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' HUMAN _RESPONSES TO DEMANDING MENTAL AND PHYSICAL WORK

by

D. A. BRODIE.

Abstract

Research into relationships between physiological
activity and behaviour in humans has mainly considered
performance at light work tasks., Furthermore, models of
integrated activity have often been formulated around
hypotheses of the arousal type, which were not particularly
explicit about the intepaétion of the variables observed.

The purpose of this thesis is to examine
psychophysiological relationships. during demanding physical
and mental work. Little attention has been paid previously
to the intéraction between mental and physical work, a toﬁic
that has important implications for athletic performance'
and medicine. '

The first stage of the study was an examination of
certain psychophysiological measures involved in human
responses to demanding work. The second stage varied the
stimilus by progressively increasing the metabolic load.
Analyses of variance revealed that individual differences
contributed substantially to the total varignce. This
necessitated a closer examination of the response patterns
and this was explored by progressively increasing the
intensity of the mental and physical load.

The results made it possible to-re?examine the factors
contributing to responses in humans and tentative models of
the response system were developed.
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SECTION ONE

THE INTRODUCTION

1.1 THE PROBLEM

Human responses have been studied extensively, but
often the physioleocgical domain has been examined in&ependently
from the psychological domain. A limited number of workers
(e.g. Duffy, 1957 and Mason, 1975) have appreciated the
importance of integrating psychology and physiology, but the
psychological concepts are rarely substantiated by
.physiclogical evidence.  Most.human responses involve.both . ... ..
these disciplines, and it is proposed that their integration
will provide a2 greater understanding of the mechanisms involved.

Human‘responses can be understood morse clearly when
they are‘placéd in the context of clearly defined stimuli.
The stimuli associated with resting conditions cause the state
of homeostagis. This is replaced by a state of disequilibrium
a8 additional stimuli impose on the organism. The term arousal
or activation is often used to describe the extent of the
~displacement of the organism from homeostasis. Arousal has
often been described as a continuum, ranging from very low
conditions of arousal during sleep, to high conditions of
arousal during excitement and physical activity. This
behavioural description was given considerable psychophysio=-
logical significance by the.discovery of the metabolic aspects
of arousal, Freeman (1948) and the function of the reticular
formation, Moruzzi and Magoun (1%949). Although the concept
of arousal has gained acceptance, the responses which purport
to indicate changes in levels of arousal show many
inconsistencies. The reason for such inconsistencies may be
individual differences, physiological rigidity or varying
" stimulus situations. . '
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One hypothesis is that individual differences will
exist regardless of other factors because people have a
genetic'structure which causes unique changes in energy
pathwﬁys.

A further hypothesis is that individual differences
exist in the relative reactivity of different physiological
systems. The divisions of arousal responses into such
subgroups ag: "electrocortical autonomic and behavioural'
(Lacey, 1967), "reticular activating system and limbic™"
(Routtenberg, 1968), "motor, cardiovascular, respiratory,
and ascending activating" (Berlyne, 1960), or "endocrine,
autonomic, reticular and cortical"™ (Strelan et. al., 1972)
are considered inadequate, Thé low correlations reported
between individual measures requires further explanation.
Thig thesis proposes that each measure is a distinect arocusal
subsystem. Although there are those who consider that
appropriate‘rorms of analysis will reveal substantial
relationships (ILazarus, Speisman & Mordkoff, 1963, Mordkoff,
196lL.), it is probable that the basis of any such relationships
will be a common physiological interaction. It is thus
hypothesised that any generalised response to arousal is a
consequence of distinct subsystems showing similar
physiological effects. This étudy will, by using novel
analytical methods, investigate some of the hypothesilsed
physioclogical control systems, and also clarify the distinetion
between arousal subsystems which were hitherto considered as

one.

The absence of a perfect correlation between measures
of psychophysiological response may be considered as a
systematic individual difference in response pattern. The
extent to which two individuals show disceriminating responses
may depend largely upon the psychophysiological measure in
use. While accepting this idea, Lacey (1950) went on (1952)_
to propose that such responses were relatively independent of
the stimilus which does little more than initiate an innate
response pattern. It is presently hypothesised that Lacey's
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proposal had limitations because it was based on evidence
from gimilar stimuli and stable individual differences in
resting pattern. This hypothesis needs to be examined
further by ensuring a variety of stimili and by using
measures which may clarify individual differencses.

The ambiguous relationships between psychophysioclogical
measures were previously overcome by data transformations,
procedural innovations or combinations of measures (e.g.
‘Newmann, 1941; Sayers, 1975; Opmeer, 1973). Although these
gave limited success,

"the most practical solution appears to be in learning
more about the unique properties of the different physiological
gystems and thereby being able to selsct a measurs that is well
-.8uited.te--the particular conditions that are being-investigated.”

Taylor and Epstein (1967)

_ Psychological examination of human responses suffers
from less precision of description and less predictive capaclty
than with the more fundamentsal physiological mechanisms. This
study attempts to improve on the solution proposed above,
Taylor and Epstein (1967), by relating selectsd physiological
measures to certain psychological concepts. The concepts of
stress and arousal have not always been presented with adequate
geientifiec rigour. Many authors have been content to use a
limited number of psychophysiological measures in the
examination of these concepts (see Appendix 1.1), but this
approcach was limited because the inter-relationship between
measures was not explored fully.

The present study attempts to develop statements about
humsn responses upon the empiribal basis of psychophysiological
interaction. This will be achieved by examining & variety of
peychophysiological responses during demanding mental and
physical work. Demanding tasks were chosen because they
produce responses which are representative of the organism's
total range. Mental and physical work were selected because
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they form the basis of all human behaviour. The relationship
‘between them is also of scientific and medical concern, with .
' psychosomatic complaints accounting for one third of all
c¢linical consultations. The relatively few workers such as
Hebb (1951), Moruzzi & Magoun (1949), Howard & Scott (1965),
Mason (1975) and Selye (1973), who have used physiologicdl
mochanisms to interpret psychological observations were mainly
concerned with neuroendoerinal responses and those associated
with abnormal behaviour. Such non-specifiec, pathological
responses are important in a clinical context. However the
normal, specific changes represent a greater proportion of
human responses and were adopted because of the more general
application. This approach is intended to explain certain
~ ambiguities curréntly reported in arousal and stress research
..and provide a basis for the clearer understanding of
‘psychophysiological intégration. | '
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1.2 LITERATURE REVIEW OF THE PSYCHOPHYSIOLOGICAL CONCEPTS

The importance of the reticular activating system (RAS)
in the cpntrol of arocusal has been established, Moruzzi and
Magoun (1949). The reticular formation and the medial septal-
hippocampal system can be conceived as a series of electrical
circults each with threshold levels which if exceeded will
activate other cireuits. If sufficient threshold levels are
exceeded then a sequence of neural activity will be fired and
~the impulse reach the target organ. Each person will have a
unique series of 'electrical circuits! and individual threshold
levels. This may be the mechanistic equivalent of the
introversion - extroversion continuum. An introvert would have
lower thresholds to overcome before a response was forthecoming
compared with extroverts. The introvert would have a higher
chronic level of arousal which would be related to high activity
of . the ARAS and septal-hippocampal system and would consequently
show behavioural constraint. The extrovert would show the

opposite dimensions, with low activity of the ARAS and septal-
hippocampal system, high thresholds and an absence of
behavioural constraints. ‘ '

In addition to this chronic state of arousal which
would be a relatively stable trait, Kane (1976), another aspect
of arousal is that of arousability. Arousabllity can be

considered as a contraction of arousal lability because it
describes the lability of the organism during a specific
situation. Thus chronic arousal is more specifically associated
with the individualt's range of arousal whereas arousability
-considers the movement within that range. An individual can
show a high degree of arousability in the same way that he can
shovw a high degree of introversion. The introduction of
introversion as a comparable description of the organism is
deliberate. Gray (1972) has been successful in showing the
possible relationship between arousability and introversion

as descriptive terms for a given individual.
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He links introversion with the activity of the frontal cortex-
medial septal-hippocampal system. It is suggested that the
more active this system is, the more introverted will be the
individual. '

This may at first appear to contradict Eysenck!s (1957)
explanation of the individual differences in the introversion -
ektroversion continuum, because Eysenck considered that it was
associated with the activity of the ascending reticular
activating system (ARAS). Experiments involving electrode
stimilation and pharmacological blocking have shown, Gray
(1972) that the ARAS and the septo-hippocampal system are
coupled together. The respective suggestions of Gray and
Eysenck that the septo-hipnocampal system and the ARAS underly
the degree of introversion are therefore not in opposition,
but complementary.

Further support for these links between personality and
the arousal processes come from Russian psychophysiology. Much
of the work of Teplov, Nebylitsyn, Shorov and Yermolayeva =
Tomina and others, (Nebylitsyn and Gray, 1972) and summarised by
Kane (1976) has concentrated upon the term "strength of the
nervous system". It is becoming increasingly popular to

equate this property with higher order personality dimensions.
The use of the term indicates the different approaches to
personality betwesn Eastern and Western psychologists. The
Russians use a bivariate approach, using mainly physioclogical
variables and dependence upon a priori conceptual abstractions.
Western workers have a systematic psychometric approach using -
a greater range of variables, Nebylitsyn and Gray (1972).
Progress has been made to combine the two approaches, but
little experimentation has integrated the two methods.
Rozhdestvenzkaya et al (1972) tried to c¢lassify people as

' héving a strong or weak nervous gystem, but the argument was
circular because in each case the method was correlated to an
"index of strength". A similar situation occurred with

Shorov and Yermolayeva - Tomina's (1972) experiment relating
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extroversion and strength of the nervous system., In this

case the regression equation between reaction time and intensity
of sound was established. Thse slope of the curve is unlikely
to correlate with baseline values and if expressed in standard
score units would be identical fto Lacey's autonomic labillity .
score, Lykken (1968). Thus Lacey considers the process as one
of lability whereas Teplov (1972) considers lability as
specifically related to "the speed of initiation and
termination of the nervous procegses". Cattell's (1972) major
criticism of the term is that he cannot produce evidence to
support its place as a single dimension. A weak nervous

gsystem may be considered simplistically as one of low endurance
but high sensitivity, and a strong nervous system as one of
high endurance but low sensitivity. A case could be made for
the "dimensions of strength of the nervous system and
introversion - extroversion to be identical, both being based
on arousal" Gray (1967). T

It is considered that "strength of the nervous system"
is not sufficiently distinct from the term arousability to
merit a separate consideration. 1Its place in describing human
responses will be examined in relation to the personality
factors of extroversion and introversion by incorporating
alpersonality questionnaire in the final experiment.

Another psychological concept which lacks clarity is

that of stress. There are those who view stress and arousal
as independent aspects, (Cox, 1978, Levi 1972). C(Closer
examination revealed that stress was being used for variation
in intensity and arocusal was the psychophysiological response.
The majority of workers in the stress area have used it, often
without admission, as a reference point within the arousal
continuum. Progress in stress research has been handicapped
by the multiplicity of uses for the term. It has been used for
behaviour itself, as in the phrase "the laboratory induction
of stress™, to describe a stimulus, and for a stressful
situation, as in "behaviour under stress", Pronko and Leith

(1956). AAvariety of uses may confuse the human scientist, but
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the term has a place in the psychological literature, and .
apnears to be a significant area of study. The reasons for
studying stress include the need for scientists to understand
the phenomenon, for physicians to relieve the effect and for
potential recipients to avoid the situation. '

Levi (1971) argued that the modern lifestyle has made
demands upon the human body for which if has not sufficiently
sdapted. - Early man responded to emotion by action but this
process has been replaced by a more socially acceptable and
passive overt response. The conflict between required
behaviour and physiological activity may produce
disequilibrium of a potentially harmful nature. The conditions
of hypertension, ulceration and coronary heart disease are
examples of pathological states‘whigh are considered to be
precipitated by stress, Clarke (1976).

