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Abstract 

The auditory system combines the binaural cues of 

interaural time difference (ITD) and interaural level 

difference (ILD) to determine the sound source 

location. The combining is frequency dependent. ITD 

dominates for low-frequency (LF) sounds and ILD for 

high-frequency (HF) sounds. We can experimentally 

measure the relative ITD/ILD weight by a localization 

task. A previous study (Spišák et al., 2021) showed that 

visually guided training on HF vs LF components in 

real environment induces reweighting in the binaural 

localization cues such that the ILD weight increases 

independent of the training type. We performed a 

follow-up experiment in real reverberant and virtual 

anechoic environments without training to examine the 

cause of the observed ILD weight increase. No 

reweighting was observed in this experiment, 

suggesting that the reweighting observed by Spišák et 

al. was not caused by mere exposure to different 

environments and that active localization is necessary 

to induce the binaural adaptation.  

1 Introduction  

Spatial auditory perception allows us to localize sounds 

and to separate sounds, e.g., when listening to speech in 

complex environments. Sound localization includes 

judgements about the direction (left/right and up/down) 

and distance of a sound source (Moore,2013)1. When 

we are presented with a sound from any position in 

azimuth, we can localize it due to two possible cues of 

the sound source an interaural time difference (ITD) 

and an interaural level difference (ILD). The way ITD 

or ILD contributes to the localization of the sound 

depends on the frequency content of the sound. At 

lower frequencies, ITDs are dominant. For higher 

frequencies, ILDs are dominant (Klingel et al. 2021). A 

previous study showed that, when listeners are trained 

to change the spectral weighting of components for 

localization in real environment, the spectral 

reweighting always results in an increase in the ILD 

weight (Spisak et al., 2021). Here, we examined 

 
1 Moore (2013) stated for headphones term 

“lateralization“ to describe the apparent location of the 

sound source within the head. 

whether performance of localization test in a real 

environment is sufficient to induce this binaural 

reweighting. Additionally, the study provides a control 

condition measurement for the Spisak et al. results. 

2 Methods  

An experiment was performed, consisting of 2 parts, 

pretest and posttest, performed in virtual environment 

(VE) and real environment (RE), using methods similar 

to Spisak et al. (2021).  

2.1 Setup and stimuli 

In real environment, 11 loudspeakers were placed in a 

semicircle around the subject with 11.25° spacing 

(range ±56.25°) in a dark reverberant room. Position of 

the head was recorded using a headtracker. 5 types of 

stimuli were created using 0.5-octave noise bands at 

different frequencies. Low frequency stimuli were 0.35 

kHz and 0.7 kHz, mid-frequency stimuli were 2.8 kHz 

and high frequency stimuli were 5.6 kHz and 11.2 kHz. 

2 types of stimuli that were presented are: 1, 2-channel 

stimulus: 1 HF and 1 LF channel from locations 

separated by 1 or 2 speakers; 2, 4-channel stimulus: 2 

HF and 2 LF channels from locations 1-2 speakers 

apart. Subject’s task was to rotate their head towards 

the perceived sound location. Position of the head was 

guided with visual feedback. The experiment in virtual 

environment took place in a double-walled soundproof 

booth. We used ITD/ILD combination corresponding to 

one of 40 possible positions in horizontal plane in 

range from ±70.2° with spacing of 3.6°. The stimuli 

were 1-octave noises with center frequency 2.8 kHz. 

Subject’s task was the same as in RE.  

2.2 Experimental design 

14 subjects were divided in two groups, one performed 

experiment in real and virtual environment (7 subjects, 

OR group) and one performed only virtual part (7 

subjects. O group). The sequence of tests for the OR 

group was: day 1 (VE pretraining, VE pretest, RE 

pretest), day 2-4 (no training), day 5 (RE posttest, VE 

posttest). The sequence for the O group was identical, 

except that no RE tests were performed. Thus, if the 
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RE posttest performed immediately before the VE 

posttest was the main cause of the increased ILD 

weight in Spisak et al., then it was expected that it 

would be observed in the OR but not in the O group. 

