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Abstract 

This thesis was designed to investigate the process of subjective time perception 

in human subjects. By considering current research on the biological mechanisms of 

consciousness, subjective time was hypothesized to be critically dependent upon the 

underlying spatiotemporal activity of the brain. A weak, complex magnetic field, applied 

transtemporally, was determhed to be an effective means of creating a subtle alteration in 

subjects' estimations of bnef time periods (10 seconds). Estimations of duration depend 

upon a nurnber of different brain areas (prefiontal, parietal, temporal lobes), therefore a - 

circumcerebral magnetic field application was administered to more Mly investigate the 

effectiveness of magnetic fields in modulating subjective time. Subjects' estimations of 

short 10 second durations were fond to be significantly affected only by 

counterclockwise rotations of the magnetic field around the head of the subject, with a 

duration of 100 milliseconds, and a rate of change of 20 milliseconds. To more fully 

isolate the effectiveness of t h i s  results, a M e r  examination of the magnetic field 

properties (sequence, rotation, pulse order) was explored in both a normal population and 

a group of creative subjects. It was found that the counterclockwise rotation of the 

magnetic field is most effective in moduIating the estimations of short durations, with 

support for the duration of 100 milliseconds with a 20 millisecond acceleration. The 

results of this study indicate that subjective tirne depends upon the functional întegrity of 

the underlying spatiotemporal activity of the brain. Subtle alterations of such activity 

using weak, circurncerebrally applied magnetic fields modulates subjective time 

estimates of short durations. 
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Introduction 

One of the most striking and immediate features of conscious perception is 

the passage of tirne. Observations of the extemal environment as well as the 

interna1 world of conscious experience are both immersed in the flow of time. It 

is a difficult concept to defme and measure yet an example or metaphor 

concerning time is easily forthcoming from anyone. The concept of t h e  has been 

a part of every religion, philosophical school and scientific discipline, yet despite 

its pervasiveness there is no definitive understanding of its nature. It is a mystery 

that has both fascinated and confüsed humans over the past centuries and still 

does in the present age (Jackson, 1989). 

The relationship between t h e  and the conscious mind perhaps lies at the 

core of this mysterious problem (Michon, 1989). Time is a fundamental process 

of the physical world, as much as space is a fundamental structure of the universe. 

The reality of space, observed through normal sensory processes, is not 

mysterious. Time does not have a selected processing area within the brain. It 

does not activate the senses, as much as permeate them. Time as a fundamental, 

objective process exists fiom the designated reference point of the current 

cosmological paradigrn, the Big Bang (Smoot and Davidson, 1993). Its realiw is 

assumed. Doubts of the reality of time are very much a function of the conscious 

mind, which brings to bear the main conjecture, in that, the perception of 

subjective time requires something much more advanced and complex fiom a 



neurobiological point of view. It requires not simply consciousness, which exists 

somewhat in many lower anirnds, but a higher order form of consciousness. This 

higher order f o m  has been variously labeled autonoetic consciousness or self- 

awareness. This is the specific human experience of mind and self-knowing. 

Earl~  Formulations of Time 

There have always been different theones or systems of belief in how time 

onginated. For instance, the underlying notion of Newtonian physics was the 

absolute nature of time and space, in that the whole universe shares a common 

time and a common 'now' (Davies, 1995). Accordingly, for anywhere in the 

universe there is a common point of reference. Although in some regard this has 

a comrnon sense basis, it turned out that this was not true. In 1905, Einstein 

introduced into physics a time that is flexible, and not absolute. It coupled the 

notion of tirne not to some absolute universal constant, but to the individual 

observer at a particular spatial location. According to Einstein's Theory of 

General Relativity, time is simply a particular choice of coordinate in the 

description of the location of a space-time event (Penrose, 1989). After 

Einstein's theory, tirne was considered a relative process, and no longer could 

there be 'The Time' but only individual time (Davies, 1995). Indeed, Einstein's 

relativistic interpretation of time is stated in the principle of time measurement, 

which asserts that every t h e  measurement must involve at least two clocklike 

processes, as well as a theory that validates the comparison between the two 



measurements (Fraser, 1989). For example, no clock can be fast, slow or 

accurate. To ascertain its speed, its reading must be compared with those of at 

least one other clock. Tirne can only be said to p a s  with reference to 

cornparisons between two cIocks (Fraser, 1 989). 

Einstein's reconception of time had consequences not only in physics, but 

also in philosophy and other natural sciences. Bertrand Russell (1 91 5) put forth a 

clear formulation of time by dividing time into the physical and the mental. 

Physical time can be considered objective tirne, because it can be rneasured fiom 

an arbitrary beginning. The human being's time line cm be rneasured beginning 

with the reference point of birth. From that point onwards the person progresses 

'through tirne' or ages in the biological sense. The reference point in physical 

time is point zero for the purposes of dating. Russell's second distinction was of 

mental time, which placed this within each individual person. Mental t h e ,  in 

contrast to the objective physical tirne, is entirely subjective and private, the 

reference point being the present, what is uniquely expenenced as the 'now'. The 

zero point for subjective t h e  is therefore dynamical, changing with respect to the 

individual, echoing Einstein's relativity of t h e  to the individual. 

Contern~orary Formulations of Subjective Tirne 

Both Einstein's and Russell's work concerning time were influential. 

T h e  was not such a simple process; it could be distorted simply depending on 

one's spatial position. One couid see that what is experienced subjectively may 



not reflect what is objectively occurring in the physical world. However, the 

concept of unity between objective and subjective t h e  is present within the some 

contemporary theories of tirne (Church and Broadbent, 1990; Meck, 1996). One 

explanation for the belief in the apparent continuity between objective and 

subjective time is Newton's influence upon both physics and psychophysics 

(Poppel, 1996). One idea within the psychophysical tradition is that subjective 

reality is a direct reflection of physical reality, and by understanding the 

psychophysical laws governing this transformation, one can reconstruct subjective 

reality. Subjective tirne in psychophysics, again reflecting Newtonian thinking, is 

a conthuous phenornenon. What likely governs this continued logic in thinking 

about time is a matter of measurement (experimental) and defmition (theoretical). 

Examination of previous studies under the title of 'tirne perception' include 

different methodologies utilizing reaction time and discriminative timing. Despite 

the inclusion of a 'tirne' variable, one could object to its being labeled as an 

investigation of the psychological experience of time. Ernst Poppel (1978) has 

been one of the foremost proponents for creating taxonomy of elernentary time 

experiences. Poppel has ernphasized that interest in time perception has rernained 

a controversial and often confusing issue because of the difl~culty in obtaining a 

proper defuiition. According to Poppel , subjective time is not a 'thing', nor can it 

be perceived using psychophysicai methods, such as brightness perception. 

Furthemore, time perception has to be related to both the occurrence of events as 

they are perceived and to actions perfonned by the conscious subject. T h e  

occurs in the conscious mind of the observer. 



The fmt of Poppel's elementary time expenences is the experience of 

duration, the ability to estimate how much time has elapsed between two specified 

events by using conventional time units, such as seconds or minutes. The second 

time experience is that of simdtaneity and successiveness, which is simp1y the 

ability to record the sequence of events in the order they occur in tirne. The third 

experience is likely the most common, which is the experience of 'nowness', or 

simply the subjective present. The fourth experience of time is that of 

anticipatory organization of friture t h e .  Poppel emphasizes that the elementary 

time experiences appear to be independent and shouId therefore be treated as 

such. 

Poppel's theones regarding subjective time have very much included an 

emphasis upon the underlying consciousness of individual perception. He also 

has emphasized that tirne is not a continuous process, but rather discontinuous 

(Poppel, 1996). However, a more complete understanding of the definition of 

consciousness is required before its relationship to Poppel's subjective time, and 

his elementary experiences of time are fully understood. 

Preliminary Definitions of Consciousness 

Consciousness c m  be considered just as ineffable as tirne itself. It is the 

last big mystery that science has yet to solve, and perhaps may be the most 

difficult @enne& 1991). The conscious rnind is likely such a diEcult topic for 

science due to its inherent subjectivity. Science is built upon objectivity and 

measurement, and its solutions to the understanding of mechanisms of 



subjectivity have not been readily forthcornhg (Popper, 1959; Popper and 

Eccles, 1977). One of the most obvious barriers in understanding consciousness 

is its very presence in the scientist or philosopher hirnself. To begin to understand 

its foundations requires a process of rethinking explicitly what is known to each 

human being implicitly (Baars, 1998). It is a perplexing topic due in large part to 

its lack of coherence in tenns of definition and rneasurement. Much like the 

previous discussion of time, consciousness research is a multidisciplinas, field 

encompassing areas within psychology (Baars, 1988), neuroscience (Crick and 

Koch, 1993; Edeiman, 1989), philosophy (Chalmers, 1 996; Churchland, 1 996) 

and physics (Penrose, 1989; 1996). 

If one is to consider consciousness in a scientific manner, then an 

appropriate beginning is to sketch out the operational defmitions for discussion, 

and avoid attempts to solve everything at once. Many different terms are used in 

discussions of consciousness. Some researchers are beginning to realize that that 

consciousness might not refer to single phenomenon, but to several underlying 

processes (Chalmers, 1998). One of the central phenornena of consciousness is 

sensory discrimination. The brain is the organ where the processing of external 

sensory information occurs (E3arlow, 1994). Given this fact, one of the frst  

problems of consciousness is how information fiom diverse sensory modalities 

are integrated within the brain (Tononi, Sporns, and Edelman, 1994; Singer, 

1994; Llinas and Ribrary, 1998; Jasper, 1998). A secondary issue is how the 

organism in question c m  process information about the environment while also 

accessing information pertaining to itself, or more precisely, how the combined 



exogenous and endogenous information becomes verbally declarative and 

simultaneousl y self-monitored. 

Obiectivity and Subiectivity in Consciousness 

When examining the problerns of consciousness, one considers both the 

objective or quantitative aspects as well as the more subjective, qualitative 

aspects. John Searle (1992) has also argued that what needs to be distinguished 

when çtudying consciousness is the distinction between objectivity and 

subjectivity. There are two ways of defining what is objective and what is 

subjective. In an epistemic defuiition, objective claims are verifiable or 

knowable, in the sense that they c m  be proven to be true or false in a way that 

does not depend on preferences, attitudes, or prejudice (X is 5 feet 7 inches in 

height). If it can be measured by anyone, and cannot be tainted by opinion, then it 

is objective. What is considered subjective are claims of opinion, attitude and 

'feeling' of a hurnan subject, which absolutely cannot be empirically proven. (X is 

a better work of art than Y). In ontological definitions, there is both an objective 

and subjective mode of existence. A mountain or a waterEâil is said to objectively 

exist because it does not have to be experienced in order to exist, while back pain 

existing within person X exists only within person X and not extemal to him 

(Searle, 1 998). 

The fust problem of consciousness refers most basically to awareness and 

integration of sensory information. This problem has been termed by Chalmers as 



'The Easy Problem of Consciousness' (1996). It is more accessible to scientific 

investigation, because it is more objectively measurable or quantified. The 

additional issues raised pose more of a dificulty for scientific scrutiny, which is 

subjective experience or Chalmer's 'Hard Problem of Consciousness' (1996). 

Human beings have subjective experiences of their minds and their worlds. It 

'feels' like sornething to be a conscious being, and these feelings are qualities of 

consciousness. The problem of sensory integration and awareness is probably 

best termed a Type 1 form of consciousness, whereas the problem of subjective 

expenence is best termed a Type II fomi of consciousness (Chalmers, 1998). 

This heuristic has also been employed in other fonns to distinguish the level of 

consciousness fiom the contents of consciousness (Frith, Perry and Lumer, 1999; 

Tononi and Edelman, 1998). Stated alternatively, there are neural factors that 

influence the overall objective level of conscious awareness, such as the arousal 

of the system. These factors can be quantified, and thus are amenable to scientific 

measurement. There are also neural factors that determine the actual content of 

consciousness, the subjective aspect of the system. These factors are more 

qualitative, and have been considered not amenable to scientific measurement. 

This dichotomous approach has been rnost often used historically when dealing 

with consciousness as a subject matter, and has also been known as the mind- 

brain or mind-body problem (Lindahl and Arhem, 1994). There is a brain, whose 

activity can be objectively rneasured, which in turn generates a subjective mind, 

which is more difficult to meastire. 



Adopting a weak dualistic approach to consciousness is likely one of the 

best approaches. The dualism in this approach is not classic dualism, properly 

dismissed by Dennett (1991) and other critics of the so-called Cartesian Theater. 

Chalmers ( 1 996) has argued that a strict materialistic explanatory approach (e.g. 

Identity Theory) is insufficient for wholly explauiing consciousness. There are 

quite a number of theorists who offer a conceptual distinction between what is 

'mind' and what is 'brain' (Libet, 1989; Popper, Lindahl and Arhem, 1994; Kim, 

1996; Searle, 1998; Chalmers, 1998). Clearly, al1 mental activities are a function 

of neural events, but not al1 neural events lead to mental events. There needs to 

be an apriori appreciation of what is subjective (the conscious mind) and what is 

objective (brain activity) (Lindahl and Arhem, 1994). Simply assigning the 

equality between brain and mind is neglecting the complexity of the Type II 

problem of subjective experience. 

Given these caveats, there are two basic levels of explanation to be 

considered in explainhg consciousness. One is an examination of general 

principles and properties that allows for the generation or emergence of 

consciousness as a Type 1 or objective phenomenon. This will include 

considerations of the particdar neural structures, mechanisms and properties of 

sensory awareness and integration, which allow the aforementioned principles to 

exist. There will also be an examination of some of the presently known 

properties and principles associated with consciousness as a Type II or subjective 

phenomenon. The present theses of subjective tirne consciousness wilI use 

theoretical and empirical pnnciples that have been conjectured to account for the 



emergence and experience of consciousness, and present hypotheses regarding the 

underlying neural structures that subsume the subjective process. 

Contem~orary Theories of Consciousness 

One of the early forefathers of psychology, William James, had theoretical 

ideas regarding consciousness that remain influentid over 100 yens later. James' 

essay, 'The Stream of Consciousness' (1879), is a text that still has profound 

influence in contemporary consciousness literature.. Ln that essay James begins 

by saying, "The order of our study m u t  be analytical. We are prepared to begin 

the introspective study of consciousness itself." James emphasized the personal 

feel of conscious thought and its seeming continuity. According to James, the 

only breaches that can occur in the mind are ccinterruptions" or "tirne-gaps" during 

which consciousness went out or was broken in content. Although his was not a 

direct reference to subjective time, he nonetheless acknowledges the importance 

of consciousness for temporal continuity of the mind. He furthemore states 

regarding consciousness that "In talking of it hereafter, let us cal1 it the Stream of 

thought, of consciousness, or of subjective life". James' metaphor of the stream 

of thought is a powerfuI one, and irnpacted philosophers and psychologists alike 

for the next century (Pope and Singer, 1978). 



E. Roi. John's Model of Consciousness 

For a number of years, investigations of consciousness as a Iegitimate 

topic of study had diminished in focus within the scientific community. In the 

Iate 1970's as the interest in this subject area became rejuvenated, a series of texts 

were published under the title of ' Consciousness and Self-Regulation' . Volume 

One of that series contained a chapter by E.R. John ( 1 976). Within his chapter 'A 

Model of Consciousness', John sketches out some of the clearest and most 

concise definitions of sensations through self-awareness by redefining them as 

Ievels of information. 

The first level of the mode1 is sensation. Sensations are spatiotemporal 

patterns of information arriving in the central nervous system due to the excitation 

of exteroreceptive and interoreceptive organs. Sensations are a product of îhe 

irritability of living matter and constitute fmt-order information. This irritability 

is pervasive throughout phylogeny and is present in protozoa. Sensations elicit 

reflexive responses to the extemal environment. 

Perceptions are the interpretation of sensations in the context of stored 

information about previous expenences. Perceptions constitute second-order 

information, resulting fiom an interaction between sensations and memories. 

Sensations and perceptions are unimodal, referring to the detection and 

interpretation of stimuli within individual sensory modalities. 

Consciousness is third-order information. It is a process in which 

infomtion about multiple individual modalities of sensation and perception are 



combined into a unified, multidirnensional representation of the state of the 

system and its environment. Consciousness is integrated with information about 

memories and the needs of the organisrn. This generates emotional reactions and 

programs of behaviour to adapt the organism to the environment. It is third order 

information because there can be multiple levels in which this information can be 

present in variabIe amounts. 

The content of consciousness is the momentary constellation of these 

different types of information. Subjective expenence itself derives from the 

content of consciousness. It is fourth-order information. It is a process that 

reorganizes the sequential series of events into a single experiential episode, 

which merges sequential constellations of mukisensory perceptions, mernories, 

emotions and actions, into a unified and apparently continuous event, or 

'expenence' that has a beginning and an end. As the unified subjective 

experience begins to take form frorn a series of related episodes, memories 

relevant to the event are activated, many of them in modalities independent of the 

one currently taking place. Some of these memories are of rudimentary or 

fiagmentary sensations, while others are of prior subjective experiences. 

The self constitutes the extension of the concurrent subjective experience 

through t h e .  As the individual history is accumulated, memory of the sequence 

of episodes is constnicted. In îhis persona1 history, the accumulated mernories of 

fourth-order information constitutes the basis for what is known as the self. The 

concept of self &ses as a result of long-terni memories constituting the record of 



an individual's subjective expenences. The self constitutes fifth-order 

information. 

If subjective experiences are then termed 'higher order sensations', self- 

awareness would be similar to the perception of those sensations. This perception 

would be the reinterpretation of subjective experience in terms of previous history 

of life experiences of the individual. Self-awareness, or the interpretation of 

present subjective experience, constitutes sixth-order information. 

Considering John's model, one can see the elegance in it. Few rnodels 

have sketched out fiom sensation to self-awareness the relationship between each 

of the previous levels. The critical emphasis within the model is appropriate 

timing and integration. Level one is re-interpreted and re-presented into the 

second order and then to the third and fourth. A primary lower level integration 

constitutes levels one through three, and is reconfigured into the higher order 

levels four0 through six. Consciousness is not searnless, but constantly re- 

invented at the transition between orders. What is also evident in this early model 

is that there are two types of consciousness, conscious awareness and inteption 

of sensory-perceptual information, that are reintegrated with past expenences of 

the self. John's emphasis of reintegration bears much resemblance to future 

proposais by Edelman (1989) and tlinas and Paré (1991 ). 



Edelman's Biological Theory of Consciousness 

Of the numerous articles and texts published over the Iast decade on the 

topic of consciousness, the first to posit a full biological theory of consciousness 

was Edelman (1 989). He has proposed the existence of a primary consciousness 

and a higher-order consciousness. The primary consciousness in Edelman's 

theory is the ability to construct an integrated scene h m  the different modalities 

of the brain without any self-referentiai aspect. This is similar to the 

aforementioned objective or Type I consciousness. According to Edeiman, 

higher-order consciousness, or Type II phenornenon, is distinctly human and 

refers to self-awareness as well as the emergence of subjective tirne, the ability to 

experience tirne in the past, present and future. 

For pnmary consciousness to emerge, two sets of structures are required. 

One is a memory system relating past experiential categorizations to current 

perceptual experiences, and the other is a fast, reentrant connectivity beîween the 

memory system and the perceptual system. The possession of primary 

consciousness binds the organism to the small tirne scales allotîed though short- 

term memory, with no concept of the past. Thus, the primary conscious organisrn 

will have no concept of t h e ,  as there is no past with which to be aware. The 

continual reentry between structures allows for the continuity in primary 

consciousness. Further evolutionary sophistication allows for the emergence of 

language, containhg both syntax and semantics, and began what many consider 

to be one of the critical steps toward a higher-order subjective consciousness 



(Donald, 1995). The ability to integrate concepts within brief t h e  periods was in 

place with the emergence of prirnary consciousness, but it was the cortical 

sophistication within the prefiontal cortex that allowed for one of the most critical 

concepts to emerge out language, the 'Self' as subjective identity. The succession 

of primary to higher order consciousness is made possible via the same reentrant 

signaling, but with interactions between the conceptual categories and linguistic 

mernories, allowing for the construction of detailed experiential models within 

both past and a possible future. EdeIrnan suggests that with higher order 

consciousness cornes the ability to compare the current perceptual scene of 

primary consciousness with the content of past historical models. The apparent 

coupling of the Jarnesian 'flow of inner consciousness' with the outer states of 

perception can be emphasized or suppressed, but can never be fùlly suppressed in 

conscious states. 

