidental catch of non-targeted species in fisheries)
of porpoises and dolphins in set nets is a problem in Japan.

▸ Introduction of grids to set nets is effective in bycatch mitigation.

▸ However, too-narrow openings of the grids may obstruct not
only porpoises or dolphins but also target fish.

Background - Bycatch of cetaceans -

Cited by MAFF©SNH

Too-narrow openings of the grids may reduce the catch…
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Results - Comparison of π - Discussion - Effective gap aspect in bycatch prevention -

Shun
(Fluke width: 39.7 cm, Body height: 33.5 cm, 80 trials)

▸ Trials with a gap width maximised upon failure and no passage
for more than 5 minutes were excluded from the analysis.

Teppei
(Fluke width: 37.9 cm, Body height: 32.6 cm, 56 trials）

Vertical

π = 1.2
Horizontal

π = 2.1
Vertical

π = 1.9
Horizontal

π = 2.8

Ongoing works

▸ Experiments on wild harbour porpoises: Subjects avoided
horizontal gaps less than 2.1 times the body height. (May 2023)

▸ Experiments on captive dolphins:
Vertical gaps: π = 0.97 < Horizontal gaps: π = 1.13
(bottlenose dolphins Tursiops truncatus, February 2024)
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Critical width
46.8 cm

Critical width
68.9 cm

Gap width (cm) Gap width (cm)

Critical width
71.9 cm

Critical width
91.3 cm

95% confidence interval
1.05 < π < 1.21

95% confidence interval
1.89 < π < 2.07

95% confidence interval
1.89 < π < 1.94

95% confidence interval
2.79 < π < 2.84

Both subjects have larger π in horizontal gaps.

Horizontal grids are effective
in bycatch prevention.
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▸ It was suggested that harbour porpoises have stronger
resistance to horizontal gaps than vertical ones.

▸ The larger π values of Teppei than those of Shun might be
due to Teppei’s eye disease or personality.

Procedure Data analysis

Logistic regression analysis
▸ Independent variable: gap width,

Dependent variable:   proportion of passability

π =
Critical width

Max body width

Methods - Passability experiments on captive harbour porpoises -

Vertical gaps：Fluke width
Horizontal gaps： Body height

Subjects: two harbour porpoises Phocoena phocoena 
    (Shun, Teppei) in Otaru Aquarium, Japan

1

2

3

Body measurements (fluke width, body height)

7 days familiarisation phase
▸ Remove aversion to the experimental equipment

5 days test phase
▸ Encourage the subject to pass through a gap with food rewards
▸ The gap width was varied randomly using the Latin square design
▸ Four sessions per day, with five trials in each session
▸ Vertical and horizontal sessions were alternated
▸ Failure criteria:  The longest time taken to pass through

a fully open gap on the final day of familiarisationCross-sectional view of the pool

Calculation of critical width
▸ Critical width:

The gap width that was judged as passable on 50% of the trials

Comparison of π between vertical and horizontal

1

2

3



Out of Sight, out of Mind? Neuronal Gamma 
Oscillations during Occlusion Events in Babies

Introduction-----------
Background
- The ability to represent an object mentally even though it is out of sight, is
called object permanence. Several studies have shown that this skill develops
during the first year of life [1, 2].
- While a great deal of behavioural studies using gaze and/or reaching
movements have investigated the development of occlusion perception during
infancy, little is known about the development of mediating neural structures
[3].

Aims
- The present study investigated induced oscillatory activities in the human
infant brain in relation to temporarily occluded moving objects.
- Time-Frequency and coherence connectivity analysis was used to investigate
the infants’ induced brain activities before, during, and after occlusion of a small
car moving at different speeds on a large screen.
- Given the results of previous studies[2, 3, 4], we predict that 8- to 12-month-
old infants would show induced gamma-band activation in response to our
occlusion events. In the coherence connectivity analysis, we expected to find
network activation between the visual sources of interest.

Method and Analysis
Participants
- 29 infants aged between 8-12 months contributed with enough artefact-free
trials for analysis.
- Geodesic Sensor Net 200 (GSN) recorded the EEG data. An array of 128 Ag/AgCl
sponge sensors was evenly distributed across the head surface.
- Infants watched a red car moving along a rectangular path during which it
disappeared twice behind a green occluder.
- The car was occluded from view for 302 ms during slow, 228 ms during
medium, and 162 ms during fast speed.