3 Results 

Linear regression was used to estimate wHL (the spectral 

weight of HF vs. LF components) and binaural weight 

wLT (weight of ILD vs ITD cues). Weight of 1 means 

that subject oriented only according to HF/ILD 

component and 0 that subject oriented only according 

to LF/ITD component. Weights were averaged across 

azimuth as training effects were similar across azimuth. 

Fig. 1 show weights in RE for our data with no training 

(NoT group) and Spišák’s data (LF and HF group, 

trained for given component). From pretest to posttest 

NoT weights showed no significant increase. This was 

expected because we omitted training. On the other 

hand, LF and HF group changed its spectral weighting 

in desired direction (results confirmed by ANOVA). 

 
Fig. 1: Mean (±SEM) weights wHL for different groups 

in pretest and posttest, averaged across locations. 

 

On Figs. 2 and 3 we see results from VE. Fig. 2 is 

showing no significant change in weights of OR and O 

group, meaning that RE posttest done before VE 

posttest has no effect. Fig. 3 is a comparison of trained 

vs. not trained groups. Spišák observed the increase of 

ILD weight independent of the training group, the 

change was significant in the same direction for all 

groups. For our no training group, change in pretest to 

posttest was not significant and change in reweighting 

was not dependent on a group.  

4 Summary and discussion 

Results from RE show that change in spectral 

weighting does not occur, as we expected because no 

training of HF and LF components was present.  Based 

on previous results we hypothesized that performing a 

posttest in real room immediately before the VE 

posttest may have caused the increased ILD weight.  

However, the results from virtual environment do not 

show the expected effect as no significant re-weighting 

occurred from pretest to posttest.  Thus, a change in 

weighting cannot occur by changing from an anechoic 

environment to an echoic one, nor does it occur by 

getting used to an echoic room, but only by visual 

training in real environment. However, what aspect of 

the training is important is still unknown. 

 
Fig. 2: Mean (±SEM) weights wLT for O and OR group 

in pretest and posttest, averaged across locations. 

 
Fig. 3: Mean (±SEM) weights wLT for different groups 

in pretest and posttest, averaged across locations. 
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Kristína Malinovská
Matej Fandl

Smolenický zámok

Smolenice
1.6. – 3.6.2023

2023
Univerzita Komenského v Bratislave



Kognícia a umelý život 2023
(recenzovaný zborník)

Tento zborník bol podporený Kultúrnou a edukačnou grantovou agentúrou (KEGA) MŠVVaŠ SR,
projekt č. 022UK-4/2023, a Agentúrou na podporu výskumu a vývoja, projekt č. APVV-20-0335.

Recenzenti príspevkov:

PhDr. Eva Ballová Mikušková, PhD. RNDr. Andrej Lúčny, PhD.
doc. Ing. Mgr. Jozef Bavoľár, PhD. RNDr. Kristína Malinovská, PhD.
Ing. Ondřej Bečev, PhD. Mgr. Matej Pecháč
prof. RNDr. Ľubica Beňušková, PhD. Mgr. Xenia Daniela Poslon, PhD.
RNDr. Zuzana Berger Haladová, PhD. doc. Ing. Branislav Sobota PhD.
RNDr. Barbora Cimrová, PhD. prof. PhDr. Marián Špajdel, PhD.
Mgr. Matej Fandl doc. RNDr. Martin Takáč, PhD.
prof. Ing. Igor Farkaš, Dr. Mgr. Branislav Uhrecký, PhD.
doc. Ing. Peter Lacko, PhD. Mgr. Michal Vavrečka, PhD.
Mgr. Barbara Lášticová, PhD.