- The physicist defines stress as the "external force
directed'ﬁpon an objéct" and strain asg the "temporary or
permanent alteration in the structure of an object™. Such a
nreclse definition is not used in the human or hehaviocural
‘scienées. It may therefore be helpful to consider the stress
process on a three-part stimulus-processor-response basis.

The fifst gstage of this simple process, the stimuli,
can be clasgified into many types. These include psychosocial
stimuli, environmental stimuli, motivational stimuli, _
gituational stimuli, and the more common stimuli associated
with demanding tasks. Psychosocial stimuii were used by Levi
(1972) when he replicated certain real life situations in
laboratory settings or took measurements in field situations.
Rahe (1967) developed the psychosocial aspect by ranking
t1if'e change! situations in termé of thelr stress response.
This work, although retrospectively based on subjects who
were coronary victims, can easily be interpreted to indicate
potential risk. Environmental stimuli have included noise,
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Glass, Singer and Friedman (1969), Smookler and Buckley (1969), .
and Levi (1972). Further environmental variables have included
deviation from normal oxygen intake, altitude changes in excess
of 18,000 feet, McFarland (1937), and a hand being immersed in
freezing brine, Craig and Wood (1970). Castaneda and Palermo
(1955) made the assumption that although a variety of methods
have been used as stimuli; (e.g. failure, excessive pacing

and threat) they all affect the level of motivation. Ulrich
and Burke (1957) commented on the 'motivational'! stress to
improved performance in cycling and Ulrich (1957) referred to
the different aspects of competitive stress being anticipation,
participation and denial of the expected participation. One
major component of the motivational stimulus is that of threat.
Threat of electric shock is a common treatment condition as

‘u‘exemplified~by.Ryanﬂ(1961),‘Carronu(1968), Weiss. (1972), .Deane .,

(1959) -and Deese, Lazarus and Keenan (1953). ,

Ceftain authors consider that the 'situation' is a
relevant form of stimulus. Such a relevant situation was
provided by Diamond (1967) by informing all the childrén in
an experimental group of the statuses of each other's father
within a military status system. Diamond's assumption was that
those children with high status fgathers would be under greater
pressure to excel than those with lower status parents.

Similar gituational stress stimuli could be seen in the work

of Fenz (196L4) and Fenz and Epstein (1965) when stimulus
relevant words which corresponded to the situation of parachuts
jumping were used. S '

Mental tasks have been used as stimuli in much.
psychophysiological research. Such stimuli as mathematical
tests, Blohnke et al (1967), primary and secondary tasks,
Kalsbeek (196l) and a combination of tasks such as mental
arithmetic and physical work, Gutin (1966) are typical. A
criticism of using mental tasks as stimuli is that large
inter-subject variability could occur'depending on the
intellectual .processes involved. Mental tasks are a common
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form of stimulil because'they approximate so well to real-life
gituations. It is appreciated that laboratory-based
experimental stimuli can only sgubstitute for actual conditions
to a limited extent. Berkun et al (1962) argued that subjects
were constantly aware of being in experimentally contrived
situations and often acted accordingly. Experimental situations
were contrived in which the subjects genuinely thought that
they were in dangerous situations. These involved such
emergencies as a forced landing of an aeroplane in the ses,
accidental nuclear radiation, an approaching forest fire or
misdirected incoming artillery shells,

Stress responses may be subdivided into behavioural
‘and physiological categories. Many psychologists have been
content to use the behavioursl response alone (see Appendix-
1.2) and to develop theories about the 'processor! without
detailed physiological information} The exception were those
- workers who used aiphysiological response as an index of
arousal level. Physiological responses within the stress
process may be divided into metabolic and electrophysioclogical
categories. Examples of the metabolic category are listed in
Appendix 1.3 and the electrophysioclogical responses in
Appendix 1.1.

The theories associated with the stress proeess'are
considered here to examine the 'processor! aspect of human
responses; Probably the most established stress theory
associated with the processor is that of Selye's General
Adaptation Syndrome. Selye originally observed a stereotyped
"response to a stress stimulus in 1926 but his description of
the process was not published until 10 years later, Selye
(1936). Selye defined stress as the nonspecific response of
the body to any demand made upon it. This nonspecific activity
is independent of the specific reaction and according to Selye
is the essence of stress, Selye (1973).
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The statement,

_ "It is difficult to see how such essentially

different things as cold, heat, drugs, hormones, sorrow and
Joy could provoke an identical biochemical reaction in the
body. Neverthelsss, this is the case: it can now be-
demonstrated, by highly objective biochemical determinations,
that certain reactions are totally non-specific, and common
to all types of exposure”

Selye, 1974

is probably unacceptable. However such a statement is far

more acceptable in the knowledge that Selye's "state of stress™
was defined as "the state manifested by a specific syndrome

- which consists of all the non-specifically induced changes
within a biological system™, Selye (1956). These non-

| specifically fnduced chariges may occur as part of the.stress .

process to a variety of stress stimuli and could be considered
peripheral to the specific effects. It is considered that the
development of alternative contradictory, as opposed to
complementary, stress theories was accelerated by the opinion '
that Selye's theory applied to all facets of the stress
reaction and not solely to the non-specific changes.

Individual variability for specific response as
opposed to Selye's generalised response, Selye (1956) has been
explained by Lacey (1950) in his autonomic response specificity

hypothesis. Lacey proposed that there is variability between
individuals in the quality of their responses to stress. The
proposal was that "for a given set of autonomie functions,
individuals tend to respond with a pattern of autonomic
activation in which maximum activation will be shown by the

same physiological function, whatever the stress." ‘This was
later extended, Lacey and Lacey (1958) to include the

principle of response stereotypy which states that some
individuals respond to different stimuli with a fixed patterning
or hierarchy of autonomic activation. Lacey later develcoped his

arguments to account for the dissociation between somatic and
behavioural arousal and dissociation of those physiological
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functions considered to be indices of arousal, Lacey (1967}.

In fact Lacey presentsd evidence to show that electrocortical
arousal, autonomic arousgl and behavioural arousal could be
considered as different, complex forms of arousal. Such a
suggestion allowed for certain of the anomalies to be removed
but in 3o doing questions the usefulness of stress as a general
contruct.

This section illustratés the complexity of arousal
and stress and demonstrates that terms which appear to have
popular credibility are open to misuse which makes scientific
investigation difficult.
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1.3 LITERATURE REVIEW OF THE PSYCHOPHYSIOCLOGICAL MEASURES

As there are many psychophysiological responses to
demanding mental and physical work, it was necessary to be
selective before starting a viable experimental programme.

The first stage in the selection process was to
exclude the hormonal response measures. This was because
the measurement of hormone levels was either too intrusive
or lacked reliability. The blood-analysis of catecholamines
was considered unacceptable because of the need for intra-
venous sampling.' The analysis of urine is an alternative
technique for the assessment of catecholamines, but although
Graveling (1978) has developed a gas liquid chromotograph
. method, a simple laboratory technique has not been established.
Crisfield (1978) has salso reported.her concern over urinalysis
‘techniques largely due to the latent period between stimulus
and response and the extent to which individual differences
and diurnal variations impinge on the results.

' The second stage in the selection process was to
choose measures which purported to show response changes
during mental and physical work. Demanding mental work may
produce changes in the autonomic nervous system (ANS) and it
was for this reason that measures were selected which
characterised the ANS. The response to physical work is
usﬁaliy a consequence of metabolic requirement. Those measures
which reflected metabolic requirement and could be measured
with ease were also selected.

The final stage in the selection process was based upon
the accessibility of the measure and the intrusive nature of
the recording. For this reason measures were chosen which used
surface transducers and which interfered minimally with normal
activity.

The measures which satisfied this selection procedure
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ware those of:-

Electrodermal activity (EDA),
Mean Heart Rate (Hf),

Heart Rate Variability (HRV)
Temperature (T),

Respiratory Frequency (Rf), and
Simple Reaction Time (SRT).

. The literature concerning these measures will be
reviewed in sections 1.3.1 to 1.3.6. Additional measures
were introduced as the study developed and therefore the
review of these has been placed with the appropriate
experimental stage.
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1.3.1 Electrodermal Activity {(EDA)

Def'initive statements for EDA showing systematic
responses during psychophysiological research are few in
number. Numerous studies however. (see Appendix 1.4), have
used EDA as an index of autonomic activity, particularly in
research designs involving descriptions of psychological
state. EDA is a well established measure in
psychophysiological research, but unequivocal statements
relating the empirical results to autonomic activity are
still lacking. '

The studies which have best c¢larified the
relationship between EDA and mental load were those involving

U UUintenseé stressful stimili.  The seéries of éxperiments using "

the noxious stimuli of the film 'Subincision', Taylor and
Epstein (1967); Mordkoff (196l ); Lazarus, Speisman and Osborn
{1961); Malmstrom, Opton and Lazarus (1965) were
characteristic. These experiments were designed to examine
other aspects, such as the correlation between EDA and other
autonomic changes, but they convincingly demonstrated the
monotonic change in EDA during increasing levels of stimulus
inﬁensity.

Toniec skin conductance level, the EDA measurement used
in this study, is determined by changes in both the epidermal
and sweat gland membranes, Hume (1966), Edelberg and Wright
(1964). The nervous control of the epidermal and sweat gland
‘permeability is unusual. The vessels in human extremities are

‘not supplied by excitatory and inhibitory fibres, nor by both
sympathetic and parasympathetic fibres, but by sympathetic
fibres alone,‘Barchft_(l960). In addition the eccrine sweat
glands (those concerned with 'mental sweating') are functionally
cholinergic, although anatomicaily sympathetic. This liberation
of acetylcholine as the chemical transmitter is unique to the
"eccrine sweat glands, all other postganglionic sympathetice
.fibres being adrenergic. The functional significance of this

is not clear, but the fact that the sweat'gland is under
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sympathetic control alone, means that EDA offers an ideal
indication of autonomic balance.

The final common pathway in the spinal cord is the
preganglionic sympathetic sudomotor neurons,'WQng (1958).
The pathways of the EDA above this level are separate and'
independent. Figure 1.1 has been produced by the present
author to summarise the anatomical pathways for EDA which
were investigated by stimulation and transection methods,
(Wang, 1958, Darrow, 1937, Goadby and Goadby, 1948).

The EDA mechanism is wholly cholinergid and involves
the pre secretory activity of the sweat gland, the sweat gland
itgelf and the epidermis. Darrow and Gullickson {(1970)

~hypothesised that there are two, serially occurring processges.. ..

~ The first is dependent upon pre secretory activity of sweat
gland cell membranes (heural excitation) and the second upon
the emergence of sweat (sweat gland activity). ZEdelberg and
Wright (196L), although not advocating a serial response,
also considered that the mechanism was comprised of two
components. Théy advocated independent'reflexes, mediated by
different effectors which were most likely the epidermis and
sweat gland. They established that the two reflexes manifest
~a high degree of response specificity. This is essential to
any consideration of EDA because response specificity could
account for anomalies in results during a series of similar
stimali.

EDA is more likely to be responsive to intensity of.
neural stimulation if it depends on whether the epidermis or
sweat. gland is operating. This would influence the quantity
of acetylcholine released. The. point maj be reached when
the level of acetylecholine limits any reaction to further
stimuli, thus acting as a controlling mechaniam on the
electrical activity.