Results and conion ij
Time-frequency analysis
The oscillatory activities in the brain regions of interest (VCrL, VCvM, VCrR) for TSE 
plots (top row) and the corresponding TSE probability maps (bottom row) before 
occlusion (a), during occlusion (b), and after occlusion (c) of the car in a typical infant 
at 11 months. Red colors show synchronized induced oscillatory activities (ERS), while 
blue colors show desynchronized oscillatory activities (ERD) in the TSE plots. The TSE 
probability maps show significant increase (red colors) of amplitudes (p<0.05) in the 
TSEs before (a) and after (c) occlusion, and a significant decrease (blue colors) of 
amplitudes (p<0.05) in the TSEs during occlusion (b) when compared to the baseline. 
Epoch is shown from -100-824 ms before occlusion (a), from -100-162 ms during 
occlusion (b), and from -100-278 ms after occlusion (c). Baseline was set from -100 ms
to 0 ms. Frequency (Hz) cut-off is 2-100. Occlusion starts at 825 ms after stimulus 
onset.

Coherence connectivity analysis
Brain maps of coherence connectivity when comparing the three events across car 
speed before, during, and after occlusion. A coherence method followed by complex 
demodulation with time and frequency sampling at 50 ms and 1 Hz, respectively, was 
applied. The significant connectivity differences (p < 0.05) in the gamma (black lines) 
and theta (orange lines) frequency ranges are visualized between the color-coded 
sources of interest: CM, PM, CL, CR, VClL, VClR , VCrL, VCrR, VCbL, VCbR, VCvM. 

Conclusion guhjokolk
It was concluded that locomotor infants between 8 and 12 months of age show high-
frequency brain oscillations while perceiving a moving object going temporarily out of 
sight. The significant cluster differences indicate the beginning of specialized 
connectivity networks, where object permanence is processed within dedicated 
visual, parietal and central areas along the dorsal processing stream. 

Regine Slinning, Seth B. Agyei, Silje Hognestad Kristoffersen, F. R. (Ruud) van der Weel, Audrey L. H. van der 
Meer
Developmental Neuroscience Laboratory, Department of Psychology
Norwegian University of Science and Technology (NTNU), Trondheim, Norway
Mail: regineslinning.rs@gmail.com – http://svt.ntnu.no/psy/nulab/Home.html
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Time-frequency analysis
To investigate the infants’ induced brain activities [5], time-frequency analysis (or 
temporal spectral evolution – TSE) was carried out separately for each 
participant in BESA 6.1 (Brain Electrical Source Analysis). 

Coherence connectivity analysis
A functional connectivity analysis was performed by applying the coherence 
method in BESA Connectivity version 1.0. Coherence is a measure of linear 
covariance between two signals in a particular time-frequency bin [6]. Hence, 
the coherence analysis describes the numbers of in-phase components of two 
brain source signals at a specific frequency. 
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Extrinsic Time, Intrinsic Time
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Introduction

School of Kinesiology

Discussion

Extrinsic time
Hypothetical
Cannot be perceived (by animals)
   Does not structure ambient arrays
Cannot be detected (by scientists)
   Inferred from detected events
Abstract, Platonic
Distinct from events
Millennium, century, week, hours, 
   minutes, seconds

Intrinsic time
Part of physical reality
Perceived by animals
   Structures ambient arrays
Detected by scientists
   Structures ambient arrays
Concrete, physical
Time IS events
Seasons, months, days, Tc,
   time need / time remaining

Intrinsic time: Cyclical phenomena, such as relative phase, exist exclusively as relational 
entities. These graphs do not have, or need, metric (extrinsic) time.

Intrinsic time for locomotion: 
A day’s journey as a function of 
locomotor technologies.

Intrinsic time. The tilt of the Earth’s axis 
generates seasons which, in turn, generate 
the year. Specified. Perceived.

Intrinsic time. The phases of the moon define 
the month. Specified. Perceived.

Intrinsic time: The day. Under 
terrestrial conditions, the rotation of 
the Earth cannot be perceived, but 
day/night cycles are perceived by all 
species.
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 RESEARCH QUESTION 1: What are the team learning dynamics during online TBL application sessions? 

