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v

| ABSTRACT
yéher reported in 1962 that rhythmic. drumming and other
forms of rhyfhmic stimulation are capable of inducing.

physiological changes that may be associated with behavioural

'

‘changes or changes in states i;;consciousness during ritualistic

ave found evidence to both
suﬁbort and refqte this hypothes{s under various experimental
conditions,

Thisfstﬁdy was conducted in érder to determine if
recruitmen}>of EEG rhythms could be produced with 'naturalistic'
auditory rhythms in a laboratory setting., Four female and ﬁouf
male adult subjects were presenﬁed with various forms of-
naturally occurring rhytﬁmic (tape recorded) auditory stimuli
inciudihg symphonic music, rhythmic instrument;l music, and
repetitive drumming soundé for periods of up to three minu}es.
Monopolar EEG was recorded from the scalp (posifibns C3, C;, T3,
T4, and Oz using the 10-20 systém) in addition to heart rate,
respirat}on rate, and bilateral hand movements. Photic flashes
were algo presented:to two'subjecfs( and two subjects were

-

instructed to tap either hand to rhythmic drummming sounds.

Frequency analysis (FFT) of the EEG data showed no .evidence

~of increased magnitude of the stimulus frequency during auditory .

stimulation but 4id indicate increased magnitude'at the stimulus
frequency during photic stimulation. No consistent changes in
respiration or heart rate were noted across the auditory

conditions although differences were noted between.auditory and

. . 113
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phot%c stimulation. EMG responses indiéated slight différencés
in regting‘activity in contralateral lihbs'before and during
tapping movements. Since no auditory driving was achieved no
comparisons could be ;ade between EEG ahd periphéral responses
with respect to ihe frequenéy of the auditory stimulus.

It was concluded that overt auditory driving of the EEG
cannot be teadily produced in a laboratory situation aithough
photic driving responses were prodﬁ;ed under conditions in which
auditory driving responses were'ndt produced. Although auditory
driving responses may be correlated with behavioural changes as
indicated by Neher, photic-driving can be observed in the
absence of such changes and may therefore constitute a different
phenomenon physiologically than éuditory driving. Difficulties

. . ’ - ~ ' 3
in measuring such responses in a laboratory setting were noted

and suggestions for further research on auditory driving are.

given‘ : - QMQ
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I. Theoretical Background

Previous Rq;earcﬁr 7 -

‘Although photic driving' responses can be elicited with
consistency in humans using stroboscopic stimulation (Adrian &
Matthews, 1934; Walter & Walter, 1949) and have been applied in
the aiééndsis of various physical pathologies (Hamel et al.,
1978: Cohen et al.,'1980; Ramahi,<To£re§‘&'Luéwenson, 1984)
studies of auditory driving have been less successful.
Cpnfliéting reports of the abilityvto elicit rhythmiq responses:
in the EEG synchronous with a repétitive auditory stimulus may
be dﬁe, not to recording techqﬁ@qes or methods of analysis, but
to the types of auditory stimuli used“and:the manner in which
they are presented. Plutchik (1966) was unsuccessful iw
‘eliciting a driving reéponse to various freguencies using a tone
'generator, whereas, Neher (1861) reported the successful
'eliqjt;tion of auditory driving using a drum beat at various
frequencies. As will be noted, there are many procedural
differences between these two studies which may account for the
cénflicting results and these will be discussed later. However,
Neher makes an important point with regard to the nature of the

driving stimulus noting that "natural” auditory stimuli, such as

the beating of a drum, would be more likely to elicit a response

2 ‘
.

.\!
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" - due to tﬁe presence of harmonics whicb would increase the
"power” of the stimulus end possibly activate a larger‘portion
of the auditory cortex. This early attemp ata"ecologic?l
validity" in an electrophysiological study may illustra‘e the

- -

possible importance of. usinghaturalistic stimuli and/or
settings in these tyoes of experiments; More recent studies have
reported the ability to induce rhythmic activity in the EEG
using compiex (naturally occurring) aoditory stimuli such“as
chanting and rhy*nmlc music (Rogers, 1976; Rogers & Walter,
1982) as well as amplitude modulated whlte n01sJ (Rodenburg,
Verweilj, & Van den Brink, 972) Some early investigators
reported dr1v1ng responses in patients wlth temporal lobe
seizures in a few cases. The difficulty in eliciting driving

1

responses with audltory st1mulat1on has also been attributed to

-

the anatomical position of the primary auditory ‘cortices
(infolded within the Silvian fissures). It is thus erat;rle as
to whether primary cortical responses to sound can be'recorded
from the scalp even with temporal electrode placements (see ™
Naguet, 1974, p. 30). - N | ‘

With regard to the experimental findings to date, the
relative success with which photic driving can be eliciteo may
be attributed to the fact that white E}ght of high intensity is
typically used as thereliciting stimulus. This results in a
large proportion of fibers being activated throughout the visual

system; a system which in-humans represents a relatively large

amount of ascending fibers and cortex. Similarly, in accordance
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with present KvOﬂledge of codlng in the auditory system
frrequency enﬂod ng, tOﬂOtOplC organlzatlon of the audltory

cortex) stlmu;atzon by means of a single ﬁ;e’uency tone of

moderate intensity would only engage a relat1vely small

proportion cf similar components in the auditory system,

whereas, a broader'range of frequencies would_activate a larger

‘area of cortex as is contended by Neher (1962) Studies of the

audltory system have shown that stimulus 1nten51ty is related to
f
the number of nerve fibers ‘activated although it 'is not known

how this mechanism works with complex sounds and it is even

speculated tha? iniormation regarding sound intensity may be

determined during the flrst few mlllISECOﬂdS and only hanges in
1nten51ty detetted thereafter (M¢ller 1983 p.237). However, it
is important to note that the temporal response df‘flbers
encoding complex sounds are dominated by freguency componenté
that are large in the stimulus (Sachs, 1984). Also, tonotopic
organization‘of frequency in £he human auditory cortex has been
demonstrated using intracranial electrodes }Celesia, 1926) and

more recently with magnetoencephalographic recordings (Romani,

" Williamson & Kaufman, 1982). Therefore, the use of either pure

~

tones or complex sounds may be an important. factor in
understanding the "differences observed betweeanhotic driving
responses and driving in the auditory system. ‘
In addition to the types of sounds employed, the>(driving)
frequeneyﬁ duration, and regularity of stimulation may have a

Py

significant effect on results. Plutchik, (1966) used pulsed pure

-
i
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tones présenteﬂ for 2§ second'durationé and concentrat;d on
responses in fhé alpha, range (since;?his is the 5ptimal range
f§r photic driving responses). Neher (1961) used drum beats at
frequencies between 4 and 7 per sécond fdrldprafionsbof ﬁprto
four minutes (Neher}s subjects also reported perceptual o
~distortions and mood changes -~ Plutchik gives no indication of
éuch effects). Rogers (1976; see also Rogers'and)W§ltéf; 1982)
reports auditory driving'tg occur maximally in-Fhe alpha band”
even though the auditory signal”s mdxihaeyere lowe; (SJ; 8 - |
c/sé¢); however, responses were measured in terms Bf
"coordinatidh" betWeen EEG énd ahditory signals in an aétempt to
find single gene;at;rs cf rhythmic braih activity.,Some
interesting findingé reborted in'Roger's’(1976) study inciude-
the occurrénce of increased power .in the theta band (concomitant
with a hiéh‘deéree of‘copédihationvbetween EEG s&gnals) for
subjects engaged in chanting in Conprast>to incfeésed activitf
in the alpha band for thé same subjécts lisfening to a recording
of the same{chanting;‘Unfo%tunately, the:possibility'of muscle
artifacts . during thevchanting conditién,prec;uded and defiﬁite'
conclusions from these resulLs. |

Rodenberg et al. .(1972) used amplitude modulated white
noise in qfder to achie&e a response resembling auditory driving
using:averaged transients. Rodenberg et al.”;eporf a maxiﬁal
averaged evoked responsé,at an amplitud; médulation frequgzcy of

about 9 c¢/sec. This study consisted of only two subjects both of

which responded;to various frequencies between 4 and 11 c/secz.



Cortical responses were also found to: be a‘fuhction of
modulatiog "depth" . (modulatlon amplltude / total amplitude X
100) with a saturation effect at about 25%.

Thus, although there_isxsome evidence for the production of

auditory driVing of the EEG under certain circumstances, the

necessary stimulus parameters have not been well defined.