The mechanisms of EDA may therefore be influenced by a
number of factora:-
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Excitatory , | Inhibitory
+ + -
Pre motor cortex ' Cerebral{%——————:- Frontal lobe
Cortex Caudate nucleus
% _ Lo
Hypothalamus - - Anterior lobe of
' Cerebellum
N/ _ +
Rostral Mesencephalic Reticular _ Ventromedial
Reticular System _—Activating Reticular
System Formaﬁion

oL

Internuncial Pool €<—

~/
Preganglionic Sympathetic
Sudomotor Neurons

N

Y .
Postganglionic Sympathetic  Periphery
Cholinergic Neurons

WV
Becrine Sweat Glands
Epidermis

- Figure 1.1 - Suggested schema for the organisation
of the neural systems influencing E.D.A. '
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1.  The efficiency of the neural pathways from the
higher centres to the effectors.

2. The degree of regulation of the reticular
. 1
activating system.

3. The influence of afferent impulses including
those of other biological systems such as
respiration.

L. The response specificity probably brought about

by operation of either the epidermis or the
sweat gland.

5. The quantity of acetylcholine release at the
' effectors. S

Summary -

EDA is a measure which indicates the level of arousal
by responding to the sympathetic division of the ANS. The
change in EDA is associated with the permeability of epidermal
and sweat gland membranes. Its general consensus validity
makes it a measure of potential value in assessing human
regponses to demanding mental work. |
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1.3.2 Mean Heart Rate

Mean heart rate (Hf) has been used extensively to
indicate the response of the autonomic nervous system. A
detalled description of the mechanisms which innervate the
heart can be found in standard physiclogical texts, Green
(1968), Keele and Neil (1966). The following reviews the
mechanisms involved.

The heart is inherently rhythmic but its rate i=s
modified by a balance between the cholinergic and adrenergic
effects of the autonomiec nervous system. Increase in the rate
of discharge of the sympathetic nerves causes an increase in

f’ whereas a decrease in H is caused by'greater dischargé in
_;Wthe vagus. Under normal conditions an increase in Hf
'brought about primarily by e decrease in cholinergic activity.

The cholinergic tone is maintained by the action of
efferent neural impulses originating in the cell bodies of the
- dorsal motor nucleus of the vagus. Abolition of vagal
transmission by the administration of atropine will result in
the heart accelerating to 120 beats per minute. Under normal
resting conditions the vagal tone exerts sufficient influence
to reduce the rate to about 66-80 beats per minute.

The'vagal control of the heart rate 1s influenced by
the cardiac centre in‘the medulla which is in turﬁ influenced
by higher centres of the brain, the respiratorj centre, the
thoracic receptors, the baroreceptors and other effects such.
as stimulation from sensory nerves, chemoreceptor inmnervation.
‘and a rise in body temperature, (See Fig. 1.2).

| It is generally considered that the adrenergic nervous
activity has little influence on the heart at rest, but under
conditions of emotional sxcitement or exercise the cardiac
sympathetic nerves are stimulated with the resultant acceleration
of the heart rate. The origin of the cardiac sympathetic nerves
are the cell bodies in the intermedioclateral horn of the upper
five thoracic segments of the spinal cord.
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Higher Centres

Baroreceptors —-J?ardiac ‘(—— Chemoreceptors

Respiration =3 Inhibitory l———Thermoreceptors

Sensory Nerves—)i Centre F—Thoracic Receptors

2 . .
Vagus ' " Spinal Cord

. W .
Thyroxine =——————p 8 A Node é———— Sympathetic Nerve &

Figure 1.2 - The neural pathways controlling the heart raté.
_ ( : |
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There 18 a difference between the distributions of
the adrenergic and cholinergic systems to the heart. The
cholinergic (decelerating) neural terminations decrease in
quantity when examining the heart from the sinu-atrial (SA)
to the atrio-ventricular (AV) node, with the ventricles
appearing to contain no cholinergic fibres. The adrenergic
(accelerating) terminations increase in quantity when
examining the heart from top to bhottom. The adrenergic action
has in addition an hormonal influence upon both the musculature
and Purkinje fibres. This duality of adrenergic action has no
parallel with the cholinergic system which only influences the
nodes.

The cholinergic and adrenergic higher nervous centres
- were donsidersed by Blom (1951) to be situated differently
depending upon the complexity of the éfferent impulse. He
suggested that the centre mediating the reflex changes
associated with posture is probably lower (medulla), but with
more complex adtivities suchAas fear, the centres would be
higher. This has gignificance when comparing heart rate
changes asgssociated with attention. Mental tasks requiring
internal attention cause heart rate acceleration, but
deceleration occurs during attention td the external
environment, Lacey and Lacey (1970).

The functional significance of the heaft‘is in the
efficient supply of metabolic nutrients to the cells. Direct
neural control of effector cells in the heart and blood vessels
ig faster, more potent, and more selective than that achieved
by indirect methods such as the stimulation of glands. The
central nervous system (CNS) can be both versatile and
selective by making use of several effector systems with
different latencies, Gumn et al (1972). The end product of
the integrated response from these effector systems is
observed gs the mean heart rate.. Many of these responses
do not reach a conscious level, but it is important to clarify
the control mechanism so that inappropriate psychophyéiological
responses do not cause harm. '
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Mean heart rate is influenced by a number of factors
in addifion to those associated with exercise or psychological -
imputs. Tursky and Sternback (1967) established a
statistically significant difference between four ethniec groups.
Vandenberg, Clark and Samuel (1965) were unable to establish an
hereditafy component for resting heart rate in twins, although
the change in heart rate to a stimulus suggested a genetilc
influencs.

Other féctors influencing heart rate are age, Vierordt
(1888), sex and climate, Brouha and Smith (1961), postural
changes, Turner (1917), time of day and ambient temperature,
and recency of meals, Dill (1959). The literature is often
remiss by using terms such as 'resting heart rate! when 'pre
"exercise ‘heart rate! would have been correct. The lowest
heart rate has been established, Boas and Goldsmidt (1962),
a3 during the last hour of sleep. Few guthors measure this,
so the psychological influences on Hf, even during a resting
state in a laboratory, are largely unknown. An agttempt was
made in this study to standardise these influences by keeping
the laboratory environment constant and to select a malse
population of limited age range.

Heart rate has heen used to indicate an arousal
state in studies of the 'performance - arousal! rélationship.
Surwillo (1965) did not find heart rate a useful measure in
replicating the inverted 'U! relationship of Yerkes and
Dodson (1908), but Martens and Lauders (1970) and Hokanson
and Burgess\(l?éh) showed the characteristic asgsociation
between heart rate and motor performance when heart rate was
used as an index of arousal.

Tachycardia was observed in the aroused state of an
oral examination, Bogdonoff et al (1960) and this tended to
correlate well with other metabolic measures. The autonomic
nervous system is the common mediator of these responses, but
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Bogdonoff et al (1960) were unable to present biochemical
Qvidence {(adrenaline and nor-adrenaline) of sympathetic
dominance. Fear may have been one of the components‘of
arousal in this situation, but the results do not support
Cannon's (1939) sympathetic arousal theory during fear.
This is further evidence for the respénse being facilitated
by both sympathetlic and parasympathetic influences. .

The form of stimulus is clearly important because a
mental load may not produce the expected heart rate change.'
The explanation for differences in heart rate response was
based on incorrect assessments of the influence of the.
sympathetic system, McGuiness (1973). Heart rate control
during orienting responses was determined by the activity
“of "thé vagus, Obrist;“Wood.and Perez-Reyes (1965), Eckberg,
Fletcher and Braunwald (1972). This suggeéested that cardiac
changes during stimulus presentation are attributed to the
paraéympathetic system. The heart rate increasses during
demanding mental tasks were. also considered by McGuiness
(1973) to be attributable to vagal inhibition. This was
supported by studies using pharmacological blocking agents
on dogs, Obrist et al (1972).

The division of activities into those which result
in cholinergic vagal or adrenergic control of the heart rate
requires further examination.  The intensity of the mental
task, the type of task and the significance of the task, may
all be variables which produce different forms of autonomic
control on the heart. Similarly, the point at which the
sympathetics dominate the control of the heart rate during
progressively increasing exercise is relevant. This is
particularly so when considering individual differences,
because the balance of the two divisions could be an important
determinant of heart rate stability.'
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It 1s doubtful whether the cholinergic/adrenergic
dichotomy accounted for the observation of Lacey et al (1963)
that certain mental activities caused heart rate acceleration,
whilst others caused deceleration. They found that attention
to the external environment, such as responding to visual cues,
resulted in a reduction in heart rate. Cognitive activity,
such as mental arithmetic, caused a hesart rate increase. Lacey
using the term 'intake! for the former state and 'rejection! |
for the latter, maintained that the heart rate was involved in
the chain of events leading to the eventual behavioural outcoms.
This view, Lacey and Lacey (1966), Coquery and Lacey (1966),
related the.cardiac deceleration to cortical arousal via a
reduction in baroreceptor actitity; It is unfortunate that
most of Lacey's work is based on a discrete period of time,
namely the preparatory interval to & reaction time task, and

" thus represents a phasic response more than a long-term tonic

response. The involvement of the baroreceptors in the Laoey
model does suggest that respiratory manceuvres could be playing
an important part in the observations and it would be easier

to evaluate this work if this factor were removed.

This tafferent feedback model!' was criticised
extensively by Elliott (1974) who supported Obrist (1970) by
stating that heart rate is simply one of many responses which
make up the outcome of the interaction. Obrist proposed a
feardigc-somatic model! in which the heart rate is closely
| related to the metabolic state of the organism. The behavioural

response Lacey reported, namely an increased resction time, was
 considered by Obrist to be related‘to a8 general quietening in
the somatic and visceral components of the organism. This was
indicated by a reduced hesrt rate.

The Obrist model, Webb and Obrist (1970) has a more
logical physioligical basis - that of metabolic requirement.
A useful adjunct to the controversy was the work of Tursky,
Schwartz and Crider (1970) who demonstrated a higher heart rate
during mental activity which terminated in an overt response.
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This introduces the element of 'purposeful response!, in
which the body prepares for actiVity by making the cardiac
adjustments appropriate to a changed metabolic level. 1In

a cognitive mental task, the organism may be preparing for
an appropriate responge by conserving energy. This explains
the heart rate deceleration. '

Some activities may combine the features of 'intake!
and 'rejection', or one of thése combined with striated
mugcle activity. The task and the relevance of the situation
to the subject must both be considered before expecting an
accurate interpretation of the heart rate response.

-Summarx-5

i

Mean heart rate is the integration of the cholinergic
and adrenergic activity of the ANS. Many factors influence
Hf in addition to nervous control, and a variety of mechanisms

have been proposed to account for the observed changes in

frequency.
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1.3.3. Heart Rate Variabillity (HRV)

\

The variability between the time of successive heart
beats appears to indicate the extent of mental load, Luczak
and Laurig (1973), Kalsbeek and Sykes (1967). Zielhuis (1971)
also states that heart rate variability (HRV) 1is a biological
indicator of external load and Biesheuval (1969) in the
International Biological Programme publication specifies that:-

"These fluctuations diminish and eventually disappear

with progressive increase of the amount of information that
has to be processed by the central nervous system. However,
the degree of suppression is alsoc dependent on individual
reserve cerebral capacity, which in turn may depend on the
extent to which the individualts information - processing
capacity is pre-empted by pre-occcupation or emotional reactions.
Sinus arrythmia can completely disappear without any increase in
.pulse rate, and as acceleration of the pulse is a frequent
correlate of emotional responses, this characteristic might
enable one to distinguish between states of arousal with and

without emotional components.™

Biesheuval, 1969.