O p e n i n g  t h e  b l a c k  b o x  o f  t e a m -
b a s e d  l e a r n i n g :  E x p l o r i n g  t e a m

l e a r n i n g  d y n a m i c s  i n  o n l i n e
a p p l i c a t i o n  s e s s i o n s

Lisa-Maria van Klaveren, Linda Roossien, Tobias Boerboom & Rien de Vos

Team-based learning (TBL) is an instructional
strategy that encourages in-depth team discussion
and deep learning (Michaelsen & Sweet, 2008). To
foster team learning all of the following interactions
are crucial: knowledge sharing, co-construction and
constructive conflict. Since TBL has also been applied
online in recent years, the question is how these
interactions evolve during an online setting. 

l.vanklaveren@amsterdamumc.nl
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We audio-recorded twelve TBL teams during two application
sessions (see Figure 1). Transcripts were coded for team
learning behaviors (e.g., knowledge sharing, co-construction,
constructive conflict; see Figure 2). We  applied (chromatic)
recurrence quantification analysis (RQA) to quantify team
learning dynamics for each team and session. First, we
visualized the dynamics (see Figure 3). To examine differences in
dynamics between teams or sessions, we used Kruskal-Wallis
or Wilcoxon Signed-Rank tests. Lastly, to explore relations
between dynamics and performance in terms of number of
correct answers, we used Spearman correlations.

Figure 3. Chromatic recurrence plots of team learning for four teams with two application sessions each.

Figure 1. Outline of steps in team-based learning (TBL, Burgess et al., 2020).

Figure 2. Framework for team learning (Mulder, 2022).

Society

Team

Structure

Developments:

Culture
Culture

technological, economical

Interventions

 Team Learning
knowledge sharing
co-construction
constructive conflict
...

1.
Pre-class 

preparation

2.
Individual Readiness

Assurance Test

3.
Team Readiness
Assurance Test

4.
Immediate
feedback

5.
Application

session

6.
Close

Differences between teams. Entropy,
mean line and mean trapping time differ
between teams (p < 0.10). This indicates
that teams vary in the complexity,
predictability and  stationarity of their
team learning dynamics.

No differences between sessions.
Team learning dynamics are similar
within  teams across sessions. Further
research may look into the dynamics of
specific behaviors, and the influence of
task and team member characteristics.

Relationship with performance. We
found a negative correlation between
laminarity and the number of correct
answers (r = -0.65, p < 0.05). This 
indicates that teams with smooth and
steady dynamics perform worse.

Team 1 Team 4 Team 6 Team 12

RESEARCH QUESTION 2: Do these differ across teams or sessions? And, how do these relate to performance?
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INTRODUCTION

 plays a critical role in delineating turn-taking dynamics 
during interactions. Typically, the primary speaker initiates and 
concludes their speech by making eye contact with their interlocutor, 
while the listener maintains consistent gaze towards the speaker 
throughout. Mutual eye contact at the conclusion of a speech 
segment is essential for determining the transition of speaking turns 
between participants. While eye gaze patterns in turn-taking have 
been examined in healthy individuals, this aspect has not been 

 in backchannel signals that precipitate breakdowns in social

speaking turns in interactions involving

We propose an experiment where participants interact in dyads to observe disruptive behaviors in 
backchannels and eye gaze patterns. We hypothesize that disruptive behaviors will be more 
frequent in interactions with patients and that eye gaze patterns will be disturbed compare to 

METHODOLOGY

EXPECTED RESULTS

A Talk

A Gaze

B Talk

B Gaze

Idealized time series illustrating social interaction patterns of eye gaze

DISCUSSION
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How do we respond to potential collisions?

Walking on our daily commutes, we often 
weave through bustling crowds of other 
pedestrians, but rarely do we collide with 
any of them. In a highly crowded area, are 
we avoiding all obstacles at once, just 
repsonding to the next collision, or avoiding 
all imminent collisions?

To investigate this question, we added 
different response thresholds to our 
previous model of collision avoidance, and 
evaluated their performance. The results 
demonstrate that a temporal threshold, 
based on the inverse of Time-To-Contact 
(TTC), best describes human collision 
avoidance. 

If theta is increasing, a collision is imminent, 
and the agent will begin turning

Imminence of Collision: Optical 
Expansion

Risk of Collision: Bearing Change
If psi remains constant, the agent is on course 
for a collision, and the agent will begin turning

ψ

ψ

Topological
Respond to n nearest collisions

Temporal
Respond to most imminent collisions, 

based on optical expansion, the 
inverse of TTC Participants walked within the VENLab, a 12m x 14m freewalking space, and were 

shown displays in a Samsung HMD Odyssey (110 FOV, 90Hz refresh rate)
Levels: Next collision(n=1),
Next two collisions (n=2)

Levels: 

Far GoalAvatars

Participant

Participants were 
tasked with walking to 
a far goal in VR while 
avoiding collisions 
with avatars that 
moved across their 
path. 

