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I ntroduction

Binaural beats are related to perceptional illusidmnich occurs during hearing. If we
hear two sounds - at the same time - that shagietslifference in terms of frequency, we may
experience an auditory illusion due to this differe: as if hearing a third sound, which
rhythmically gets louder and fades.

Since the 90s, binaural beats have been usedfithedpl programs and in the 2010s
they had received prominent attention in both coreuand media markets. Around 2010, a
company selling binaural beats (I-Doser) directtgtesd that the sounds they distribute
provide intense experiences, which could be contptrehe effects of certain psychoactive
drugs e.g. heroin, cocaine etc. Although the attad mode of action is not supported by any
scientific research evidence, a segment of usdexdribe beneficial effects of the sounds in
their report.

However, in the case of binaural beats, the modexctions (Wahbeh et al., 2007;
Stevens et al., 2003), psychological effects (Lar898; Wahbeh et al., 2007) and clinical
applications (Padnmanabhan et al., 2005; Le Sceuaeh al., 2001; Wahbeh et al., 2007)
were already investigated; there is no accepteensfic point of view on neither on the
result. The reasons for this are as follows: thieliss were published in journals that are not
peer-reviewed; they employed different scientifiethods and the published results were
contradictory.

The assumed model for the mode of action blendgdkelts of different scientific
fields. A) Binaural beats are special sound stintodit arise in the brainstem during the
interference of sounds with slightly different fueapcy (Oster, 1973) B) Correspondingly to
visual stimuli, it is possible to evoke corticaspense congruent to the frequency of external
audio stimulus (Batra et al., 1986) C) Differenates of mind could be characterised by
specific corticallEEG patterns. (Vaitl et al., 200Bccording to the developers and
distributors of binaural sounds, the effects thesends evoke change the brain’s frequency
following response that has an impact on the dgtvi the cerebral cortex. As a result, the
desired change in the state of mind is reachediristaince, if theta waves appear in the EEG
during a creative process or a fantasy activig; gner & Gruzelier, 2003), then, as an effect
of alike binaural frequency stimulation (4-7 Hzhdtlamical and) cortical changes occur,
hence the listener’'s creativity and fantasy inaeeagAtwater, 1997). According to the
scientific results, it is ambiguous what type ofcitive and emotional changes are evoked by

monotonous sensory stimuli. However, based ondalmesearches it seems they are capable



of easing psychological symptoms (Huang & Charyg0(8). It is also equivocal as to what
types of advantages binaural sounds have - regpthigir usage - contrary to the simple
acoustic or visual stimuli (Pratt el al., 2010; Hga& Charyton, 2008); whether binaural
sounds are even capable of synchronizing EEG wewvesiter audio stimuli; furthermore:

which cortical areas are involved and for how Idhg synchronization could be maintained
(Stevens et al. 2003).

Hypotheses

Usually, theoretical sources and psychologicatdiiere provide us with observations
regarding the neurobiological changes and the easenf clinical symptoms. This means
they do not analyse the binaural situation’s effemt subjective experiences. Hence, the
dissertation observes these effects. We were ¢ad@ow whether binaural sounds were able
to evoke sharp permutations regarding subjectiygeeances. Besides the former, we also
involved the following in our research: the roldspoecursory instructions and the roles of
acoustical properties regarding sound stimuli. Base these, we planned two experiments

with the following hypotheses:

Hypotheses of the 1st experiment
1. Due to the effects of binaural sounds the expeegmhange compared to the normal,
awake state.

2. The experiences gained are influenced by instrastio

Hypotheses of the 2nd experiment
1. The groups, provided with sounds that have diffesmoustical properties, will not
have significant differences regarding their expeces.

2. The gained experiences are affected by absorption.

Methods

To measure subjective experiences we have usetiauesres and content analysis.