This statement has to be treated with caution for two
reasbns. Firat it did not distinguish between the different
aspects of emotion. It has already been shown that frustration,
fear, anxiety and cognition may produce different heart rate
changes. The extraction of the pulse acceleration as an
emotional component with the remainder being assigned to non-
emotional arousal must therefore be viewed with care. Secondly
the introduction of the term 'sinus arrhythmia' needs further
qualification. Sinus arrhythmia is commonly used in the
‘literature as a synonym for HRV, but is more correctly used as
the momentary fluctuations in heart rate resulting from
respiratory manoeuvres. |

Sinus arrhythmia is the observation of cardiaec
accéleration during inspiration and cardiac deceleration
during expiration. This was first observed by Hering and
Breuer as early as 1868. The factors contributing to sinus
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arrhythmia include:-

" (i) dirradiation of impulses from the inspiratory
centre to the cardiac centre and (ii) vagal stretch receptors
from the lung excited by inflation causing reflex inhibition
of, the cardio-inhibitory centre and reflex excitation of the
cardio-acceleratory centre.”

Keele and Neil, (1966).

The use of the term sinus arrhythmia should by

definition inelude an assessment of respiratory frequency
and preferably respiratory depth. Ignoring the respiratory
influence (e.g. Kalsbeek, 1973) is excluding the possibility
of HRV being an artefact of baroreceptof entrainment.

The irregularity of the instantaneous heart rate in
normal healthy individuals at rest has been observed by many
researchers, Lacey et al (1953), Lacey and Lacey (1958),
Obrist et al (196L4) and Schachter et al (1965), The important
feature of the decrease in HRV during mental load is its
occurence in the absence of & mean heart change. This has
been demonstrated by Kalsbeek and Ettema (1963) and Blitz et al
(1970). Carruthers and Taggart (1973) produced one of the few
studies which showed an increase in HRV during the emotional
involvement of watching violent television programmes. This
discrepancy may be explalned by the prime focus of attention.
Attention to the environment such as in watching T.V. appeared
to cause an inecrease in HRV whereas mental arithmetic which is
of an internal nature caused a decrease, Brodie, Brooke and
Graveling (1975).

A more detailed analysis of the mental tasks used when
HRV was being measured indicates the possible control mechanisms.
If an apparently simple task can be broken down into perceptual,
cognitive and response phases then each one of these may have a
distinet cardiac pattern. Decrease in HRV was observed in
tasks of a cognitive perceptual nature by Bﬁrtenwerfer (1960),
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Kalsbeek (1963), Porges and Raskin (1969), and Ettema (1967).
Lacey (1967) suggested that the two components of the task,

- perceptual and cognitive, were having a different effect on
the heart rate. Blatt (1961) similarly identified two phases
within the task, classifylng them as '1nfprmation seeking'! .
and 'information integrating'. The heart rate shows a
bi-directional_response during a mental task involving
parcéption and cognition, and the total effect is a change in
variability. Porges (1972) supported the importance of the
‘different components of a task by observing a'decreaée in HRV.
during the phase of anticipating a signal. Obrist (1964)
divided his tasks into sensory - motor and perceptual, and
showed that HRV can therefore be related to a discrete
component of an overall task, and not’ simply the type of task.
The components of a task must be known before the significance
of the HRV changes can be fully appreciated. |

The interpretation of HRV changes which occur at the
ISame‘timé'as'a large inérease in mean heart rate must be
treated cautiously."_A decrease in HRV may be due'to the law
of initial values, Wilder (1958). This law states that the
change in any function of an organism due to a stimulus,
'depends to a 1arge degree on the pre-stimulus 1Qve1 of that
fﬁnctioﬁ. A high mesan heart rate may'cause;leés_fluctuaticn
~about that mean, Thé‘magnitudé of the mean heart raté”changes
in most studies using mental load meant that this law was '

"_unlikely to be hav1ng a marked effect. Phy31ca1 load on the

other hand, would be far more likely to invoke the law of -
initial values and cause a decrease in HRV.

The neurological control of HRV is the same as mean
~heart rate. The reduction in HRV, without a change in mean
~heart rate, has not been fully explained. The autonomic
nervous system is implicated because the reduction -in HRV
_ocecurs during conditions of psychological load. It is unllkely
- that a simple quantitative incresse in neural inmervation from
~one division of the ANS will ekplain the changes, because
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- heart rate is controlled by both divisions.

Any examination of heart rate cohtrol is to some
degree misleading because the variation in heart rate is
merely a facet of a blood pressure control system. The
-periodic heart rate fluctuations are primarily haemodynamic
in nature and any examination of causes for HRV must come
initially from the ares of blood pressure fluctuation. Cells
which respond to stretching of the arteries are located
throughout the circulatory system, especially in the carotid
sinus leading from the left ventricle. These are baroreceptor
cells and they send impulses to the cardiac centre to inform
the brain of the mean blood pressure. This is compared with
a reference value for blood pressure and the resistance of the
- eirculatory..system is changed to restore the homeostatic level.
Blood pressure. is controlled in what systems engineers call a
'bang-bang' manner, Power (1975). This is not unlike the
'all-or-none'! phenomenon found in other areas of physiology.
Low blood pressure directs the heart rate to increase, not in a
graduated way, but dramatically. These neural signals are
filtered in the transfer from the brain to the paéemaker cells,
so that the eventual outcome is not a violent swing in heart
rates. The net result, therefore, iz not & resetting and
holding of levels, but a constant oscillation at a rate of
about 6 cycles. min™T,

_ This does not account for all the fluctuations in heart
rate which means that there must be other periodic influences.
Any mechanism which causes a baroreceptor response is likely
to influence heart rate. The baroreceptors respond to
inereases in preséure within the'arteries, and to decrease in
pregsure on the outside of the arteries. The latter is
precisely what happens during breathing - a periodic change in
pressure outside the thoracie arteries. The respiratory '
frequencyfis therefore imposed upon the blood pressure heart
rate control, once again via the baroreceptors. There are thus
at least two sources of variabilify acting upon the intrinsic
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rhythm of the heart, the blood pressure control and the
respiratory influencse.

Entrainment i3 a process which gives further support
to the proposed sources of heart rate variagbility.
Entrainment 1s the manner by which a signal can-be imposed upon
a system such that the system takes on the characteristics of
the imposed =ignal. The pattern of respiration has been shown
earlier to influence the fluctuations of the heart. An
alteration in respiratory frequency, so that it corresponds
with the blood pressure oscillations, (6 cycles. min-l) would
be expected to resonate with the intrinsic fluctuations and
cause a maximum HRV. This happens in practice. ‘A movement
of the respiratory frequency away from the blood pressure
- fluctuation will prevent resonance and the HRV will be lost
in mass of signals all trying to influence the heart rate at
different frequencies. Breathing at a high rate will result
in limited heart rate fluctuations, because the baroreceptor
control will be disjointed. Computer.simulation of the
entrainment of the breathing rate upon the HRV has shown that
the range .5 - 13 cycles. min~t gave an enhanced HRV whereas
outside that range the entrainment of the respiratory signal
decreased the variability, Miwawaki, Takshashi and Takemura,
(1966). Further entrainment experiments, (Kitney and Weber,
1973, Kitney, 197L, Kitney, 1975, Hyndman, 1978) have
revealed the effect of thermoregulatory adjustments on the
blood pressure control system. The application of a thermal
stimulus, by putting an arm in and out of water at uéoc, showed
evidence of entrainment of the heart rate. The mechanism again
appeared to be caused by feed-back through the baroreceptors.

The scoring of HRV is not straight forward because
unlike mean heart rate it has no absolute physical dimension.
Indices of HRV have been used which best describe the intentions
of a given experiment. HRV is purported to reduce under
autonomic arousal, therefore the measure which reveals this
ghange in a monotonic and distinct manner teﬁds to be selected,
Luczak and Laurig (1973). -A popular method of scoring was by
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the 'tolerance'! method, RKalsbeek and Ettema (1963),
Biesheuval (1969). . This involved a visual inspection of

the non-integrating cardio-tachometer trace. The inspection
required lines to be drawn at the mean frequency and at 3, 6
and 9 beats per minute either zide of it; The score was
computed by recording how often the time series graph crossed
‘these lines of tolerance. OQOther numerical terms have been

considered by various authors and the formulae have been
designed to emphasise different aspects of the variability

such as frequency or amplitude. Different approaches have

been sdvanced depending on whether or not the author wishes

to weight the results for mean heart rate or for pre~-stimulus
value. Wartna & Danev (1970) list fifteen formulae, Mulder

and Mulder-Hajonides van der Meulen (1973) list nine, Luczak
‘and Laurig (1973) list eight, and Opmeer (1973) lists

twenty-five different methods of scoring heart rate variability.
Variance is the traditional statistical measure of variability,
but it often lacks the precision required. Alternative

measures have been adopted such as the mean squaré successive
difference, described by von Neumann et al (1941). This measure,
"which i1s the mean of the squares of successive R - R differences,
does not include the effect of any trend which may be 'shifting
the mean of the population', Brodie, Brooke & Graveling (1975).

The influence of the chblinergic and -adrenergic
transmitters upon the SA node cannot be separated easily by
the methods reviewed earlier. It may be useful, therefore, to
examine the nature of HRV in terms of the sequence of heart
intervals or time series. A variety of methods have been
apﬁlied to successive heart intervals including those of
Blackman and Tukey (1958), Loos (1968), Mulder et al (1972).
The basis of these methods is the use of the fast fourier .
transform which estimates the amount of power present in the
various frequenbies within a given time series. The graphical
representation of the amount of power at each frequency is known
as a spectrum analysis or power spectrum. This technique
offers the capability to detect the rhythmic variations in a
gsequence of heart periods.
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HRV can be displayed so that the dominant frequency
compqnénts are seen, Chess, Tam & Calaresu (1975), Hyndman
and Gregory (1975), Sayers (1973), Kitney and Rompelman (1975).
These results have indicated that the normal HRV signal
comprises three dominant frequency components, a respiratory
component (R) at 0.25 Hz, a blood pressure component (B) at
0.1 Hz and a thermoregulatory component (T) at about .025 Hz.
(Fig. 1.3).

This is further confirmation that HRV is influenced

" by blood pressure control, respiratory disturbance and by
thermoregulation. The decrease in HRV, although clearly
gutonomic in origin, is apparently a derivative of a blood
pressure control system and may be the by-product of
.respiratory.and other influences.  This indicates the necessity
to esteblish the importance of respiration in the gssessment

of HRV and as a measure of mental load.