On each trial, 1, 2, or 
3 avatars walked 
across the path, from 
various directions. The 
avatars walked at a 
constant velocity. 
Threshold values were 
fit to this data

Participants were 
tasked with walking 
to a far goal in VR 
while avoiding 
collisions with 8 
psudorandomly 
positioned avatars 
that moved across 
their path at constant 
velocities

Models were 
compared based on 
threshold values fit to 
exp. A

The Steering Dynamics Model
(for all obstacles)

ሶߠ �
ሶߠ ห ሶ߰ ห

߶ሷ ൌ െ݇ଵ ሶ߰௢൫݁ି௖భหట
ሶ ೚ห൯ቀͳ െ ݁ି௖మ௠௔௫൫଴ǡఏሶ ൯ቁ 

ሷݏ ൌ ݇ଶ݊݃݅ݏሺߚ௢ሻ ሶ߰௢൫݁ି௖యหట
ሶ ೚ห൯ቀͳ െ ݁ି௖ర௠௔௫൫଴ǡఏሶ ൯ቁ

Heading Control: 

ሶߠ �
ሶߠ ห ሶ߰ ห

߶ሷ ൌ െ݇ଵ ሶ߰௢൫݁ି௖భหట
ሶ ೚ห൯ቀͳ െ ݁ି௖మ௠௔௫൫଴ǡఏሶ ൯ቁ

ሷݏ ൌ ݇ଶ݊݃݅ݏሺߚ௢ሻ ሶ߰௢൫݁ି௖యหట
ሶ ೚ห൯ቀͳ െ ݁ି௖ర௠௔௫൫଴ǡఏሶ ൯ቁ Speed Control: 

ሶߠ  �
ሶߠ ห ሶ߰ ห

߶ሷ ൌ െ݇ଵ ሶ߰௢൫݁ି௖భหట
ሶ ೚ห൯ቀͳ െ ݁ି௖మ௠௔௫൫଴ǡఏሶ ൯ቁ

ሷݏ ൌ ݇ଶ݊݃݅ݏሺߚ௢ሻ ሶ߰௢൫݁ି௖యหట
ሶ ೚ห൯ቀͳ െ ݁ି௖ర௠௔௫൫଴ǡఏሶ ൯ቁ

No 
Threshold

n=2

n=1

ሶߠ �
ሶߠ ห ሶ߰ ห 

߶ሷ ൌ െ݇ଵ ሶ߰௢൫݁ି௖భหట
ሶ ೚ห൯ቀͳ െ ݁ି௖మ௠௔௫൫଴ǡఏሶ ൯ቁ

ሷݏ ൌ ݇ଶ݊݃݅ݏሺߚ௢ሻ ሶ߰௢൫݁ି௖యหట
ሶ ೚ห൯ቀͳ െ ݁ି௖ర௠௔௫൫଴ǡఏሶ ൯ቁߠሶ  �

ሶߠ ห ሶ߰ ห
߶ሷ ൌ െ݇ଵ ሶ߰௢൫݁ି௖భหట

ሶ ೚ห൯ቀͳ െ ݁ି௖మ௠௔௫൫଴ǡఏሶ ൯ቁ

ሷݏ ൌ ݇ଶ݊݃݅ݏሺߚ௢ሻ ሶ߰௢൫݁ି௖యหట
ሶ ೚ห൯ቀͳ െ ݁ି௖ర௠௔௫൫଴ǡఏሶ ൯ቁ

ሶߠ �
ሶߠ ห ሶ߰ ห 

߶ሷ ൌ െ݇ଵ ሶ߰௢൫݁ି௖భหట
ሶ ೚ห൯ቀͳ െ ݁ି௖మ௠௔௫൫଴ǡఏሶ ൯ቁ

ሷݏ ൌ ݇ଶ݊݃݅ݏሺߚ௢ሻ ሶ߰௢൫݁ି௖యหట
ሶ ೚ห൯ቀͳ െ ݁ି௖ర௠௔௫൫଴ǡఏሶ ൯ቁ

Poster 127 

This research was 
supported by NIH 

R01EY029745.