' Neurophysiological Basis of the Driving Regéonse'

Spontaneous EEG Rhythms
o

An adequate description of the neurologlcal basis of
rhythmic electrical act1v1ty recorded from the scalp has not
been provided to date, and many theorists hold contradictory
views on'the'sourée of generation and signgficanee of4eonsisteét
,rhYtﬁmsfobserved in the EEG such as that o?athe alpha rhythm. .
Much of the diffieulty in the interpretatien of scalp-recorded
activity is due to the attenuation and distortion of electrical
signals originating from the cortex by overlying bone and
tissues. It is generally agreed that large amplitude
oscillations reflecE the summa;ion of‘post-synaptic potentials
(EPSPs and IPSPs) in large populations of neurons -- most likely
in the apical dendrites of pyraﬁidal neurons perpendicular to -
the surface of the cortex (for a review see Creutzfeldt &
Houchin, j9f4). The extent to which synchrony is exhibited in

the EEG must therefore reflect the extent to which large
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populations of these neurons are firin%}ih phase. Emphasis has
J ~ . 1} ) >

been placed mostly on thalamocortical conéections as a possible

central generatér or "pacemaker” of phasic activity in the

cortex {Anderson & Eccles,}1962) although some argue for

cortical origin from various sites based on ‘phase reversals
. , . Y
observed within the layers of the cortex (Lopes da Silva‘'& Storm
van Leeuwen; 13978). A c e
' 7

There has been great interest as to whether spontaneous or .

so-called "resting” rhythms of the EEG, such as alpha and theta
rhythﬁs, may reflect: the functional state of underlying neural
structures. Elul (1872) presents an interesting theory in which

short epochs of synchronous EEG activity represents "scanning”

of the cortex by subcortical structures where 1nterm1tteni ‘/,//’

synchronization of groups of cortlcal cells by subrcortlcal

structures resembles selective attention to sensory input.
R

Others have proposed that cortical rhythms may reflect the .

"filtering" effects of neural systems involved in the
-

selectivity of sensory input, particularly for the visual system

(Spekreijse, 1966; Lopes da Silva et al, .1974) and that the *
modification of filtering characteristics of the cortical
‘network may be involved in learnihg énd memory (Creutzfeldt,
1978).

More recently some theorists have proposeg that the
‘electromagnetic oscillations produced by the firrng of large
populations of neurcns (and recorded by the EEGf may themselves

provide the medium in which information is encoded in the brain

-y
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rather than such information beiné'encoaea by specific patterns
of neural impulses -- that ié, various struqturés within the-
’brain may be able to communicate with one another via
electromagnetic wave patterns which‘are capable of 'resonating'
with each other. These ideas are partly supported by studiés in
yhich the appiication of low frequency eleétromagnetic fields to
the brain in cats and monkeys is claimed to be effective in

producing changes in EEG pétterns and behaviour (Gavalas et al.,

1970; Lawrence & Adey, 1982).

EEG Driving Respgnses

fhe relationship betweeﬁ spontaneous rhythmic activit§ in
the EEG and "driven” "activity by repetifive sensory stimulation
is poorly understood. At low rates of photic séimulatioﬂ (le;éA
than 8 flashes/sec) th; EEG signal revegls successive visual
evoked potentials but at higher rates a sinusoidal pattern
'appears that 1s apparently time-locked to theistimulus.
Frequency analysis of the EEG reveals that during rhythmic
photic stimulation the FFT spectra also contain 2nd, 3rd, and
4th harmonics of the stimulus freguency which cannot be <
: - ~
- explained in terms of e&oked_géténtials (Storm van Leeuwan,
Lopeé da silva, & Kamp, 1975). Some researchers believe that
suéh‘ariﬁing responses may involve the synchronization of |

‘"resonance” of stimulus rhythms with oscillating eircuits within

the brain.-- circuits that are related to spontaneous brain

~
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rhfgrﬁythms -- although some have pointed out'diﬁficulties with this
‘h‘JT;w (Regan, 1972, p. 23&),

| It may be important to distinguishjhere-between brain
respénses to repetitive stimulation at variou§ levels of sensory
systems, such as the ability to produce syniﬂrony‘orfdesyﬁchrony
in the EEG by direct stimulation of retic@lar'systeﬁs of thevi
brain stem (Dempsey & Morrison, 1943; Moruzzi é Maéoun,':§48)

and those chénges observed inugiectricai activity atlfhe surface
of the cortex due to stimul? presented to %he subject im the

form of tones, bgaps, clicks and so on. Furtﬁefmone, it must be

- Ee

determined whethér;one wishes to measure brain stem responseé to
sounds to which the subject is responding in a passive manner )
(reflecting activity of aécending auditory 5athways)_ér whether
one wishes to measure the subject's active response to rhythmic
auaitory stimulation which would entail a higher degree EE
processing. 'In other Qords, it is necessary to distinéuish
large-scale 'driviné‘ responses @hich can be detected in the

, gonfinuously reéb:ded EE@ and 'freguency following' responses )
observed in the E%G using steady state aveﬁaging techniqﬁesz. To
date, an explanation of cortical driving respbnses in terms of
either activity of ascemding sensory pathyays or as a reflection
of neural events involving informa£ion préceséing,has not been
provided. Therefore, "driving" of the: EEG can be Considered to
reflect some sort of generalized rhythﬁié’brain activiéy %

(similar to that of alpha rhythms) the neurological basis of

which is not yet fully understood. Howe?er, it can be argued
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that sensory dri&ep ihythms would involve large-scale
synchronization of underlying neural structures.

It may .be important, however, to no£e'some differences
found between EEG responses to sinusoidally modylated light

(SML) andiresponges to repetitive flashes. Sinusoidally

modulated light was first employed in the investigation of

retino-coftical transfer functions (De Lange, 1958;'Spekreijse,
1%966). Nonlinearities exhibited by.these systems were explainea
iiniterms of the "selecxtive filtering"® p:opefties of the cogdex
to éensqryvstimulation.»jt was‘found'by Townshend, Lubin, and |
Naitoh (1975) that spontaneous alpha rhythms could bpe frequencyﬁ

stabilized by SML but not by photic'flashes. It.was concluded

‘that phase-locking with sub-cortical alpha genﬁfators may be

achieved with SML at freguencies at or near the resting alphé

rate; whereas, repetitive photic flashes reflect successive

evoked responses. This is in agreement with earlier findings by

Van der Tweel and Verduyn Lunel (1965) that greater cortical

respoiii:(are obtained with SML near spohtaneous alpha rates

than at\kigher freguencies. It is also interesting that

responses were alsoc greater forilower modulation depth (less

, 2
than 50%). This has -interesting implications in the study of

auditory driving if the same effect is found to hold true for

L N

repetitive audi:agy stimuli. Thué, it may be critical to examine

the type of modulation used in auditory driving studies --

naturalistic sounds may represent a more sinusoidally modulated

xS . .
soﬁrce,than pure tones and increase the likelihood of

-
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phase—lock}ﬁg,effects with resting cortical rhythms. .
it is generally known\that synchronization of EEG activity
. i T . . . . -
is correlated with the functional state of reticular structures
AN .
1 associated with diffetrent levels of the waking-sleeping -

" )
continuum. Less.well understood is how afferent stimulil interact’

with reticular systems. It is-also known that responses to .

repﬁtitﬁve acoustic stimuli are&&igjéitated by stimulation of

the reticular formation although interaction between the

reticular formation and sensory systems appears to be complex

. : - 3
and dependent upon behavioural state (see Steriade, 1970 fof

&vrﬁbﬁﬁview). | 1 - e
With regaré =¢ laboratory studies of photic driving there )

appear§ to be a strong 'elationshiﬁfgetween maximal dr}ving and
the behavioural state»oi"?he subjé;t. Maximal Qriving is often

5
accompanied by reports of emotional changes or perceptual

¢

distortions by the subjects (Walter & Walter, 1943: Ul?t\ 1953;
: N :
Neher, 1961). Srzeriade (1562) reported that increased response
tq‘rhythm}c phozic stimulation during arousal was sometimes ' -
associated with increased subjegtive experience, Some | .
researchers have stressed the iﬁportance of the functional state
of the feticula: activating system}gith regard to individual
<

differences in iriving responses (Golubeva, 1972). Various forms
of physical stimulation are able to enhance EEG responses to ///
raythmic stimulaticon in laboratory studies and include; \

. . Pa
coembinations of different rhythms, tactile stimulation, (
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photic driving in animal preparations may be h2?ghly dependeéent

upon the araﬁsalllevel of the animal. Thé:efore, it is apparent

&

that EEG responses to sensofy stimulation are highly dependent

o

/>~ on arousal mechanisms and the effects ‘of stimulation in other

*

sensory modalities.