Summa

Heart rate variability is an additional method of
examining cardiovascular responses. The use of time series
analysis of heart intervals shows the oscillatory nature of
HRV and the association with other physiological signals.
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Figure 1.3 - A typical cardiac spectrum anslysis
showing frequency components at 0.025 Hz (thermoregulatory),
0.1 Hz (blood pressure) and 0.25 Hz (respiration).
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1.3.4 Temperature (T)

Skin temperature has been reported as a valid
measure of autonomic activity, although it shows a different
response in different parts of the body. Its direct autonomic
regulation relies upon the constriction and dilation of blood
capillaries in the skin which is an adrenergic function of .the
sympathetic division. Finger temperature dropped after an
alerting stimulus, Wenger, Averill and Smith (1968), Mittelmann
and Wolff (1939), Corman (1968), Flecker (1951). Face tempsratur:
howsever, showed a less consistent response but tended to risze in
most subjects, Helson and Quantius (193L) during an increase in
mental load. ‘

. _ Teichner (1962) reported an 'arousasl index! based on a | .
formula relating skin temperature, core temperature and air
temperature. He claimed that this was ag satisfactory an
indication of autonomic activity as more established variables
such a3 EDA. This claim has not been substantiated by other
workers but was used in the present study as it is the only
reported measure of arousal level involving temperature
exclusively. Mouth temperature was considered a satisfactory,
non-invasive alternative to core temperature and was therefofe
used. '

Temperature regulation is a highly co-ordinated function’
depending fundamentally on the activity of the central nervous
gy3tem. Detalls of the regulation are available from the
standard medical texts (e.g. Ksele and Neil, 1966). The
hypothalamus receives all the afferent neural imput associated-
with temperature regulation and has access to both the somatic
and autonomic nervous systems for its efferent pathways.
Specifiic areas of the cerebral cortex are concerned in the
production of autonomic features of emotion and will project to
the hypothalamus and reticular formation. The involvement of
the cortex and reticular formation mean that aspects of learning
and perception can influence the emotional response. The
emotions are represented anatomiéally by the limbic system. The
. hjpothalamus, a part of the limbic system, is possibly the



common mediator between the emotions and temperature
regulatioh. The specific mechanism involving decrease in
skin temperature and mental load is likely to involve local
vasoconstriction, but it is clear, Helson and Quantius (193L4)
that some subjects are more reactive to vasoconstriction than

others.



1.3.5 Respiratory Factors

There appears to be an increase in respiratory
frequency under conditions of psychelogical load, Vandenberg,
Clark and Samuals (1965), Altschule (1953), Williams,

Macmillan and Jenkins (1947), but respiration is not considered
as an autonomic response because the respiratory muscles are
controlled By the somatic nervous system.

Respiration is inherently rhythmic and is controlled
by the interaction between the inspiratory and expiratory
components of the respiratory éentre located in the reticular
formation of the medulla. This rhjthmicity of the medullary
centre is maintained by stimuli from non-respiratory neurons.
Stimuli such as pain, cold, and photic stimulation will have
""a"non-spe¢ific neural effect on the Pespiratory centre. In
addition to the‘medullary respiratory centres, there are two
pontine centres which influence the medullary centre. The
first of these, the apneustic centre, stimulates the
inspiratory component of the medullary centre. The other is
the pneumotaxic centre which is stimulated by the inspiratory
component activity. Activity of the épneustic centre can be
inhibited by the pneumotaxic centre and the wvagus nerve. The
vagus nerve does not affect the expiratory component of the
medullary centre directly but via the apneustic centre.

The regulation of pulmonary ventilation involves two
feedback mechanisms. These are proprioceptive reflexes
originating in the lungs and chest wall and a humoral feedback
gystem involving chemical factors. Both of these feedback
mechanisms influence the respiratory centres. The
proprioceptive reflexes have most of their.afferent pathways in
the vagus nerve, and include the Hering-Breuer inspiratory
reflexes, the paradoxic reflex of Head and deflation reflex.

Blood pressure also exerts an influence on respiration,
with an 'increase of systemic arter1a1 blood pressure causing
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hypoventilation and a decrease producing hyperventilation.
The aortic and carotid sinus baroreceptors are the origin of
this reflex. Baroreceptors in the walls of the atria and
great veins are sensitive to an increase in blood pressure
and may stimulate breathing which is an opposite action to
those baroreceptors in the asortic and carotid bodies.

Certain investigators have reported increases in
respiratory frequency during mental work, Altschule (1953),
Williams et al (19h7), Skaggs (1930), but the results are
equivocal. Ellson et al (1952) have, for example, showed a
slower rate of breathing during the telling of a lie, but the
respiratory frequency will be modulated by talking so this
study loses validity, as an indication of an autonomic
adjustment to psychologicel demand.

Although breathing rate and amplitude do not appear
from the literature to be the best indications of mental load,
the reason for using them as a combined dependent variable is
based upon their involvement in physiological control.
Respiration is a complex measure, subject to modifying inputs
from voluntary and involuntary nervous pathways as well as
serving several functions in body metabolism and homeostasis.
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1.3.6 Reaction Time (RT)

Simple reaction time (SRT) has been used extensively
in the psychological literature as a measure of performance.
The basis for such interest has been that SRT is simple to
meesure and inveolves the central nervous system.' At the
gimplest level, reaction time requires the brain to identify
a 3ignal and initiate an appropriate response. In more complex
designs using choice .reaction time (CRT) the central nervous
system (CNS) is involved in a greater degree of information
processing.

, The usefulness of SRT in understanding human response
strategies is that the level of Arousal may influence the CNS.
This, and thus the SRT, could occur at both an 1ndividual level
or in respoénse to diffsrent treatment conditions.

The total latency of the reaction time is comprised of
four components:-

(1) The time taken for the stimulus to activate the sgense

organ, and for the afferent impulses to travel to the
brain.

(11) The time taken for the central mechanisms of the brain
to process the afferent stimulus.

(111) The time taken for the efferent nervous volley.

{(iv) The time taken between the efferent neural response

arriving at the effector and the musecles producing
the overt recorded response.

The literature gives many examples of factors which
influence SRT. These include alcohol (Schultz; l9§6; Carpenter,
1959; Hollister and @Gillespie, 1970; Sutton and Xim, 1970;
Mangeri, 1965; and Sutton and Burns, 1971), marihuana (Clark,
Hughes and Edwin, 1970: Hollister and Gillespie,.1970), aspirin
(Cappone, 1961; Macht, Isaacs and Greenberg, 1918; Davis, 1936),
oxypertine (Adamson and Finlay, 1966) and various stimulants
(Herrington, 1967; Hollister and Gillespie, 1970; Talland and
Quarton, 1965).
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The limitations with these studies was that dosage was
not standard on eilther an inter-experimental or inter-subject
(e.g. by body weight) basis. The number of subjects within the
sample tended to be low and only one of the studies, Sutton
and Burns (1971) appeared to consider the neural transmission
time separately from the other components of the total SRT.
These pharmacological studies,~howevep, have confirmed CNS
involvement. ' '

There appears to be some evidence for women having a
slower reaction time than men, (Henry, 1960; Bellis, 1933;
Goodenough, 1935) with age also being an influencing factor,
Hodgkins (1963); Weiss (1965).

. .. . ..Qther potential influencing factors on SRT include .  _ |
motivation, Fairclough (1952}, Cross and Eason (1969),
Johanson (1922), Howell (1953) and Henry (1951). Anxiety,
Davis and Warehime (1971), muscular tension, Beckman (1955),
noise, Nosal (1971), exercise, Malomsoki and Szmodis (1970),
and circadisn rhythms, Adkins (196L), Elbel (1939), Thompson
(1967) all have been reported to affect reaction time, as have
other influences such as knowledge of results, McCormack,
Binding and Chylinsk (1962), McCormack and Mc Elerham (1963),
Peretti (1970) and Henrickson (1971). The relevance of these
studies to the present thesis is the importance of designing
the experiment so that gll such influences are either excluded.
or remain constant:

In normal populations the forewarning period or
preparatory interval has been the subject of much investigation.
The warning stimumlus sppears to cause some excitation of the
reticular formation, Geblewiczowa (1963). As reasction time 1is.
influenced by the activity of the reticular activating system
(RAS), Isaac (1960), the warning stimalus might be seen as a
RAS stimulator.
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Theories have been developed to explain the
refractory period between one stimulus and another, Thess
theories can also be used to interpret the psychological
mechanisms of the preparatory_interval, when the forewarning
signal is considered as the first stirmulus. Such theories
include the central refactoriness theory, Angel (1969),
_the expectancy theory, Thomas (1970), the readiness theory,
Poulton (1950), and the single channel theory, Broadbent (1958).
These thories will not be developed here, but it is sufficient
to state that they all consider central processing, which is
itself related to the degree of central arousal. Each of
these thecries, and muéh work aésociated with the preparatory
interval, are based upon phasic conditions. They relate to
guch features as the 'state of the organiasm at the time of
“the stimulus'!., " This study iIs concerned with the tonic Ievel =~
of the organism, and will consider the mean reaction time
throughout any given condition to indicate central nervous
involvement. The use of & preparatory stimmlus would be
inappropriate in such an experiment becsuse the level of
arousal may be elevated artifically prior to each reaction
time signal. The SRT would not be reflecting, therefore, the
true psychophysiological state.
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SECTION ' TWO

EXPERIMENTAL STAGE ONE - EVALUATION OF
PSYCHOPHYSIOLOGICAL MEASURES

-

The literature revesled a variety of psychophysiological
responses which were valid sufficiently often to be considered
a3 acceptable measures. 'Howéver, the responss characteristics
for both mental and physical work were ﬁnknown, so this first
experiment explored these for a limited number of measures.

‘ The psychophysiological response to repeated stimulation
was not known. This necsagsitated an examination of habituation
for all measures. '

Knowledge of the stability of each measure within a
given experimental condition was also essential before any
gsampling procedure could be adopted.

It is particularly important to know which measures
have a direct influencé upon others. Electrodermal activity
and temperature may come into this categor& because eccrine
sweat glands respond primarily to psychological stimuli and
- the apocrine glands assist thermal regulation. The
relationship was clarified in the first experiment before
broceeding to use each measure independently.



2.1 Methods and Materials

2.1.1 Experimental Procedure

Three subjects were tested on 8 occasions. On four
occazsions the subjects completed a mentally demanding task, and
on the other four occasions the subjects completed a physically
demanding task. The type of task was randomly assigned on each
occasion up to a maximum of four times for each type. Each
individual experimental occasion took the form of:

(a) Establishment of basal conditions

(b) The task i.e. mental or physical task

(¢) The recovery periods
A typical experimental procedure for one subJect is ShOWn in
The psychophysiological measures of:

Electrodermal Activity (EDA)

Electrocardiography (ECG) and

’1'\7-—1

|-~ Skin~ temperature
were recorded throughout each occasion.

Each subject attended the laboratory for a period of
2 hours on the eight occagions which were spéced at weekly interwval
The squects attended the laboratory at the same time each week to
minimise diurnal variations.

(a) Basal conditions
Each subject sat in a comfortable chair and was
instructed to relax as much as possible., Baseline levels were
established over a period of 15 minutes. The experimenter was
situated in a separate room from which all parameters werse
monitored., ' |

EDA and skin temperature was recorded every 15 seconds,
and ECG for a minimum of 15 complete cycles in every minute.
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Figure 2.1 - Typical experimental prodedure.for one subjeét.
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(b) Task conditions

The mental task was a series of questioﬁs from
I.Q. tests, Eysenck (1962). Each subject was instructed to
work sccurately, and to answer as many questions as possible
within the time period of 15 minutes. It was emphasised that
‘accuracy was an important part of the experiment and before
each occasion the subject was encouraged to perform well. The
subject was given a sheet of paper and required to write the
answer against the appropriate question number. This involved
the minimum of movement as most angwers were 1in the form of a
letter or numbar. ‘

The physical task was to pedal a cycle ergometer and
to maintain a constant heart rate of 120 beats per minuts. _
“"The héart rdte wds displayed to the subject on & heart rate = " 7
meter (Childerhouse ILtd.) which was triggeréd from the output
of the oscillograph. A heart rate of 120 was selected because
it represented the demands of moderate physical activity. The
subject adjusted his heart rate by éhanging the pedalling
- frequency. The work load was constant for the treatment period
of 15 minutes,

The EDA, ECG and temperature were recorded as in the
basal condition during both mental and physical tasks.