Conclusions

Model Fit (BIC) by Threshold Type
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Adding any threshold 
significantly improves 

the fit to human 
trajectories.

Across two experiments, the temporal thresholds for collision avoidance consistently improved model 
performance, whereas topological thresholds did not. This implies that humans neither respond to all 
obstacles at once, nor attend to the next one or two potential collisions. Collision avoidance based 

on the most imminent collisions (inverse of TTC) best accounts for human behavior in a crowd.

Adding any threshold 
significantly improves 

the prediction of 
human trajectories.

[1] Bai, J. (2022). Visual Control Laws for Collision Avoidance [Doctoral Dissertation]. 2]
Cohen, J. A., Bruggeman, H., & Warren, W. H. (2005). Switching behavior in moving obstacle
avoidance. Journal of vision, 5(8), 312-312.  [3] Fajen, B. R., & Warren, W. H. (2003).
Behavioral dynamics of steering, obstable avoidance, and route selection. Journal of
Experimental Psychology: Human Perception and Performance, 29(2), 343.
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The temporal 
thresholds both 
outperform the 

topological thresholds
(Very Strong 
evidence).

The optical expansion 
threshold best 

predicted the data 
(Very Strong 
evidence).
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• Stimulus-Response Compatibility (SRC): phenomenon in
which speed and accuracy tend to better when stimulus to
be acted upon is (e.g., positionally) compatible with the
response.1 2

• SRC influences also emerge due to invitational
characteristics of stimuli. For example, if a stimuli is
moving towards the response location but farther away
than a stimulus moving away from response location, the
stimulus moving towards the response will be faster. 3

• Spatiotemporally Extended Tasks: series of responses to
stimuli to achieve a broader goal (e.g., selecting TV channel
with remote or playing video game).
• Prior SRC studies tend to use discrete tasks (button

press) in response to a single stimulus†, but
spatiotemporally extended actions are common in
everyday interactions.

Introduction

Present study aimed to investigate whether SRC influences 
were observed in a spatiotemporally extended task, using a 
sliding puzzle task where horizontal tile movements were 
used to manipulate compatibility of stimuli and responses. If 
SRC influences were present in spatiotemporally-extended 
video game task, we predicted that:
• Horizontal Inter-Move Interval (IMI; but not Vertical IMI),

Total Task Time, and Number of Errors (selecting a tile
that cannot move) would be greater in the Incompatible vs.
Compatible conditions.

• The presence of auditory and vibratory feedback should
increase IMIs and Total Task time but reduce Errors.

Objectives

• Results suggests SRC influences were present in this spatiotemporally-extended video game task.  Specifically, SRC effects were
observed in the IMI measures (suggesting greater hesitation before movement), namely by the increased horizontal IMIs in the
incompatible mapping condition when feedback was on as well as by the main effect of mapping for vertical IMI.

• Feedback also appears to play an important role in mediating task performance given that it modulated the mapping influences as
well as total task time. The presence of feedback (Feedback On) result in greater Total Task Time when puzzles are more difficult,
suggesting overall greater care with the presence of feedback.

• More Errors with increased Moves suggest higher errors for difficult puzzles, but feedback does not serve to decrease errors.

Discussion

• Measures submitted to linear mixed effects models to determine influence of Mapping, Number of Moves, and Feedback on Inter-
Move Intervals (IMI), Total Task Time, and Number of Errors.

• No significant differences in the Number of Moves between Mapping conditions (p > .05) indicating similar difficulty across
conditions.

• Horizontal IMI:
• Significant 3-way interaction between Mapping, Feedback, and Number of Moves. Simple effects analysis showed that in the

Feedback On condition, Incompatible condition was significantly different than 0 (p < .05; meaning that as number of moves
increased, horizontal IMI increased, suggesting SRC influences in this condition. No other conditions yielded slopes different than
0 (ps > .05).

• Vertical IMI:
• Significant Mapping effect (p < .05) and interaction between Mapping and Number of Moves (p < .05), though slopes were not

different than 0 in either mapping condition (ps > .05).
• Total Task Time:

• Significant effects for Number of Moves and Feedback, and interaction between Number of Moves and Feedback (ps <
.05).  Slopes for both feedback conditions greater than 0 (ps < 05; meaning in both conditions, as Moves increased total time
increased).

• Number of Errors:
• Significant effect for Number of Moves (p < .05). Number of Errors increase as the Moves increases.