EEG Driving and States of Consciousness

-

Most likely we do not respond in the form of cortical

driving to the mere presence of repetitive auditory and visual

,/ﬁ ™~ stimulation arougd us; nevertheless, xhere cé% be foun&,many
examples o§>g§treme behavioural changzgvim the presencé of
. rhythmic‘stimulation, often concomitant with EEG changés.
- y . - Experimentally, it has been demonstrated that rhythmic visual
C;Xk . ?5 . and auditoryi/stimulation is able to induce altered perceptions

or seizure activity in some ipstances (Walter & Walter, 1949;
. : %

Loyd:Smith & Hendersoﬁ, 1951;jéoldman, 1952;'Ulett, 1953)7 In

addifiom to this are the many reports of the use of rhythmic

chanting, singing, or drumming in various cultures to achieve ~

meditational or hallucinatory states. These éxamples<}ﬁvolye

highly complex and differing sets of behaviours, .but all have
- the common feature of using external stimulation of a repétigive

or rhYthmic nature, often in conjunction with other forms of

physical stimulation, in order to achieve behavioural changes,

TR
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Considering thesg'two phenomena -- the ability to produce'
perceptual or beha&ioural changes in allaboraﬁory setting using
rhythmic sensory st;mulatiOn anégﬁhe use of rhythmicrstimulatidﬁ
during ritual%stic practices which often result in altered |
mental states -- it would appear that thére“may be similar
physiological processes involved. \\’ 4

The imbopt giyen ﬁg éhysiolqgical q{ousal agg the notion of
"hyperaroused” states in the producfiopeof trance-like states or.
so—ﬁflled’“possession" stétes ié well documented and many
authors have proposéa the idea of rhytpmic stimqlaﬁien being an -

AN

important device for producing central nervous system effects ’
associated with ;uch states (Neher, 1962;/;argent, 1964; Prince; \\\¢
1966; Goédman, 1972; Jilek, 19§?$>‘ln,fact, the rélationship -
between stroboscopic stimulation dSring stress and "visionary"
experiences is recounted as early as 1956 by Aldou5vHuxléy in
his desc¢criptions of the effects of hallucinatory druésson
perception kHuxley, 1956). Jilek (1982) has published a review

91

‘of shamanic ceremonialism among the Pacific Northwest Indians in
g - ) )

which he describes the -therapeutic effects of ritualistic

"spirit dancing". He regards physiological stress, in

conjunction with rhythmic auditory stimulation, particularly

drumming,Tas necessary for the production of the hypnotic
trances experienced by those undergoing the therapeutic ritua
"Rhythmic drumming is of paramount importance in Coast Sali

winter ceremonial§, and the loud beating of rapid rhythms ...\is

a characteristic feature of spirit dance initiations" (p. 47)4
‘ 4

13
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Prince (1966) who haé:made similar observatians in African end
Heitian'qultufes states that, "It ie pessible Ehat auditory
‘dr}vieg,rusing the drum bee;:at'S—B per>second is a commonly . ,
used portral of entry into the dissociated state” (p. 134). Such
ideas arefoften recounted in articles on frances end their-

; %
reputed healing powers (see Lad%rman, 1983). Some have even
speculafed that trance-likg states achieved through ceremonies
involving cempulsive repetition may result in the release of
endorphins which may account for the edphoric and. healing
effects of such rituals (Womack, 1980). Similar observations
-have been made in a recent article by Lex (1973) who goes
furthe: te examine ehe possigility of differential functioning
cf the cereb;al hemispheres in the induction of trance states by
sehSor§ stimqlatien. )

However, even in the course of demonstra;ing the existence
of behavﬁoural correlates of rhythmic stimulati®n by sound,
whether these ehaﬁges are directly related to physiological or
'neu:ologieel changes has yet to be determined. Even some ‘
specialiets in the field’reject the notion of the ability of
rhythmic music to induce trances .and cite evidence against
psychophysiological theories of music and trance. In his
criticism of Neher's theory of auditory driving,. iouget (1977)
points out that the sounds employed by various possession cults
differ markedly from those used in laboratory studies and Stilgiﬁ\*/)

that "if the 'driving' effect [Neher] is referring to canr be

produced by beating a drum at a speed which can vary ... and
i

.
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that speed can eventually be as slow as 4 beats/second ...,then
the whole of sub-Saharan Africa should be in trance from the
beginning to the endiof the year"({p. 234, guoted in Erlmann,
1982), Although Rouger di%misses the theory that music has
direct neurophysicicgical effects which aid in the production of
trances he acknowledges the role of music in evoking emotional
responses in copjunczion with the production of trances (Rouget,

1380). Erlmann (18282), on the other hand, takes a more extreme

o

view stating that "trance is not generated physiologically by ™

music”. Based on observations made by Rouget as well as his own ~/

field obserations in which he notes tQat trance often occurs

ithout any musical s<imulation Erlmann offers an alternative

1 N

thecry based on culturally acquired abilities to self-induce
trances through processes of identification and projection. In
reviewing the neurophysiciogical theories of trance induction
Goodman (1872) states that although it is unclear what role
driving effects play in states of "dissociatiop" the effects of

such stimulation are most likely culturally conditioned.

«

Obvicusly, it is necessary to avoid oversimplification of
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that‘increased amount of. alpha activity may only indicate
decré;sed visual processing and that there is little
experimentalvevidence to support the idea Ehat‘rhythmic brain
activity, such as alpha or theta "states", necessarily indicate
any specific subjective state of mind, though the two often ’
occ%; together (Beyerstein, 1984). It has yet to be determined
whetier phfsiological changes resulting from sensory stimulation
are capable of producing behavioural changes or if they simply

reflect internally mediated changes associated with a particular

setting or situation in which the stimulation occurs,

Theta Rhythms aﬁd.Auditory Driving

Neher (1961) has sugge;ted that lower rates of repetition
may be more effective for sound stimulation due to the presence
of theta activity_in the auditory cortex and with reference to
the fact that the predominant rhythms in ceremonial drumming in g
various cultures fall within this range (Jones, 1954). Although
theta activity is usually obsetved during the early stages of
sleep, cortical theta rhythms have been observed in subjects™who
are alert with é¥es open during advanced .stages of Zen
medﬁtation (Kasamatsu & Hi;ai, 1966). Many theorists speéulaté/
that the relationship between theta activity and attentional
states may be significént with respect to the rates of rhythmic
stimulation used in ritualistic ceremonies based on studies such

as Neher's (Lex, 1979; Chapple, 1970). However, in a recent

"review of the literature, Birbaumer (1977) states that there is

16 iy
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little experimental evidence to indicate that theta activity is

associated with any pafticular mental state beyond\éii:ffjjfii;

17



ég;nitive Aspects of Repetitive Auditory Stimulation and Musical

Rhythms >

4

A

There has been a' great deal of effort in attemp&ing to
define musical rhythm and ‘in trying to unders£and the cdgnitive
and pérceptual processes involveé in the experience of such
rhythms. The study of musical rhythmé is further qomp}icated by
the fact that complex sounds such as those found in mo§t (bﬁt
not all) forms oﬁ»music exhibit figure-ground properties in
which more than one temporal relationship (beat or %{hythm) may

be perceived from a singlekpiece or phrase of music;/gt has been

suggested that complex forms of music may in fact contain levels

of rhythmic structure and that syncopated and Other’complex ~
rhythms emerge from the interplay amongst these levels (Yeston,
1956; Handel & Lawson, 1983). Furthermore, what distingﬁishes‘
musical rhythms from non-musical rhythms is difficult to aefine
and often dependent upon cultur;lly defined or learned concepts
of music.

Gabrielsson (1982) notes that the study of musical rhythm

is a complex area of research that must.take into account the

experiential, behavioural, and physiological components of the -

rhythm 'response'. The study of the perception of rhythmic
structures in music from a cognitive perspective may eventually
help us understand the esthetic and gualitative value of such
organizing principles in music.

» P
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The use of simple rhythmic structure i§ found in music of
all culture§ and one may wonder as to how this has évolvedl This
raisgs the guestion of whether rhythm is strictly a cultural
pheﬁomena or whether there is some innate tendency for the body
to respond in a certain way to rhythmic or repetipive sounds.
Certainly there are differences in terms of the kinds of rhythms
that are used -in the music of a certain Culﬁure or society and
the relaéive importance of rhythm to that culture and these
differences may be'interesting in themselves, For example,'oné,'
investigator has found a strong relationéhip between infant“
carrying practices aﬁd the percentage of regular rhythms in
music among different cultures: indicating the possible effects
f early exper&ence in cross?culturai,variétiops in rhythm
es, 1973). In order to answer guestions regarding the
biological foundations of rhythm and rhythm responses, it may be
necéssary to consider whether responsés to auditory fhythms céﬁ

.be studied apart from their musical context and strictly in

relation to their physical effects upon the body..

Biological Rhythms and Motor Theories of Rhythm.