Within Edelman's biological theory of consciousness, there is an objective 

primary consciousness coupled with a subjective higher-order consciousness. The 

sense of subjective t h e  emerges with the development of a sophisticated system 

of Ianguage and long-term memory that fiees the organism from the 'now' of the 

present time. The emergence of subjective consciousness is a curious mental 

phenornenon which allows a person to sirnultaneously experience the present state 

via their own percephml system, yet mentally tirne travel to any previously 

recorded event, while considering the future (Wheeler, Stuss and Tulving, 1997). 



Em~itical Investiaations of Consciousness 

The theories of John (1976) and Edelman (1989) have eloquently 

proposed how both objective and subjective consciousness may be both defmed 

and operated. Both emphasize the dynamic interactions between levels that allow 

for an emergence of highly sophisticated system of self- awareness, including the 

sense of subjective time. A m e r  examination of the cortical bases for these 

interactions will now be considered. 

Obiective Type 1 Consciousness 

The fust problem of Chalmers' (1998) Type I consciousness is that of 

sensory awareness and integration. The first step towards a complete 

understanding of consciousness will be the mechanisms that generate the state of 

awareness. 

The brain consists of a large number of spatially segregated areas 

responsible for specific functions (Delacour, 1997). The most well known 

cytoarchitectural map of the human brain are the Brodmann areas, which 

designate numerically certain distinct fbnctional areas (Jones, 1987). Given that 

there is a spatial distribution to the brain's functions, the problem of sensory 

integration cornes into place. How does the brain coordinate spatially segregated 

areas into a coherent, conscious scene? This is known as the Binding Problem of 

Consciousness (Flanagan, 1998). Crick and Koch (1990) have argued that the 



ongoing conscious state is a product of a distributed number of brain areas 

(spatial) functionally bound together by coherent neuronal firings at 40-Hz 

(temporal). Conscious awareness is therefore a function of a distribution of . 

spatiotemporal patterns of activity, oscillahg at a specific high-band fiequency. 

What distinguishes the waking, conscious state fiom the unconscious sleeping or 

anaesthetized state are the spatiotemporal patterns at that point in tirne. 

Arousai and States of Vigilance 

Arousal is defmed as the state of physiological reactiviiy of the subject 

(Coull, 1998; Robbins and Everitî, 1995). tt ranges fiom sleep at one end of the 

continuum to extrerne panic at the other end. The structures known to produce 

the core state of arousal are primarily subcortical (Portas, Rees, Howsernan, 

Josephs, Turner and Frith, 1998). Recent studies of the sleep-wake cycle indicate 

that there are a number of structures critically involved in the transition fiom 

wakefdness to sleep, such as brain stem nuclei (mesencephalic and pontine 

reticular formation, locus cenileus, raphe) and a number of diencephalic nuclei 

(thaiamic and hypoîhalamic) (Smythies, 1 997). The anatomicai system essential 

for wakefidness and vigilance is mughly located at the junction between the 

mesencephdon and the diencephalon (Coenen, 1998). 

What critically defines the transition between conscious and unconscious 

States is the relationship between the thalamus and the cortex. The thalamus is a 



large collection of nuclei that receives motor and sensory afferents and projects 

that integrated activity to the cerebrd cortex (Stenade, 1 987). Most input to the 

cortex is synaptically relayed through the thalamus. Extemd information fiom 

the enviromnent is transferred from thalamus to cortex and back to thalamus, 

creating a fast oscillation network that fires at a fiequency of around 40-Hz (38- 

44-Hz, also known as the gamma frequency). The information reaching the 

cortex decreases during slow wave sleep in a process kuown as sensory or 

thalarnic gating (McCormick and Bal, 1994). This creates a decline of 

information processing beginning with sensations of drowsiness until the brain 

reaches the state of Rapid Eye Movement (REM) sleep, whereby the activity once 

again takes on the characteristics of the waking state (40-Hz) (Kahn, Pace-Scott 

and Hobson, 1997; Paré and Llinas, 1995). What differentiates the two States is 

responsiveness to extemal stimuli (Llinas and Paré, 1 99 1). 

Recent PET investigations into the braui rnechanisms responsible for the 

transition fiom consciousness into anaesthetic unconsciousness has found that 

there is a generalized decrease in global cerebral blood flow (CBF) occuning 

bilaterally in the media1 thalamus and in related midbrain structures (Fiset, Paus, 

Daloze, Piourde, Meuret, Bonhomme, Haji-Ali, Backman and Evans, 1999). It 

was found that the anaesthetic propafol preferentially decreased CBF in brain 

regions that were previously implicated in the regulation of arousd, associative 

fûnctions and autonomie control. 



Subjective T ~ v e  II Consciousness 

The investigation into how the contents of consciousness are represented 

in the human brain constitutes the hard problem of consciousness (Chalmers, 

1996). Most investigators studying consciousness tend to focus upon the easy 

problem, such as the neural substrates of awareness, sensory integration and 

perceptual binding. Nevertheless, any complete theory of consciousness must 

contain an adequate explanation of the inner life of the mind. In Thomas Nagel's 

(1974) essay 'What is It Like to be a Bat?', he muses upon what constitutes the 

mental life of bat phenomenology. More succinctly, Nagel argues that "..an 

organism has conscious mental States if and only if there is something that it is 

like to be that organism, something it is like for the organism.. . We may cal1 this 

the subjective chamcter of experience." This area of investigation is likely the 

most difficult to defme for neuroscientists and psychologists, and most scrutinized 

by philosophers (Nagel, 1974; Levine, 1998). These are the questions that are at 

the very core of the existence of human beings, such as what constitutes the sense 

of self and what are the neural substrates of the qualia within perceptions. It is at 

this point that some fmd the relationship between mind and brain to be without 

solution (McGinn, 1 989). 

What neural structures or functions are present w i t b  the brain to generate 

a qualitative feeling? Many theorists have invoked an evolutionary argument 

(Edelman, 1 989; Donald, 1995; Searle, 1998). Unfortunately, the large rnajority 

of experimentalists and theorists of consciousness stop short when it cornes to 



attempting to answer the problem of quaiia and true subjective reality. Some 

investigators have proposed that the answer to the subjective consciousness lies 

deep within the very fabric of phy sical reality (Penrose, 1 996; Hameroff, 1 998a; 

1998b). Suffice it to Say that al1 recent commentary regarding consciousness 

chooses to place the nature of the subjective within the. realm of the physical 

system, but with the conclusion that there is insufficient data regarding this rather 

perplexing subtopic (Delacour, 1 996). 

Mernory and Consciousness 

Whatever higher-order consciousness is, it must have provided an early 

advantage for it to be selected and maintained over the course of evolution. Both 

John (1 976) and Edelman (1989) emphasized the role of long-term memory in the 

eventud emergence of higher-order consciousness of subjective experience, self 

and self-awareness. 

Memory is the representation of experience within the brain, a capacity 

evident in al1 organisms (Squire, 1987). It is the basic process underlying the 

survivai of a species. An organism that does not store leamed information from a 

previous experience faces a decreased pro bability of survivd, as success ful 

adaptation requires past experiential records. When one considers memory, it is 

important to note that memory is not a unitary construct, particularly when 

deaiing with human memory. Of the two different types of representation, the 

basic dichotomy would refer to the declarative and non-declarative îypes. Non- 



declarative, also known as procedural memory, does not require awareness and 

thus is implicit in retrieval and unconscious in process, An example of procedural 

memory would be the ability to remember Iearned rnotor task; it is 'knowing 

how'. 

Declarative memory is subdivided into semantic memory and episodic 

memory. What distinguishes this rnemory from al1 other types is that it is readily 

available, that is, it cm be expressed or decIared and is an example of 'knowing 

that'. Semantic memory is best described as 'non-self memory regarding the 

extemal environment, such as factual information iike the date World War II 

began. Episodic memory is the representation of information that involves 'the 

self over t h e ,  and is also known as autobiographical memory. Recent evidence 

fiom functional neuroimaging indicates that the brain treats each of these types of 

memory (procedurai, semantic, episodic) quite differently. Remarkably different 

brain areas subserve each of the different types of memory (Squire and Zoia- 

Morgan, 1996). Two cortical areas in particular are very important in a 

discussion of human declarative memory, the temporal lobes and the fiontal 

lobes. 

The Temvoral Lobes 

It has long been known that the temporal lobes, specificdly the media1 

temporal region, is involved in the recording of experience within the brain 

(Squire, 1986). However, the memory process subserved by the medial temporal 



lobe is more of a system, as  it is a large region which includes the hippocampus, 

arnygdala and other adjacent cortical regions (Squire and Zola-Morgan, 1991). 

The hippocampd formation in particular is considered to be the critical structure 

for the formation of new, declarative memory. It has long been known the 

damage to this area severely impairs the ability to integrate new information 

within the brain (Squire and Zola-Morgan, 1996) creating a profound anteropde 

amnesia 

A recent report, on three patients who sustained severe hippocampal 

damage al1 before the age of nine, suggests that the hippocampus is most involved 

in episodic memory, the autobiographical memory of the self-experience 

(Vargha-Khadern, Gadian, Watkins, Comelly, Paesschen and Mishkin, 1 997). 

The three patients al1 had faired welI in mainstream education suggesting some 

sparing of semantic memory, or memory regarding non-self knowledge. 

However, they were al1 profoundly impaired spatially (easily lost in familiar 

surroundings), and, more significantly, none were well oriented in time 

(forgetting regular events). The hippocampus seems to be a critical structure for 

the integration of new experiences involving the self. 

Hurnan episodic memory ciearly has great relevance to the current 

discussion of higher order consciousness. What episodic or autobiographical 

memory may represent in the context of evolution is the step fiom noetic 

consciousness (knowing) towards the final step of autonoetic consciousness (self- 

knowing) (Tulving, 1993). 



The Frontal Lobes and Autonoetic Consciousness 

Wheeler, Stuss and Tulving (1997) proposed that the ability to mentally 

travel through time is an exclusive expression of the episodic mernory system of 

the brain. Episodic memory depends upon a special kind of awareness that al1 

healthy human adults can identiQ, such as being able to think back to a specific 

moment in one's persona1 past and consciously recollect some prior episode or 

state as it was previously experienced. The prefiontal cortex's involvement in 

memory includes both the encoding and reûieval of past experiences. The left 

prefiontal cortex is active during the encoding process (Grafton, 1995) whereas 

the right prefiontal cortex is preferentially involved in the retrieval process of 

memory (Buckner and Peterson, 1996). The right prefiontal activity during the 

retrieval process has k e n  termed 'ecphory' by Tulving (1983), the process by 

which the stored memory trace interacts with the retrieval cue or mode. 

More fimdamentally, the prefiontal cortex seems to generate the mental 

representations of subjective experiences. The function of the prefiontal area is to 

integrate the large number of projections fiom other cortical and subcorticd areas 

(cummings, 1997). An investigation of current PET (positron emission 

tomograpy) and f-MN (fùnctional-magnetic resonance imaging) techniques 

relating to prefiontal lobe functions indicates that this area is involved with many 

various executive and supervisory tasks, such as thinking (Roland, 1985), imagery 

(Farah, 1 gag), attention (Posner and Rothbart, 1 992), planning (Petridies, 1996) 

and goal selection (Elliot, Rees, Dolan, 1999). Given the large number of 



abilities that are critically important for prefiontal invoivement, it is easy to 

overlook the role of the prefiontal cortex in self-awareness. 

There is ample evidence from neuropsychology to indicate that prefiontal 

cortex pathology results in distortions of conscious awareness. The distortions 

range fiom the subtle changes that are evident after head injury (Persinger, 1993) 

to the more exotic foms of pathology, such as anosognosia (denial of injury), 

confabulation (honest Iying) to the case cited by Tulving (1985), where a frontal 

injury left the patient without a conscious past and unable to comprehend a future. 

The injury left the patient without that specific human form of self-awareness, the 

ability to inte=pate past with present to predict or imagine future consequences. 

The patient's sense of subjective time was removed, and he was relegated to 

living entirely within the present 'now'. 

From an evolutionary context, this distinctly human ability to represent the 

self across time is also subsumed under the most recently evolved area of the 

brain (Wheeler, Stuss and Tulving, 1997). This view is also epoused by Donald 

(1995), who has termed this similar ability of mental time travel as a form of 

autocueing, whereby huma. subjects, when given a request to imagine a past 

event (e.g. summer vacation), cm search and retrieve items (feelings, thoughts, 

images) fiom their memones and verbally declare these past expenences without 

any need for environmental cueing. 

The importance of the relationship between episodic memory and higher- 

order consciousness was dso a feature of John's (1976) model. In bis model, the 

experience of the human self constitutes fifth-order information. The self is 



constructeci as subjective experience is extended through t h e  and an individual 

history can be accumulated. Personal history is the accumulated sets of fourth- 

order subjective experiences, and constitutes the basis for the self Self-awareness 

in John's mode1 constitutes sixth-order information, the interpretation of present 

subjective experience in the context of accumulated subjective self-experiences. 

Wheeler, Stuss and Tulving's autonoetic consciousness would be expressed as 

fifth- and sixui-order information of John's model. 

What underlies the higher order consciousness of the human mind? The 

previous models suggest is the ability to integrate experience within the present 

context (medial temporai lobe and Ieft prefiontal cortex) in conjunction with the 

experience of past representations (nght prefiontal) in a rapid and continuous 

manner. The construct upon which higher order consciousness (including the 

experience of the self and self-awareness) should be investigated is that the timing 

of the integation or binding of subjective experiences is necessary and critical to 

the process. 

The Timing of Conscious Ex~erience 

In discussions of prirnary and higher order consciousness, there is ample 

consideration of what particular spatial areas of the brain are most important for 

the generation of the expenence of both types of consciousness. It has been 

indicated in the present discussion that for the generation of the state of 

consciousness (the arousd state), there is a network of cortical and subcortical 



structures that work in concert to generate the sleep-wake cycle. Thdamocortical 

activity appears to be critically important for the existence of objective 

consciousness. What constitutes much of the variance associated with such a 

state is the coordinated activity of brainstem and midbrain areas and the ability to 

effectively integrate information from the environment (via thaiamocortical 

interaction). Indeed, some researchers (e.g. Bogen, 1995) have hypothesized that 

the integrity of thalamic nuclei is critical to sustain normal waking consciousness, 

as bilateral lesions of the intralaminar nucleus of the thalamus (ILN) can create a 

state of permanent coma Kinsbounie (1995) offers a more parshonious 

explanation and hypothesis regarding the fûnction of the thalamocortical 

interactions. In his Dominant Focus Model, Kinsboume suggests that the 

intralaminar nuclear group, when adequately activated, coordinates arousal, 

attention and action. Without the coordination, input codes fiom the environment 

would not be transduced effectively into appropriate neural codes for action. The 

brain would be unable to form a dominant focus, and consciousness would lapse 

accorciingl y. 

Llinas and Ribary (1993; 1998) has investigated the temporal 

characteristics associated with consciousness of both the waking and the REM 

state. What they have found is a coherent 40-Hz activity in the brain that phase 

shifts in a rostral-caudal direction approximately every 20 to 25 milliseconds in 

botti the waking and the drearn state. They conclude that this intrinsic 40-Hz 

activity is a correlate of cognition, resulting fiom the fast coherence between 

thalamocortical-specific and non-specific Loops. The idea of rapid, intnnsic 



activity underlying the state of consciousness corresponds to Edelrnan's reentrant 

signaling (1989). According to Llinas and Paré (1991), given the similarities 

between both States, REM sleep c m  be considered as a rnodified attentive state in 

which attention is turned away fiom normal sensory processing and focused 

inwardly on mernories. Stated aitematively, the waking state is nothing more than 

a dreamlike -te modulated by the constraints produced by specific sensory 

inputs. 

Llinas and Ribary's (1991; 1993) results allows for some interesting 

implications about the experience of consciousness. One interpretation is that the 

apparent continuity of consciousness is an illusion. If the conscious state is 

associated with intrinsic phase-shifting cortical waves, then one could conclude 

that these discrete 20-25 rnillisecond moments constitute 'the atoms of thought' 

(Lehmann, 1990). The state and contents of consciousness are detennined by the 

simultaneity of activity within the thalamocortical system, which is modulated by 

the brainstem. When one is awake sensory inputs are perceived and integrated, 

and during sleep by the circuits supporting memory consolidation. The 'dialogue' 

between the thalamus and the cortex is what generates the subjectivity. It also 

supports EdeIman's (1 989) proposal regarding the coupling of the objective and 

subjective consciousness as simply a matter of timing between functional areas. 

Hameroff and Penrose (1996) offer some cultural support for the idea of 

consciousness consisting of sequences of discrete events. In the Buddhist 

tradition, trained meditators have describe distinct "flickerings" in their 

experience of redity. Buddhist texts portray consciousness as "momentary 



collections of mental phenornena", and as "distinct, uncomected and 

impermanent moments which perish as soon as they arise." Each conscious 

moment becomes, exists, and disappears, an instantaneous existence, with no . 

duration in time. The anaiogy of a television screen is given, whereby subjective 

consciousness is seemingly continuous, much as images on television appear as 

continuous despite their actual rnakeup being a series of fiames, an idea also 

epoused by Bohrn (1980). Some Buddhist writings even quanti@ the fiequency 

of conscious moments. Sarvaastivaadins described 6,480,000 "moments" in 24 

hours (an average of one "moment" per 13.3 msec), and some Chinese Buddhists 

have proposed the occurrence of one "thought" per 20 msec (Hameroff and 

Penrose, 1996). 

Consciousness, both objective states and subjective contents, are 

functionafly the resdt of interacting spatiotemporal patterns. Consciousness is 

not identical with the fving of specific neurons, but with certain spatiotemporal 

patterns within the electromagnetic fields that are produced by the firing of 

distributed neuronal groups (Pockef 1999). Llinas' results dso suggest that 

consciousness is modulated by attentionai processes that wodd drive the direction 

of the state. There are rapid, intrinsic oscillatory pattems that generate not only 

the concrete, sensory driven reality of the waking state but the abstracS memory- 

driven pseudo-reality of the dream state. Both types of consciousness seem to be 

associate with a timing in the range of 20-25 rnilliseconds in duration. What 

differs between the two states is the direction of attention. 



The Experience of Subiective Tirne Consciousness 

What has been considered in the discussions of consciousness are several 

points that bear great importance for the expenence of subjective time. 

Consciousness is at once both an objective and physical state of the brain coupled 

with a subjective mentai expenence. What gives rise to the expenence of 

subjectivity is not yet presently known, yet there is a great deal known about the 

physical bases for the conscious awareness of sensory idormation processing. 

Whatever subjectivity is within the brain, it is a function of the same 

spatiotemporal patterns of activity that generate the experience of sensory 

awareness. These intrinsic patterns of activity occur within such a tirne frame as 

to give rise to the apparent continuity of the conscious experience. However, as 

William James (1890) noted over a century ago, there often appear to be time- 

gaps within the continuiîy. Similady, Edehan (1989) noted that at tirnes the 

continuity of consciousness should be uncoupled, giving rise to altemations of 

subjective time experience. W h t  is the relationship between the timing of 

consciousness and the time of the subjective? 

Neuroanatomv of T h e  Experience 

Over the last decade, recent advance in neuroimaging techniques such as 

PET and MIU have increased the knowledge of the brain by revealing the 

structural and functional bases that undedie cognitive and perceptual experiences. 



There have been several studies that have revealed a number of structures that are 

involved in certain aspects of the temporal experience. Mangels, Ivry and 

Shimizu (1998) noted the importance of the prefiontai cortex in estimating 

duration of four seconds or greater, emphasizing that cortical areas are important 

for managing attentional resources, and maintenance of working memory. 