Results

[1] Proctor, R.W., & Vu, K.P.L. (2006). Stimulus Response Compatibility Principles:
Data, Theory, and Application (1st ed.). Boca Raton, FL: CRC Press.
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display: Interference from an irrelevant directional cue. Journal of Experimental
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[3] Michaels, C.F. (1988). S-R Compatibility between response position and
destination of apparent motion: Evidence of the detection of affordances. Journal of
Experimental Psychology: Human Perception & Performance, 14(2), 231-240.
[4] Sebanz, N., Knoblich, G., & Prinz, W. (2003). Representing others’ actions: just
like one’s own? Cognition, 88(3), B11-B21.
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† Brown and colleagues (1995)5 used Pong, a table tennis video game, to study SRC 
influences. However, they did not use traditional measures of SRC influences (they 
only measured wins) and thus only showed indirect evidence of SRC influences. 
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• SRC influences appear to be present in a spatiotemporally extended VR task, though only under certain constraints. Given
widespread use of VR in various fields, it is important to understand how SRC influence VR interactions when designing products
and (time-sensitive) tasks. This task provides more of a real-world context to study such influences

• Evidence of SRC effects in video games suggest that user interfaces need to be designed with compatibility influences in mind.
• Although feedback inform players when movement errors have been made, it did not seem to attenuate error rate in the present

task. When designing challenging tasks in virtual reality, implementing both incompatible movements and feedback will be seen as
more challenging than without.

Conclusion

• Future task to determine if SRC influences emerge in dyadic version, where one participant controls leftward
movement and the other controls rightward movement (cf. joint-Simon task4). Data has been collected but has
yet to be analyzed.

Note. Shaded areas represent 95% confidence intervals.

• Twelve right-handed individuals (9 males, 3 females),
ranging from 19-22 years of age.

• One training puzzle (no Mapping manipulation)
• IV1: Mapping - 2 conditions randomly assigned to 4 test

puzzles
• Compatible (comp): left controller moves tile leftward.
• Incompatible (incomp): left controller moves tile

rightward (i.e., horizontal controls are reversed).
• IV2: Number of Moves (used to account for task difficulty)
• IV3: Feedback - 2 conditions randomly assigned to 4 test

puzzles
• Off: movement errors don’t trigger auditory and haptic

feedback
• On: movement errors trigger auditory and haptic feedback

Outcome Measures
• Inter-Move Interval (IMI) - Average time between the end

of a previous trial and the end of the present trial.
• Total Task Time – Total time for a participant to complete

one sliding puzzle in one condition.
• Number of Errors – Number of instances when player

attempted to move a tile that cannot be moved

Method

Compatible condition Incompatible condition

(((

((((( (

((
(

Note. Feedback On condition is depicted. Auditory (♫) and haptic ( ) 
feedback was triggered when an error was made.

♫♫
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Background

Perception of optic flow enables everyday functions by providing crucial information for understanding self-motion, avoiding obstacles, perceiving spatial orientation, and navigating the environment [1], [2], [3]. In EEG recordings,
visual evoked potential (VEP) waveforms are dominated by a motion-sensitive negativity (N2), typically observed from V5/MT+ in posterior occipital and parietal areas [4]. In adults, the N2 peak occurs around 150-200 ms,
while infants generally exhibit longer latencies, reflecting lower sensitivity and slower processing of optic flow [5], [6]. EEG analysis in the time-frequency domain allows the extraction of event-related frequency changes and
reveals rhythmic neural oscillations that emerge in response to cognitive processes. Increases in frequency bands of induced oscillatory desynchronization and synchronization were observed with age, marking maturation of
cortical function and neural networks [5], [7]. Premature individuals are at high risk for neurodevelopmental abnormalities and visual perceptual and visuomotor skills over the long term from infancy to adulthood [8], [9].