* Phenomenology of Consciousness Inventei, Pekala & Levine, 1982)

PCl is an internationally widespread, trustablehudtto measure subjective experiences

gained in altered states of consciousness. Theoesists of 53 opposite sentence pairs;



these pairs need to be evaluated on a 7-gradetitiysr scale. The test was translated to
Hungarian by Csaba Szabé (Szabd, 1989, 1993). Rgihally measures the features of
subjective experiences on 12 main and 14 subschiethis thesis we employed a 5
factored resuming model with the factors belowsdgative control (DC), attention to
internal process (AIP), visual imagery (VI), posgtiaffect (PA), negative affect (NA).
According to data, the 5 factored model groundstmbshe variance and based on the
analyses, its validity is certifiable on a Hungarisample (Pekala, 1991; Varga, 2004).
The dissociated control factor observes body imagase of time, perception, visual
imagery, memory, rationality, voluntary control armdternal dialogue. This factor
measures the presence of trance-like states, lieisdbe most significant index of altered

states of consciousness.

* Content analysis

In the content analysis we employed the Regressiagery Dictionary (RID, Martindale,
1990): based on the psychoanalytic framework it suess primary and secondary
processes and emotions. The benefit of this cordeatytic dictionary is that it was
already employed in measuring altered states okaousness; furthermore, besides
cognitive processes it is capable of measuringtipesind negative emotions as well. So
far, this dictionary was available in seven langsgn the dissertation we published a
Hungarian adaptation and validation. The dictionanginally contained 3200 English
words divided into 43 subcategories. We preparedvibrds’ Hungarian adaptation; its
validity was tested on a literary piece in Englésid Hungarian in a way that during the
content analysis we measured hit rate on both ;télxese rates were later compared.
According to the results, the hit rates of the Haman dictionary significantly correlate to
the measurements of the English dictionary (r=0,$5%0.001). Upon the whole, it can be
stated that the adaptation of RID to Hungarian U@agg was successful, the dictionary
could also be used to analyse Hungarian corpusesceHin the experiments of the

dissertation we also employed this method.

Participants

109 (n=109) university students participated i ¢éxperiment, their age norm was 21
(SD#4).



Methods

The trial is a randomized, blind, self-controlistddy. In the experiment we measured
the experience changes — caused by the experimbimalral sounds — to a baseline,
therefore we were able to examine variables wiggaople. In the baseline setting, we asked
the participants to sit with their eyes closed fime minutes. Based on instructions, the
participants were divided into small groups; ashswe were able compare individuals. Every
single person participated in the experiment aland heard two different sounds in two
different sessions; hence together with the baselirperiments we took four different
measurements.

The two different sounds were selected from thbpage of an online distributor (I-
Doser) according to their claim, which suggests$ thair sounds are able to evoke contrasting
states in the listeners. During the listening oftirmb one (further on: negative sound),
according to the producer, the listeners can egpee fear, fury and anger. In its
characteristics, it is corresponsive to the rarfggetia EEG, this sound contained the binaural
beats (0.5-4Hz) on the carrier frequency of 100-H@0The other sound (further on: positive
sound), according to the producer, is capable okieg positive experiences and happiness in
the listener. The sound contained binaural beatedrrange of theta and alpha EEG (4.5-10
Hz), on the carrier frequency of 300 Hz. Both biradugtimuli lasted for 30 minutes.

The participants were divided into 3 groups. Grdugot the test sounds with the
original instructions, which showed resemblancetite descriptions on the internet. For
Group B we reversed the instructions given for soeinds. Group C only got general
instructions regarding the fact that they are gdimghear binaural sounds; also that they
should pay attention to the experiences that happsamwhile.

The experiment in practice happened in the follmmvay. After general orientation
we asked the participant to close their eyes, ta their attention inward and sit in this
position for 5 minutes. Following this, the paniant filled the PCI, in which they noted the
experiences of these 5 minutes. This was the Ibasebtting. Then, we told them they are
going to hear binaural sounds that may cause expEyialterations. Following this, the
participants in different groups were given thetrnstions (original or reversed), then we
asked them to turn their attention inward and oleséne alterations. After this, they listened

to binaural beats for 30 minutes, and then cames#mi-structured interview about their



experiences, and then we took the PCI again. Therawrent was repeated after a week, and

the participant listened to the other sound.

Results

First, independently of the experimental settings, compared the baseline to the
experimental conditions; consequently, the first aacond occasions and the different sounds
and circumstances were totalled. According to #seilts of the students’ t-tests, compared to
the baseline in the experimental situation, 4 fiscio PCI increased significantly: dissociative
control (p<0.001), attention to internal proces§es0.0001), the positive (p<0.0001) and
negative affect (p<0.001). The difference betwelem ¢xperimental setting and baseline
suggests that due to binaural sounds the listatidrexperience considerable alterations in
their thoughts and affects, regardless of theusibns they were provided with.