Maquet, Legeune, Pouthas, Bonnet, Casini, Macar, T h s i  t-Berthier, Vidal, 

Ferrara, Deguetdre, Quaglia, Delfiore, Luxen, Woods, Mazziotta and Comar 

(1998) found significant increases within the right prefiontal cortex, the right 

inferior parietal lobe, the anterior cingulate cortex and the media1 cerebellum for a 

duration task within the seconds range. Harrington, Haaland and Knight (1 998) 

found a strong right hemisphere advantage for the perception of time, specifically 

within the right prefiontal cortex and the inferior parietal cortex. Given these 

results, there seems to be a right hemisphere advantage for the perception of time 

duration, specifically within the prefiontal and inferior parietal cortex. The 

activity of the right prefiontal cortex in estimations of duration is likely a fünction 

of workhg memory processes, whereas the parietal activation could be a function 

of the spatial nature of the duration tasks. The consistent finding was that when 

the task involved the perception of an increment of time greater than three 

seconds, there was a significant activation of the nght prefrontal cortex, a finding 

supported with electrophysio~ogical studies of duration (Ebert, Ulrigh, Rockstroh 

and Lutzenkrger, 1 99 1). 

The neuroimaging studies indicate a high degree of the prefiontal cortex 

activity for the different time perception tasks in the seconds range. This is 



c e d l y  in line with Wheeler, Stuss and Tulving's (1997) proposal for the 

importance of the frontal, particularly right prefrontal in the experience of 

autonoetic consciousness and subjective time. 

Theoretical Conjectures of Subjective Time 

Poppel (1996) and Varela (1999) have both argued that such continuity of 

subjective time, much like consciousness, is a misleading concept. The apparent 

continuity is an illusion made possible by discrete information processing over 

different temporai intervals. Poppel proposes that there is a high frequency 

processing system that generates discrete time quanta in the domain of 30 

milliseconds, coupled with a lower frequency processing system that is operative 

within the domain of 2 to 3 milIiseconds. Varela (1999) introduced the three 

scdes of duration to understand present time consciousness. The first level is 

comparable to Poppel's 30-miilisecond domain for sensory integration and is 

termed to 1/10 scale of duration. Elementary events must be of an appropriate 

duration to be perceived as singular entities, and tberefore must be grounded in 

the intrinsic cellular rhythms of neuronal discharges, and in the temporal 

summation of synaptic integration. The elementary components give rise to 

micro-cognitive phenornena, known as perceptual moments, central oscillations, 

iconic memory, and subjective time quanta. 

Varela's second system is the 1-scale. If conscious acts of cognition and 

memory are due to the interaction activity of multiple neuronal ensembles (Llinas 



and Paré, 1991; Tonuni and Edelman, 1998; John, 1997), then these ensembles 

must have a relaxation time followed by a bifurcation or phase transition. This is 

a time of emergence within these ensembles which arises, flourishes, subsides and 

begins another cycles (Varela, 1999). The holding tirne must be longer than the 

time of elementary events (20-40 rnilliseconds), and it must be comparable for the 

t h e  taken for a conscious act to be completed (>OS seconds, the 1 scale). 

Varela's conjecture is that the integration-relaxation processes in the 1-scde are 

strict correlates of present time consciousness. 

According to both Poppel (1996) and Varela (1999), the two systems are 

hctionally coupied together. The first system is older from an evolutionary 

perspective, and is involved in sensory-perceptual processing (Barlow, 1994). 

What is in effect is an objectively measurable system that operates on a time scale 

of 20-40 miiliseconds. This period is perhaps what allows the system to be 

'online'. The associative activity that occurs generates coherence during the 

awake and dream states, and could be termed the 'process of consciousness'. 

Within the psychophysicd literature, the 20-40 millisecond scale is associated 

with a large variety of sensory awareness threshold studies (Poppel, 1988). Two 

stimuli, independent of modality, must be at least 30 milliseconds apart to be 

considered CO-temporal, or for the stimuli to be considered distinct events. 

Stimuli within the 30-milIisecond domain wiil be treated as a-temporal stimuli, or 

be interpreted singly. Time in the Newtonian sense does not seem to exist below 

thresholds of 20-40 scale (Poppel, 1996). Therefore, to perceive distinct events 

within the conscious state, the 20-40 scaie does seem to be the critical domain. It 



is therefore proposed that neuronal oscillations are responsible for mcturing 

subjective time in a discrete fashion. 

Poppel (1988), Edelman (1 989) and Varela (1999) each have proposed 

that the experience of the subjective present is within the range of three seconds 

duration. Citing examples fiom perception, memory, cognition and movement, 

Poppel(1996) suggests that the three second domain be referred to as the "state of 

being conscious" (STOBCON). Each STOBCON is semantically linked with the 

previous and with a forthcomïng one. Continuity arises due to a neuronaI 

mechanism îhat successively couples them together creating a bound coherent 

experience. Again, the experience of continuity is an illusion, based upon the 

fast, reentrant oscillations of the 20-40 milliseconds domain. One hypothesis that 

can be generated is that anesthetics, which dters the sensory responsiveness in the 

subject by altering the pattern of thalamocortical activity, also alters the temporal 

coherence within the thaiamocortical oscillatory network, removing the temporal 

binding, and altering the expenence of senses (Fiset et al, 1999). The anaesthetic 

fentanyl has been reported to create subjective t h e  distortions when administered 

(Hameroff, 1996). The fiequency band 40-Hz is the same band that Llinas and 

Paré (1 99 l), and Crick and Koch (1 994) have been proposed as being the binding 

factor of conscious experience. 

Poppel's three-second 'state of being conscious' domain is quite close in 

temporal characteristics to Libet's Neural Tirne Factor (1 979; 199 1). Based in 

neurophysiological experiments of reaction t h e ,  Libet (1979) measured what he 

termed 'a readiness potential', generated when subjects are asked to make a 



'conscious' spontaneous movement with their fingers. Libet discovered that the 

cerebral processes required for a voluntary motor act begin at least 350 

miliiseconds before the subject is aware of the intention to k t  now'. The 

awareness of the intent or wili to move appears approximately 250 to 200 

milliseconds before the activation of the muscles involved. The conscious 

awareness to act therefore seems to be in the temporal range of approximately 500 

milliseconds or 0.5 seconds. One possible extrapolation of this result is that if 0.5 

seconds is required for the relatively quick intention to move, it couid be inferred 

that the subjective contents of the mind at that point in tirne are relatively small 

(Le. Subjective feeling to move results in an objective physical movement). It is 

not appreciably far to Say that the subjective feeling of now, the 'state of being 

conscious' should be within the three second domain for cognition and memory. 

Indeed, the domain of three seconds is certainly in line with the ability to hold 

information within working memory (Mangels et al, 1998). 

Modulation of Subjective Time 

If the experience of subjective time is relative to the state of 

consciousnes~ then subtle alterations within the neural process maintainhg the 

state should affect the time experience. One of the most conspicuous effects of 

some pharmacological agents is a profound effect upon subjective time. One of 

the most common of the 'psychedelic' drugs is marijuana, with the active 

ingredient THC (ktrahydracannabinol). Marijuana intoxication is accompanied 



by cognitive-affective effects, such as depersonaikation, mood changes, anxiety 

and altered time sense (Ameri, 1999). Neuroimaging studies examining cerebral 

blood fiow (CBF) during THC intoxication have noted a globaI increase in CBF, 

with more relative increases in the bilateral temporal lobes, right anterior 

cingulate cortex and right insular cortex (Mathew, Wilson, Coleman, Tutkington 

and DeGrado, 1997). 

Functional MRi studies exarnining the effects hallucinogenic drugs (e.g. 

psilocybin) and anesthetics (e.g. ketamine and procaine), have found similar 

patterns of cerebral activation associated wiîh some of the highly sensory and 

emotional components of these phamacological agents. Gouzoulis-Mayfrank, 

Schreckenberger, Sabri, Arning, Thelen, Spitzer, Kovar, Hermie, Bull and Sass 

(1999) found a seleciive hyperactivation of the right frontal and temporal cortical 

areas, particularly within the right anterior cingulate cortex, with a relative 

hypometabolism within the thalamus during psilocybin intoxication. The 

anaesthetic procaine was found to significantly activate the anterior cingulate 

cortex, the insular cortex and a region of the parahippocampal and amygdala, with 

deactivations within the infenor parietal, right thalamus and bilateral cerebellurn 

(Servan-Schreiber, Perlstein, Cohen and Mintun, 1998). The administration of 

ketamine has also s h o w  an activation of sunilar structures, most significantly, 

the right anterior cingulate cortex (Vollenweider, Leenders, Scharfetter, 

Antonini, Maguire, Missimer and Angst, 1997). 

The common pattern of activation among marijuana, psilocybin, procaine 

and ketamine is an network of structures known as paraiimbic or more recently 



termed the rostral limbic system @ U S )  (Devinskey, 1995). The paralimbic 

structures include the cortical areas of the anterior cingulate, the insula, and the 

orbital fiontal, as well as subcortical areas of the arnygdala and septum. In 

considering the patterns of activation arnongst dl four drugs, the most pronounced 

activation was the anterior cingulate cortex. This area is associated with a number 

of different functions including selective attention, anticipation, motor selection, 

emotion, matemal behaviour and pain (Devinskey, 1995). Indeed, the activation 

of this structure, in conjunction with other paralimbic cortices, seems to be 

associated with brief, but distinctive and intense sensory and emotional 

experiences, including depersonalization, derealization, cephdic sensations, as 

well as various sensory experiences. 

A cornmon feature among al1 of these pharmacological states is the 

experience of altered time sense. There were noted thalamic CBF decreases 

across some dnig activations (ketamine, procaine, and psilocybin). This is in Iine 

wiîh the importance of thalamic activation for the maintenance of the ongoing 

state of consciousness (Baars, 1995). Alterations in thalamic activity would 

suggest a change in the state of consciousness. The previously cited 

neuroimaging studies of time perception tash al1 suggest the involvement of right 

prefrontal and inferior parietai cortex activation, both of which are vulnerable to 

activ4.t~ changes during pharmacological activation. A M e r  interesthg point is 

the involvement of psilocybin as a noted aid in some religious ceremonies for the 

generation of mystical states of consciousness. One of the most profound effects 

of the mystical expenence is the sense of the 'non-existence' of time, where 



nothing but the present 'now' seems to remain (or matter) for the experient 

(Forman, 1998). The same has also been found in the experience of the Cosmic 

Consciousness (Smith and Tart, 1998). 

The phannacological modulation of subjective time is quite evident when 

considering the pattern of cerebral activation and deactivation. If subjective time 

is a fünction of the ongoing state of consciousness, which is discussed as a 

momentary constellation of microstates (Lehmann, Strik, Henggeler, Koenig and 

Koukkou, 1998), then altering the activity of structures that are important for the 

maintenance of attention, sensory integration and emotion should result in a 

distorted sense of time 

The Effects of Mametic Fields on Consciousness 

If accordhg to the presented hypothesis, consciousness, including 

subjective experience and self-awareness, is an emergent property arising due to 

the physical consequence of non-randomness in the electromagnetic behaviour of 

the brain (John, 1 %JO), then an externally applied weak, magnetic field should 

potentially interact with those patterns, and alter the subjective experience 

(Persinger, 1995). 

Over the last several years, Persinger and colleagues (Rutîan, Persinger 

and Koren, 1990; Richards, Persinger and Koren, 1993; Persinger, Richards and 

Koren, 1994) have been pursuing the hypothesis that extremeiy weak, complex 

magnetic fields (1 microTeda; 10 milligauss) can be used to interact with the 



spatiotemporal patterns associated with the ongoing state of consciousness to 

produce brief, but significant effects in human volunteers. The critical variable 

associated with the magnetic fields is the complexity characteristics of the pulse 

shapes (Persinger, Koren, Makarec, Richards and Youlton, 1991). The optimal 

applied magnetic field shape should characteristically resemble the temporal 

structure of neural activity, such as the 'burst-fre' profile of amygdaloid- 

hippocampal neurons. The presentation of an applied magnetic field that is highly 

redundant and repetitive is less effective in eliciting effects within such subtle 

processes as  self-awareness (Persinger, 1995). The use of magnetic fields 

resembling burst-£ire pulses has been shown to facilitate analgesic responses in 

both snails (Thomas, Kavaliers and Prato, 1997) and rodents (Fleming, Persinger 

and Koren, 1994). 

In line with the work of Bear (1979), Persinger has hypothesized that the 

most efficient method for a successfùl magnetic field interaction with 

consciousness wouid be an application through the most electncally labile portion 

of the human brain, the temporal lobes. Persinger and Makarec (1993) have 

hypothesized the existence of a continuum of coherent elecîrical activity within 

the mesiobasal structures of the temporal lobes that is reflected as a continuum of 

experience, which îhey have tenned complex partial epileptic like signs (CPELS). 

The correlates of excessive temporal lobe activity include memory fiagrnents, 

dreamy states, auditory and visual hallucinations, personal meaningfulness, affect, 

vestibular sensations and mystical type experiences (Gfoor, Oliveir, Quesny, 

Andermann and Horowitz, 1983; Bancaud, Brunet-Bourgin, Chauve1 and 



Halgrkn, 1994). Within a normal population, there wilI be groups of people who 

report an increased incidence in these types of experiences, such as poets, writers, 

artists, musicians, or more simply, those with creative interests. Not surprisingly, 

one of the most common correlates of creativiv is the experience of the profound, 

that can be aîtributed to cosmic significance (Persinger and Makarec, 1992). 

If the hypothesis is correct, the application of a weak, complex field to the 

temporal lobes would be most effective in those individuals displaying elevated 

CPELS. Experiments performed over the last several years by researchers 

pursuing Persinger's hypothesis have yielded evidence that wouId seem to 

con- the effectiveness of such an application. The use of the 'burst-fire' 

magnetic field pulse has been associated with subjective experiences that are 

consistent with hedenoia (Freeman and Persinger, 1 996) and appre hension 

(Richards and Persinger, 1994). FuRher studies (Tiller and Persinger, 1994; 

Healey, Persinger and Koren, 1996) have indicated that magnetic field exposure 

to the temporal lobes (and hence deep limbic structures, including the 

hippocampus and amygdala) is associated with significant enhancements of 

suggestibility. Other experiments have produced significant alterations in 

subjective experiences (Cook and Persinger, 1 996). Common experiences in 

response to weak, magnetic field stimulation include parasthetic sensations 

(tingling, numbness), vestibular effects (spinning, vibrations), sensory 

experiences (increased visuals, auditory, olfactory, visceral sensations), affective 

responses (feelings of pleasure, melancholy and anxieîy) as well as subtle 

cognitive experiences (depersonalkation, derealization, sense of a presence). One 



of the other effects of magnetic field stimulation was the feeling of an altered time 

sense, whereby subjects had difficulty estirnating the length of the experimental 

session, whereby Grne was equally ciaimed to be fast, slow or sometimes non- 

existent (Cook, unpublished observations). 

The experiences associated with bnef magnetic field exposure have much 

in cornmon with those elicited in response to 'psychedelic' dnigs (e.g. 

psilocybin), but are not as  intense or prolonged as a pharmacological stimulation. 

Subtle alterations of consciousness can be induced by magnetic fields over the 

course of a brief exposure (30 minutes) to the temporal lobe area. An obvious 

extrapolation of these investigations would be to apply a magnetic field that could 

be used over the entire brain, as opposed to a localized temporal lobe exposure. 

What the previous work of Persinger et al. demonstrated is that by utilizing 

magnetic fields with appropriate temporal characteristics that neuronal 

populations codd recognize as 'biorelevent' information, an altered state of 

consciousness can be induced in normal volunteers. 

Implications 

Although the precise mechanism responsible for subjective t h e  W i n  the 

brain is not yet known, an examination of the current scientific literature 

investigating the physical correlates of consciousness yields sorne interesting 

implications that may be reiated to the experience of time. The theoretical and 

experimental work of John (1 976), Edelman ( 1 989), and Llinas and Ribary (1 993 ; 



1998) seems to indicate that, although phenomenology of conscious experience 

seems to be continuous and coherent, evidence suggests a paradoxical expfanation 

of underlying discontinuity. The waking and dream state of consciousness is 

associated with a 40-Hz electroencephalographiç band, indicating that this process 

occurs every 20 to 25 milliseconds in a fiontal-occipital direction (Paré and 

Llinas, 1999, and is a fimction of thalamocortical oscillatory activity that binds 

intemal and external experience. This suggests that the seerningly coherent state 

of awareness is made up of discrete 'moments', and is recreated within such a 

temporal increment that sirnultaneity is perceived. John's (1976; 1990) work also 

indicates that fkom the most basic level of sensation and perception to the highest 

order of consciousness, self-awareness is simply a function a temporal 

reintegration coupled together so rapidly as to appear continuous. Similady, 

within Edelman's (1 989) theory, the experience of higher order consciousness is a 

h c t i o n  of fast, reentrant signaling among a dynamic core of functionally 

important structures. 

Subjective time, as viewed by both Poppel f 1996) and Varela (1999), is 

also a discontinuous process, related to the same thalamocortical osciliatory 

activity as  Llinas and Ribary (1993). Both emphasize the importance of the 

temporal binding of experience, that must appear in a 20-40 millisecond period, 

which is coupled to the experience of a subjective present, appearing in the 0.5 

second period necessary for subjective awareness (Libet, 1998). Neuroimaging 

studies suggest the importance of the right hemisphere, specifically prefkontal and 

parietal cortices (Harrington et al., 1998). Some researchers of time perception 



- have also emphasized the importance of the anterior cingulate cortex (Zakay and 

Block, 1996). Results fiom pharmacological studies of psychedelic drugs indicate 

that the hypermetabolism of the right anterior cingulate is a correlate of some of 

the subjective t h e  distortions associated with these drugs' effects (Gouzoulis- 

Mayfï-ank et al., 1999). Furthemore, the results from -dies of magnetic field 

exposures, localized to temporal lobe areas, indicate that subtle alterations of time 

c ~ n ~ c i o u ~ n e ~ ~  can occur. 

The conjecture of this thesis is that subjective time c m  be significantly 

moduiated by considering the results of recent work on consciousness, t h e  

perception and neuroimaging . The entire expenence of time and conscio usness 

involves both functionally important spatial areas within appropriate temporal 

increments. Boring (1933) stated that the understanding and control of conscious 

perception wouid require the technology to isolate and to interact with the 

neurophysical correlates of cognition. A modulation of tirne and consciousness 

shouid occur by considering the relevant spatiotemporal parameters that are the 

neurophysical correlates of subjective time experience. 



Outline of Experiments 

Experimental evidence indicates the importance of right hemispheric 

structures in time estimations of durations of seconds. Experirnent 1 was 

designed to investigate whether pulsed magnetic fields to the right hemisphere 

would be more effective in eliciting distorted perceptions of time. 

Llinas and Ribaq (1993) have indicated that the neural activity associated 

with conscious perception may be a discontinuous process that shifts in a rostral 

to caudal direction over the cerebral cortex every 20 to 25 milliseconds. Poppel 

(1988) has also indicated the importance of this temporal increment for the 

perception of t h e .  Expriment 2 was designed to investigate whether magnetic 

fields (with appropriate temporal charactenstics) pulsed in a clockwise or 

counterclockwise direction around the head of a subject would be more effective 

in modulating the subject's perception of short durations. Experiments 3 and 4 

were designed to fuaher explore the effects of rotating, pulsed magnetic fields 

upon both a normal and a creative population of subjects. 



Chapter 2 

An Investigation of Subjective Time Estimations Following 

Brief, Transtemporal, Magnetic Field Exposures 



1. Introduction 

One of the most conspicuous aspects of human consciousness is the experience of 

tirne. I t  is a subde process that may not always exist within the context of awareness, yet 

is always present. Any attempt to understand the mechanisms that underlie the 

expenence of subjective tirne must lie similarly within the specific neural spatioternporal 

activities that also generate the expenence of consciousness itself (Poppel, 1994). 

Temporal perception is known to be functionally dependent upon the integrity of 

a number of cortical areas within the brain, specifically the prefiontal and parietal lobes 

(Mangels, lvry and Shimizu, 1998; Harrington, Haaland and Knight, 1998). The activity 

of these areas during duration processing also seems to be lateralized to the right 

hemisphere (Maquet, Legeune, Pouthas, Bonnet, Casini, Macar, Timsit-Berthier, Vidal, 

Femara, Degueldre, Quaglia, Delfiore, Luxen, Woods, Mazziotta and Comar, 1998; Cou11 

and Nobre, 1998). Altered states of consciousness by natural or pharmacologicd 

intervention are known to produce distortions in the perception of time (Hameroff, 1997; 

Mathew, Wilson, Coleman, Turkington and DeGrado, 1997). 