Goals

• A longitudinal study of di!erences in brain electrical activity
responses to radial optic flow and random visual motion between
full-term and premterm individuals from infancy to early childhood
• To analyze latencies and amplitudes of VEP waveforms, showing
cortical neuron responses to di!erent visual motion stimuli
• To conduct temporal spectral evolution (TSE) analysis, revealing
amplitude changes in induced neural oscillations across various
frequency bands over time
• To perform coherence connectivity analysis to assess the functional
connectivity of neural networks

Participants, equipment, and stimuli

• Participants: 10 full-term (5 boys) and 10 preterm (4 boys)
• Full-term infants: mean gestational age of 40.7 weeks (SD=1.1,
range=39.0-41.9), mean birth weight of 3607 g (SD=576,
range=3085-5120)
• Preterm infants: mean gestational age of 31.2 weeks (SD=2.3,
range=26.1-33.0), mean birth weight of 1609 g (SD=543,
range=710-2670)
• Testing ages: 4 months (no self-locomotion experience), 12
months (could crawl), 6 years (starting primary school),
term-corrected
• High-density EEG activity recorded with a Geodesic Sensor Net
200 (GSN): 128 sensors for infants, 256 sensors for children
• Gaze captured using an infrared Tobii X50 camera
• Stimuli generated with E-prime software, consisted of 100 black
randomly placed dots on a white background (108 cm wide, 70 cm
high), each with a virtual radius of 5 mm
• Three motion conditions were employed to discriminate between
coherent and incoherent radial motion: forwards optic flow,
reversed optic flow, and random motion
• Motion stimuli presented for 1500 ms in random order, followed
by a 1500 ms static control condition to suppress motion
adaptation e!ects

Figure 1: Experiment setup
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Results

1 VEP responses

• Latencies increased from forwards optic flow to reversed optic flow to random visual motion in full-term participants at
both 12 months and 6 years of age. Preterm participants did not di!erentiate between the three visual conditions.
• Forwards and reversed optic flow latencies decreased for full-term infants from 4 months to 12 months, and the decrease
occurred from 12 months to 6 years of age regardless of the visual motion condition for preterm participants.
• Amplitudes were higher for structured optic flow compared to random visual motion and decreased with age between 12
months and 6 years.

Figure 2: Grand average motion VEPs. The actual N2 peak latencies for forwards optic flow
are indicated at PO4 at 4 months, at Pz at 12 months, and at Oz at 6 years of age.

Figure 3: Group means with SDs of N2 peak latencies for three motion conditions.
*Significant at p<0.05, **Significant at p<0.005, ***Significant at p<0.001.

2 TSE analysis

• The desynchronization transitioned from the slower theta band to the alpha range and then to faster beta and gamma
frequencies with age during radial motion processing compared to static control.
• Theta-band desynchronizations were more prevalent in infants compared to children and more synchronized high-frequency
activities were observed in full-term participants.
• No significant di!erences in induced activities were found when compared between the motion conditions.

Figure 4: TSE maps when comparing visual motion to static control condition. Blue and red areas indicate desynchronization and synchronization.

3 Coherence connectivity analysis

• At 6 years of age, full-term children displayed five significant connectivity di!erences
in the alpha-beta band localized in the occipital and parietal regions when visual motion
compared to static.
• Preterm children demonstrated just one connectivity di!erence in beta-band in the
visual areas of interest.

Figure 5: Head model with coherence
connectivity di!erences (p<0.05)

Conclusion

• Full-term participants increased their sensitivity to optic flow and developed the ability to di!erentiate between di!erent forms of visual motion
towards the end of the first year of life. There was a progression of desynchronized activities from the theta-band to the theta-alpha band and
eventually to the alpha-beta range with age, accompanied by more synchronized high-frequency activities. Greater functional connectivity was
observed within occipital and parietal areas, particularly at 6 years of age.

• Preterm infants exhibited deficits in distinguishing between di!erent forms of visual motion and showed delayed sensitivity to visual motion, with
improvements in N2 component latencies observed when they were 6 years old. They also showed more low-frequency desynchronizations, limited
high-frequency synchronized oscillatory activity and functional connectivity in the visual areas during visual motion processing.

• The divergent developmental trajectories of visual motion perception were observed in preterm individuals compared to their full-term peers. While
full-term infants benefit from neural maturation, preterm individuals often experience neurodevelopmental delays, potentially linked to vulnerabilities
in the dorsal visual processing stream. By early childhood, full-term children exhibited more adult-like processing of visual motion with a specialized
network, while preterm children showed signs of catching up in some aspects of visual motion perception.

Future work

• To track the evolution of visual motion perception from infancy to adulthood, providing insights into compensatory mechanisms over time

• To integrate EEG with other neurotechniques to determine developmental delays or long-term damage in the dorsal stream of preterm individuals
• To use signal processing, machine learning and deep learning for stimulation classification and pattern recognition of visual motion perception in

infant EEG data with an end-to-end oriented methodology research
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• In receiving a flick serve, experienced badminton player can
anticipate the out-of-bounds of it while standing still or retreating
with the shuttlecock, even without looking back to see where the
shuttlecock lands. Such a superior perceptual ability might be
associated with their developed affordance perception (Fajen,
Riley, & Turvey, 2008 ).