To analyse the effect of instruction, we appliedltifactor Analysis of Variance
(MANOVA) on the PCI questionnaire, and accordingthés data we identified the main
effect of instruction (p=0.011). The effect of ingition was significant in the positive
(p=0.004) and negative emotion (p=0.004) summirtpfa. Neither different sounds, nor the
interactions of the sounds and instructions wegeiicant.

To analyse the data of the content analysis wetadawilcoxon and Mann-Whitney
tests. According to the results, the expectatiogsifecantly influenced the frequency of the
appearance of linguistic contents regarding pasitiffect (p=0.001) and anxiety (p=0.038).
The experiences were not influenced by the sounuiBtthe participants had to listen to.

From the data of the questionnaire and contentysisait is observable that
participants reported emotions corresponding tartbuctions, and the effect of the different

sound stimuli did not differ.

Experiment No. 2: The effects of binaural beats compared to other acoustical sound

stimuli

Participants

Altogether 157 (n=157) people participated in &xperiment; the age norm was 21
years (SDz 2).



Methods

The experiment was a randomized, blind, betwedaesti study design, in a group
setting. Every participant was assigned into tHéerint sound groups randomly. The first
group (A) got binaural, the second (B) got monguta third (C) group got isochronic beat
sounds to listen. Every participant listened toxfiegimental stimulus.

Monaural beats are produced from binaural beatsyhich the interference arising
from the frequency difference is meaned up in tbenmuter; as opposed to the stereo
characteristics of binaural sounds, these are rsonad stimuli. Isochronic beats are simple,
pure notes and they mean the interchanges in sileRarthermore, beats do not have
dynamics (just like the sound of the drum). Hertbe, given sound immediately reaches its
maximal amplitude, then suddenly ends. Every sostichuli contained 220 Hz base
frequency, monotonous (constantly changeless) ntitesugh 20 minutes. We employed 1.5
Hz binaural and monaural beats that corresponcelia EEG frequency range. Isochronic
beats were heard in a 90 beat per minute level{1.5 90 BPM).

The experiment took place in groups of 3-6. At #med of the experiment the
participants reported their experiences on computgth the help of open ended questions,

after this the PCI and the absorption measuringtipaaires were filled.

Results

The results of the PCI questionnaire were analysgdMultivariate Analysis of
Covariance (MANCOVA). According to the results, teperiences were unaffected by the
sound stimuli provided to the listeners (r=0.84B)e absorption significantly influenced the
experience differences (r=0.00); people who gehegat more involved in their experiences
had bigger changes in their experiences in therarpatal situation. From the data of the
content analysis, among the categories of the Rsigee Imagery Dictionary primary and
secondary processes, as well as the emotionalaregegl2 subcategories were analysed by
the Kruskal-Wallis test. No difference was exptbtetween different groups provided with

different sounds.

Summary and conclusions

During our experiment we wanted to provide answef3 specific questions.



(1) Do binaural sounds have the ability to evoke caersidle experience changes in
the listener?

(2) How much influence do previously given instructions expectations have
regarding the subjective experiences of binaurat i&ening?

(3) Do special acoustic characteristics of sounds matgarding the subjective

experiences, and do sounds of different frequendggger different effects?

The results of the first experiment suggested badural sounds are able to cause
significant changes in subjective experiences. futhe binaural sounds, most participants
reported considerable changes regarding their equass, which affected both their cognitive
and emotional processes. The result shows corrdspoa to previous experiments (Szabo,
2006), which notes that monotonous sound stimuti ba used in therapy, due to their
cognitive and emotional effects.

Based on the results of the first analysis, imsions affected the subjective
experiences. If participants were given instrudidimat they shall have positive experiences,
in correspondence to this, they would rather repositive experiences.

According to the results of both the first andaet analysis neither binaural beats’
frequency range, nor its special acoustical charatics influence significantly the newly
gained experiences. It can be surmised — basetieoresults of the analysis — that binaural
beats have a functional model, whose efficient el@mis not tied to the evoking of
neurobiological actions, but to drive attentioratmonotonous sensory stimulus. Besides this,
if the attention paying process goes together stitbng expectations, it is more probable that

there shall be notable subjective experience clsange
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