- »
r o

Many early theories of rhythm attempted to relate musical
rhythm to some basic physiological process, sch\as the beating
of the heart, breazhing patterns, or some basic rate of activity

in the nervous system, However; such explanations were unable to

account for the complexity of musical rhythms and, their

19



perception and yere for the most part aban8onded due to lack of

*

experimental evidence supporting them (Radocy and Boyle, 1979).
Later theories began to consider rhythm as a learned (

response and placed more emphasis on motor aspects,of the rhythm

A

response (Lundin, 1967). Historically, rhythmic body movement
. has been associated with the percepfion of acoustic rhythms.
Motor theories of rhythm hold that the leuntary action of the

muscles and the subsequent kinesthetic feedback play an

important role in the perception and experience of a musical
rhythm. This close interrelationship between mhsigal rhythm and -
movement is most recently expressed by Clynes and Walker (1982):

The power of musical rhythm to generate moods, shades of
feeling, attitudes, and various types of mental and -
physical energies - in short, the psychic function of
rhythm - is seen to relate to the way 'in which sound
patterns are transduced by the nervous system to
modulate the neural driving patterns that, in
imagination, or actually as in dance, control the form
of movement.(p. 172)

Motor theories raise some intefesting qgéstions regarding

. th ,cohcept of musical rhythm. Is rhythm a specific temporal
sé?ucture of sound'fhat‘results in a rhythm resp&nse, the
learned motor responses to what are perceived to be rhythms, or
some combination}gf the two? Fraisse (1982) notes that one of
the most intereéting aspects of rhythm is the ability to
"synchronize” body movements with the sound pulses. This differs
from most examples of stimulus-response type behaviour in terms
of one's ability to anticipate the stimulus -- even in the caée

) a

of complex rhythms. In this sense what is important is not the

regularity of the stimulus but the ability to anticipate it.

20
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Indeed, moving 'in time'.to a beat gr‘rhyfhm is often seen
as an important component of rhythmic perception and may
possibly even determine the range of frequencies or rates:of
repetition that are perceived as musical rhythms. Auditory
pulses that are separated by more than about ! 1/2 sgéonds are

_no longer perceived as being linked together in[time.uFaster
rates of presentation up to 8 to 10 pulses per segcond can be
identified as separate elements after which the repeated sound

’pulses will begin to be perceived aé,a steady tone lFraisse,

1982), though the upper limit for motor synchfonization with

such pulseéjis about 6 or 7 per second (BartlétL & Bartlett,

1959), Interestingly, when presented with very fast repetitive

sounds individuals tend to select out and identify slower

patt s (eg., subharmonics of the stimulus rate) as the beat or

tempo that'is present. It élso appears that ipdiviéuals are
éapab}e of’using 'grouping’ strategles in the case, of complex,
or conflicting rhythms in order to identify a simpler underlying
beat or temporal structure. The exact nature Qf suéh strategies
and why there is a tendency to use them is not completely
understood as yet, nevertheless, motor synthronization most

likely plays an important role (Handel & Lawson, 1983).

-
e

Neuralﬂ%epresentations of Musical Rhyﬁhms .

1f presented with a sound pattern (even a fairly’complex

one) most individuals will be abke to reproduce the pattern; by

21
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tapping their finger, for example, with a fair degfee-of
accuracy. Therefore temporal patterns must be stored in memory
somehow allowing the pattern to be reproduced either mentally or
by physical ;:Qement or to be recognized later in time. No doubt
musicians possess many such rhythm memories or "templates' which
allow them to recreate &omplex sound patterns .o to maintain a
Steady meter during‘musical performance.

Clyhes (1982) refers this aspect of musical memory as
"time-ferm prinpiag" in which a cértain temporal pattern may be
stored 'damemory. Once formed this 'pattern' may be reiterated
automatically until further modification. It would seem, given
such memory processes'for rhythms, tha£ the creation or
recreation of a temporal pattern involves the initiation of
motor prograns thatvarg initially c;pable of ongoing
modification and correction (possibly involying "template
" matching' or some other céhparison process);and eventually able
to function with a certain deg;ee.of automaticity. Such
automaticity allows a person such as a trained musician to
produce many complicated sound sequences or melodies without
having to concentrate on the underlying time structure. One mus%
distinguish at this point between theiproduction of musical
rhythms and perception of such rhythms -- these two processes
may engage different brain structures. How temporal patterns are
recognized by sensory systems and how such patterns are

recreated motorically presents an intérg;ting area of research ”’/
. = N .

into the interactive nature of brain systems.

22
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.ft may be appropriate here to address again the gquestion of’
what defines musical rhythm. As is noted by Clynes (1982) the;e
is in musSical rhythm a "hierarchid’ﬂ organization 9f‘the« V
gxperience of freguency". Thus, our experience qflmusic can be
thought‘of as perceptual organization.of a broad'frequency range
of sound waves. Sounds within the frequency range of about 20 Hz
to 20-kHz are percei@éa\as tones --.frequéncies lower th&n-this
may be perceived as "beats" or rhfthms. {Of course Ehesg_siower
frequencies must be composed of the amplitude modulation’oﬁ one
or more f}eéuencies within the auditory range since only the
higher freqguencies can be transduced by the basilar membrane and

»

thus be perceived as "sound" -- low frequency sounds by
themselves may be sensed as vibrations in the somatosensory \\1
modality). J

Music5, therefore, consists of the cognitive organization
or grouping of frequency or iterations in time. In the same way
tones (high freguencies) are grouped according to cer;ain
cognitive principles® to form pitch and melody, -lower rates of
repetition are grouped together forming what is commonly
referred to as’musicél rhythm. The neural encoding mechanisms
for different frequency ranggé may differ (eg., place theory
versus periodicity theory ) however it may be‘¥ssumed that
neural systems so well equipp;a at‘encoding temporal patterns as
slow as 20 cycles per second woulé not havé difficulty in

processing slighty slower temporal patterns that arrive through

the same sehsory system.‘9 Again the complexity of such sensory

[
/) =
-
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processing lies partly within the functioning 6f the auditory
system itself, for example, the nature of encoding of soénd
intensity, frequency (waveform), and phaée in the peripheral
auditory system which would account for the complex, nonlinear
re%ationships between intensity, pitch, and perceived loudness.
s

Hemispheric Specialization and the Neural Basis of hathm

Recently t%fre has been a great amount of interest in the

role of cerebral dominance inithe perception of musical stimuli
" particularly in connection with speech processing. It has been
shown, using dichotic listening tasks, that the nondominant
cerebral hemisphere (the right hemisphere in most right-handed
individuals) is better at processing nonverbal sounds, such as
music, whereas, the dominant hemisphere is more capable at
processing speech. It has been proposed by some that this
reflects hemispheric specialization for analytic processing
(dominant hemisphere) in speech versus holistic processing
(nondominant hemisphere) for musical stimuli. Cegebral dominance
for the perception of rhythm is not as clearly defined. éemporal
1qualities of speech and music are considered to involve
'analytic' modes of processing due to their sequential nature,
and complex temporal sequences are therefore expected to be
processed better by the dominant or speeéh hemiéphere. However,
rhythmic stimuli have been reported to be processed

prefered%ially by both the dominant (Robinson & Sclomon, 1974;

Borchgrevink, 1982) and nondominant hemispheres (Roland,



o

Skinhcj, & Lassen, 1981).

There remains some controversy over the mechanisms gnvolved
in observed laterai differences in auditory processing and it
igpears that hemispheric specialization for the perception of
rhythm may depend Qp~factors such’'as the complexity of the
rhythm, chnitive strategies used in processing the sounds, and
musical expérience of the listenéf. Pribram (1952) suggests that
less complex tempeoral seguences may be™processed at a deeper
level than‘the cerebral cortex since anegéhetization of eithér
cerebral hemisphere (the Wada test) does not appear to interfer;
with the subjects ability to follow a simple rhythm although Q&/
lateral differences have been found with this technigue using
ﬁore complex temporal patterns,

Further, level of musical sophisticatian of the subject may
also aﬁi;ct the type of cognitive strategy used in processing
musical sounds and thus the hemisphere activated during such
processing -- musicéily naive subjects may use subjective,
nonanalytic strategies and show right hemisphere preference, -~
while musically sophisticated subjects may be using analytic
stfategies and show left hemisphere preference (Bever & .
Chiarello, 1874; Mazziotta, Phelps, Carson, & Kuhl, 1982). Thus,
although there appears ' to be some eVidence'fég hemispheric
specialization in the perception of musical rhythms it is
necessary to take into account the nature of the -cognitive
processes involved as a function of the complexity of the
‘temporal patterns in guestion as well as the musical experience
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of the listener,

. X
Approaches to the Study of the Psychophysiology of Rhythm

In order to study the physiological foundations of rhythmic
perception and performance it is necessary to consider all
aspects of rhythmic responses of the body and their measurement.
This includes the relationships between sensory- processing of
various coﬁpiex sound patté?ns, the perception of these patterns
as "rhythms",'and the the subseguent responses to these
perceptions -- whether they be overt motor responses or simply
one's awareness of the presence of something that is.perceived
as being somethimg mor® than just a repetitive or monotonous
sound., | ‘

Figure 1 illustrates a model‘showing the various pa h¥ays
. involved in the percépﬁion and production of auditory rhythms.
As is noted by Gabr{;lsson (1982) feedbacg is an important
component in the rhythm response particularly for rhythmicf
performance.