Vydavateľ: Univerzita Komenského v Bratislave
Šafárikovo nám. 6
814 99 Bratislava

Zostavili: © prof. Ing. Igor Farkaš, Dr.
© PhDr. Eva Ballová Mikušková, PhD.
© doc. RNDr. Martin Takáč, PhD.
© RNDr. Kristína Malinovská, PhD.
© Mgr. Matej Fandl

Autorské práva: © autori príspevkov, 2023

Dizajn obálky: © Kristína Malinovská, 2023

Tlač: Univerzita Komenského v Bratislave

Bratislava jún 2023

ISBN 978-80-223-5610-7 (online)



Predslov

Milé kolegyne a kolegovia,

vstupujeme už do tretej dekády organizovania česko-slovenskej konferencie Kognícia a umelý život
(KUŽ), vďaka našej životaschopnej komunite, ktorá prispieva k rozvoju interdisciplinárnej kognitívnej
vedy. Minulý rok sa KUŽ po dvojročnej prestávke spôsobenej pandémiou konal v Třešti v ČR, preto
sme tradične prevzali štafetový kolík a 21. ročník konferencie organizujeme na Slovensku, tentokrát v
krásnom historickom prostredí Smolenického zámku v Smoleniciach.

Ďakujeme za vaše zaujímavé príspevky, vďaka ktorým sme mohli zostaviť pestrý program. Dúfame,
že v publikovaných dlhých i krátkych príspevkoch v elektronickom zborníku nájdete inšpiračné zdroje
pre ďalšie skúmanie v oblastiach vášho záujmu.

Tradičným obohatením programu sú pozvané odborné prednášky, ktoré budú tento krát štyri.
Prof. Ľubica Beňušková (Univerzita Komenského v Bratislave) nás uvedie do sveta výpočtovej ne-
urovedy a neurogenetického modelovania mozgu. Dr. Martin Majerník (MindMed, Ltd.) sa bude vo
svojej prednáške zaoberať skúmaním liekov inšpirovaných psychedelikami a digitálnou diagnostikou
duševných porúch. Dr. Čeněk Šašinka (Masarykova univerzita v Brne) nás zasvätí do tajov imerzívnej
virtuálnej reality ako prostriedku na extenziu ľudskej kognície, a privíta nás aj na súvisiacom workshope.
Napokon, Dr. Alistair Knott (Victoria University of Wellington, Nový Zéland) vnesie do konferencie
širší internacionálny rozmer a oboznámi nás s oblasťou búrlivo sa rozvíjajúcej umelej inteligencie a
spektre debát týkajúcich sa potreby jej celosvetovej regulácie.

Na KUŽ 2023 budú prezentované tradične pestré témy príspevkov, ktoré prešli recenzným konaním,
a to vďaka ochote a poctivej práci 19 oslovených recenzentov, za čo im srdečne ďakujeme. Opäť sme
pripravili aj posterovú sekciu, ktorá umožňuje dlhšie interakcie autorov so záujemcami.

Okrem odborného programu máme v ponuke pripravenú aj spoločenskú aktivitu, exkurziu vo
výrobni medoviny vo firme Včelco v Smoleniciach, spojenú s ochutnávkou rôznych druhov tohto
sladkého moku. Veríme, že toto bude zaujímavým spestrením konferencie, na ktoré potom nadviaže
večerný raut v priestoroch zámku.

Za všetkými týmito organizačnými krokmi je aktivita konkrétnych ľudí. Veľké poďakovanie patrí
členom Centra pre kognitívnu vedu na Fakulte matematiky, fyziky a informatiky Univerzity Komen-
ského v Bratislave. Osobitne oceňujeme nezištnú prácu Martina Takáča, Kristíny Malinovskej, Mateja
Fandla a našej novej kolegyne Niny Zmajkovič Kučerákovej. Realizácia konferencie KUŽ 2023 bola
podporená Kultúrnou a edukačnou agentúrou Ministerstva školstva, vedy, výskumu a športu Slovenskej
republiky (KEGA) v rámci projektu č. 022UK-4/2023, ako aj Slovenskou spoločnosťou pre kognitívnu
vedu. Ďakujeme aj za sponzorskú podporu firme Gratex International, spol. s r.o.

Užite si príjemné momenty na KUŽ 2023 v tradičnej priateľskej atmosfére a kontexte podnetných
rozhovorov týkajúcich sa nielen kognitívnej vedy.

Igor Farkaš
Centrum pre kognitívnu vedu, FMFI, Univerzita Komenského v Bratislave

Eva Ballová Mikušková
Centrum spoločenských a psychologických vied, v.v.i., Slovenská akadémia vied, Bratislava
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