Recent experiments by Cook and Persinger (1997) have indicated that subtle 

alterations in consciousness can occur during brief exposures to weak, complex magnetic 

fields. Typically, the application of complex magnetic fields to the temporal-parietal area 

of the brain results in parasthetic sensations (tingling, numbness), vestibular effects 

(spinning, vibrations), sensory expenences (increased visuals, auditory, olfactory, 

viscerd sensations), affective responses (feelings of pleasure, melancholy and anxiety), 

as well as cognitive experiences (depersonalization, derealization, sense of a presence). 

Another comrnon subjective report following a magnetic field exposure is the sensation 



of thne fluctuations during a standard thirty minute experirnental session. Subjective 

reports by subjects indicate that these tempord fluctuations may be specific to certain 

magnetic field parameters (personal observations). 

One factor that seems to reliably predict the extent or magnitude of a magnetic 

field experience is personality. Persinger and Makarec (1993) have hypothesized the 

existence of a continuum of coherent electrical activity within the mesiobasal structures 

of the temporal lobes that is reflected as a continuum of experience, which they have 

terrned complex partial epileptic like signs (CPELS). The conelates of elevated temporal 

lobe activity include mernory fragments, drearny States, auditory and visual 

hallucinations, personal meaningfulness, affect, vestibula. sensations and mystical type 

experiences (Gloor, Olivek, Quesny, Andennann and Horowitz, 1982; Bancaud, Brunet- 

Bourgin, Chauve1 and Halgren, 1994). Within a normal population, there will be groups 

of people who report an increased incidence of these types of experiences, such as poets, 

e t e r s ,  artists, musicians, or more simply, those with creative interests. If the hypothesis 

is correct, the application of a weak complex field to the temporal lobes would be most 

effective in those individuals displaying elevated CPELS. Previous experiments have 

supported this hypothesis (Ruttan, Persinger and Koren, 1990; Persinger and Richards, 

2 990) 

The present experiment was to discem whether specific patterns of complex 

magnetic fields presented to the right hemisphere or to both hemispheres simultaneously 

would produce percephial alterations of time in subjects displaying high CPELS. 



2. Method 

2.1 Subjects 

Sixteen people (8 male, 8 female; 19 to 30 years of age) volunteered as subjects. 

They had been enrolled in a f rs t  year psychology course and received a 3% bonus mark 

for their participation. 

3.2 General Procedure 

Subjects were administered the Personal Philosophy Inventory (PPI) 

approximately two month pnor to the experiment. This inventory contains items that 

reflect a continuum of complex partial epileptic-iike signs (Persinger and Makarec, 

1993). Subjects were asked to participate if they met the selection criteria One group of 

subjects were randomly selected from PPI results that indicated low CPELS (z 

scores<0.2=low), while a second group were selected from PPI results that indicated hi& 

CPELS (z score@O.O=high). 

Subjects were escorted into a commercial acoustic chamber and seated in a 

cornfortable chair. A lape1 microphone was atîached to the subject to allow for 

communication outside the chamber between the primary experirnenter and subject. A 

pair of opaque goggles were placed on the head of the subject. Each subject wore a 

modifed helmet within which four sets of solenoids were embedded (Richards, Persinger 

and Koren, 1993). The solenoids generated 5 microTesla fields at 1 cm fiom the source 

and 1 microTesla within 4 cm of the source. The wave patterns were generated by a 

series of numbers between O and 255 that were transformed from digital to analog values 



and amplified. Two wave patterns (Burst-x and Thomas) were selected because of their 

success in previous experiments (Cook and Persinger, 1996). 

Subjects £?om both high CPELS (n=8) and tow CPELS (n=8) were exposed to 

two different conditions within each session. Before the experiment, each subject was 

randomly assigned to receive a right hemisphere stimulation (n=8) or a bilateral 

hemisphere stimulation (n=8) first. Therefore, dl subjects were exposed to twenty 

minutes of right hemisphere stimulation and 20 minutes of bilateral stimulation, only 

differinp in the order of presentation. Subjects were encouraged to relax, and were told 

that they could terminate the session at any tirne. 

2.3 Time Estimation. 

For the estimation of tirne, a button connected to an extemal strip chart recorder 

was placed in the subject's left hand. The subject was told that periodically throughout 

the session, the p b a r y  experirnenter would ask them to estirnate a 10 second time 

period. Upon hearing the request to estimate, the subject was aslced to press the button 

once, estimate a ten second duration, and press the button a second tirne once they 

subjectively felt the ten second duration had lapsed. Two requests to estimate were asked 

of the subject, one at 2 minutes 30 seconds and at 17 minutes 30 seconds of the magnetic 

field exposure, for a total of four estimations during a 40 minute session. 

3.4 Heart Rate 

A heart rate measure was obtained fiom two electrodes (1 cm in diameter). 

Electrodes were filled with electro1yte paste and attached to the manubriurn stemi and to 



the lefi rib cage. The heartrate signal was detected by a stripchart recorder iocated 

outside of the chamber. For purposes of analysis, the heart rate was sampled 10 beats 

before the subject was asked to estimate the t h e  duration, 10 beats during the estimation 

of time, and 10 beats after the t h e  estimation. Heart rate, in beats per minute, was 

calcuiated and analyzed using the intervals sarnpled. 

Al1 statistical analyses were perfoxmed on SPSS software on a VAX 4000 VMS 

cornputer. Pnor to parametric statisticai analyses, data was inspected to sztisQ the 

assumptions of normality. 

3. Results 

3.1 T h e  Estimation 

The means and standard deviations of time estimates for both high and low 

CPELS groups and for subjects exposed to either right hemisphere first or bilateral 

stimulation first are shown in Table 2.1. There was a significant main effect for magnetic 

field pulse (F(1 6.03, pC0.05, et$=0.334). Post-hoc analysis indicated that 

subject's time estimations during the Thomas were significantly higher relative to 

baseline than during the Burst-x pulse. There was a significant interaction between 

stimulation side and magnetic field pulse (F(1, 2)=5.25, p<O.OS, eta2=0.3 04). Post-hoc 

analysis revealed that subject's time estimations were significantly greater relative to 

baseline when receiving right hemisphere stimulation of the Thomas pulse afier the 

bilateral stimulation of the Bmt-x pulse (t7=3.57, p<O.01). 



Table 2.1. 

Means and standard deviations for the différences (in seconds) between subjective 
estimates of 10-second intervals after the fieId presentations compared with baseIine 
values. 

Overail 
Right Hemisphere 
Stimulation Fust 

Thomas 
mean (standard deviation) 
2.1 (1.6) 
1.2 (1 -2) 

Burst-X 
mean (standard deviation) 
1.2 (1 .1 )  
1 . 1  (1.2) 



3.2 Heart Rate 

The means and standard deviations for heart rates for both high and low CPELS 

groups and for subjects exposed to either right hemisphere fust or bilateral stimulation 

fust are shown in Table 2.2. Multivariate analysis of variance (MANOVA) displayed a 

simcant stimulation side by magnetic field pulse interaction (F(1,12)=7.92, pC0.05, 

et$=0.391). Post hoc analysis indicated that in subjects exposed to the right hemisphere 

stimulation first, there was a signifïcant increase in heart rate during the Burst-x pulse 

(t 10=2.86, p<0.05). A significant three-way interaction was found between stimulation 

side, rnagnetic field pulse and pulse sequence (F(1,12)=5.O 1, p<0.05, eta2=0.295). Post- 

hoc anaiysis indicated that high CPELS subjects, when receiving the bilateral Burst-x 

pulse, followed by the right hemisphere Thomas pulse, displayed a significantly higher 

heart rate during the first time estimation when compared to the second (t3=3.32, 

~(0.05). 

3.3 Exit Questionnaire 

The means and standard deviations of experiences fiom the exit questionnaire for 

both bilateral and right hemisphere stimulation are shown in Table 2.3. A one-way 

analysis of variance was employed to discern differences in chamber experiences 

between high and low CPELS subjects in both right hemisphere and bilateral stimulation 

conditions. In the bilateral stimulation (Burst-x), significantly more high CPELS subjects 

rated that they felt like they were somewhere else (F(1 15)=6.72, p<0.05, eta2=0.324), 

experienced thoughts nom childhood (F( 1,15)=5.47, p<O.05, eta2=0.285), felt that the 



Table 2.2 : Means and Standard Deviations for Heart Rate (Number of Seats per Minute) 
For CPELS, Stimulation Side and Magnetic Field Pulses. 

Low CPELS 
-- -- 

1 Right ~ e z s p h e r e  First 1 Bilateral First i i ~ o t a l  I 
1 

I Mean 1 Sd ! Mean Sd 1 Mean Sd 4 

High CPELS 

I 1 Rinht Hemisphere First 1 Bilateral First 1 Total [ 
I Mean i Sd 1 d Mean Sd 1 Mean Sd 

Burstxl 76.5 1 6.2 81.2 , 13.2 1 78.1 ! 8.1 
Burstx2 1 75.2 1 7.9 81.7 1 73.6 1 77.5 1 8.7 
Thomas1 83.5 9.8 I 78.6 1 13.1 f 80.2 1 10.9 
Thomas2 1 74.9 i 5 1 78.7 13.2 i 77.4 1 9.4 



Table 2.3: Means and Standard Deviations of Chamber Experiences nom Exit 
Questionnaire 

A. Right Hemisphere Stimulation First 
1 CPELS-LOW 1 ! I CPELS-High ! 
1 Mean 

Dizzy ' 0.25 i 0.46 1 i LOO* 0.75 

I 

Sd 
1 
l l Mean 1 Sd 
i 1 

Sensed Prese O I O / 0.75- 1 0.46 
, Tingling I 0.85 0.99 i ! 1 1 0.75 
Visual Image 1 0.25 1 0.71 1 l 0.87 1 0.64 
.Vibrations I 0.25 0.71 ! 0.87 0.83 
Detachrnent 1 0.1 2 0.35 1 0.62 ! 0.74 
inner Voice 
Anger 

I O O i 0.12 j 0.35 
0.25 1 0.71 ! 0.37 0.74 

1 0.5 0.53 Sadness I 0.25 0.46 
Ego-Alien ! O O 1 1 0.25 1 0.46 

i 

Tickinn Sound 
Odd Smells , O 
Terror 1 O 
Odd Tastes 1 0.1 2 

1.25 I 1.5 
1 0.7 1 0.53 

O / 0.12 i 0.35 - 
O 1 1 i 0.75* 0.71 

, Some Else 
Childhood 
Same ldea 
Spinning 
Dream Image 
Red L i ~ h t  
Headache 
Side Image 

0.75 0.3 5 0.5 
0.25 i 0.46 , i 0.75 ! 0.7 

O 
0.5 
O 

0.12 i 0.35 
0.25 1 0.46 

O 
0.53 

O 

0.46 
0.53 

Upper Image 0.25 

1 f.12* j 0.64 
1 1.12 0.64 
1 l* 1 0.26 

Left Image 

O 

0.5 
Right Image 
Sick 

O 1 1* j 0.53 
1 0.12 1 0.34 

0.35 1 
0.3 5 
0.46 
0.35 
0.5 1 

0.1 2 
0.1 2 

O 1 O 
0.37 1 0.51 

0.50f 1 0.53 

0.62* 1 0.51 

Emotional 
Sexual 
Time Passed 
Effects Befor 
Relaxing 

0.35 l Reading Diff 1 O 1 O 1 

O 

O 

0.25 
0.62 

O 

0.25 
0.1 2 
0.62 
0.3 7 
0.75 

0.51 
0.46 

0.1 2 

O 
O 

0.46 
0.5 1 

O 

0.3 5 
0.35 

0.62 
1 0.87* 

0.5 1 

. . 0.87 



B. Bilateral Stimulation First 
1 CPECS-Low 
1 Mean 

1 CPELS-Hic& 1 
Sd 1 j Mean i Sd 

- I f i ! 
Dizzy 0.25 0.71 1 1 1 0.76 
Sensed Pres 1 f 

O 1 O 1 i 0.37 1 0.57 
Tin~ling 
Visual Image 

0.62 
0.37 

Vibrations I 0.37 
Detachment i 0.1 2 

0.74 1 1.12 I 0.83 

0.74 
0.3 5 

lnner Voice 1 O 1 O f 

0.74 l 0.87 
' 0.75 

0.3 7 
O 1 O 

0.83 
0.71 
0.5 1 

Anqer ! 0.1 2 1 0.35 1 i 0.1 2 0.35 
Sadness 0.25 1 0.46 l 1 0.37 1 0.51 
Ego-Alien 1 O 1 O 1 1 0.12 1 0.35 

l 

Ticking Soundi 0.75 0.88 1 0.87 [ 0.64 
Odd Smells 1 O O 1 I 0.25 1 0.46 
Terror 
Odd Tastes 
Some Else 
Childhood 

O 1 O j 0.25 0.46 
O S  1 
0.64 

O O 1 

0.53 
0.83 
0.64 

Same ldea 1 0.5 1 
I 0.53 1 1 .Ç* 

0.12 1 0.35 1 0.87* f 0.83 

0.3 7 

Spinning O 

t 

0.25 1 0.71 1 ! 1.12* 
3 

O 1 1 1.12* 

Red Liqht 
Headache 
Side Image 
Up~er  lmaqe 
Left Image 
Riqht Image 

Dream Image 
O I O I 

1 

O 1 O 
0.1 2 
0.25 
0.37 

0.1 2 
0.25 
0.37 

Sick 

1.12* 
0.35 
0.46 
0.5 1 

0.3 5 
0.46 1 
51 

*p<o.05 **p<O.Ol 

0.1 2 O 1 O 

0.5 0.53 
0.37 

0.3 5 

0.5 1 / 0.37 i 0.51 
0.1 2 0.35 I 0.1 2 

0.46 
O 
0.5 1 
0.53 
0.46 

Emotional 1 0.25 0.75* I 0.46 
1 0.25 0.46 

0.3 5 

Reading Diff I O 1 O 

Sexual 
Time Passed 0.87 

If* 
1 1 

O 
0.62 0.3 5 

O 
O 

Effects Befor 1 0.5 

0.25 

Relaxing 

0.46 
0.75 



same idea kept occmfing (F (1 15)=14.0, p<0.005, eta 2=0.50), felt as if they were 

spinning around (F( 1.1 5)=14.53, p<0.005, eta2=0.509), experienced images fiom a 

drearn (F(1,15)=24.6, pc0.005, eta2=0.637), felt their experiences were meaningful and 

emotional (F(1 15)=4.66, p0.05, eti$=0.25) and reported experiencing many of these 

effects before (F{I 15)=7.00, pC0.05, eta2=0.33). In the Bght hemisphere stimulation, 

significantly more high CPELS subjects compared to low CPELS subjects indicated that 

they experienced feeling dizzy or odd (F(1 15)=5.72. pc0.05, et$=0.29), felt a sensed 

presence (F( 1,15)=2 1 .O, p-f-0.005, eta2=0.60), experience terror or fear (F( 1 15)=9.OO, 

pC0.01, eta2=0.39), experienced thoughts fiom childhood (F(1 15)' 24.65, pc0.0005, 

eta?=0.637), felt as if they were spinning (FQ 15)=14.0, pc0.005, et$=0.50), 

experienced images fiom a dream (F(1,15)=28.0, p<0.0005, eta2=0.66), experienced 

more visual experiences in the periphery (FQ 15)=7.00, p<0.05, eta2=0.33) specifically 

the right side (F(1,15)=5.09, pC0.05, eta2=0.26) and reported experiencing many of these 

effects before (F(1 15)=5.09, pCO.05, et$ =0.26). 

4. Discussion 

The results of the study indicated that a brief exposure to a cornplex, pulsed 

magnetic field induced significant alterations in time estimations in human volunteers. 

These fmdings reflected the results of previous studies (Persinger, 1996; Cook and 

Persinger, 1997) where the use magnetic fields elicited subtle alterations of consciousness 

in subjects, particularly those subjects high in cornplex-partial epileptic like signs 



(CPELS). One of the most common effects of these magnetic field experiences was a 

subtle distortion of a subject's tirne sense. The subject's experience ratings on the exit 

questionnaire also confirmed the resdts of previous studies. Subjects hi& in CPELS 

experienced significantly more effects in both ri@ hemisphere-Thomas pulse and 

bilateral-Burst-x conditions than subjects low in CPELS. 

One of the more consistent fmdings magnetic field stimulation of the ri@ 

hemisphere is the occurrence of the 'sensed presence' (Persinger, Cook, Richards, in 

revision; Cook and Persinger, 1997), which was also found in this study. This interesting 

phenomenology occurs predominantly with right hemispheric stimulation with the 

Thomas pulse, and was most often accompanied by a feeling of terror or fear. This effect 

was also found in the current results. Previous studies have noted pulse-specific effects 

when using different magnetic field patterns, both in human studies (Richards, Persinger 

and Koren, 1993) and in animal studies (Thomas, Kavaliers, Prato and Ossenkopp, 1997). 

The current study also suggests that there are pulse-specific effects associated with the 

application of magnetic fields. 

The occurrence of a significant heart rate effect had not been found in previous 

shidies of this kind. Subjects displayed significantly higher heart rates during the 

application of the bilateral Burst-x pulse, but only if this application was preceded by 

nght hemisphere stimulation ushg the Thomas pulse. Although the heart rate 

measurement taken in the current study was only a gross measure of cardiac responsivity, 

an increase in heart rate could be interpreted as a response of the sympathetic nervous 

system, which is more lateralized to the right hemisphere (Wittling, Block, Genzel and 

Schweiger, 1998; Yom, Monlio, Cechetto and Hachinski, 1997). Results have shown 



clear and consistent right hemisphere predominance in sympathetically mediated control 

of various components of myocardial performance (Wittling, Block, Schweiger and 

Genzel, 1 998). Increased sympathetic activity, accompanied by elevated heart rate is 

often seen during experiments involving emotional processing. Spence, Shapiro and 

Zaidel (1 996) consider the right hemisphere to be a physiological response system for 

stimuli that bear an affective component. The hem rate increase found in the curent 

study may simply be a manifestation of the response h c t i o n  of the right hemisphere, 

perhaps secondary to the reported fear response elicited in some subjects, specifically 

those with high CPELS. 

A m e r  consideration of the phenomenology associated with these two magnetic 

field pulse should be noted. In the post-experiment interview, after filling out the exit 

questionnaire, subjects were queried to elaborate upon their experiences. An important 

point to consider is that out of al1 subjects, only those high in CPELS reported 

experiencing anyrhing. Al1 but one of the subjects classified as low CPELS described the 

session as 'sort of boring, nothing happened.. just sat here'. Subjects classified as high 

CPELS described a variety of experiences during both magnetic fields, the effects of 

which qualitatively different and seemingly unrelated to the order in which they were 

presented to the subject. Al1 subjects, whether or not it was indicated on the exit 

questionnaire, described differences between the bilateral Burst-x and the right 

hemisphere Thomas pulse. The bilateral-Burst-x was described as 'relaxing, mellow, 

very pleasant, and time seemed very quick'. During the right hemisphere-Thomas pulse 

subjects described feeling 'anxious, paranoid, somebody watching me, feeling 



anticipation, nervous, uptight, dizziness, and time seemed to go on forever'. The seme of 

presence during the right hemisphere stimulation was aiso felt as generally unpleasant. 

Time perception is known to be related to the activity of the right temporal- 

parietal and prefiontal areas of the brain. The current study demonstrated that magnetic 

field exposure to the right temporal-parietal region created a slight disturbance in time 

sense. The use of the equipment in the present study did not allow for the manipulation 

of magnetic field exposure to other regions of the cortex. Further experimentation should 

attempt to modulate the activity of the spatial regions of the brain known to be associated 

with time perception, while simultaneously considering the temporal parameters 

associated with the ongoing state of consciousness. 