(¢) Recovery conditions

-The subjects relaxed for a period of 30 minutes
'after the experimental condition.. The same measurements were
recorded during this recovery condition. The pericd of 30
- minutes was selected because a long recovery period was required
to study the effects of the task. It could not be too long in
case the subject-bécame bored. The recovery period was divided
into two sections of 15 minutes. This was to examine whéther
there were differences between the early and later parts of the
recovery. ’
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2.1.2 Subjects

Three subjects were selected from volunteers prepared
to spénd the time required upon the experiment. They were male
students in normal health of median age 20 from the City of
Leeds and Carnegie College, Leeds, England.

2.1.3 Experimental Measurements

The purpose of the experiment was explained to each
subject without giving sufficilent detail to influence the
experimental results. This took the form of indicating that
the experimenter was interested in the subject's responée to
the work conditions, but without explainiﬁg any of the
physiological mechanisms inVolved.

(a) Electrodermal activity

The subject gently rinsed his harnds in clean water to
standardise the cleanliness of the hands and remove any
excessive dirt or grease which may influence the recording.
The water was at body temperature to prevent any peripheral
vagodilation or vasoconstriction and the hands were dried with
a dabbing motion as épposed to rubbing which could have caused
abrasion and thus affected the skin resistancs.

_ The electrodermal electrodes were placed con the volar
surface of the middle phalanx of the index and ring fingers of
the left hand. The electrcdes were Ag/AgCl disc electrodes
measuring 10 mm in diameter (S.E. Labs Ltd.) and were fixed to
the skin surface by a'strip of adhesive plaster with underlying
géuze (Elastoplast Ltd.). Cars was.taken that the adhesive
plaster was applied with similar pressure on each occcasion and
the experimenter was satisfied that no venous occlusion occurred.
The electrolyte was a 0.05 M KC1 paste as recommended by Venables
and Sayer (1963) and was freshly made every 7 days. The
electrolyte was squeezed into the electrode with a large-bore
3yringe to ensure that none went outside the cup of the electrode.
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A variety of methods are availsble to record EDA,
Venables and Martin (1967), and as two alternative forms were
available, a pilot investigation compared them. One method
(direct current system) was to connect the electrodes via an
AC suppression circuit to an Elema-Schonander GSR Meter
(Siemens Ltd.) which was incorporated into a Mingograph 34
ink-jet oscillograph (Siemens Ltd.). The balancing
potentiometer enabled a direct reading on & digital counter of
the skin resistance level. The other method of recording EDA
(alternating current system) was by connecting the electrodes
to a Galvanic Skin Resistance Meter 418/8160 (C. F. Palmer Ltd.),
Pigure 2.2, which displayed the skin resistance level in a digital
form. A highly significant (p<.001l) relationship existed bstween
. the results on the two systems, although the alternating current
method was not as sensitive as the direct current method.
'However, manually balancing ‘the potentiometer on the direct
current system and ensuring that changes in resistance came
within the full scale deflection of the oscillograph was
laborious and therefore considered unsuitable for an experiment
involving continuous monitoring. The alternating current system
was thus adopted. The skin resistance level was recorded in
kilohms and converted to conductance units by reciprocal
~transformation.

(b) ZElectrocardiograph _
- A clear and drift-free electrocardiocgraph record {ECG)

was required for subsequent data analysis. This necessitated
high quality transducer and amplifier characteristics particularly
during the physical work task. The skin site selected for the
earth electrode was above the sternum. The other electrodes were
plaoed below the left pectoralis major muscle, one directly below
the nlpple line in the sixzxth intercostal space and the other

8 c¢m towards the mid line. The skin was prepared by cleaning

- with acetone and by abrasion until skin errythema occurred. Lead
electrodes (Cranlea & Co.} were placed on the prepared sites
hafing been coveréd on ﬁhe active surface with electrode gel
(Neptic Ltd.). The electrodes were attached to the skin with



Pigure z.z

—edes — -

Galvanic Skin Resistance Meter 1,18/8160
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h em squareS(x&hesvy duty adhesive tape through which the
nipple of the electrode protruded. The electrodes were
sttached via an AC suppression circuit to 'an Elema Schonander
"ECG amplifier incorporated into a Mingograph 3 ink-jet
oscillograph, Figure 2.3.

The paper speed of the oscillograph for ECG recordings
was 25 mm sac‘l. An accurate and consistent chart speed was

“-[sssential as the cardiac measures involved measuring the

-fﬁdistances between successive beats. The distances were
‘moasured between the ma jor peak of the 'QRS' component of the
 ECG (see Figure 2.lL) and are subsequently called the 'RR!
:interval. The recorder was therefore calibrated against the
.1 Hz tone transmitted by MSF Rugby, Brooke and Graveling (197l).
;Ehe accuracy and'consistency wa3 such that no measureable

+difference could be. observed. Inspection of the ECG indicated
- whether there was sufficient discrimination between the QRS
.E?somplex and other components of the trace. Inspection also
revealed if there was a stable iso-electric line and if any
artefacts werse present.-

.(Q) Temperature

. This was recorded at the same site as the EDA electrodes.
but on the middle finger. A flat thermistor (3 mm diameter)
was attached with adhesive plaster. to the skin surface. The
temperature was recorded from a meter with a voltage scale

"~ equivalent to temperature (Grant Instruments Ltd.), Figure 2.5.

’3'The temperature meter was calibrated against a mercury
. thermometer and the battery level checked before and after each
" experiment. |
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2.2 Results and Statistical Analysis

The measures are presented individually to simplify
the analysis. The first 5 minutes of each condition were not
included. This was because any novel situation may have
changed the autonomic processes to a level which was more

representative of t'change! than the actual condition. Two
minutes is the minimum period required to compensate for

-this possibility and anything longer than 5 minutes would
not leave sufficient time to analyse the response fully. A
'gettling period' of 5 minutes seemed to satisfy both
criticiams and was tlerefore adopted.



- 62 -

2.2.1 Minutes effect on esch measure

The literature suggests that many workers use a single
gcore. for seach treatment conditioﬁ. This procedure is
satisfactory if no sampling has been incorporated as part of

-the data collection. As data were collected for Experiment 1
over a period of 60 minutes, sampling was essential because

of the expense of consumable materials particularly the
oscillograph records. As a 15 second record was taken in every
one minute epoch, it was necessary to establish whether this
sampling procedure was producing variable data within each
condition. A one way analysis of variance of the minutes effect
for each condition for each subject for each measure was computed.
This involved a comparison between each of the individual minutes
over the 10 minute condition. This procedure was applied to
every subject for every measure. There was a total of 1Ll analyses
of variance which were computed on Salford University Simple
Statistics Package NWDS. In every case there was no significant
F value, (for example see Appendix 2.1) which showed that there

was no difference between each minute. This shows that the
megsures maintain the same response level over the 10 minute
treatment period.

It is Iknown that demanding physical work, even of constant
intensity, will cause an increasge in organic disequilibrium. This
is mainly due to the primary fuel sources being time limited and
alternative energy mechanisms having to operate as time progresses.
This experiment showed no evidence of this and suggested that any
disequilibrium over the full ten minutes was within the range of
the metabolic adjustment of the first minute. Also,the change
to a new level caused by the mental or physical load was immediate.
This suggested a short latency period for the autonomic measures
under examination. They thus have an advantage over alternative
autonomic measures such as the hormonal ones which do not show a
change in urinalysis for up to L0 minutes.

This stability of autonomic measures over time within a
given treatment condition will allow a single mean value to be
used in any further data processing.
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2.2.2 TRlectrodermal activity
The mean of the four EDA scores for each minute was

used for the statistical computations. A two way analysis

of variance procedure waa established to examine the
conditions and occasions effect for each individual subject.”
The design used was Type RB-l4, (EKirk, 1973 p.1l33) which
produced a series of ANOVA tables as exemplified in Table 2.1

Table 2.1 - Analysls of Variance Table for EDA.
Source 88 df  Ms F B¢
1. Between occasions 14955 ' 3 Lo8g 9.93 01"
2. DBetween conditions 5700 3 1900 3.78 N3
3. Residual u516 9 502
-"h:'iTofaifw”'”“”""' . h'25171“‘f'15 T

The following table (Table 2.2) shows a summary of the
P ratios and levels of significance between 'bccasions™ and.
"eonditions" for either the mental experimental condition or
the physical experimental condition. The "occasions™ were
the four occasions that the subject attended the laboratory
to. . complete either the mental or physical tasks. The
"econditions" were either the basal, experimental, the first
- recovery or the second recovery conditions.

Table 2.2 - Summary F ratios for EDA

Mental Physical
, Occasions Conditions Occagions Conditions
Subject 1 (D.S.) 9.9 3% 3.78: 7.l 33 .27
Subject 2 (N.G.) 81.63s%ex .20 48.4 wxa  3.08%
Subject 3 (S.G.) 1L.8 s 0.88 61, 383 l.92us
#  p<.l1l0
#% pg.05.

bt p< .01

& All the occasions showed significant differences for
all subjects. Two subjects showed a significant difference
between the conditions involving the mental experimental

condition. All subjects showed a significant difference
between the conditions associated with the physical task.
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The overall test of significance led to the rejection
of the null hypothesis in certain of the ANOVAs. The data
was therefore explored te find the source of those effects.

An a posteriori multiple comparison test devised by
Tukey (1953) was called the HSD (honestly significantly
difference) test was used, The HSD test makes all pairwise
comparisons among means} This a posteriori comparison .
egtablished the levels of significance between pairs of means
throughout all analyses which showed an overall significant
effect. Table 2.3 shows a typical single HSD test result.

Table 2.3 - Differences between means of
EDA for the mental condition on four occasiond.

HSD = U9.L (p<.05); = 66.7 (p<.01)

Mean EDA Occasion 1 Qccasion 2 Occasion 3 OQccasion It
1?8 Occasion 1 - ' 27 855 37

| 171 Occasion 2 - 58 10
113 Occasion. 3 | ' o - 48

161 Qccasion i : -

#  p<.05
o 4#e p<.0l

The differences between means on occasions 3 and 1
exceed the HSD value at a level of szignificance of p<.0l.
Occagions 3 and 2 exceed the HSD value at a lsvel of
gignificance of p<.05.

Figure 2.6 expresses these results graphically and shows
that there was a significant lowering of skin resistance on the
third'occasion. This was not maintained as a significant
difference on the fourth occasion. It may be appropriate, _

. therefore, to allow a period of two occasions for habituation.
The first two occasions in later experiments were subsequently
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ignored for statistical purposes.

This initial analysis of the data revealed a high
degree of individual differences between subjects. It was

therefore sppropriate to assess the contribution that subjects
made to the total variance. The data were re-examined in a
randomized block factorisl design (Kirk, 1973, p 237). Table
2.4 summarises the F ratios in these analyses of variance.

Tgble 2.1 - Summary of F values showing
contribution of subjects, conditions and occasions for EDA

F Ratio F Ratio F Ratio Interaction

SUBJECTS  CONDITIONS  OCCASIONS
Mental 7. S 0.97 - 15.23%%x | 0.4o0
Physical 5. 84w | 3.2&%* 17 L 0seseae 0.31
#tid pe. 0L | | -
#2 p<.05
§% p<.10‘-

The following graphs (Figures 2.7 and 2.8) summarise
the asignificant differences between palrs of means by Tukey's
HSD test as described earlier..