• Multiple affordances may exist in a nested relationship to support
the anticipation of the out-of-bounds of a flick serve (Wagman et
al., 2016) ).

• The current study aimed to (1) examine whether experienced
badminton players were superior to inexperienced players in
detecting the out-of-bounds of the flick serves; (2) determine the
affordance information that could have been utilized by players of
various experience for successful judgment.

Introduction

• 22 adult participants, aging from 18 to 70 years, with different
badminton playing experience (0~20 years), divided into
experienced group (11 participants, experience ≥ 1 year) and
inexperienced group (11 participants, experience < 1 year).

• Judgment Task. Participants played a receiver on court and
judged the out-of-bounds of 40 flick serves randomly delivered to
inner or outer corner of the service box by calling “IN” or “OUT”
in both standing and retreating conditions.

• Motor Task. Participants performed 3 motor tasks following the
judgment task: 1) Reaching for the apex with racquet while
standing still; 2) Reaching for the apex with racquet while
jumping upward; and 3) Retreating backward with maximum
speed.

• Judgment accuracy, d-prime and criteria values were calculated
using all judgment data, which were submitted to a 3-way
(experience, condition, direction) mixed design ANOVA.

• 5 ratios were calculated for each participant using accurate trials:
1. Distance Ratio (DR)
2. Standing Height Ratio (SHR)
3. Jumping Height Ratio (JHR)
4. Horizontal Speed Ratio (HSR)
5. Vertical Speed Ratio (VSR)

Then, logistic regression machine learning model was used to 
estimate the threshold of differentiating IN and OUT, and binary 
logistic regression was performed using all 5 ratios as predictors 
separated by groups and conditions.

Methodology

Perceptual Judgment

Affordance Information

• Visuomotor experience of playing badminton (+1 years) enabled
the player to anticipate the out-of-bounds of flick serves.

• Change of conservativity in the inner direction for inexperienced
players between standing and retreating condition → Change of
utilizing affordance information for prediction.

• Only experienced players were sensitive to the Action-scaled
affordances (HSR, VSR) and capable of utilizing them for
predictions → their consistent reliance on action-scaled
subordinate affordance while dynamical utilization of body-scaled 
subordinate affordance for best solution.

• Subordinate action-scaled and body-scaled affordances can be
dynamically utilized for perception of superordinate affordance
(for experienced players).

Discussion & Conclusion

Results

Supporting Materials

Flick serve Motor taskJudgment Task



The field of affordance vs. landscape of affordance

Traditional motor skill learning methods focus on developing and prescribing optimal movement patterns for performers. Yet, in an ever-changing world, the conditions of the performer (e.g., fatigue), the 
environment (e.g., rain, windy or calm), and thus the relationship between the performer and environment are never the same or constant. Consequently, acquiring optimal movement patterns is insufficient 
in these always dynamic situations. Grounded in ecological psychology, I propose a new perspective for motor skill learning that emphasizes creating new action possibilities (i.e., affordances), thereby 
expanding the field of affordance. Following Glavaenu (2012), I propose three ways that hidden affordances can be expanded through exploration. In addition, PE teachers and coaches should focus on the 
affordances that learners can realize with guidance (Vygotsky, 1978) when designing learning environments. Finally, I outline key principles for designing ecosystems that promote the exploration of hidden 
affordances.

INTRODUCTION

Ran Zheng and John van der Kamp
Department of Human movement science, Vrije Universiteit Amsterdam

An ecological approach to motor learning

Key principles

General principles: 
• The master eye of coaches or PE teachers
• Specifying information is always available
• Enough time to explore new affordances
• Safe environment

Creating new affordances

Guided affordances

Glaveanu (2012)

Vygotsky, 1978, Zone of 
proximal development

Landscape of affordance: all possibilities for action that the environment offers to an organism, 
shaped by the sociocultural practices

Field of affordance: the opportunities for action that are available to an individual or organism within 
their environment

In particular: 
• Increasing the action boundaries that separate possible and

impossible actions
• Lifting sociocultural constraints
• Directing attention to unperceived affordances
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