Chapter 3 

Subjective Time Estimation By Humans 1s Increased By 

Counterclockwise But not Clockwise Circumcerebral Rotations 

Of P hase-Shifting Magnetic Pulses In The Horizon ta1 Plane 



1. Introduction 

As predicted by E.G. Boring in 'The Physicd Dimensions of Consciousness' 

(Boring, 1933) the understanding and the control of conscious perception would require 

the technology to isolate and to interact with the neurophysical correlates of cognition. 

n i e  theoretical concepts of Edelman (1989) and the empirical observations of Llinas and 

Ribary (1 993) have strongly indicated that the temporal substrate to conscious awareness 

may be re-created every approximately 20 to 25 millisecond (the "40 Hz" 

electroencephalographic band) through re-entrant processes that involve the entire 

cerebral cortical manifold. The electromagnetic fields generated by these re-entrant 

processes, transcerebrally, result in a "binding factor" that allows intracortical fields to 

interact. 

Some of the emergent properties fiom the interactions generated by the temporal 

binding (Joliot, Ribary and Llinas, 1994) may be awareness of the collections of 

sensations and îhoughts that we cal1 "the present moment" (Poppel, 1978). Cornparisons 

of objective (clock) times with their subjective estimations have been employed as one 

inference to discem changes in the duration of the temporal binding that subserves 

cognition. Although motor and sensory temporal performances requiring durations less 

than one second emphasize the lateral cerebellurn (Jueptner, Rijntes, Weiller, Faiss, 

Timmann, Mueller and Diener, 1995) estimations of longer temporal increments may 

involve primarily the nght fiontal and the right parietal cortices (Harrington, Haaland 

and Knight, 1998; Maquet, Legeune, Pouthas, Bonnet, Casini, Macar, Timsit-Berthier, 

Vidal, Ferrara, Degueldre, Quaglia, Delfiore, Luxen, Woods, Mazziotîa and Cornar, 

1 998). 

The goal has been to directly interact with and to control the electromagnetic 

correlates of consciousness generated by the brain through applied, complex magnetic 

fields whose characteristics simulate nahiral, transcerebraî electromagnetic fields. It is 



assumed that the continuously reconscnicted neuroprocesses associated with the 

conscious experience of time (duration) are analogous to a second derivative 

superimposed upon the first derivative ("re-entrant process") generating consciousness. 

This concept would be compatible with Friston's (1997) idea that the hctional 

integration of cerebral activity is due to ongoing and continuous transients as nonlinear 

systems attenuate t o w d s  attractors that themselves change (due to modulatory 

interactions among different populations of neurons) fiom moment to moment. 

To test this hypothesis, a prospective method of time estimation as defined by 

Zakay, Tsal, Moses, and Shahar (1995), whereby the subject is aware that temporal 

judgments will be required. With this method attention of the subject is directed in real 

time to information that is related to the passage of time (Zakay, 1993). The predicted 

results would be temporal distortions in estimations by counterclockwise but not 

cloc kwise circumcere bral stimulation by pulsed magnetic fields because they would 

interfere (move in the opposite direction) with the coherenî, rostrocaudal waves moving 

through the right hernisphere. 

2. Method 

2.1 Subjects 

Fourteen young (20-26 years of age), right-handed men and women volunteered 

(2% bonus marks in first year course) for the expenment. îhey were told the expenment 

was concerned with relaxation to rninimize expectancy effects. 

2.2 General Procedure 

After f h n g  a set of opaque swimming goggles over the subject's eyes and placing 

Cotton in the ears, 8 solenoids were atâached equidistantly to a velcro strip that was placed 

around the circurnference of the subject's head. When activated the strength of the field 

adjacent to the scalp was between 50 and 100 mG (5 UT and 10 UT). 



The subject was instructed that rnidway through a 5 minute pattern, the 

experimenter woutd place a stop watch in the left hand of the subject. Upon instruction 

the subject was to start the stop watch and then stop it when 10 seconds (sec) had elapsed. 

To disceni the individual ciifferences in subjective time estimation each subject was asked 

to estimate 10 sec in two successive trials each separated by about 30 sec. The second 

trial was employed as the baseline value. Each subject was exposed to 6 sequential 

configurations each of which was 5 minutes (min) in duration. An estimation (which 

required about 30 sec) of the time interval was then completed after a 2.5 min exposure to 

each of the six configurations. When the estimate was completed, the stop watch was 

removed. There was no statisticaily significant difference between the two groups for 

their baseline estimates of 10 sec (F('(1.13)=1 .7 1, p >0.05). 

Each subject had also been assigned sequentially to one of two conditions (3 men, 

4 women per condition): clockwise or counterclockwise arrangement of the eight 

solenoids. For the clockwise condition solenoid 1 was placed over the right prefrontal 

region such that solenoids 1 through 4 were equally spaced (45 de& over the nght 

hemisphere and solenoids 5 through 8 were equally spaced over the left hemisphere along 

the orbitotemporal plane. For the counterclockwise position, solenoid 1 was placed over 

the left prefrontal region such that solenoids 1 through 4 were placed over the left 

hemisphere and solenoids 5 through 8 were placed over the right hemisphere. 

Consequently, the counterclockwise arrangement generated a field sequence that moved 

in a rostral to caudal direction along the left hemisphere but in a caudal to rostral 

direction along the right hemisphere. The reverse motion occurred for the clockwise 

montage. 

The shapes and f'requency characteristics of the two pattems employed in the 

present study, burst-firing and fkquency modulated ("Thomas pattern"), have been 

published elsewhere (Richards, Peninger and Koren, 1993; Thomas, Kavaliers, Prato and 

Ossenkopp, 1997). The two patterns were generated by software processed by an XT 



(Zenith 2148) cornputer that delivered the information within the files to each of the 

solenoids in the same sequentid order (solenoid 1 through solenoid 8). Each signature or 

pattern was generated by converting a series of numbers between O and 255 to the 

equivalent voltage which ranged fiom -5 V to + 5 V. The cornputer-to-port latency was 

about 50 microsec. 

The manipulable parameters for th is  system were the pixel duration or the time in 

msec for each point of each value between O and 255 that comprised a pattern (between 

300 and 10,000 points), the tirne between signatures (or interstimulus interval), and the 

duration of the total package. Interstimulus times of 1 rnsec and 3000 msec were selected 

because of their success in previous studies (Fleming, Persinger, and Koren, 1994; 

Freeman and Persinger, 2996; Richards, Persinger and Koren, 1993). By employing a 

batch file, a third level of temporal organization, package duration, was also created. 

From empiricai criteria, the duration of each file (pattern and interstimulus interval) was 

5 min and the time between batches was 2 min such that a total of 40 min was required to 

execute the experiment. 

The eight solenoids were activated singularly in a linearly repeating order ( 1 ,  

2, ... 8, 1, 2...8, etc.) in accordance with these two additional variables: duration of the 

presentation of the fields at each solenoid and the change in the rate of presentation of the 

field at each solenoid. These values are presented in Table 3.1. For exarnple 

configurations 2 and 5 had durations of 100 msec at each solenoid and a change in rate of 

presentation of 20 msec. Consequently the field presentation was 100 msec at the first 

solenoid, 130 msec at the second solenoid, 140 msec at the third solenoid and 340 msec 

at the eighth solenoid. The only difference between configuration 2 and 5 was the shape 

of the pattern. The pulse pattern that was 200 msec in duration with a rate of change of -2 

msec (sequence 3) was accelerated with the activation of each solenoid such that the 

duration of the field at each pair of solenoids changed successively fiom 200 to 186 

msec. 



Table 3.1 : Parameters for each of the six configurations presented to subjects in either a 
clockwise or counterclockwise circumcerebrai rotation. 

Signature 
Configuration 

Temporal 
Pattern 
Pixel 

Durations 
(msec) 

Interstimulus 
(msec) 

Commutator 
Rate (msec) 
Change in 

Rate (msec) 

1 
1 

1 

1 

30 

+2 

Burst-X 
2 
- 7 

1 

1 

1 O0 

+2O 

3 
3 

3 

3000 

200 

-7 - 

6 
3 

3 

3000 

200 

-7 - 

4 
1 

1 

1 

20 

+2 

Thomas 
5 
- 7 
I 

1 

1 O0 

+20 



Ai1 statisîical analyses were performed on SPSS software on a VAX 3000 VMS 

cornputer. Prior to parametric statistical analyses, data was inspected to satise the 

assumptions of normality. 

3. Results 

The means and standard deviations for the net differences (in sec) between the 

estimated 10 sec interval subtracted fkom the baseline estimate for each sequence are 

shown in Table 3.2 for the groups that received the clockwise and counterclockwise 

rotations. Except for the first sequence, the group exposed to the counterclockwise 

rotation displayed significantly (ail Fs(1,13) between 7.90 and 13.01, p ~0 .01 )  longer 

subjective durations. The mean and standard deviation for the average (al1 six 

configurations) overestimation of the 10 sec interval was 4.1 (2.2) sec for the group who 

received the counterclockwise presentations compared to the overestimation of 1 .O (0.9) 

sec for the group who received the clockwise presentations (F(1,12)=10.64, pc0.01; 

eta2=0.470). 

Two way analysis of variance with one level repeated ( c ~ ~ g u r a t i o n )  

demonstrated a strong, statistically signifcant difference between the subjective estimates 

of time for the subjects exposed to the counterclockwise relative to the clockwise 

presentation of the rotaring cerebral fields. In addition to the expected effect over time of 

the presentation of the configurations (F(5 60)'4.87, p <0.001), there was a statistically 

significant interaction (FG,60)=2.57, p<0.05; partial eta?=18%) between the direction of 

the rotation of the circumcerebral fields and configuration. Symmetrical post hoc 

analyses employing (Scheffe's p c0.05) and paired t-tests (for each treatment separately) 

indicated that the primary sources of this interactions were the greater subjective 

temporal dilations 



Table 3.2: Means and standard deviations for the differences (in sec) between subjective 
estimates of 10 sec intervals after the field presentations compared to baseline values for 
the groups who received the configurations in either a clockwise or coirnterclockwise 
rotation. 

Clockwise I : Counter- 

Configuration 
clockwise 

Mean Mean Sd Sd Effect Size 
Y0 



during configurations (2 and 5) that involved successive accelerations of 20 rnsec for the 

group that received the counterclockwise presentation. These differences were not 

displayed by the group who received the same sequences but in a clockwise direction. 

When the drift in subjective estimates over the six presentations was 

accommodated by covariance, the most significant dilation in subjective time was 

displayed during the counterclockwise rotation when the configuration (#5) containhg 

the fiequency modulated ("Thomas") pattern was presented for 100 msec and the rate of 

change was 20 msec at each solenoid. ARer this exposure the time estimation (M,SD) 

was 12.2 (1.8) sec compared to 9.1 (2.1) sec for the group who received the clockwise 

rotation (F(1.12)=8.74, p<0.01). Because the numbers of rotations during 2.5 min for 

configuration 5 would be 1,103, the extension of subjective time by 2.6 sec would be 

equivalent to a disruption of about 23 msec per rotation. The distortion of subjective time 

was not as  large when the burst-firing pattern, which would have generated fewer pulses 

within the 20 msec rate of change, was applied. The adjusted (for drift) means and 

standard deviations for the subjective time estimations for the group that received the 

counterclockwise and clockwise directions for this pattern was 9.6 (3.4) sec and 8.3 (2.8) 

sec, respectively (F(1,121< 1.00; p >O.OS). 

4. Discussion 

The results are consistent with the research of Liinas and Ribary (1 993) who have 

been isolating the temporal and spatial characteristics of the electromagnetic correlate of 

the neural coherence (Thatcher, 1996) that subsemes cognition and with the literature 

concerning the neural correlates of time perception (Harrington, Haaiand and Knight, 

1998; Maquet, Legeune, Pouthas, Bonnet, Casini, Macar, Timsit-Berthier, Vidal, Ferrara, 

Degueldre, Quaglia, Delfiore, Luxen, Woods, Mazziotta and Comar, 1998; Poppel, 

1978). Conscious awareness, as inferred by perception of time intervais, involves a 

process that may be recreated approxirnately every 20 to 25 msec and may be affected by 



right hemispheric activity. Interference with this process by pulsed magnetic fields of 

approximately 10 UT intensity moving spatially against the rostrocaudal phase shifting 

waves would have occurred within the right hemisphere only during the 

counterclockwise rotations. 

Most phamacological treatments that distend subjective estimates of time display 

mild opiate characteristics (Hameroff, Novak, Yang, and Lachter, 1996; Matthew, 

Wilson, Turkington and Coleman, 1998; Meck, 19%). The burst-finng and particularly 

the fiequency modulated patterns employed in this study have evoked elevated 

nociceptive thresholds (Fleming, Persinger, and Koren, 1994; Thomas, Kavaliers, Prato, 

and Ossenkopp, 1997) or have encouraged subjective experiences consistent with 

hedonia (Freeman and Persinger, 1996). Although we cannot exclude the possibility that 

exposure for 2.5 min to the circumcerebral fields may have released intrinsic opiate 

compounds, if this alternative etiology produced the temporal dilatation than it must have 

been responsive specifically to counterclockwise rotation. 



Chapter 4 

Experimental Investigation of Subjective Time Estimation 

Using Multiple Conditions: A Cornparison of Condition and Sequence Differences 



1. Introduction 

The physicd substrates that generate the state and contents of consciousness are 

presently unknown within current scientific knowledge. Within the last several years, 

there have been several theories put forth that have attempted to explain the mechanisms 

of consciousness (John, 1976; Edelman, 1989; Crick and Koch, 1990). Between the 

various hypotheses, there are a great deal of diffierences in te- of specific strucniral or 

functional importance in each individual researcher's model, yet one common aspect 

seems to be an emphasis on timing in both the geoeration of the objective state and 

subjective contents of consciousness in the brain. The consideration of time and 

consciousness is an attempt to address what is considered one of the central puzzles of 

consciousness known as 'The Binding Problem'. The central diffrculty of this problem is 

how a unified multimodal perception in consciousness can be generated by numerous 

spatidy distributed and functionaliy separate areas of the brain. The most cornmon 

proposal for the unification of the contents and state of consciousness is the 40-Hz 

electromagnetic binding factor. The main tenant of this hypothesis is that neurons whose 

firing rates are tightly phase-locked to 40-Hz oscillations are readily selected for M e r  

processing into coherent muitifeatured representations of perceptual objects (Newman 

and Grace, 1999). Llinas and Paré (1991) have found that this coherent 40-Hz activity 

occurs in a rostral-caudal direction over the entire cerebral manifold approximately every 

20 to 25 rniiliseconds during both the w a h g  and dream state. 

Most recentiy, the journal 'Consciousness and Cognition' dedicated an entire 

issue on the subject of temporal binding (1999 Jun;8(2)). In a concluding commentary on 

the subject Engle, Fries, Konig, Brecht and Singer (1999) note that what d l  authors 



addressing the binding problem seem to agree upon is that (a) there are buiding problems 

at both the phenomenal and physiological level (b) the timing of neural signals may be a 

plausible solution to some of the problerns (40-Hz) and (c) solving the issue of binding 

and response selection may be a critical factor in understanding the neural correlates of 

consciousness. 

Given the imporîance of timing for the generation and ongoing integration of 

consciousness, important consideration shouid be given on how neural timing might 

affect the overall perception of time as a coherent whole. Tirne perception is a 

paradoxical term, because dike  the classic senses of vision, smell and hearing, there are 

no structures withio the brain specialized for perceiving t h e .  Given this fact, one m u t  

assume that the appearmce of the ability to perceive time must be correlated with the 

emergence of consciousness during evolution. Some researchers, most notably Poppel 

(1978; 1988), have empbasized that a complete understanding of the nature of tirne will 

only occur once the mechanisms that underlie consciousness are properly understood. 

The mechanisms by which subjective time is experienced have previously been explained 

by information-processing models and by other computational metaphors, such as the 

'intemal clock' (Church and Broadbent, 1990). Tbese computational models tend to treat 

tirne as a pure sensation, without regard to the phenomenological experience that 

accompanies the psychological experience of tirne. 

A recent mode1 of subjective tirne by Varela (1999) utilizes elements of 

neuroscience, nonlinear dynamics and phenomenology. Using a method Varela tems 

'neurophenomenology', he attempts to address the likely neurophysiological correlates of 

t h e  consciousness while considenng the phenomenological correlates as well. Varela 



proposes that it is the coherent activity of difFerent populations of neurons, oscillating at a 

fiequency of about 40-Hz, that bind together every cognitive act, h m  the simplest 

perception to the higher most reasoning. Varela's time scale for temporal perception . 

exists in the timing M e  of 20 to 40 milliseconds, similar to L h  and Paré's rostrd- 

caudal phase shift period. 

Recently, Cook and Persinger (1999b) found that the application of 

circumcerebrally applied magnetic fields could alter subjective time estimations in 

normal volunteers. Considering the research of Edelman (1989) and Llinas and Paré 

(1991), it was assumed that if consciousness is a continuously reconstructed process due 

to reentrant processes generating the 40-Hz band across the cerebral manifold, then it 

should be empirically possible to apply a cornplex, magnetic field to interact with such a 

fast, discontinuous process. Subsequently, it was found that interference with the ability 

to estimate t h e  occurred during a counterclockwise rotation of the magnetic fields, but 

not in the clockwise rotation. These results seem to offer support for the results of Llinas 

and Paré (1991) and Varela (1999). 

Although the use of a specific magnetic field rotation was deterrnined to affect 

subjective time estimations, what was not empirically investigated was the 

phenomenology associated with the magnetic field experience. In the Cook and 

Persinger (1999b) study, subjects were given an exit questionnaire to generally classi@ 

experiences during the magnetic field exposure, but an actual real time account of what 

was being experienced during the various conditions and conf~gurations was not pursued. 

In line with Varela, the importance of phenomenology associated with the temporal 

experience should not be neglected. 



In a mode1 of prospective tirne judgernent, the subject is told to estimate a givea 

interval (e.g. 10 seconds). What is required of the subject is a short focused attention 

upon the temporal interval. Although it is unclear which neural structures are responsible 

for the experience of tirne, PET (positron emission tomography) studies have indicated 

the importance of the thalamus, parietal lobes and the anterior cingulate cortex in this 

task (Zakay and Block, 1996). The anterior cingulate is also part of the executive 

attentional network for orientation to sensory stimuli, memory activation and maintainhg 

the alert state (Posner, 1994). As such, a further consideration of the role of the anterior 

cingulate cortex in subjective time estimations should be examined. The following study 

utilized the Stroop Test as a method to infer the possible role of the anterior cingulate 

cortex. Previous neuroimaging snidies have repeatedly demonstrated the selective 

activation of this cortical region during this particular task (Pardo, Pardo, Jauer and 

Raichle, 1990). 

The following study was constnicted to M e r  pursue the results found in Cook 

and Persinger (1 999b). 

2. Methods 

2.1 Subjects 

Ten subjects (five men; five women), ages 19-21, were selected on the basis of 

their z-scores (High z-scores ranging from 0.70-1.00) on the Personal Philosophy 

Inventory (Persinger and Makarec, 1993). Before participation, it was explained to al1 

potential subjects that the study consisted of five experimental sessions (1 per week for 5 

weeks), and the reward for participation would be a 5% bonus in theù introductory 



psychology class. To minimize expectancy effects, the subjects were told that the 

purpose of the study was an investigation of relaxation and time perception. It was also 

explained to each subject that participation was voluntary and were fiee to terminate the 

session at any tirne, and withdraw from the study at any tirne. 

3.2 General Procedure 

Before beginning the experimental session, each subject was required to complete 

and sign a consent form. The subject was seated in a cornfortable chair within a 

commercial soundproof chamber. The experirnental procedure remained identical 

through the five sessions, however, one experimental session was a sham condition where 

the procedure remained the same, but the magnetic field was not initiated from the 

cornputer. 

2.3 Stroop Test 

The Stroop Test was utilized as a test of focused attention. This task consists of 3 

separate subtests, however, only the third subtest, designed to mesure focused attention, 

was utilized. Stroop stimuli consist of four colour words (red, green, yellow, blue) 

printed in incongruent colours (red printed in green; yellow in blue). The list consists of 

80 incongruent coloured words (20 words per column), randomly varied so that no 

identical stimuli follow each other. The subject was instructed to name the colour and 

not the word, and to do so as  quickly and accurately as possible. Each subject was 

allowed 45 seconds to complete as much as possible. Administration of the Stroop Test 

occurred immediately before the initiation of the experiment and irnmediately afterwards. 