This model indicates that output may compared to 1input
eiﬁher through an external loop of sound production or by én © g
inéer pathway of feedback from receptors in the muscles and
joints (dotted l&nes). The inner feedback loop is of particular
interest to those proposing moﬁor theories of rhythm. As well,
production of sound patterns that are too rapid for ongoing

~ -
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Figure 1. A gen=ral model showing pathways involved

_ in the perception and performance of rhythmic sound
patterns. Externa¥feedback produced during musical
performance (uppes dotted Tine) is important in Yearning
and creating rmusical rhythms. Kinesthetic and tactile
inforrnation (Qower dotted line) may aid in the perrephan
of such rhythms.
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correction from feedback information must be produced using
preprogrammed or 'feedforward' mechanisms.

.Activity in thesé pathways may be observed at various
levels. Sound patterns may be analyzed and accurately‘describea
in terms of freguency, duration, and intensity. The guestions of
how informa:ion contained within the sound pattern is
transformed into a neural code that allows the pattern to be
storégjand reproduced l;tér still holds a major c;allenge to
those studying senscry physiology. |

APresentEy, brain responses to variousbsounds may be studied
using EEG féco:ding technigues in the following ways.

-~
(i) during sensory input (evoked or "event-related:

potentials” observed during a discrete sensory event) °
(ii) during memory retrieval or template comparison
processes (later components ¢f the event-related potential)

(iii) during motor output {readiness potentials occuring

during preparation Zor movement or motor potentials recorded

v

over areas of the brain controlling specific parts of the body

just prior tc movement ¢f those parts).
L]

-/
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II. Present Study

This thesis represents an attempt éo study
psychébhysiological responses to naturally occurring rhythmic
sounds, particularly drummingisounds, within a laboratory (
setting., Since pas: research has concentrated on one
physiclogical measurement at a time it is difficult to compare
findings between s:zudies and little attempt has been made to
integrate the varisus approaches to the study of physical
responses of the body to rhythmic sound. Furthermore, much of
the past research nas Zone little to designate the appropriate
parameters of measurement for the study of reséonses to
~naturally occuring sounds. Past studies have had their emphasis
either on the psychgphysics of auditory perception or have been

more concerned with the behavioural phenomena associated with

p—

such forms of physiological stimulation as it occurs in a

settin

1
r

th

he former being conducted under such

bt

nat

i

ra

te]

.
7

'
[
v

ot}
(¢

cgssarély rigid'laboratory conditions as to be unable -to study
the responses in gueszion ih a ‘natugalistic' environment and
the latter often being conducted in‘a "too uncontrolled” manner
=o be able to withstand criticism of the methodology involved.
Consequen:i', iz is difficul:t to integrate these two sources of
information in order :o clearly understand the psychobiological

‘bases of responses =c rhy:zhmic sounds, particularly those which

ar

1]
bo
3
'g

licated in changes in states of consciousness, bizarre
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behaviour, ritualistic usages and so on. This thesis is
therefore presented as as a preliminary study to determine if
responses to naturally occurring sounds can be studied vithin a
relatively controlled laborato;y setting and if so, whether
various psychophysiological indices can be considered
concomitantly in order to provide a better description of the
physiological processes occuring_duripg such phenomena. The
purpose of the experiment was basically threefold.

(1) to replicate to some degree Neher's (13961) study in
order to observe whether a repetitive, naturalistic stimulus
(ie.,drumming) is capable of producing recruitment of EEG
rhythms,‘and if so, to determine if the response is dependent on
certain rates of stimulation. |

72) to determine to what extent peripheral responses are
involved in EEG effects observed during this kind of stimulation
by monitoring surface EMG (specifically motor responses that may
be produced by "natural" rhythms), heart rate, and resp¥ration.

(3) to detect possible relationships between rates of
natural (musical) rhythms, observed motor responses, EEG changes
(such as recruitment effects), énd other behavioural changes

(eg., changes in levels of general arousal).

-~
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B. Method
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Subjects ¥
Four female and four male adults recruited from the
Vancouver area and Simon Fraser University pd&pulation served as

subjects in this study.

Apparatus and Recording Procedures

Recordings were made using Beckman Ag-AgCl eiectrodes
filled with Beckman electrode paste and affixed with collodian
and adhesive collars {(electrode impedences were below 5 kohms
for all EEG leads).

All signals were sampled at a rate of 200 samples/sec and
stored on magnetic tape for further analysis off-line. Diditized
signals could be monitored on a control room CRT display
throughout the recording procedure. Data collection and analysis
was carried out with the,aid of a Data General Nova 3D computer
system equipped with an RDOS operating system (H. Gabert, P.
Eng. is responsible for syétem software and hardware.)

Monopolar EEG was recorded from Fpz, C3, C4, T3, T4, and Oz
placements .referenced to linked mastoids (A1+A2) using the 10-20
system and amplified through A.C. amplifiers with bandpass
filtering from ' - 50 Hz, (with a rolloff of 40 dB/decade).
Heart rate was recorded from a sternum electrode referenced to

the lower back and fed to a cardiotachometer which proviéed a
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conginuous digital record of R-R intervals in milliseconds.

Respiration was monitored by meané of avthermistof
transducer placed below the subjects nostrils.

Eye movements were monitored via bipolar recordings from
right supraorbital and zygomatic electrode placements.

In some subjects surface EMG was recorded using Beékman
Ag-AgCl elect;odes placed over -the forearm muscles (ulnar .
region) in order to monitor rhythmic hand movements on either
side of the body f(eg., finger tapping broduced sychronous spike;\\
in the EMG signal). ‘ \\

The audio signal was monitored by a microphone placed .
directly over the subjects head. This signal was rectified aﬂés§
filtered producing an audib envelope signal (AppendixAA) that_v
providéd a smooth continuous record of the amplitude modulated
sound source (eg., a drum beating at 4 beats per second would
produce - -a smoothly oscillafing signal of thé same fundamental
fregquency). & |

Subjects were fitted with the above devices and seated in a
large comfortable arm chair placed in an electricaliy shielded,

sound attqnuated room. Acoustic stimuli were presented through

3

two large stereo speakers placed in front and to either side of

the subjects (Figure 2).



T~/

FIGURE 2

DIAGRAM OF LABORATORY LAYGUT
SHOAIIG PQSITION OF SURJLCT
#D APPARATUS DURTIG RECORDLG
PRUCIIUTT
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Stimulus Materials

The feollowing sounds were presented toﬁihe subjects by

* means of a Sony reel-to-reel tape recorder at a sound inteqsity
of approximately 96 dB.(note: Conga drum tapes were presented to
only two of the subjects - N.H. and C.B.). i

(i) Conga drum. A tape of repetitive beats on a conga drum
(approximate;y 5 and 10 beats per second). |

(i;) Repetitive drum beats. These were produced by means of
a tape loop of steady beats on a tom tom drum providing an even |
repetitive drumming sound at rates of 3.4, 4.5, 6.8, and 9.bv
beats\per secona.‘(The two highest rates were produced by
playing £he tape loops aT double speed %inée it was not possible
to beé£ the drum at this speed, thus the pitch of the drum for &
these rates were shifted to’higher (2x) values accordingly.
Frequencies were chosen so as not to be harmonics of each
other.)

(iii) Symphony. (J. S. Bach,"Thé art of the Fugue Groups
(No. 2)").

(iv) Rhythmic music. (J. Hassel, "Chor Moire" (from Dream
Theory in Malay) -an instrumental piece consisting of a mixture
of uneven rhythms together with woodwind-instruments.,

In addition photic flashes were p;esented to two of the
subjects at rates similar to the auditory stimulation (4.0, 5.0

7.6 and 10.0 flashes/sec.). Flashes were presented using a Grasst

il
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PS22 photostimulator at maximum intensity placed behind an
opague screen‘which produZea a brightness level that subject®”
could fixate on without discomfort (a flash rate of 10/sec.
préduced an luminance level of approximately 18 fL; measured'

) . .
with a Spectra Pritchard photometer).

Testing Procedures

~

Subjects were.-given the following treatments.

Two subjects (C.B: and N.H.) performed iﬁstructed tapping
movements of both hands and feet with and without accompanying
drum beats. These subjects also listened to conga drum beats at
5 and 10 beats per second with eyes open and eyes closed{

The remaining six subjects listened, with eyes open, to
symphony, rhythmic music, and four rates of'dfum beats for
durations of 3 minutes each.

Two of the above subjects (G.S and wa.) also received
photic stimuiation, with eyes open, at rates of 4.0, 5.0, 7.6,

and 10.0 flashes per second.

Data Analysis

The following‘analyses were performed on the raw data.
The EEG records were subjected to Fourier analysis (FFT) in
order to determine the presence of predominant freguencies

within the EEG signal. 3.84 second epochs (256 points) were



. 2 -
selected from the raw data after smoothing (preducing an
effective sampling rate of 66.6 samples/sec.) frd%’corresponding
time periodsaig;oss conditions and across subjects. Histograms
were created (Figures 3 -1 through 3 - 14) by calculating the
average power over 5 epochs of data (a_total of 1?.2 seconds of
data) per condition., This provided a relative measure of the
predominance of the freguency components in the EEG signal
cbrresponding to each of the sti@ulﬁs rates used with respect to

each-other. Thus each value corresponds to the relative

predominance of a particular frequency component over the entire

rd _
stimulus condition. This analysis was applied to five EEG )
channels -- C3, C4, T3, T4, and Oz. (The Fpz lead was excluded

because of excessive eye movement artifacts in that‘chanﬁel. Ozﬁ
is absent in one subject).