The significant occasions effect in both mental and
physical conditions guestioned the reliability of EDA as.a
consistent measure on a day to day basis. It suggested that
each subject is a different 'person' in terms of EDA every time
that he visited the laboratory. The use of a !'change score!
may be appropriate in future work. |



T— o O DO Grpeinteget gutetef ol il Ay RS et Syt i STl T PP e U
i i ~u>”..!pﬂ o T T e e e e S e e — b 4= B ——t
reps Sdpkiovtit el et z t e e e e e B P wi..rv... SR
-.:-W:E.{-.I_'Wplvuvl. T jpnass — y—— e ..1.[.1“”:.. P e e e Ty e e S BR i Sirriormripmorrorokiotiio
fsgew e S [ fpimmperiiesisk gy s LTIIIiTTEIS R St PSP h i i nirgtrutnd g S oo
R ey L T e e T T T T s ks o e e TpSapantats b e o
o= Tee : — - D e S PO S T e SN Rt e TR T T L F e
pres ey Seindoitad dunid St defririniogal gy .-.J.-.JHUHHH%HHWHEf.IJIII e St e b B el s b Su gl S es SeR RS SEpa ety
i T T T T T T T T T I T T T LT T T I T L T TR oy ey § Tt
[k Suvar g spmeper  en—inr—y St oY T i Semacfuinfus e G dnigmssieg GHEpO b iusioguinel Wit s b e 1..%11. OIS § M ——
e Snuonmdud. dmaun duturd Subuininiuatard 1 B e Eeri st s slspmrbd et s eIt STy et S i : § S mgtaiee Jagie
g e . e i —m ]« et e fm e Sy T § hrmx et « fom am ke At e 2 mo o pnmd — A A e ¢ pamp — == v [
pimisap 2 ¥ ] Srmead s ey it Hd by x : aigrirbuyuded Reer Sy e St e

== e : LTI IYITIINU S g . [ gmigibsbn) : el A

; [y L S P S S e O gy s |
Al pling gl el el iy sy wanmns §
| e g STt eyt
Py T S Tespterets
il 1
= ! T e e e T e e e
1 2
1 — A -— - - ——r— - —
T — —t— T pyroy—. g
= + 1 - T T T ﬂI;,I..ﬂHumHHnHﬂwﬂhv..VHun.nuunﬂﬂﬂwﬂnmu
T 1 b e it Sortguirerird St Sl pamg St frimieinty R e e b b
- & g S s e e e S tLr Pty
: =i v alemet] St St st el !
T : : — : T T ey ey e e ETST e e
" : : g e P driuinii fuisiprom .y S iy e —
e T e e T T e T T e T
T o gt e it b T et + e
ey St o 1 - |yt '
B e P yLotal Tt el ST e Lk
¥ t — = TS B e e e e S e
B e LT e s ey et Sy E et B S B e oot
: : T : p T e e T T e e T T E=
=3 i»..il--ll..nuHH.th..”PII.”m“”u”L”.H.!ﬂ..«ﬂup!i-w.HHHHH e
: == P By T e M
o i =
I
s =
1 T ¥.
T b
I =
T T
: o B3 St tese? SoTe Tl frtepuaruet $YS0e
o D T e el Dok ety et S ot i S 3
A T P ey EE AT
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The EDA over the four occasions showed a significant
increase after occasion two, which then continued into occcasion
~four. This suggests no habituation had occurred over the four
occasions which was a contrary result from that suggested with
the EDA changes during the mental condition. This implies that
there are differences in habituation dependent on the task, and
should be considered when using EDA as a measure of arcusal.
The fact that EDA continues to rise during the second part of
_‘the recovery period (bh from b3) for both mental and physical
~tasks is interesting. It may indicate that the subjects were
not able to continue relaxing during the second half of the
recovery period and were showing discomfort. This prompted
later experiments to reduce the recovery period to less than
15 minutes.

It would be severe to exclude this apparently
unreliable measure of autonomic activity without a full
examination of the potential reasons for these results. As the
same-subjecﬁs were used for each occasion, the anatomical
characteristics can be assumed to have remained constant.
Procedural differences were minimised by keeping the time of day,
temperature of room, location of electrodes, etec., the same on
* each occasion. However, even under identical methodologies, the
occasions could have been interpreted physiologically as being
different.

The results permit the following statement:

"The tonic skin conductance level is influenced by a

number of factors which include the level of acetylcholine release

at the post ganglionic terminal nerve fibres, the degree of

excitatory or inhibitory involvement of the reticular activating

system and the extent of cortical regtraint. As these factors

will be modified by psychological involvement and influences frdm'

other biological systems, any changes due to independent stimli -

- must be considered in relation to the state of the total organism

~at the time of the experiment."
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3

EDA is a robust and valid measure of autonomic activity.
Its relisbility is dependent upon other aspects such as'the
influence of higher nervous structures. This means that
experimental procedures must account for potential sources
of variance. It will require a control on the influencing
variables or an examination of the organism immediately before
the experiment. A measurement of the change from the individual's
pre-treatment state would be necessary. '
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2.2.3 Mean heart rate

The interbeat interval was recorded by measuring the

- distance between successive peaks of the predominant component
of the ECG, the 'R' wave. The use of & micrometer screwgauge
attached to draughtsmen's dividers (British Indicators Ltd. -
see Figure 2.9) achieved accuracy to 0.1 mm. This method was
extremely tedious and errors may have been caused by observer
 fatigue. The interbeat intervals for 15 consecutive R-waves
were recorded from the oscillograph trace for each minute.

The interbeat intervals were converted‘into a hesart rate per
minute. Individual differences were shown in the results, =0
the data were re-examined on a randomised block factorial
design. This assessed the contribution that the subjects made
to the total variance. Table 2.5 summarises the F ratios for .
the three components of the analysis of variance.

~

Pable 2.5 -  Summary of contribution of _
subjects, conditions and occasions to the analysis of
variance for mean hegrt rate.

-

P Ratio F Ratio F Ratio Interaction

SUBJECTS CONDITIONS QCCASIOQNS
Mental | 83. 5 1.2 0.7 . 0.2
Physical 6 . Ostea2 302 . 1aese 17 Lpsesese 3., Taeaess

#e% pg .01

" The above table shows that the differences between
subjects was the only significant compbnent of the mental
occasions. All components'contributed on the physical occasions,
but the significant interaction effect means-that a test of main
effecﬁs is not appropriate. An exaﬁination of the ANOVA revealed
that the conditions accounted for 88% of the total variance.

This was to be expected as the task criterion involved a chanée'
in heart rate. There was no significant effect during the mental
conditions. This suggested that the mental load may not have been



-Figure 2.9 =

Micrometer screwgauge attached to draughtsman's dividers.’

- ZL ..
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/

sufficiently demanding to produce an effect.

Alternatively,
the mean heart rate may be insensitive or simply unaffected

by this type of activity.

- e
o5
3
.

*

L
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2.2.L, Heart rate variability (HRV)

The mean, variance and mean squére successive
difference'were calculated for each minute using two separate
programs on a Programma 101 desk top calculator (Olivetti Ltd.).
This method was laboriéus, so a semi-automated method was sought.
A D-mac analog-to-digital converter was built which produced a
voltage proportional to the movement of a cursor in the x or y
axis. The machine (P.C.D. X-Y Plotter) was calibrated by moving
the x and y axes a known distance and making the necessary
computation. The output voltage was displayed on a digital
voltmeter (Micro 60514) and certain statistics were calculated
using specially written programs on a 600/1lL desk'top computer
(Wang Ltd.). The statistics calculated were:

Mean heart rate (Hf)

Variance (32)

Mean square successive dlfference (d )
Second differential (a HR (at ) - 1)

Ratio of d° to s> (da°/s2)

The reliability of this system was examined by
measuring a series of R-R intervals on two occasions. ‘The
difference between the means at s heart rate of 60 beats. min~1
was only observable at the second decimal place. The accuracy
of this method was asgsessed by measuring a known distance on
repeated occasions. The standard deviation was To.a for
measuring a distance equivalent to a heart rate of 60 beats minfl.'
This dispersion was considered so small that it was not
consldered as an error term. Most of this error would be caused
by the operator positioning the cursor inaccuratelj. The cursor
had a doubie cross\engraved on plastic aﬁ a vertical displacement
of 1 e¢m. This reduced paralax errors by the operator.

The four statistically derived measures of HRV were
examined by a two way ANOVA to establish the differences
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between conditions and occasions for each subject. As with
most of the other measures, lurge inter-subject differences
' were observed so the randomised block factorial design was
instituted to take account of these differences.

Table 2.6 - Summary of. analyses of variance

showing contribution of subjects, conditions

and occasions for heart rate variability data.

F ratio F Ratio F ratio Interaction
SUBJECTS CONDITIONS OCCASIONS
Mental d2 9, 3 0.9 0.8 0.7
Mental s° 10, 7% 0.6 | 0.4 0.6
Mental : : '
2nd Differential 5. 3w 0.4 0.6 0.5
Mental d/s% by Lysese 2.2 b1z 1.2
Physical d° T 0.4 2.l 1.8
Physical.32 _ 1. 3sesese 3.9%% 1.0 1.1
Physical 2nd _
Differential  L0-Ll¥¥® .3 1.9 0.9
Physical dz-/s2 1.8 Ly, Qseaese o 1l.h 1.
#¢ p<L.Ol
## pe.0S

Table 2.6 showed that, once again, the greatest effect
was due to the Subjects.' None of the parameters showed an
occasions effect which demonstrated the good reliability of
these measures. Two of the parameters (32 and de/sz) showed
effects between the physical conditions. The measurse da/s
demonstrated the ideal response characteristics of a dependent.
variable, namely no inter-subject effect, no inter-occasion
effect, no interaction, but a significant condition effect.

It was responsive to change in condition (baéal, experimental,
and recovery) but not to anything else. It was interesting

to note that d2/32 under the mental conditions, although not
quite achieving a leveliof significance, contributed only L%



less variance to these conditions than to the significant
subjects effect. The test of simple main effects gave support

for d2/52 as a measure of condition specificity. Figure 2.10
is a. graph of the differences hetween the pairs of means. It
was only the two récovery conditions (a3 and ah) which showed
no differences. The measure d2/s2 thus appeared to show a
monotonic change which clearly responded to the experimental
treatment. Ths lack 6f statistical difference between the
conditions a (basal) and a3 (first recovery) shows that
d2/s2 returned to its originsl level after physical exercise.
The measure d2/s2 does not have the significant interaction
effect shown by Hf. This index of HRV, thgrefore, is measuring
a2 distinct dimension from mean heart rate.’

The chief difference between the variance (32) and the
m an square successive difference (d2) is that d2 does not
include the effect of any trend which may be shifting the mean
of the population, Brodis and Graveling (197.L). Thus 52 per se,
which is simply a measure of dispersion about a mean, provides
‘different information from d2 which loocks at the time intervals
between successive RR intervals. Heart rate variability
measures provide additional information for the understaﬁding
of human response systems. This first experiment has indicated
valid and reliable HRV measures which should be included in
. future work. Different mathematical transformations of the RR
intervals give different information. It is therefore
desirable to extend the range of transformations to get more
information about the arousgal responses.

The mean heart rate remains static but the variability
is reduced. This means that there must be some mechanism which
increases the constancy of SA firing. The form of control is
uncertain but may invelve a negative feedback loop from other
related blological gystems such as blood pressure and |
respiration. This will be examined in later experiments.
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2.2.5 Temperature

The mean of the four temperature readings for each
minute was used in the statistical analysis.

_ The analysis of variance showed significant

differences between the occasions and the conditions for each
subject, (p<.0l). The occasions effect suggested a lack of
reliability for this measure. The method of recording
temperature was potentially inaccurate because of the frequent
changes Qf scales on the temperature meter. The temperature of
the skin was in the region of 20° which was the upper limit of
one scale and the lower limit of the next. The compatibility
of temperature réadings during scale changés was not known, S0
this could have contributed to the poor reliability. A more
satisfactory procedure would have been to establish the range
~of likely readings and to have chosen an appropriate meter and
scale. This may have resulted in a less sensitive reading, but
would have eliminated the possibility of artifacts due to scale
changes, It was not known, therefore, whether the results of

“the teﬁpefature readings were caused by procedural limitations
3¢ the method was changed for subsequent exXperiments.