2.4 Heart Rate Analysis 

To determine if there was any physiological changes during the experiment, a 

heart rate measure was obtained from two electrodes (1 cm in diameter). Electrodes were 

filled with electrolyte paste and attached to the manubrium stemi and to the iefi rib cage. 

The heartrate signal was detected by a stripchart recorder located outside of the chamber. 

For purposes of analysis, the heart rate was sampled 10 beats before the subject was 

asked to estimate the time duration, 1 O beats during the estimation of tirne, and 10 beats 

a h r  the time estimation. Heart rate, in beats per minute, was calculated and analyzed 

using the intervals sampleci. 

2.5 T h e  Estimation Task 

The subject was informed again that the purpose of the study was an investigation 

of time perception and relaxation. To infer subjective tirne, a mode1 of prospective time 

was utilized. For the estimation of t h e ,  a button, connected to an extemal sûip chart 

recorder, was placed in the subject's left hand. The subject was told that periodically 

throughout the session, the primary experimenter would ask them to estimate a 10 second 

time period. Upon hearing the request to estimate, the subject was asked to press the 

button once, estimate ten seconds duration, and press the button a second tirne once they 

subjectively felt the ten second duration had elapsed. Subjects were asked to estimate 

tirne at the 3 minute mark of every 5 minute exposure, for a total of six estimations per 30 

minute session. Two baseline estimates of 10 seconds (separated by 30 seconds) were 

taken before the beginning of the experiment. 



2.6 Subjective Experience Analysis 

To investigate more thoroughly the phenomenology of the temporal experience 

during the magnetic field exposure, an active solicitation of subjective mentations was 

undertaken. It was instructed that the primary experimenter would periodically ask the 

subject to 'Briefly describe what you are experiencing'. The subject was told that upon 

hearing the prompt to describe what was just going through your rnind in 30 seconds or 

less. Subjects were encouraged to relax, and if possible, not to explicitly think about 

anyuiing* 

Al1 subjectos verbal reports were recorded on audio tape, and transcribed off-line. 

Subjective reports were classified into 23 categories (see Table 4.1). Reports, such as 

thinking about the day's events would be classified as concrete thinking, while the 

imaginative thought (I'm imagining floating on a cloud') would be classified as visual 

imagery. Similarly, the report of sensation would simply be classified by modality 

(hearing a ticking sound-auditory experience). 

2.7 Characteristics of the Magnetic Fields and Equipment 

A set of opaque swimming goggles were placed over the subject's eyes. Eight 

solenoids were placed equidistantly on a velcro strip that was placed around the 

circurnference of the subject's head. The strength of the magnetic field, when activated, 

was between 50 and 100 mG (5 and 10 PT). M e r  the procedure was completed, the field 

was initiated and verified by the pnmary experimenter. The chamber door was shut. 

Subjects were exposed to five different experimental conditions over the course of the 



Table 4.1 : Description of Subjective Experience Categories 

Visual 

Auditory 

Visceral 

Autonomie 

Ves tibular 

Olfactory 

Temperature 

Concrete Thinking 

Dreamy State 

Mind-Emptiness 

Wiil to Move 

Depersonalization 

Manic Thinking 

Face Imagery 

ColourN Imagery 

Toroidal Imagery 

Bodily Sensations 

Ann Sensations 

Leg Sensations 

Head Sensations 

Positive Emotion 

Negative Emotion 

present or not present 

present or not present 

present or not present (internai somatic sensations) 

present or not present (awareness of heart rate, pulse) 

present or not present (body distortion, sense movement) 

present or not present 

hot or cold (awareness of..) 

daily events fixated upon current conditions or time 

sleepy feeling, description of it being.. , 

absence of thought or cognitive activity 

desire to initiate movement of some sort 

sensation of unreality or strangeness of current surroundings 

awareness of rapidity of thought or imagery 

awareness of imagery being distinctiy facial (animal or hurnan) 

awareness of colour within imagery 

awareness of imagery bearing toroidal or 'swirling circula' 

awareness of sensations within the torso 

awareness of sensations on the arms and hands 

awareness of sensations on the legs and feet 

awareness of sensations on face and scalp 

awareness of happy or positive feelings 

awareness of sad, angxy or negative feelings, 



saidy. Ali subjects were assigned to receive al1 treatments. The delivery of magnetic 

field stimulation was by eight solenoids placed on the head of the subject. Two possible 

rotations are based upon placement of solenoid 1. A clockwise rotation occurred when 

solenoid 1 was placed over the right prefrontal area, with 1 through 4 placed equidistantly 

over the right hemisphere and solenoids 5 through 8 also spaced evenly over the 

orbitaltemporal plane. For the countercIockwise position, solenoid 1 was placed on the 

left prefrontal area, and 1 through 4 over the Iefi hemisphere. Solenoids 5 through 8 were 

placed over the right hernisphere. 

As in the previous study, two magnetic field patterns were utilized, a burst-finng 

(Burst-x) and frequency modulated (Thomas). The two patterns were generated by 

software presented by a cornputer that delivered the information within the files to each 

of the solenoids in the same sequential order (solenoid 1 through 8). The pattern 

signature was generated by converting a series of numbers between O and 255 to the 

equivalent voltage which ranged Erom -5 to +5 V. 

The variable parameters for this systern were pixel duration (the time in 

rnilliseconds for each point of each value between O and 255 that comprised a pattern 

(between 300 and 10000 points), interstimulus interval (the time between the signatures) 

and the duntion of the entire pattern presentation. Due to the success of these parameters 

in the previous study (Cook and Persinger, 1999b) and other similar studies (Cook and 

Persinger, 1997), interstimulus times of 1 millisecond and 3000 milliseconds were 

selected. The thne selected for each specific pattern presentation was 5 minutes. 

The eight solenoids were activated linearly, starting fkom solenoid 1 through to 

solenoid 8, and repeated the order for a 5 minute duration (1, 2, 3 ..... 8, 1, 2, 3 ..... 8). 



Furthemore, two more variables that could be manipulated were the rate at which each 

pattern remained at each solenoid, and the rate of change fiom one solenoid to the next. 

The values utilized are presented in Table 4.2. An example would be configuration 2 and 

5, which each had presentation rates of 100 milliseconds, with a rate of change in 

presentation of 20 milliseconds. At solenoid 1, the field presentation would be 100 msec, 

120 msec at solenoid 2, 140 msec at solenoid 3 to 340 msec at solenoid 8. The only 

difference between configuration 2 and 5 would be the shape of the pattern. 

There were several reasons for including five experimental sessions. One reason 

was to M e r  replicate the counterclockwise rotation results found in the previous study. 

Secondly, the previous study utilized two different magnetic field pulses (the Burst-x and 

Thomas puise) with 3 configurations for each (see Table 4.3). The presentation order for 

the previous study was configuration 1 through 6, henceforth referred to as the Standard 

sequence. To examine the importance of this sequence for the previous results, the 

current study utilized the reverse parameters of îhe previous, (henceforth referred to as 

Reverse sequence). The Reverse sequence presentation began with configuration 6 (or 

ThomasJ), and ended with configuration 1 (or Bmstx-1). Thirdly, a sham session was to 

be included as a M e r  reference point for dl subjects. The five experimental sessions in 

al1 were: 1) clockwise-standard 2) counterclockwise standard 3) clockwise reverse 4) 

countercIockwise reverse 5) sham. 

Al1 sessions were randornized so that only 2 subjects received the same session 

sequence. For example, for subject 1, session 1 was clockwise standard, for subject 2, 

session 1 was counterclockwise standard up to subject 5, where session 1 was a sham. 

Subjects 6 through 10 were assigned the sarne session sequence as subjects 1 though 5. 



Table 4.2: Parameters for each of the six configurations presented to subjects in either a 
clockwise or counterclockwise circumcerebral rotation. 

Signature 
Configuration 

Temporal 
Pattern 
Pixel 

Durations 
(msec) 

Interstunulus 
(msec) 

Commutator 
Rate (msec) 
Change in 

Rate (msec) 

4 1 
1 

1 

1 

20 

+2 

Thomas 
5 

Burst-X 
- 7 

- 7 

1 

1 

1 O0 

+20 

6 3 
3 

3 

3000 

200 

-7 - 



Table 4.3: Outline of Sessions and Conditions. 

Session 1 - Clockwise Rotation - Standard Sequence 
Pulse 1 Pixel Duration 1 Interstirnuls 1 Commutator 1 Rate of Change 1 

(msec) 1 Intervai (msec) 1 Rate (msec) 1 (rnsec) 

Session 2 - Counterclockwise Rotation - Standard Sequence 
Pulse 1 Pixel Duration 1 Interstirnuls 1 Commutator 1 Rate of Change 1 

Bxl 
Bx2 
Bx3 

1 (msec) 1 Interval (msec) ( Rate (msec) 1 (msec) 

1 
1 
3 

Session 3 - Clockwise Rotation - Reverse Sequence 
Pulse 1 Pixel Duration / Interstirnuls 1 Commutator 1 Rate of Change 1 

Bxl 
Bx2 
Bx3 
Th1 

1 
I 

3000 

Session 4 - Counterclockwise Rotation - Reverse Sequence 
l Puise 1 Pixel Duration ( Interstirnuls 1 Commutator 1 Rate of Change 

1 
1 
3 

Th3 
Th2 
Th1 
Bx3 
Bx2 
Bxl 

20 
1 O0 
200 

Session 5 - Sham 

+2 
+20 
-7 - 

1 
1 

3000 

(msec) 
3 
1 
1 
3 
1 
1 

Th3 
Th2 
Th1 
Bx3 
Bx2 

20 
1 O0 
200 

1 

Interval (msec) 
3000 

1 
1 

3000 
1 
1 

(msec) 
3 
1 
1 
3 
1 

+2 
+20 
-3 - 

20 1 +2 

Rate (msec) 
200 
100 
20 
200 
1 O0 
20 

Interval (msec) 
3000 

1 
1 

3000 
1 

(msec) 
-3 - 

+20 
+2 
-3 - 

+20 
+2 

Rate (msec) 
200 
100 
20 
200 
1 00 

(msec) 
-7 - 

+20 
+2 
-7 - 

+20 



Al1 statistical analyses were perfomed on SPSS software on a VAX 4000 VMS 

cornputer. Prior to parametric statistical analyses, data was inspected to satisS the 

assumptions of normality. 

3. Results 

3.1 Time Estimations 

The means and standard deviations for the net differences (in seconds) behveen 

the estimated 10 second interval subtracted from the baseline estimate for each sequence 

and each session are shown in Table 4.4. Multivariate analyses of variance (MANOVA) 

demonstrated an effect for pulse sequence during the Burst-x presentation (F(2.16)=10.64, 

pc0.005, et$=0.57). Post-hoc analysis indicated that the there was larger dilation of time 

during configuration 3 compared to configuration 1 (t9=3.52, p<0.01) and configuration 2 

relative to conf~guration 1 (t9=2.39, pc0.05). There was also a sex by pulse sequence 

interaction (Fpl6)=7.36, p<0.01, eta2=0.47). Post hoc analysis revealed that female 

subjects displayed significautly greater tirne dilation during configuration 2 of the Burst-x 

pulse (t4=3.83. pC0.05) compared to configuration 1 and configuration 3 (t4=8.06, 

pCO.005) relative to configuration 1. 

Several results were approaching statistical significance at the 0 .O5 level. 

Multivariate analyses of variance of al1 configurations and sessions, revealed an 

approaching signifiicance sequence effect (F(5,40)=2.40, ~ 0 . 0 5 4 ,  eta2=0.23). Exploratory 

pst-hoc analysis revealed that both configuration 2 ($=2.39, pc0.05) and configuration 

3 (t4=3 St; pcO.01) were significantly different fiom configuration 1. Furthemore, there 



Table 4.4: Means and standard deviations for the differences (in sec) between subjective 
estimates of 10 sec intervals &er the field presentations compared to baseline values for 
the groups who received the configurations in either a clockwise or counterclockwise 
rotation and reverse or standard sequence. 

Clockwise Rotation - Standard Seauence 
' configuration ! Males i / Females 1 ! Total i 

1 Means Sd 1 Means Sd 1 Mean j Sd 
I I i ! 

Counterclockwise Rotation - Standard Sequence 
Configuration j Males 1 Females ! 1 Total 1 

1 Means 1 Sd Means 1 Sd j Mean Sd 
l ! I 

Clockwise Rotation - Reverse Sequence 
1 Configuration / Males 1 i Females 1 1 Total 1 1 



Configuration 1 Males 1 ! fernales 1 / Totaf i 
I Means 1 Sd Means Sd ! Mean 1 ; 
I 

1 
Sd 

! 1 

Counterclockwïse Rotation - Reverse Sequence 
Configuration 1 Males 1 Females 1 Total 1 

/ Means 
i 

. Sd ! Means i Sd Mean Sd 
1 



was also a near significant sex by pulse sequence interaction (F (5Ao)=Zl 8, p=0.075, 

eta3=0.21). Post hoc revealed that it was female subjects experiencing greater time 

dilation during configuration 3 in the Burst-x pdse relative to Burst-x configuration 1 

(t4=3.83, p<0.05), Thomas configuration 5 (t4'3.49, p<0.05) and Thomas configuration 6 

(t4=7.56, p<0.01), as well as greater time dilation during configuration 3 of the Burst-x 

relative to Burst-x conf;,guration I (t4=8.06, pC0.005) and Thomas configuration 6 

(tc3.71, p<O.O5). Furthemore, there was also a condition by sequence effect for the 

Thomas Pulse that was approaching significance (F(8$@ .79, p=0.096, eta2=0.183). 

Post hoc indicated that subjects have greater time dilation dunng this puise in the 

configuration 5 (t9=3.59, pCO.01) relative to configuration 6. 

3.2 Heart Rate 

The means and standard deviations for heart rate for al1 sessions and 

configurations are in Table 4.5. MANOVA was used to examine heart rate across 

condition and pulse configuration. A statistically significant interaction was found 

between sex and condition (F(4,32)=4. 1 1. pC0.0 1, eta2=0.340). Post hoc analysis 

indicated that female subjects displayed a faster heart rate during the counterclockwise- 

standard condition compared to clockwise-standard (t44.06, pK0.05). An examination 

of heart rate during the Burst-x pulse revealed a significant interaction between sex and 

condition (F<4,37)=3.46, - pC0.05, eta2=0.302) with fernales displaying a higher heart rate 

during the Burst-x counterclockwise-standard compared to the clockwise-standard 

condition (t4=3.04, p<0.05). An examination of the Thomas pulse also revealed a 



Table 4.5: Means and Standard Deviatioas of Heart Rate (Number of Beats per Minute) 
for Clockwise and Counterclockwise Rotation and Reverse and Standard Sequence. 

Clockwise Rotation-Standard Sequence 
Configuration ! Males ! 1 Females ! Total 1 

I Sd ! Means I Sd i Means / I Mean ! Sd 
1 

l 1 ! ! 

Counterclockwise Rotation-Standard Seauence 
-Configuration 1 Males 

1 Means 
! Females 1 i Total 1 

Sd Means 1 Sd 1 Mean 1 

Clochise Rotation-Reverse Sequence 

l Sd I 

Confiquration 1 Males 
1 Means 

1 Females 1 Total 1 
Sd 1 Means Sd 1 Mean ! Sd 

1 



Counterclockwise Rotation -Reverse Sequence 
+ 

Configuration 1 Males 1 1 Females ! ! Total ! 
Meanç Sd Means Sd 1 Mean 1 Sd 

! 

Sham 
Confiquration Males 1 1 Fernales l 1 Total 1 

j Means 1 Sd Means i i Mean j 
1 I 1 Sd I I sd l 



significant sex by condition interaction (F(4'3 - +29, pC0.0 1, eta2=0.349) with female 

subjects again displaying higher heart rate during the counterclockwise-standard 

condition relative to the clockwise-standard (t4=2.80, ~ 4 . 0 5 )  and to the 

counterclockwîse-reverse (t4=2.84, p<0.05). 

3.3 Subjective Experiences 

F-values for al1 the content categories are listed in Table 4.6. An examination of 

the mean nurnber of experiences overall indicated that there were significantly more 

d h g  the Burst-x in counterclockwise-reverse condition compared to the Thomas pulse 

in the counterclockwise-reverse condition (t9=2.88, pC0.05) and to the Thomas pulse in 

the clockwise-standard condition (tg=Z48, p<O.O5). 

Further anaiysis indicated there were sequence and condition differences for 

experiences overail. When examining overall sequences, there were significantiy more 

experiences reported during configuration 3 of the Burst-x pulse when compared to the 

Thomas pulse configuration 2 (t@58, pC0.05) and 3 (t9=2.40, p<0.05). There were 

more overall experiences during the Burst-x counterclockwise rotation when compared to 

the Burst-x during the clockwise rotation (t9=2.83, pc0.05). 

MANOVA across al1 conditions and sequences revealed a significant condition 

effect for visual experiences (F(4 361=2. 76, pcO.05, eta2=0.23 5). Post hoc paired t-tests 

revealed signifïcantly more visual experiences in the counterclockwise-reverse condition 

than the clockwise-standard condition (f9=3.55, pc0.01). Further analysis indicated that 

of the visuai experiences, ~ i g ~ c a n t l y  more appeared in the left visual field that the right 



Table 4.6: F-Values of Subjective Experience Categories 

Variable / Constant ! Condition ! Sequence 1 Cond X Sea 
! 1 ! l 

-VISU f 9.26 j 2.76* 1.8 ! 1.05 I 

. VL l 9.65 I 2.93* 1 1.96 0.97 
I 

, VR 1 8.86 I 2.55* i 1.62 1 1.1 4 l 

, AUD 6.22 1 2.09 i 1.46 1 2.73- 
VIS 3.69 1 0.52 1 1.83 i 1.17 
AUTO 1 12.96 3.3* 1 0.55 1 0.6 
VEST 1 14.39 1 3.89* 1 1 .O8 i 0.83 
TEMP 1 16.35 1.28 1 1.47 1 1.26 
RAT 1 27.33 1.47 1 0.56 ! 1.31 

I 

DREA I 
1 1 6.36 I 1.98 1 0.81 1 1.11 
I 1 I 

MlND I 10.79 1 1.55 t 1 .O7 ; 0.88 
WILL I 4-48 0.38 i 1-34 I 0.76 
DEP i 3.27 1 0.56 1 0.42 1 1 .1 6 
MAN 1 3.46 1 1.29 l 0.31 
FACE i 2.25 f -65 / 1.7'1 

c.89 
1.1 2 

COL ! 3.08 f 0.89 1.4 0.75 
TOR f 3.75 j 0.26 t 1-56 1 1.01 
BODY I 

I 9.88 0.96 I 0.96 0.49 
ARM I 

I 15.75 1 0.75 1 1.17 ! 0.79 
LEG 1 9.88 i 0.92 i 3 . 5 ~  0.83 
HEAD 1 10.42 i 1.98 
EP 1 33.32 1 1.08 

0.53 i 0.92 
0.23 1 1 .O4 



visual field (F (4,36)=U3, pC0.05, eta 2=0.246) during the counterclockwise-reverse 

condition. 

MANOVA also revealed a significant condition by pulse sequence interaction for 

auditory experiences. Post hoc analysis indicated significantly more auditory experiences 

during configuration 5 of Thomas pulse clockwise-reverse condition, compared to 

configuration 6 (t9=2.45, pc0.05) of Thomas pulse clockwise-reverse, and also compared 

to configurations 1 (t9=2.45, p<0.05), 2 ($=3.00, p<0.05) and 3 (tg=3.00, pX0.05) of 

Burst-x cIoc kwise-reverse. 

MANOVA demonstrated a significant condition effect for autonornic experiences 

(F(4,36)=3.30, p<0.05, eta2=0.268). Post-hoc analysis found significantly more 

autonornic experiences during the clockwise-standard condition compared to the 

clockwise-standard (t9=2.33, p<0.05) and the sham condition (t9=2.3 8, pc0.05). 

MANOVA demonstrated a significant condition effect for vestibular experiences 

(F(4,36)=3.89, p<O.OS, etaz=0.302). Post-hoc analysis found significantly more 

autonornic experiences during the clockwise-standard condition compared to the 

clockwise-reverse (t9=2.54, p<0.05), counterclockwise-reverse condition ($=3.25, 

p<0.05) and the sham condition (î+.74, pC0.05). 