Freguency spectra were also plotted for each condition and
electrgde position. Due to limitat}ons of the FFT program
capabilities it was not possible to plot the spectra
corresponding to the histogram data. Each spectrum corresponds
to a single 3.84 second epoch seTectq@ from the middle\of each
condition period. (256 points provided an optimal resolution for
‘plots of freguency spectra): |

Respiration data were analyzed using a peak detection
algorithm which was used to compute the%average respiration
interval (ie., average timeabetweén successive positive or
negative peaks in the respiration signal) for successive 6
second epochs., This provided a zontinuous plot of évérage
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re§piration rate for the”auration of the recording session.
Heart rate was analyzed by plotting the R - R intervals (in
milliseconds) over the duration of the tésting session. The
signal was smoothed using a software s&oothing filter of 64
points (0.32 seconds) prior to plotting.
EMG data were analyzed by plottingrthe rectified EMG
- signals with a expanded amplitude scale iﬁ order to detect any
chanQés in resting level activity in the contralateral limb

muscles during tapping movements.

A
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EEG Data

Auditory Stimulation

Freguency analysis of EEG recordings during repetitive

1

" auditory stimulation (drumming at“3.4, 4.5, 6.8 and 9.0 .
beats/sec) revealed no relative increase in magnitude of
frequency components in the EEG signal corresponding to the

stimulus freguency, ie., no indication of auditory driving was

present in any subject across all electrode positions

stimulus rates (Figures 3-1 to 3-12). Freguency cofipOneénts were

T

.

compared against each other in order lo providea relative
measure’ of their overall predoginance in the EEG signal for
each electrode placement. Thus, each magnitude valuéjrepresénts
the predominance of the specified freguency component in the

EEG, relative to the other freguency components for which

magnitudes were calculated, in selected epochs occuring

throughout the period of stimulation. Overall power of the
entire spectrum and power within frequency bands (alpha, theta)
were not calculated (see ref. note 7). (Earlier analy§§§<using
FFT analysis of a single 20 seéond epoch of data produced
similat results.)

Examination of the plotted EEG frequency spectra (single
3.8 second epochs of data) across conditions and electrodes

(Figures 4-1 to 4-6) shows no indication of auditory driving .
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s ~
[

peaks the stimulus frequencies) but does show marked

«°®

diff across conditions and across subjects in terms of

tﬁe overall‘distributioﬁ of power in the total spectrum.

Frequency analysig performed on two subjects who received
auditory stimulation at 5.0 and 10.0 beats/second {(tape of conga
drum) also failed to show any evidence of auditor; driviag

L ~ «

effects {data not shown). ' - .

“

Photic Stimulation

analysis of EEG recordings during photic stimulatfon at’
4.0, 5.0, 8.0 and 10.0 flashes/sec. indicated the presence of
photic driving effects in all electrode placements and for all
four rates of stimulation, although responses-appear most
pronounced for stimulation at 10.0 Hz and for EEG recorded from
Oz electroae position (Figures 3-13-and 3-14).

Inspection of the spectra for the phdtic stimulation
conditioﬁs indicates the presence of driving respohses as peaks
at both the stimulus freguency and first harmpnic of the
stimulus freguency (Figures 4-7 and 4—8). Again, this effe;t
appears strongest for stimulation at 10.0 Hz., particularly in
one subject (Figure 4-7),

Inspection ¢f the raw EEG records for both auditory and
photic stimulaticn indicates similar findiﬁgé for the entire
period of stimulation (Qp to 3 minutés in duration for auditory

stimuli) -- the presence of clear dr1v1ng can be seen in the
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-

raw data for the photic conditions (Appendix C) but is not
discernable in the raw EEG sign&l during auditory stimulation

(Appendix B).

B} Respiration Rate

PN

- :  Figures 5-1 to 5-8 show respiration rates for each subject’

for the entire testing sessiqq (across conditions). Plots

indicate that respiratién rate changeg markedly within a R
. : 2y )

1

stimulus condition and ¥aries across subjects. No one consistent

pattern of change in respiration can be seen across conditions
although respiratidn appears'tO'be much more stabilized during
Photic stimulation in both subjects (Figures 5-7 and 5-8) than

(4during_auditory stimulation (Figures 5-1 and 5-2 respectively).
, . i

z

N S -

__-Heart Rate

[ -

" "There was no overall change in heart rate across conditions

~

for all subjects. Increases in heart rate variability can be
seen to occur at various>poin§; throuéhout the rchrding,session

(Figures 6-1 to 6-7). .




Rectified EMG signals are plotted with an expanded

~amplitude scale in order to -examine for differemtial responding

s o

of muscle units controlling hand movements while subject is

rest, listening to rhythmic sounds, or tapping one hand to th
- . -

rhythmic sounds. Although no ovérall patterns of musclé activi

aside from the large potentials sychronous with rhythmic hand

-
%,

movements were observed in the amplified EMG signals there were

. . . B L
difgerences'noted in the EMG signal of the arm at rﬁst while the

-~

contralateral arm was engaged in tapping or was at rest.

*
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Examination of EEG recordings during presentation of .
L% . “nils3. 5 o=

rhythmic auditory stimulation indicated that there was no

presence of aggitory driving in terms of increased presence of -
¢ T '

-

frequencies in the EEqécorrespohding'to the stimulus fregquency A«~f
in any gf the subjetgé tgstgd.igonsequently, it was not possib}é,

to make gomparisons across measures with regard to the rates of
auditory stimulation used {eg., crosé-correlatjon between the — "I"‘
" EEG signal and auditory signal). Freqﬁency;analysis of the EEG

signa 1d not detect any increases in freguencyZcomponents

(that might not be observable in the continuous records) even
with repeated stimulation at high intensity lévels for durations .
of up to 3sminutes. It was not apparent that auditory

stimulation in the "theta” range (3.5 - 7 Hz) was any more

-~ ¢
effective than other frequencies in producing changes in the

psychophysiological measures taken. However, photic stimulation

at similar frequencies was capable of producing clear driving

»

effects with stimulus durations of less than one minute. These \ ;o
- i - . . . ); .
s / ¢§;-be sesn in the continuous plots of EEG for stimulation at t0

flashes per second and in the FFT spectral plots for all rétés
as prominent®*peaks in the distribution, even when these spectral
plots represent very/g}ief epochs of data (3.84 seconds). Thus,
. : it can be assumed that such aﬁalysis techniques would have been

capable of detecting auditory drfving effects if they had been

present.

. ) Pl Y
In examining some of the FPT spectra it can be seén that

there is in fact a decrement in the amount of 9.0 Hz activity
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TR

~ o i 7 » ¢

Vduring stimulation at 9.0 beats/second compared to lower rates
(eg., Figure 4-2) a result totally opposite to what would be
predicted from other studies, namely that auditory driving would

be elicited most easily at stimulation at rates withid the range

of aipha activity (8 - a2 Hz).
Difféerences in thﬁ’overall d1str1but10n of power i the

f;;quency spect:a of EEG. recordlngs can~be seen acroeem fferent

conditions of stimulation as well as across 1nd1v1duals. The

relative amount and freguency of sgontaneous alpbé activi»y

“differs-across individuals as can be expected and predominates

in the 0z electrode positioh. (It is interesting to note here
that pﬁotic driving,et 10 flashes/sec was souewhat more
pronougceo in one squect‘sG. S.) whose resting'elpha rate was
closer to 10 Hz.). Some subjects appear to have increased alpha

activity during the rhythmic instrumental piece compared to -the

|

Sl

P e

o \ e -
“other control cond§%1ons {rest and symphonic music). The fact

that the,rhythmic selection was a_ slower more 'relaging' form of

music may account for this effect. E

One daff1culty encountered in the 1nterpretat10n of the EEG
data was the presence of muscle art;fact contamination of .the
temporallelectroaeuolacemente (Ti:and T4} in many subjects. It
.is not known uhethertthis was a myogenic responge to the, |

auditory’stimulation similar~to the so-called 'sonogenic'

””?é§§6ﬁées ‘Teported by Bickford et al. (1964) or simply spreadLng

contam%ﬁat%eﬁgirem—teﬁs%aﬂ—1ﬂ~masseter—andrtemporaitsrmuscxes 1n

*‘}“Jﬁﬁﬂ*‘:dﬂwaﬁz‘ww&»‘ﬁ;u‘ﬂﬁﬂ(?ﬂmﬁlbﬁ#ﬁf"ﬁ%’{ﬂmﬂ}1 AR g ek gfbe e 47 b s

the subjects occur1ng throughout the experxmeptal procedure. The

.7 . ¥
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.- response appeared in some subjects and not others. Therefoﬂ?,

the use of temporally placed electrodes for recording of this

nature may not be suitable unless care is taken to reduce these

4

' artifacts.