MANOVA demonstrated a significant pulse sequence effect across al1 conditions 

for lower limb sensations (legs and feet) (F(5 45)=3.56, p<O.01, etd=0.284). Post hoc 

analysis indicate that there were significantly more sensations of the legs and feet during 

Burst-x configuration 2 compared to Burst-x configuration 1 ($=3.00, pC0.05) and 

Thomas configuration 4 (t9=3.00, p<0.05). 



3.4 Stroop Test 

Means and standard deviations for the Stroop Test for al1 conditions are in Table 

4.7. Muhivariate analyses of variance indicated a significant interaction between 

condition and order for the Stroop test (F(4932)=3.34, p<O.05, efa2=0.295). Post hoc 

analysis revealed a significant difference between pre- and post-experiment scores in the 

counterclockwise-reverse condition (t9=2.96, p-CO.05). 

4. Discussion 

The results of the study m e r  demonstrated that the significant confiigurations 

from the Cook and Persinger (2999b) study (Burst-x2 and ThomasS), were also 

significant in the current study of subjective time perception. In examining time 

estimations across both Burst-x and Thomas pulse over al1 five conditions, only the 

Burst-x configuration 3 and 3 displayed significantly larger estimations of time when 

compared against al1 other configurations. What had emerged in the current study was a 

sex difference between males and female subjects, with fernales displaying larger time 

estimations during the Burst-x configuration 3 and 3. The Thomas pulse configuration 5 

was significant only at the 0.20 level. The significance of these cofigurations is similar 

to that seen in Cook and Persinger (1999b), where a counterclockwise rotation of the 

Burst-x configuration 2 and the Thomas pulse configuration 5 singularly displayed 

significantly greater time estimations cornpared al1 other configurations and rotations. 

Configurations 2 and 5 are both presented for 100 mec with a rate of change of 20 mec, 

differing only in the shape of the magnetic field pulse. 



Table 4.7: Means and Standard Deviations for Stroop Test Values for al1 Rotations and 
Sequences. 

i ! i Before ! \ After i 
Condition 1 ' Mean ! Sd 1 Mean ' Sd 

, l ! i I i 

I Clockwise-Standard 1 63.3 f 18.9 j 64.6 : 19.7 
Counterclockwise-Standard 64.6 I 12.8 1 63.9 ; 14.8 
Clochise-Reverse 
Counterclockwise-Reverse 

1 64.4 15.1 ; 67.8 i 17.7 
i 58.8 i 15.5 1 69 i 13.7 

Sham j ! 62.7 i 18.3 i 65.4 1 19.8 



The finding of a clear advantage for the counterclockwise-standard condition did 

not emerge for the time estimation resdts. However, female subjects in the 

counterclockwise-standard condition did exhibit a significant increase in heart rate when 

compared to other experimental conditions. The heart rate effect was not pulse specific, 

emerging in both the Burst-x and Thomas counterclockwise-standard condition, but was 

sex-specific, with females displaying an increased heart rate. Sex differences in heart 

rate were not explored in previous studies of this nature (Cook and Persinger, 1997; Cook 

and Persinger 1999a). However, an increased heart rate was seen during a bilateral 

stimulation with the Burst-x pulse, following the right hemisphere stimulation with the 

Thomas pulse (Cook and Persinger, 1 999a). The presence of autonomic effects such as 

increased heart rate is known to occur following stimulation of the right hemisphere. If 

the hypothesis presented is correct, pulsed magnetic fields moving in counterclockwise 

rotation would move spatially against the rostrocaudal phase shifting activity found by 

Llinas and Ribary (1 993), only within the right hemisphere. Further studies utilizing 

similar conditions and sequences woufd be required to confimi these resuits. 

The significance of the counterclockwise rotation compared to the clockwise 

rotation was also supported when examining the overall subjective experiences of the 

participants. Significantly more experiences were reported overall in the 

counterclockwise-reverse condition when compared to the clockwise-standard, favouring 

the Burst-x pulse. The emergence of significant effects for subjective experiences was 

not as clear, with different pulse, condition and configuration effects emerging for only 4 

of the 23 categories. Despite the lack of significance, post-experimental interviews with 



subjects revealed a number of phenomenological expenences that did not emerge within 

the intended sampling of verbal reports. There was a number of reports of what could be 

temed 'mind-emptiness'. Subjective descriptions are usually '1 feel nothing within my 

mind', 'It's like 1 disappeared for a few seconds, 1 was gone' and 'For a moment 1 felt my 

mind had lefi, it was just dead and empty'. The number of these reports, although not 

significant to ernerge during analysis, are noteworthy of the subtle alterations of 

consciousness that can occur during this particuIar type of magnetic field stimulation. 

A significant difference between Stroop Test scores was found, but was not in the 

expected direction of the hypothesis. In neuroimaging studies of subjects perforniing the 

Stroop Test, the anterior cingulate cortex is selectively activated, particularly during 

incongruent colour naming, and has also been hypothesized to modulate attention to 

temporal durations. If the counterclockwise rotation interferes with subjective tirne 

estimations, one also rnight expect interference with the incongruent naming portion of 

the Stroop Test. In the current study, post experirnent scores on the Stroop Test were 

significantly higher than pre-experiment scores for the counterclockwise-reverse 

condition. The role of the anterior cingulate cortex is presumed to one of selection for 

cognition and action (Devinskey, 1995). Attention to space or time requires the ability to 

select a stimulus for further processing amongst competing stimuli. One could infer fiom 

the results, that the expenrnental condition seemed to improve the ability to focus 

attention for an incongruent colour-word task, however interpretation at this point must 

remain speculative because the effect was condition and sequence specific. 

The current results seems to offer partial support for the previous study, and its 

resuits should be considered as more exploratory in nature. There are several possibilities 



as to why the results of the current study were obtained. Previous studies had not 

attempted to solicit verbal reports fiom subjects while undergohg magnetic field 

stimulation. In similar snidies of this nature, subjects were instructed that they may speak 

to the experimenter during the procedure and describe their experience, but few chose to 

verbalize their intemal state. Afterwards, the subject would complete an exit 

questionnaire and be interviewecl post-expenment regarding their experience. The very 

act of encouraging the subject to speak may have decreased the variance associated with 

Cook and Persinger's (1 999b) results. Neuroimaging studies have demonstrated that the 

act of speaking generates a distributed network of brain areas, most specifically within 

the leR hemisphere (Muller, Rothermel, Behen, Muzik, Mangner, Chugani, 1 997). By 

verbally asking the subjects to 'Describe what you are experiencing', there is activation 

within the left superior and middle temporal gyri, where expressing speech leads to 

activation of the left middle and iderior frontal gyri. Such activations did not occur in 

the Cook and Persinger (1999b) study, where subjects remained silent One possible 

explanation for the current results could be termed a 'periodic lefi-hemisphere 

stimulation' that interacted with the magnetic field conditions, decreasing the variance of 

the previous results. 

Aside fiom partial support of the configurations, the intriguing results of the study 

were the autonomie activation (increased heart rate) and greater subjective experiences 

within the counterclockwise condition. It leads one to speculate of the relationship 

between the two effects. Subjects may have experienced an increase in hem rate as a 

response to the right hernispheric interference of the counterclockwise rotation of the 

magnetic field pulses, and the resdt may have been a larger number of experiential 



episodes. Altematively, a larger number of subjective experiences may have Iead to an 

increase in heart rate. Jeannerod (1999) noted changes in autonornic activity in subjects 

only imagining the performance of a specific action. The relationship between subjective 

experience and the corresponding physiological substrates associated with the conscious 

state is what is known as the mind-body problem. The contents and state of 

consciousness are timed together accordingly for the normal human experiences of 

consciousness. How they are timed together has been called the 'binding problem', with 

spatiotemporal electromagnetic fiequency binding in the 20-msec range proposed as 

possible explanation. The experience of t h e  has dso been proposed to be a fünction of a 

similar temporal increment. The modulation of time and subjective experience by 

specific rotating magnetic fields may be a M e r  step in understanding the strange 

coupling between mind and body. 



Chapter 5 

The Use of a Creative Population to Investigdte Intropective Reports 

And Suttjective T h e  Estikhation 



1. Introduction 

Conscious, subjective experience consists of awareness of sensory inputs, the will 

or intent to act, of thoughts, feelings, and the awareness of the self as a functional entity. 

Despite the necessity for objectivity within the scientific domain, there has recently been 

the need for the scientific investigator to seriously consider subjectivity as an focus of 

examination. The consideration of consciousness as a focus of study has necessitated the 

defuiing human consciousness as what it ultimateiy is, a personal and subjective 

experience that occurs within the brain of the human (Chalmers, 1996). Given this, the 

requirement of introspection as a method of investigation has recently been resurrected in 

several studies, albeit under different labels (Lehmann, 1998). 

Introspection, despite its criticisrns, is the only method to gain access to the 

subjective experience of the individual (Vermersch, 1999). Similarly, Libet ( 1  989) has 

proposed several experimenîal guidelines for a valid investigation of conscious subjective 

experience. Among those priniciples cited is the necessity of introspective reports. Libet 

notes that despite the fact that the transmission of an experience by a subject to observer 

may contain distortions or inaccuracies, it is the only method by which an extemal 

observer may know the personal content of a secondary person. 

In studies of subjective time perception, there is most often a neglect in the true 

subjective, instead solely rely ing upon objective scaling measures. The 

phenomenological content of consciousness during the perception of duration is rarely 

treated as information. This is unfortunate because introspective techniques can provide 

descriptive verbalizations, which can be treated like any other source of data. The data 

associated with introspection i.e. language, does not have to be treated as necessarily true 



a priori. If introspection is treated as a source of data, and subjected to critical 

evaluaîion, it is possible to correlate this subjective data with other more objective 

techniques. One M e r  possible manner in which introspective reports can be improved 

is to utilize subjects who may be predisposed or îrained to personal examination. One 

such source of subjects is the creative population in general. A poet or a writer rnay not 

necessarily be an expert in introspection, however their very interest in the act of creative 

language usage may make them a better than average subject in the act of utilzing verbal 

labels for their subjective experiences. 

Current evidence suggests a brain-based difference in creative individuals' 

underlying neural activity. Bear (1979) proposed a theory of sensory-lirnbic 

hyperconnectionism, which offers support that the creative individual, such as a p e t  or 

writer, may organize their thoughts qualitatively and quantitatively difkently. 

According to Bear, abnormal temporal lobe activity (particularly within deep mesiobasal 

struchues such as the arnydala) induces microstructural changes over time resulting in 

progressive overinvestment of perception and thought with affective significance. 

Persinger and Makarec (1 993) proposed a continuum of complex partial epileptic- 

like signs that is reflected as a continuum of experience detemiined by the average 

activity of the temporal lobe region. In a normal distribution of temporal lobes signs, the 

extreme end would contain individuals displaying extreme electrical activity in the 

temporal region, such as epilepsy. However, individuals occupying the intermediate 

region of the curve would tend to infuse thek subjective experiences with higher affect 

and meaningfulness that may become manifest in creative interests, such as writing and 

poetry. Babb, Wilson and Isokawa (1987) found a positive association between the 



instensity of affect within subjective experiences and the degree of neural activity within 

the amygdaloid-hippocampal regions. 

The selection of creative individuals for a study of magnetic field stimulation and . 

tirne perception would be of interest for several reasons. Firstly, if the the hypothesis of 

Persinger & Makarec is valid, then these individuals shouid display deeper and more 

profound experiential episodes during magnetic field exposures. Secondly, the creative 

individual may be more able to adequately describe some of the more subtle aspects of 

the magnetic field expenence, such as the phenomenology of subjective time. The 

current study was conducted to test these hypotheses. 

2. Methods 

2.1 Subjects 

Five subjects (1 male; 4 female; %es 40-66) were selected on the basis of their 

involvement in a local creative writers' guild. Ail subjects had been engaging in some 

forrn of creative writing, such as poetry or short story Wnting, for most of iheir lives. 

Before participation, it was explained to al1 potentiai subjects that the study consisted of 

five experimentd sessions (1 per week for 5 weeks). To minimize expectancy effects, 

the subjects were told that the purpose of the study was an investigation of relaxation and 

time perception. It was also explained to each subject that participation was voluntary 

and each was free to terminate the session and withdraw fiom the study at any time. 



2.2 General Procedure 

Before beginning the experimental session each subject was required to complete 

and sign a consent form. The subject was seated in a cornfortable chair within a 

cornmerciai soundproof chamber. The experimental procedure remained identical 

through the five sessions, however, one experimental session was a sham condition where 

the procedure remained the same, but the magnetic field was not initiated fiom the 

cornputer. 

2.3 Stroop Test 

The Stroop Test was utilized as a test of focused attention. This task consists of 3 

separate subtests, however only the third subtest was utilized. Stroop stimuli consist of 

four colour words (red, green, yellow, blue) printed in incongruent colours (red printed in 

green; yellow in blue). The list consists of 80 incongruent coloured words (20 words per 

column), randomly varied so that no identical stimuli follow each other. The subject was 

instructed to name the colour and not the word, and to do so as quickly and accurately as 

possible. Each subject was allowed 45 seconds to complete as much as possible. 

Administration of the Stroop Test occurred immediately before the initiation of the 

experiment and imniediately afterwards. 

2.4 Heart Rate Analysis 

To determine if there were any physiologicd changes during the experiment, a 

heart rate masure was obtained fiom two electrodes (1 cm in diameter). Electrodes were 

filled with electrolyte paste and attached to the manubrium sterni and to the left nb  cage. 



The h e a .  rate signal was detected by a stripchart recorder located outside of the chamber. 

For purposes of analysis, the heart rate was sampled 10 beats before the subject was 

asked to estimate the tùne duration, 10 beats during the estimation of t h e ,  and 10 beats 

after the time estimation. Heart rate, in beats per minute, was calculated and analyzed 

using the intervals sampled. 

2.5 Time Estimation Task 

The subject was informed again that the purpose of the study was an investigation 

of time perception and relaxation. To infer subjective tirne, a mode1 of prospective tirne 

was utilized. For the estimation of time, a button connected to an extemal strip chart 

recorder was placed in the subject's left hand. The subject was told that periodically 

throughout the session, the prirnary experimenter would ask them to estimate a 10 second 

time period. Upon hearing the request to estimate, the subject was asked to press the 

button once, estimate ten seconds duraîion, and press the button a second tirne once they 

subjectively felt the ten second duration had elapsed. Subjects were asked to estimate 

tirne at the 3 minute mark of every 5 minute exposure, for a total of six estimations per 30 

minute session. Two baseline estimates of 10 seconds (sepamted by 30 seconds) were 

taken before the beginning of the experiment. 

2.6 Subjective Experience Analysis 

To investigate more thoroughly the phenomenology of the temporal experience 

during the magnetic field exposure, an active solicitation of subjective mentations was 

undertaken. I t  was instnicted that the primary experimenter would periodically ask the 



subject to 'Briefly describe what you are experiencing'. The subject was told that upon 

hearing the prompt to describe what was just gohg througb your mind in 30 seconds or 

less. Subjects were encouraged to relax, and not to explicitly try to think about anything. 

Al1 subjectls verbal reports were recorded on audio tape, and transcribed off-line. 

Subjective reports were classified into 23 categories (see Table 5.1). Reports, such as 

thinking about that day's events would be classified as concrete thinking, while the 

imaginative thought (I'm imagining floating on a cloud') would be classified as visual 

imagery. Similarly, the report of sensation would simply be classified as modality 

(hearing a ticking sound-auditory experience). 

2.7 Characteristics of the Magnetic Fields and Equiprnent 

A set of opaque swimrning goggles were placed over the subject's eyes. Eight 

solenoids were placed equidistantly on a velcro strip that was placed around the 

circumference of the subject's head. The strength of the magnetic field, when activated, 

was between 50 and 100 mG (5 and 10 vT). M e r  the procedure was completed, the field 

was initiated and verified by the primary experimenter. The chamber door was shut. 

Subjects were exposed to five different experirnental conditions over the course of 

the study. Al1 subjects were assigned to receive al1 treatments. The delivery of magnetic 

field stimulation was by eight solenoids placed on the head of the subject. Two possible 

rotations are based upon placement of solenoid 1. A clockwise rotation occured when 

solenoid 1 was placed over the right prefiontal area, with 1 through 4 placed equidistantly 

over the right hemisphere and solenoids 5 through 8 also spaced evenly over the 

orbitaltemporal plane. For the counterclockwise position, solenoid 1 was placed on the 



Table 5.1 : Description of Subjective Experience Categories 

Visual 

Auditory 

Visceral 

Autonomie 

Vesti bular 

OIfaçtory 

Temperature 

Concrete Thinking 

Dreamy State 

Mind-Emptiness 

Will to Move 

Depersonalization 

Manic Thinking 

Face Imagexy 

Colourful Imagery 

Toroidal Imagery 

BodiIy Sensations 

A m  Sensations 

Leg Sensations 

Head Sensations 

Positive Emotion 

Negative Emotion 

present or not present 

present or not present 

present or not present (interna1 somatic sensations) 

present or not present (awareness of heart rate, pulse) 

present or not present (body distortion, sense movement) 

present or not present 

hot or cold (awareness of..) 

daily events fixated upon current conditions or time 

sleepy feeling, description of it being.. . 
absence of thought or cognitive activity 

desire to initiate movement of some sort 

sensation of unreality or strangeness of current surroundings 

awareness of rapidity of thought or imagery 

awareness of imagery being distinctly facial (animal or human) 

awareness of colour within imagery 

awareness of imagery bearing toroidal or 'swirling circular' 

awareness of sensations within the torso 

awareness of sensations on the arms and hands 

awareness of sensations on the legs and feet 

awareness of sensations on face and scalp 

awareness of happy or positive feelings 

awareness of sad, angry or negative feelings. 



left prefiontal area, and 1 through 4 over the lefi hemisphere. Solenoids 5 through 8 were 

placed over the right hemisphere. 

As in the previous snidy, two magnetic field patterns were utilized, a burst-firing 

(Burst-x) and fiequency modulated (Thomas). The two patterns were generated by 

software presented by a cornputer that delivered the information within the files to each 

of the solenoids in the same sequential order (solenoid 1 through 8). The pattern 

signature was generated by converthg a series of nurnbers between O and 255 to the 

equivalent voltage which ranged fiom -5 to +5 V. 

The variable parameters for this system were pixel duration (the tirne in 

rnilliseconds for each point of each value between O and 255 that comprised a pattern 

(between 300 and 10000 points), inters@mulus interval (the time between the signatures) 

and the duration of the entire pattem presentaîion. Due to the success of these parameters 

in the previous study (Cook and Persinge;, 1999b) and other similar studies (Persinger, 

Cook, Richards and Koren, in revision), interstimulus times of 1 rnillisecond and 3000 

miUiseconds were selected. The time selected for each specific pattem presentation was 

5 minutes. 

The eight solenoids were activated linearly, starting from solenoid 1 through to 

soienoid 8, and repeated the order for a 5 minute duration (1, 2, 3.. ... 8, 1, 2, 3.. ... 8). 

Furthemore, two more variables that could be manipulated were the rate at which each 

pattern remained at each solenoid, and the rate of change fiom one solenoid to the next. 

The values utilized are presented in Table 5.2. An example would be configuration 2 and 

5, which each had presentation rates of 100 milliseconds, which a rate of change in 

presentation of 20 miiiiseconds. At solenoid 1, the field presentation would be 100 msec, 



Table 5.2: Parameters for each of the six configurations presented to subjects in either a 
clockwise or counterclockwise circumcerebral rotation. 

Signature 
Configuration 

Temporal 
Pattern 
Pixel 

Durations 
(msec) 

Interstimulus 
(msec) 

Commutator 
Rate (msec) 
Change in 
Rate (msec) 

1 
1 

1 

1 

20 

3-2 

Burst-X 
- 3 
- 3 
1 

I 

1 O0 

+20 

3 
3 

3 

3000 

200 

-7 - 

4 
1 

1 

1 

20 

-i-3 

Thomas 
5 
- 7 

1 

1 

1 O0 

+2û 

6 
3 

3 

3000 

200 

-3 - 



120 m e c  at solenoid 2, 140 rnsec at solenoid 3 to 340 msec at solenoid 8. The only 

difference between configuration 2 and 5 is the shape of the pattern. 