Respiration recordings taken over the duyration of the

experimental session indicate that there is a large amount of

variation within each stimulus condition although no overall
pattern of change in relation to the different rates of auditory

stimulation (eg., respiration rate does nbt increase with

1ncreased rate of stimulation). Some subjects showed a sudden

"increase or decrease in breathing rate at the beginning of a new

stimulus rate indicative of an orienting response to aquange in
stimulus frequency. ThlS effect may give the respiration
recordings their cyclical appearance over the duration of the

experiment.

W

. Although this study attempted to examine
psychophysiological responses to naturalietic stimuli nnder
relatively'controlled conditione some difficulties with this
approach were noted: .

(i) The use of tape recorded sounds enabled greater control
oVer the stimulus (tape loops were used for the repetitive
drumming sounds in order to reduce fluctuations in the rate of

beating and to standardize the stimulus across individuals)

however, this results in the loss of lower frequencies (below 25

=30 Hz) which are normally present in the stimulus. This may be
r'e

particularly imporfanf in the case of drumming sounds in which

s



{

i .

there is a significant amount of somesthetic stimulation from. =

-

" the vibrations produced by the drum. This should be taken into™

in the environment.

account in those studies in which actual drums are used as the

eliciting stimulus (eg., Neher, 1961) or studies which wish to °

examine the effects of such sounds as they would normally occur

(ii) The setting in which this type of stimulation occurs
has been-noted as an important factor in the production of

central nervous system effects. This creates difficulties in

méésﬁring‘ph§5iéio;icél Egggéh;égﬁﬁﬂiéhiare7f;;euggbaréftifécts
and excessive noise while not interfering with the subjective

state, mood, or attentiveness of the subjects. For example,Ait
was found that the use of a repetitive or monotonous stimuli in
a situation where the subjects are required not to move results

in the inability of the subjects to remain alert over long

periods of recording. Most of the subjects tested reported to
feel dro;sy towa;ds the end of the recording session, although
interestingly respiration and heart rate does not decrease over
this period time for any of the subjects tested; (In one case a
subject reported that they perceived their breathing rate to
increase with the rate of beating, however the respiration
records show no overall change over these conditions for that

subject.) This indicates that individuals may have inaccurate

perceptions of their bodily reactions to auditory stimulation of

this nature.
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(iii) Fourier analysis met%gds, such asrthe FFT algorithm,
~are suitable for analysis of biéaogical signalg in the time
domain and allow the detection of consistant fregquency
components in the‘éignal without signal averaging techniques

(wvhich would require a much more controlled stimulus). However,

- analyzed signals. Since the magnitude of a given frequency
4
component in the PPT is relative to all other frequencies

;" included in the FFT calculation, the presence of large unwanted

some difficulties are encountered in thé interpretations of FFT

ngmpo;;ﬁféwiﬁhfhe siénal can make comﬁétisépé aéf;;; éﬁgjects
a;d conditions difficult by changing the d{stribution og pover
in the FFT spectrum. For example, a large d.c. component in the
EEG signal due to electrode polarization or low frequency.
componeflts produced by eye movements may "mask" the strength of

= freguencies in the range of interest. This can been seen in one

subjeél who produced a large number of eye blinks resulting in

the power being shifted to the lower end of the spectrum (Figure

4-6). , ¥

The results of this study do not confirm Neher's (1961)

findings although some differences between the two studies may
account for the conflicting results. Neher used an actual drum
as the sound source and as noted earlier this may account for

additional stimulation of the subject. (Neher's subjects also

produced excessive eye blinking which may have ﬁroduced biased

B S

b ~estimates of EEG activity as well.) More importantly, Neher

reports all of his subjects experienced perceptual distortions
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during the experiment -- an effect that was not observed in this
study. Earlier studies have reported aud1tory driving to ogcur
in eplleptlc patlents only 1nd1cat1ng that auditory entrainment
may be closely associated with extreme behavioural changes.

It may’be concluded from this study that overt auditory

~driving responses are not readily produced in subjec s in
standard 1aboratory cond1t1ons. it also appears that the

confliéting reports from earlier studies on the ability to

el1C1t aud1tory entralnment of ‘brain rhythms may not be . B

due to the kind of stimulus used but rather a number of other

factors that have yet to be determined. The fact that photic

!

dr1v1ng was achieved under the samenrconditions within the same
3

éubjects demonstrates that if setting and behavioural state of
the subject are important factors for successful auditory

driving they are notigrltlgalgjgggggtga;gment with photic —— —— — ——

- stimuli. ’
It remains unclear however, as to whether other
physiological changes are necessary in order to facilitate
auditory driving‘or whether driving fésponses represent a
phenomena peculiar to the visual system itself. The latter point
is supéorted by the fact that maximal photic driving occurs at
frequencies nearer to the range of alpha activity (8 - 12 Hz)

thch is strongly assoc1ated,g;§§k§gt;y;t1,1n,thetylsualgsystemf/g———'—/—lrf

Since auditory driving was not detected it could not be
determined whether peripheral activation -- respiration changes,

arousal levels, body movement, and so on, are capable of
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enhancing such effects.
ft may be stated with some certainty then, that auditory

'driving' effects are not dependent upon the use of naturalistic
stimuli in a laboratory setiiié;ﬁgé., drumming sounds as opposed
to repetitive clicks or tones). It was noted hoﬁevef; that there
may be profound differences between rhythmic stimulation as it
f15'normaily”enccﬁﬁ%éred”in'the environment and ;s it is
presented in a laboratory setting, particularly in the case of

rhythmic drumming where the additional stimulation from the

vfg}étidn'ofﬂigéVéfdmmﬁéy havéwéﬂlarge efféét.

As well, it was apparént that although the laboratory
environment can be adapted in order to present a specific,
"immediate” environment for the subject there are other aspects
of psychophysiological recording, such as having subjects

restrict their movements, avoid blinking, or to be overly

\}

conscious of their eye movements and so on, which may be
restrictive in the sense of preventing subjects from
experiencing behavioural changes that can occur under normal
circumstances. |
Regarding ,the concept of EEG entrainment or "driving"
itﬁelf, it maj also be important to examine more closely the

nature of oscillating syStéms in the brain and what role such

systems would have in information processing mechanisms. as

 noted earlier some have criticized the notion of "partially

coupled oscillators™ within the brain as an explanation for

entrainment phenomena even in the case of observed photic
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driving responses. Spekreijse (1966) notes that there is a
greater’dependency of response amplitude;on stimulus amplitude
than would be expected in the case of synchronization of
external stimuli wiéh self-oscillating brain systems,

Furthermore, it seems maladaptive for brain 'circuits' to

- respond readily to entrainment by extérnal stimuli since this

kind of resonance in the nervous system could be conceivably

damaging or disruptive to normal brain func¢tion in certain

~situations. For examnlg+;stzobgsggpicxstimulatiQnmisvgapable:&éfw—~friff

produc;gg seizures in epileptics and such entrainment must be‘

checked"in a normally functioning nervous system in order to

prevent such instances of 'runaway' ynchronlzatlon of brain
systems. Accordingly, there has been an 1ncrea51ng interest in

the role of 'chaotic' behaviour in physiological systems

_temporal patterns, whereas, visual input is organized in terms

containing circular connections, feedback loops and so on
(Garkinkel, 1983).

One speculation on how physiological processes may in fact
differ in the caée of repetitive auditory stimulation versus
repetiti&é‘yfghal stimulation, is that rhythmic sounds may be
processed in a different mannér than rhythmic light as a result

of brain systems organizing sounds temporally and visual input

spatially. In other words, sound is organized in terms of

" of spatial patterns occurrlng in discrete t1me 1ntervals

(although visual 1nformat10n is usually perceived to be

occurring in a time ordered seguence as well). Certain sounds,

30
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considering brain processes involved. -

F- 1
L3

as in'the case of language, have "meaning” tg}the individual

because of the specific temporal arrangements of those sbunds.

The resultant ‘chunking’ of this incoming infor%ation due to

.
perceptual processing may result in the temporal Espects of
auditory input being selectively transformed in a way that may
prevent auditory entrainment from occuring. FPurther studies of

the effects of repetitive sounds on the body need to address

this aspect of sound perception in more detail before

G;ven the necessity for incoming audiéory information to be
organized in terms of its temporal relationships, it may be
unreasonable, on theoretical grounds, to assume the same
eiectrical patterné of activity to be manifested in the brain

during repetitive auditory stimulation as are during repetitive

visual stimulation. It remains to be segn, then, if sensory
] k]
driven brain rhythms can be achieved in the auditory system in

phe same manner as in photic driving phenomena.
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Recommendations for further research

This study was conducted as a pilot study in order to
examine some of the psychéphysiological phenomena reported in
previous studies on the effects of rhythmic auditory stimulation’
on the human nervous system. Although, the examination of EEG
entrainment was not conclﬁsive in itself, many interesting

aspects of responses to musical sounds became apparent over the

—mme o —Guration-of the—study—and warrant further examination Of =
relationships that may exist between sounds encountered in the
environment and their effects upon the body. The following

recommendations are made with regard to further research in this

area.

(i) Studies investigating the effects of strong rhythmic

777777777777777777 sounds,; such—as ceremonial drumming, should take into account
the effects of somesthetic stimulation from vibrational sources
of stimulation. It should be noted that ‘entrainment‘ of neurons
in the somatesensory cortex of unanaesthetized monkeys has been
observed using high:ffquency (30 to 40 Hz) mechanical vibration_
applied to tﬁe contralateral hand (Mountcastle et al., 1969).
Vibrations-are.gsuélly considered as' "noise" which must be

eliminated from the recor8ing environment but in this case such

f*ﬁﬁﬂ;ﬁﬁu—»~~wmv%brat%ons~may4constitute*an‘importantﬁénvi?énmental stimulus
with measureable effects upon the body. An examination of these ——

effects may help to interpret some of the effects that certain
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-~ sounds are found to have on behaviour.

‘eventually allow such studies to take place and this would

> {ii) It seems apparent from this study that the successful

examination of the physiological changes that are expected to

occur during ritualistic ceremonies involving pronounced

physical stimulation of the body would most successfully be

studied "in the field"”. Improved telemetry techniques may

greatly increase both knowledge of phfsiological changes as they

occur in such circumstances and indicate steps that may be taken.

_in order to improve laboratory studies of similar responses, ———— -

(iii) In the case of gross physiological changes that may
be induced by external stimulation of the body it has yet to be
determined the extent to which behavioural states of individuals
may enhance or augment such changes. The concept of
"hype}arousal“ in behavioural phenomena'such as those mentioned

in this s;gdxf:eqni:ﬂsgclose:;examinationgingo:dexgto;undepstand—h—/———

the role of central nervous system effects in mediating altered

states of awareness or "consciousness" during such phenomena.
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SCHEMATIC DIAGRAM OF AUDITORY ENVELOPE DETECTOR.
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EEG DURING AUDITORY STIMULATION AT A RATE OF 3.4 BEATS/SECOND.
/
(SUBJECT: G. S.)
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EEG DURING AUDITORY STIMULATION AT A RATE OF 9.0 BEATS/SECOND.

(SUBJECT: G. S.)
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EEG DURING AUDITORY STIMULATION AT A RATE OF 3.4 BEATS/SECOND.

(SUBJECT: D. W.)
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EEG DURING AUDITORY STIMULATION AT A RATE OF 9.0 BEATS/SECOND.

(SUBJECT: D. W.)
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PLOTS OF EEG DATA DURING PHOTIC STIMULATION
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EEG DURING PHOTIC STIMULATION AT A RATE OF 5.0 FLASHES/SECOND.

(SUBJECT: G. S.)
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EEG DURING PHOTIC STIMULATION AT‘A RATE OF /10.0 FLASHES/SECOND.

(SUBJECT: G. S.) " o
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EEG DURING PHOTIC STIMULATION AT A RATE OF 5.0 FLASHES/SECOND.

(SUBJECT: D. W.)
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EEG DURING PHOTIC STIMULATION AT A RATE OF 10.0 FLASHES/SECOND.

(SUBJECT: D. W.)
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APPENDIX D : PLOTS
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RECTIFIED EMG FOR LEFT AND RIGHT FOREARM PLACEMENTS. SUBJECT

LISTENING TO RHYTHMIC SOUND. (SUBJECT: N. H.)
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RECTIFIED EMG FOR LEFT AND RIGHT FOREARM PLACEMENTS. SUBJECT

TAPPING TO RHYTHMIC SOUND. (SUBJECT: N. H.)
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REFERENCE NOTES

1. The term "driving” refers here to the general phenomenon‘

of induced rhythms or the augmentation of exiéting rhythms in
the EEG by repetitive sensory stimulation: Driving responses

have been reported in humans in the visual (Adrian & Mathews,

1934; Walter & Walter, 1949) auditbry (Neher, 1961) and

somesthetic (Mountcastle et al.j'1969:5Némerow,‘Sclabaséi;'& o

Enns, 1974) sensory modalities.

2. The fefm "steady state” refers to the condition where,

in the case of a repetitive stimulusrsﬁ¢£i$$7a flié, ;{ﬁéciighf,
source, the interstimulus interval is decfeased:to the point
where there is no'longer a one—to—o?i’corresbondeﬁée between a
given stimulus and the response to that stimulus. In this domain
of .evoked potential research the data are typically presented in

the form of plots of frequency components versus stimu;us.

" (Cheyne, 1981).

frequency ie,. the response is no longer analyzed:in th§ time
domain (see Regan, 1972, p.75 for review).

3. Photic driving was not attained in fats under vafious
rlevels of barbituate and non-barbituate anéesthesia..lt was

4

concluded that RAS suppression may inhibit driving responses: )
4, 1t may be noted here that there exi$ts a condition known

as "musicogenic epilepsy" (seizures induced by musical stimuli)

however, its occurance is very rare and i?é sounds capable of

inducing seizures in suc?f{ndividuals are not necessarily

rhythmic in nature (Scott, 1977).
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5. It should be noted that'certain problems may arise in

f;k\x the attefpt to distinguish musical rhythms from non-musical
- B rhythms in order to study the effects of 'repetitive' sounds on
‘the brain and nervous .system without considering the social -
cultural content engendered by such sounds. Given a definition
- ] of musié as §2x;f§;m”pfrdrg;nized sound that may -have meaning to
- ‘an‘individuaiwitfiould*therefore»be impossiilelto presénb&a~r~~~3~~%»>—~
j rhjthmic“souna st;;ulus devoid of any "meaniné':to tﬁe subject
and not resultént_inﬁfurthe; cognitive processing. -
e §§ééui§t§ons on the relationshily between music and language
: (see in particulag, Pribram, 1982) may\provide some insights
f into'tye way in which the brain may pr6c> s sounds such as to
?7 - distiﬁguish musical from non-musical sounds. Specifically, it is
g' k‘stated that it is necessary to take into consideration the
%’ meaning engendered‘by musical stimuli as distinct from the
; -~meaningr§ngendered by language, éarticularly languade thaE’is
% consideréd.“poetic" in nature. Interestingly, it is noted that
? - reggtitionvand vafiatiohsron ihat isrexpected'tbrbe fepeatéd
g- (éragmatic processing) seem to be fundamental to the perception
é. N of both music ana poetic language, even though music may be
g devoid»éf meaniné in the 'referential' sense {semantic -
g processing) as in the case of poetic language. Pribram
% speculates further on different brainvstructures that may be
'gi Argfgﬂff}esponsible for these two types (semantic and pragmatic) of
“%f" organ1zat1on and processing of music and lanquage suggesting
%t that different brain areas may be involved.. |
: 111
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6. In the perception of tones, frequency is often grouped
according to such Gestalt principles'as"similarify"'and,"good
continuation”. For example, if tones from two different

fisgggncg ranges are played in rapid succession the listener

will perceive them as two parallel sjreams (stream segregation)

indicating that the role of unconscious inference in perception

of complex sounds may cause“temporal and even spatial

distortions of the original sound source (Deutsch, 1982). It has -

been proposed that rhythmlc perceptlon may 1nvolve 51m119r

pr1nc1ples of organization as well (Beauv1lla1n 1983)
7. Slngle frequency components in a discrete Fourier

transform (;FT) are relative in magnutude to the entire

magnitude or 'power' within the spectrum bounded by the limits.

of the function F(t) from 0 to 1/2 fs (1/2 fg being the,Nyquist

frequency or 1/2 the sampling frequenty f; . Raw EEG data was

smoothed prior to EfT analysis with a filter window of 3 points

which effectively reducedgthe sampling frequency to 66.66 Hz

yielding FFT spectra with a‘maximum frequency of 33.33 Hz.
Magnitude measures of FFT ffequencf components can be

evaluated in various ways, for example, in relat&on to the

*

entire spéctrum or in relation to a frequency band in the

spectrum (eg., 8 - 12 Hz for alpha). Since the FFT program used

only provided printed output of FFT results it was not possible

tquerform further cdmputerized analysis of the FFT's (eg. area

under the total spectrum). Consequently, histograms were

produced by averaging the magnitudes from five consecutive 3.8
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secénd epochs of data (sélectédifrém points thr;ughéut thé'
\stimulus condition) which ﬁaa been subjected to FFT analysis.
3.8 seéohgjepochs provided a spectral'resolﬁtién (étep size) of
-~ 0.26 Hz which allowed easier identification of frequén;y._

components for this purpose. : e .
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~ Beauvillain, C. (1983) Auditory perception of dissonant
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