There were several reasons for including five experimental sessions. One reason 

was to M e r  repiicate the counterclockwise rotation results found in the previous study. 

Secondly, the previous study utiIized two different magnetic field pulses (the Burstx and 

Thomas pulse) with 3 configurations for each (see Table 5.3). The presentation order for 

the previous study was configuration 1 h o u @  6 (henceforth referred to as the Standard 

sequence). To examine the importance of this sequence for the previous results, the 

current study utilized the reverse parameters of the previous, (henceforth referred to as 

Reverse sequence). The Reverse sequence presentation began with configuration 6 (or 

Thomas-3), and ended with configuration 1 (or Burstx-1). Thirdly, a sharn session was to 

be included as a m e r  reference point for al1 subjects. The five experimental sessions in 

dl were: 1) clockwise-standard 2) counterclockwise standard 3) clockwise reverse 4) 

counterclockwise reverse 5) sham. 

Al1 sessions were randomized so that only 2 subjects received the same session 

sequence. For example, for subject 1, session 1 was clockwise standard, for subject 2, 

session 1 was counterclockwise standard up to subject 5, where session 1 was a sham. 

Subjects 6 through 10 were assigned the same session sequence as subjects 1 though 5. 

Ali statistical analyses were performed on SPSS software on a VAX 4000 VMS 

cornputer. Prior to parametric statistical analyses, data was inspected to satis@ the 

assunptions of normaiity. 



Table 5.3: Outline of Sessions and Conditions. 

Session 1 - Clockwise Rotation - Standard Sequence 
Pulse 1 Pixel Duration 1 Interstirnuls 1 Commutator 1 Rate of Change 1 
Bxl 
Bx2 
Bx3 

Session 3 - Clockwise Rotation - Reverse Seauence 

Session 2 - Counterclockwise Rotation - Standard Sequence 

(msec) 
1 
1 
3 

Pulse 

Th3 

Interval (msec) 
1 
1 

3000 

Comrnutator 
Rate (msec) 

Interstimuls 
Interval (msec) 

Pulse 

Th1 
Bx3 
Bx2 
Bxl 

Rate of Change 
(msec) 

Pixel Duration 
(msec) 

- -- 

Pixel Duration 
(msec) 

3 

Session 4 - Counterclockwise Rotation - Reverse Sequence 

-- - 

Session 5 - S h m  

Rate (msec) 
20 
1 O0 
200 

1 
3 
1 
1 

I I I 1 

(msec) 
+2 

+20 
-2 

Interstirnuls 
Interval (msec) 

3000 

Pulse 

Th3 

1 
3000 

1 
1 

Pixel Duration 
(msec) 

3 

Interstirnuls 
Interval (msec) 

3000 

Bxl 

Commutator 
Rate (msec) 

200 

1 1 1 20 

Rate of Change 
(rnsec) 

-2 

20 
200 
1 O0 
20 

Commutator 
Rate (msec) 

200 

+2 

+2 
-3 - 

+20 
+2 

Rate of Change ' 
(msec) 

-3 - 



3. Results 

3.1 Time Estimation 

The means and standard deviations for the net differences (in seconds) between 

the estimated 10 second interval subtracted fiom the baseline estimate for each sequence 

and each session are shown in Table 5.4. Multivariate analyses of variance demonstrated 

a statisticaiiy significant interaction between condition and sequence (F(20.40)=1.87, 

pC0.05, eta2=0.3 18). Post-hoc analysis indicated that the source of the interaction was in 

the counterciockwise-standard condition, specificaily the Thomas pulse configuration 6. 

This configuration displayed signifïcantly greater tirne dilation when compared to the 

Thomas pulse configuration 4 (t4=2.91, p<0.05) and 2 (f4=3.14, p<O.OS), as well as 

Burst-x configuration 1 (t4=6.63, p<O.005). Also with the counterclockwise-standard 

condition, Burst-x configuration 2 was found to exhibit signifïcantiy greater time dilation 

compared to the Thomas pulse configuration 4 (t4=3.2 1, p<O.OS). 

Further analysis indicated that the Thomas pulse (mea~1 .55)  displayed 

significantly more time dilation across al1 conditions and sequences than the Burst-x 

(mean=1.38) (F(l 4,=10.1 p-=O.OS, eta2=0.717). 

3.2 Heart Rate Analysis 

Means and standard deviations for heart rate are found in Table 5.5. MANOVA 

demonstrated a significant magnetic field pulse by condition interaction for heart rate 

(F(4,1m=3.35, p<0.05, eta24.455). Post hoc analysis indicated that the source of the 

interaction was within the Thomas pulse in the counterclockwise-standard condition. 



Table 5.4: Means and standard deviations for the differences (in sec) between subjective 
estimates of 10 sec intervals after the field presentations compared to baseline values for 
the writers who received the configurations in either a dockwise or counterclockwise 
rotation and reverse or standard sequence. 

Clockwise Rotation - Standard Seauence 

Counterclockwise Rotation - Standard Sequence 
, Configuration 1 Mean Sd 

! I 

Clockwise Rotation - Reverse Sequence 
Configuration ! Mean 1 Sd 

l I 



~ounterclockwise Rotation - Reverse Sequence 
Configuration 1 Mean Sd 

1 t 



Table 5.5: Means and Standard Deviations of Writers' Heart Rate (Number of Beats per 
Minute) for Clockwise and Counterclockwise Rotation and Reverse and Standard 
Sequence. 

Cloc kwise Rotation - Standard Sequence 
Configuration ! Means 1 Sd 

I 

Counterclockwise Rotation - Standard Sequence 
Configuration 1 Means 1 Sd 

l I 

Clockwise Rotation - Reverse Sequence 
Configuration j Means I Sd 

I 



Counterclockwise Rotation - Reverse Sequence . 
Configuration 1 Means ! 

1 1 " 1 

Sham 
Confi~uration ! Means 1 

1 



Significaat increases in heart rate were found for this pulse and condition when 

compared to the Thomas pulse in the clockwise-standard (t4=3.79, p<0.05), clockwise- 

reverse (t4=5 .8 1, p<0.005) and counterclockwise-reverse conditions (t4'3 -25, p<0.05). 

Post hoc analysis also revealed significant increases in heart rate within the 

counteclockwise-standard condition for the Burst-x pulse when compared against the 

Burst-x in cloc kwise standard (t4=4. 12, p<O.OS) and clockwise reverse conditions 

(t4=3 S O ,  pCO.05). 

Further analysis into what confi~gurations were more effective in eliciting heart 

rate effects indicated that within the Thomas pulse, there was a significant condition by 

sequence interaction (F(* 37)=2.3 1, p<O.05, etd=0.3 66). Post hoc indicated that 
? - 

configuration 1 with the counterclockwise-standard elicited a higher heart rate compared 

to configuration 2 (t4=2.76, p-0.05 1) and 3 (t4=2.72, ~0.053). 

3.3 Subjective Experiences 

F-values for al1 subjective experience categones are found in Table 5.6. 

MANOVA demonstrated a statistically signifcant magnetic field sequence effect for 

dream-like experiences (Fq 70)=4.44, p<O.01, eta24.526). Post hoc analyses indicated 
r 

that there were significantly more dreamy experiences during configuration 6 of the 

Thomas pulse cornpared to configuration 5 of the Thomas (t4=3.1 6, p<O.OS), and 

configuration 1 of the Burst-x pulse (t4=3.21, p<o.05). Configuration 3 of the Burst-x 

puise elicited ~ i ~ c a n t l y  more dream-like experiences than the Burst-x configuration 1 

(t4=4.00, pe0.05). 



Table 5.6: F-Values of Subjective Experience Categories 

! Variable ! Constant 1 Condition f Sequence Cond X Seq 
1 I I ! t l 

- 
- 
- 
- 
- 

- 
- 

1 
1 

VISU I j 189.59 f 1.04 ; 2.44 0.85 
VL ! 84.45 0.87 ! 2.47 0.97 
VR / 380.64 1.37 1 1.75 0.69 
AUD I 4.01 j 1.4 I 1.05 j 1.12 
VIS 1 2.67 i 7 .38 l 0.62 1 0.72 
AUTO 10.47 0.82 ! 1.1 1 0.62 
VEST 1 3.5 1 1.1 1 0.77 1.31 
TEMP ' 1.67 1 2 I 1.42 1 0.72 
RAT / 342.25 1 1.36 ! 1.28 ' 1.08 
DREA 1 7.67 ! 0.1 5 / 4.44* ; 1.04 
MIND 2.25 1.88 i 1 0.64 1 0.88 
W l U  ; 2.67 i 0.71 i 0.76 I 1.06 

I DEP 6 1 0.44 i 1.56 1 0.88 
MAN / 2.67 1 0.58 1 1.33 1 0.93 
FACE 4.24 1 0.91 1.57 1 1.33 
COL I 1 O 1 0.87 1 1 0.73 
TOR 1 2.5 ! 0.67 j 1 ! 

i i 
1 

BODY 1 7 I 1 I 1 1 
ARM i 5.75 i 0.52 i 0.31 i 1.64 
LEG i 3.33 1.97 i 1.13 1 0.96 

1.2 / 0.98 
7.08 1 0.98 
0.54 1 1.07 

HEAD i 1.59 2.06 
EP i 2.98 1 0.27 

*p<0.05 **p<O.Ol 
1.1 1 EN 10.03 



When examining the number of experiences across al1 conditions, MANOVA revealed a 

statistically signincant interaction between pulse and sequence (F(î-s)=4.79, -. p<O.05, 

eta2=0.544). Post hoc analysis indicates that there are significantly more expenences 

overd during configuration 5 of the Thomas pulse when compared to configuration 6 

(t4=4.00, pC0.05). 

3.4 Stroop Test 

Means and standard deviations for the Stroop test are in Table 5.7. No 

statistically significant differences were found between pre- and post-experiment scores 

for the Stroop Tea 

4. Discussion 

The current study demonstrated that magnetic fields pulsed in a couotercloclcwise 

rotation were more effective in elicting larger estimations of time compared to 

experimental conditions. During the counterclockwise--dard condition, coniiguration 

6 of the Thomas pulse and configuration 2 of the Burst-x pulse were found to cause 

significantly greater tirne estimations when compared to other sequentiai configurations 

and rotations. Furthemore, subjects in the counterclockwise-standard condition also 

displayed significant increases in heart rate during both the Thomas and Burst-x pulses. 

The examination of the verbai reports of the creative subjects reveaied significant 

results in only 1 of the 23 categones of subjective expenences. There was a strong effect 

for the Burst-x configuration 3 and Thomas pulse configuration 6 in eliciting dream-like 



Table 5.7: Means and Standard Deviations for Stroop Test Values for ail Rotations and 
Sequences. 

I 49.2 ' Clockwise-Standard 19.8; 55 ! 20.7 
Counterclockwise-Standard I 51.41 17.7 I 51-81 19.9 

Condition 1 i Before ' After ! 
f Mean Sd Mean / Sd 

Clockwise-Reverse 53.4 / 1 8.6 ( 51.8i 22.1 
53.41 

1 1 8 ! 

Counterclockwise-Reverse 21.6; 53.6 1 23.1 
Sham l 

I 1 53.2 i 24.5 1 S S . ~ !  20.6 



experiences in these subjects. It  is interesting to note that significant t h e  dilations 

occurred during this configuration of the Thomas pulse. Overall, significantly more 

experiences occurred overall duruig the Thomas pulse configuration 2 when compared to 

ail other condition-sequences. 

Despite the small sample size, these current results offer complementary support 

for the two previous snidies of subjective time consciousness. By utilizing pulsed 

magnetic fields, rotating in a counterclockwise direction around the head, subjects tend to 

estimate short intervals of time as being significantly greater than baseline estimates. 

This particuiar efEect is rotation-specific, and seemingly most effective when the 

magnetic fields are pulsed at 100 msec duration with a rate of change of 20 msec. The 

current results found that configuration 6 of the Thomas, magnetic fields pulsed for 200 

msec duration with a rate of change of -2msec, was most effective in generating larger 

subjective time distortions. These current results nonuithstanding, the utility of this 

rotation and configuration in affecthg the subjective tirne of the individual has been seen 

in 2 previous studies. 

The selection of creative subjects did not elicit signifcantly greater subjective 

reports than the normal population of the previous study. The same methodology was 

utilized with the use of an active solicitation of introspective reports. The current results, 

as well as the previous results, suggest that this strategy may not be ideally suited ro this 

type of experiment. Repeated verbal interruptions by the experimenter coupled with the 

subject's encouragement to verbally label their intemal states may have interacted with 

the experimental condition in a negative manner, particularly within the creative subject. 

Due to the shon exposure period (5 minutes), the interruption of the subject by the 



experimenter could have hindered the desired effect of introspection. However, as noted 

by Libet (1989), introspective reports are the only meâhod of acquiring subjective 

information about another individual. 

The curent fmding of an autonomic effect of increased heart rate accompanying 

greater estimations of time is very interesting, and complements the results of Cook and 

Persinger (1999~) which f o n d  significant increases in heart rate in fernale subjects 

during the counterclockwise--dard condition. This suggests somethimg speciftc to the 

rotation is inducing a physiological response in the subject that is coupled to a subtle 

cognitive experience, like temporal perception. In pharmacological stimulations, del@- 

tetrahydrocamabinol (THC) produces robust distortions of subjective t h e  (Mathew, 

Wilson, Turkington arnd Coleman, 1 998) accompanied by significantly increased heart 

rate compared to baseline (Fant, Heishman, Bunker and Pickworth, 1998). Whether the 

variance associated with THC intoxication is similar to what has been f o n d  in the 

current study remains unknown. However, Mathew, Wilson, Coleman, Tukington and 

DeGrado (1997) found that THC preferentially af5ected frontal regions bilatedly, insula 

and cingulate gyrus and sub-cortical regions with somewhat greater effects in the rigbt 

hemisphere. A subsequent study by Mathew, Wilson, Chiu, Turkington, Degrado and 

Coleman (1999) confinned the activation of these areas during THC intoxication. 

Whatever effects the counterclockwise rotation is having upon the right 

hemisphere, it must involve those areas that are involved with attention, selection and 

response to extemal stimuli, such as  the anterior cingulate cortex (ACC). The current 

study did not fmd a ~ i ~ c a n t  effect for the Stroop Test, which activates portions of the 

ACC. Stimulation of the rostral portion ACC (Brodmann's area 24 and 25) induces 



autonomic changes, such as increases in respiratory and cardiac rate, while response 

selection for cognitive task, such as the Stroop, more likely involves other ACC areas, 

such as area 32'. (Devins@ , MorreIl and Vogt, 1995). The topography of the the ACC 

aliows for a dissociation between areas responsible for perception (Stroop) and action 

(autonomic). The possibility emerges that the use of this particular magnetic fieid 

pattern, rotation and parameters may be modulating those portions of the right 

hemisphere responsible for affective behaviours and responses, as opposed to executive 

functions such as perceptual organization. This lends credence to the idea that tirne is not 

so much as perceived and integrated by normal sensory systems, but 'experienced' as an 

emergent function of the underlying physiological substrates of conscious awareness. 



Chapter 6 

Summary Discussion 

The experience of time has been proposed to be a function of the same neural 

mechanisms responsible for the generation of the contents and state of consciousness. 

Considering the model of E.R. John (1976), consciousness is best considered as a series 

of teentrant processes, timed and integrated to create a unified experience of reality. 

From the most basic sensation to the experience of self-awareness, consciousness is 

timing and re-presentation of information. Llinas and Paré (1991) found that conscious 

perception is associated with an electrornagnetic fiequency of 40-Hz that moved over the 

entire cortex in a rostral to caudal direction approxirnateiy every 20 to 25 msec. The 

consciousness of both subjective awareness and objective musal is transitory in nature, 

recreated and timed to appear as a continuous phenornenon. The experience of subjective 

tirne consciousness would seem to be a function of the brain's own timing. 

The perception of time is known to depend upon the activity of the right 

hemisphere, specifically within the parietal and frontal regions. Disruption of the normal 

acîivity of these regions using pharmacological Stimulation was found to interfere 6 t h  

the ability to correctly experience time. Cook and Peninger (1997) noted that weak, 

complex magnetic field exposures were producing slight variations of time perception in 

normal human volunteers, particularly with right hemisphere stimuiation. The objective 

of this thesis was to fully investigate the how weak, magnetic fields may be interferhg 

with the conscious experience of tirne. 



A. Transtemporal Magnetic Field Stimulation 

The current study demonstrated that magnetic field exposure to the right 

temporal-parietal region, using the frequency-modulated ('Thomas') pulse, created a 

slight disturbance in subject's estimations of 10 seconds duration. Subjects dispiayed 

~ i ~ c a n t l y  higher heart rates during the appIication of the bilateral Burst-x pulse, but 

oniy if this application was preceded by right hemisphere stimulation using the Thomas 

pulse. The heart rate increase found in the current study may simply be a manifestation of 

the response function of the right hemisphere, perhaps secondary to the reported fear 

response elicited in some subjects, specifically those with high complex-partial epileptic- 

like signs. 

B. Circumcerebrally Applied Magnetic Field Exposure 

The use of spatially fixated solenoids was considered inadequate to fiilly explore 

the results of Llinas and Ribary (19931, who found that the temporal substrate of 

consciousness may be recreated every 20 to 25 msec. This study aimed to utilize 

circumcerebrally applied magnetic fields applied equidistanttly around the orbital- 

temporal plane of human volunteers. It was found that ody interference with the ability 

to estimate 10 seconds duration was strongly associated with the counterclockwise 

rotation of puised magnetic fields (duration 100 msec, rate of change 20 msec) that 

moved spatially against the rostrocaudal phase shifting waves within the right 

hemisphere. The results found are consistent with the finding of Llinas and Ribary 

(1993) and Poppel(1996) who emphasize that the neural substrates of consciousness and 



temporal perception are associated with spatiotemporal oscillatory waves every 20 to 25 

msec. 

C. Multiple Sessions, Rotation and Sequence Variables in Circumcerebral Magnetic 

Field Applications 

The objective of this portion of the study was to fiirther explore the 

counterclockwise rotation and configuration effect found in the previous experiment, by 

comparing it with reverse conditions, sequences and sham sessions. The results of this 

experiment m e r  demonstrated that the significant configurations fkom the original 

study (Burst-x-2 and Thomas-5), were also significant in the curxent study of subjective 

tirne perception. Female subjects in the' counterclockwise-standard condition exhibited a 

signifcant increase in heart rate when compared to other experimental conditions. The 

hart  rate effect was not pulse specific, emerging in both the Burst-x and Thomas 

counterclockwise-standard condition, but was sex-specific, with females displayhg an 

increased heart rate. The significance of the counterclockwise rotation compared to the 

clockwise rotation was also supported when examining the overall subjective experiences 

of the participants. Significantly more experiences were reported overall in the 

counterclockwise-reverse condition when compared to the clockwise-standard, favourhg 

the Burst-x pulse. 



D. n i e  Investigation of a Creative Population in Using Circumcerebrally Applied 

Magnetic Fields 

This portion of the study also utilized a multiple session strategy to M e r  

explore the importance of magnetic field rotation and configuration sequence, but was 

designed to explore the use of creative individuals. The decision to use a special 

population, such as creative writers, was mainly based upon the hypothesis that these 

individuals may be more appropriate subjects for an investigation of the subjective 

experience of tirne. This study M e r  dernonstrated that magnetic fields pulsed in a 

counterclockwise rotation were more eflective in eliciting larger estimations of tirne 

compared to experimental conditions. Furthemore, subjects in the counterclockwise- 

standard condition also displayed signifïcant increases in heart rate during both the 

Thomas and Butst-x pulses, also noted in the previous study using normal student 

volunteers. 

By utilizing pulsed magnetic fields, rotating in a counterclockwise direction 

around the head, both normal and creative subjects tend to estimate short intervals of tirne 

as king significantly greater thau their own baseline estimates. This particular effect is 

rotation-specific, and seemingiy most effective when the magnetic fields are pulsed at 

100 msec duration with a rate of change of 20 msec. These results offer support for the 

hypothesis that the experience of time is a function of the underlying spatiotemporal 

patterns of activity that generate the contents and state of conscious awareness. 
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