One reason for the measurement of temperature at this
stage in the study was to examine its relationship with
electrodermal activity. The EDA mechanism in response to
psychological stimuli involves the excretory duct of the
ecerine sweat gland. The thermorégulatory mechanism, which also
expels sweat, may interfere with the psychological function and
cause a misinterpretation of the psychophysiological data. This
wbuld particularly apply under treatment conditions requiring
the subjeét to engage in prolonged physical work. A Pearson
product moment correlation revealed no significant relationship
between temperature and EDA. This means that there is no
specific association between the thermoregulatory mechanism and
the psychological response.< '
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Eccrine glands show regiohal differences in response
to both psychological and thermal stimulation. The glands of
the palm and soie, for example, respond rapidly to psychological
stimuli, but require an intense angd sustained stimu%us to ‘
elicit a thermal response.

Electrodermal activity reflects changes in the
autonomic nervous system provided a site is chesen of high
eccerine gland densfty and a physical stimulus does not invoke
the thermoregulatory mechanism., A site of high apocrine gland
density such as the axilla should be chosen to measure temperature.

_ The finger temperature per se has been shown to be
influenced by level of arousal, Mittelmann & Wolff (1939),
Flecker (1951). The ANOVA in this experiment supported this
over the four conditions of the experiment (p<.0l). However
the occasions effect was also gignificant (p<¢.0l). This
suggested that skin temperature, although & valid measure of
response to different stimuli, also lacked reliability.

A temperature measure related more closely to arocusal
would be a more useful index of human response.  This was the
reagson for using Teichner's "thermal arousal index™ (1962) in
the next stage of the study.
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In summary, the following conclusions may be drawn:

It is both statistically acceptable and parsimonious
to use méan values to represent a response level for the
autonomic measures of EDA, Hf, HRV and temperature duriné.
mental and physical work lasting 10 minutes.

Electrodermal activity lacks day-to-day reliability
without some appropriaste transformation. It is however, due
partly to lack of parasympathetic constraint, a sensitive -
measure and a suitable change score should be used in future
experiments. R |

Most subjects stop relaxing after approximately
15 minutes of laboratery conditions. This has implications
for the length of the recovery period following demanding work
and such information will be used in the design of subsequent
experiments.

A sequence of heart periods can only be described
adeQuately by two'independent dimensions, heart rate and
heart rate variability. A4n assdciation between these two
dimensions was shown by Speisman, Osborn and Lazarus (1961) .
under strong arousal conditions. This study could not support
the association for demanding physicai work, which suggests
that the description of cardiac responses ig stimulus specifiec.

Doubt is expressed over the value of temperature as an
independent response measure during demanding mental work. Its
involvement in cardiovascular control does merit its inclusion
in an overall response profile.

Concern over the potential interference between different
types of sweat gland was unfounded. A site of high eccrine gland
density will not be influenced by thermoregulatory mechanisms.

—-
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SECTION THREE

EXPERIMENTAL STAGE TWO - RESPONSES TO DEMANDING MENTAL WORK
DURING INCREASING PHYSICAL LOAD '

The psychophysiological measures used previously require
modification before they can be considered reliable responses to
demanding tasks. The modifications include making allowances
for resting levels, expressing the data in alternative ways and
developing new forms of analysis.

. As stimulus similarity may be limiting the interpretation

of the responses, the next experiment involves a graduation in
metabolic load.. This also provides a progfession from
cholinergic to adrenergic influence which may explain the
differences between the arousal subaystems.

The dominant feature of the first experiment was the
individual differences between sub jects. The prediction of
psychophysiological'responses requires a description of both
the unique and consistent features of the measures.  This
requires a further examination of individual differences by
including a larger number of subjects and examining their
response patterns. ' '

The literature suggests that one such response pattern
involves a cardiac-somatic relationship, but this has not been
established over a varisety of tasks. The progreésive increase
in metabolic load will provide. situations which may clarify
the relationship.
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3.1 Methods and Materilals

3.1.1 Experimental procedure

The experiment was designed to examine the response
characteristics (autonomic, physiological and performance)
during demanding mental work involving a percepfual-motor
task. Physical work was also incorporated at four different
loads, by varying the metabolic requirement of the task. Two
control occasions completed the procedurs, one inﬁolving ne
mental task or physical work, and the other involving no mental
task but the highest intensity of physical work. Prior to
these 6 experimental conditions, each subject completed
2 occasions to allow for habituation and learning as this was
indicated as necessary from the previous experiment. These
first 2 occasions were not considered in the subsequent analysis
of results., Thus in total, each subject (N = 13) attended the
laboratory for a period éf one hour on 8 occcasions spaced at
weekly intervals. The subjects attended the laboratory at the
same time each week to minimise diurnal variations.



- 83 -

3 1.2 Perceptual-motor task (P-M)
As this task is basic to all the experimental
conditions, it is described separately before the details

of the experiment are given in the following section. The
subject was required to keep the tip of a photo-electric
probe above the moving light epoﬁ of & pursuit rotor (Forth
Instruments). The light spot followed a star shaped path at
a rate of 20 revolutions per minute. A glass cover enabled
the subject to locate the probe in a horizontal ﬁlane. The
importance of achieving good results on this task was
emphasised. The time in seconds during which the tip of the
~ probe was above the light spot was displayed in digital form
every 20 seconds and recorded by the experimenter without
reference to the subject. '
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3.1.3 . Experimental conditions

Each subject was assigned to each of the 6 experimental
conditions in a random manner. Details of the 6 conditions
follow and involve four intensities of physical work and two
control conditions.

(a} No physical load (Intensity 1)

" This experimental condition was designed to ensure that the
subject attended to the task but made minimal movements. He was
required to watch thelight spot and to press a microswitch
whenever the spot touched two designated positions on its track.
These positions were clearly shown to the subject and corresponded
to opposite points on two 'arma! of the star at a maxirmum
~distance..from the. centre of. the figure. .The, intention .of - this. -
task was to retain the characteristics of the perceptusal motor
task but to involve minimal physical work. This was designated
the "no load" condition,

(b) Light physical load .(Intensity 2)

This required the subject to operate the pursuit rotor in
the normal manner as described in section 3.1.2. This was
designated the "light load"‘condition.

(c) Moderate physical load (Intensity 3)

This required the subject to operate the pursuit rotor
normally, but a 2 kg Weight'was attached to the subject's: right
lower arm. The éttachment was by means of a comfortable light
padded strapping. The intention of this task was to induce a
limited amount of local muscular fatigue and was designated the
"moderate load” condition.

(d) Heavy load (Intensity L)

This condition involved the same mental task (pursuit rotor)
but the subject increased his work load by pedélling a bicycle
ergometer (Muller Ltd.), Figure 3,1, at a power of 100 Watts.‘
The saddle height was adjusted (109% inside leg measurement) to

allow for the heights of various subjects. This condition was
designated the "heavy load"condition. '




py i
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Figure 3.1 - Bicycle ergometer used to produce the physical work load.
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(e) Control

- * The effect of involvement in the task situation
and change levels were examined by comparison with a control
condition. In this condition the subject simply sat resting.
This was designated the "control" condition.

(f) Heavy load control , )
This was incorporated to examine the effects of
‘the psycho-physiological variables during heavy work, fegardless
of the mental task. The subjects completed the "heavy load"
condition but did not participate in the perceptual mofor task.

This was designated the "heavy load control™ condition.
" Figure 3.2 summarises the experimental conditions.

" 'Bach experimental condition was divided into 3 parts’
-, congisting of g resting, experimental and recovery stage.

The purpose'of the resting stage was so that baséi
levels for each subject on sach occasion could‘be established.
. Each subject sat in a comfortable position for a period of
10 minutes during which he wasg instructed to relax. The
experimental stage has been described earlier and lasted for
a further 10 minutes. The recovery stage was for a fg;ther

‘s

10 minutes. Lt



NO PHYSICAL LOAD

Intensity 1

Attending to
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3.1.4 Subjects

Volunteer male subjects of age range 19-32 years and
median age 20 took part in the experiment. They were all in
normal heglth and were either students or technical staff of
the City of Leeds and Carnegie College, Leeds, England.
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3.1.5 Messures
(a) ' Electrodermal activity
The subjects were prepared as in section 2.1.3
and EDA was recorded once every 20 seconds after the equipment
had been calibrated as stated earlier. The mean of the EDA
scores for sach minute was used for the statistical computations.

(b) ECG
The subjects were prepared as in section 2.1.3 and

‘the ECG recorded continuously on the oscillograph at a paper
speed of 2.5 mm sec-l. The ECG data was slso recorded on FM
tape at a fape speed of 3% in. min-l. Thig offered the
opportunity for data transportation and data analysis by
alternative methods. To ensure that the data was being
sétisfactorily recorded on the FM tape recorder (Elliott
'Tandberg Data Recdorder Type 6LE2) the output mode was donnected
to a two channel oscilloscope (Solartron Ltd.) and a continuous
diéplay was observed.

The recording of a large quantity of continuous data.in
an efficient manner and with limited resources required a high
degree of organisation. For subsequent analysis three essential
prerequisites had to be considered. First the location of the
magnetic tape on the tape recorder spool had to be highly
reprodﬁcible. This was essential to ensure that any data
recorded elsewhere was synchrbnised with the tape. This was
achieved by tagging the tape and ensuring that the tag was
located at exactly the same point on the recorder. The digital
counter was then zeroed and the tape moved to a known position
a3 indicated on the counter. Secondly an exact coding
procedure had to be adopted so that each experimental condition
for each subject on each occasion was known. This waS'aésisted_-
by using a separate, new tape for each subject, but required
accurate recording of the details of tape position, etc. In
addition the tape was always played through the oscilloscope
/prior to an experiment to check that the tapse had run past all
previoﬁs recordings. Thirdly the tape speed accuracy had to be
e3tablished. The manufacturers claimed a relative accuracy of
iOLZ% and an absolute accuracy of = 1%. This was checked by
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recording a 1 Hz signal simultaneocusly with an oscillograph
trace, and replaying on to the oscillograph. The difference
between the record and replay modes was immeasurable at
25 mm sec™l. As the number of cardiac interbeat intervals
exceeded 250,000 during this experimenf it was desirsble to
develop an automated system of measurement. Computing
facilities were not available near the experimental laboratory
3o the storage of ECG data on to the FM tape recorder made it
possible to transport the information to a computer. The
.initial computer was a Minic (Micro Computers Ltd.) which was
located in the Dept. of Electrical and Communication Engineering,
Leeds Polytechnic. The computer acted essentially as a data
logger, converting the anélog signal into g digital series of-
- R-R time intervals. This procedure took a period of about
12 months to solve satisfaqtorilf. The first approach to the
" ‘problem was to develop hardware to process the analog signal =~
so that the 'R' wave of the ECG was amplified and re-shaped.
This would then be in a form suitable for s timing device to
be operated such as a Sclmitt trigger and the time measured '
between successive pulses. Although this met with some success
‘and was a preliminary procedure that is recommended for other .
workers, it was considered that the Minic computer was ideally
suited to the development of software which would replace this
data pretreatment. Mr. D. Trevena of the Department of
Electrical and Communication Engineering, Leeds Polytechnic;
wrote a program which received the analog signal in the FM replay
mode, isolated the 'R' wave from the other components of the ECG,
and: compared ﬁhis gignal with a millisecond pulse. A flow
diagram of the system is shown in Figure 3.3.

Ag no two bilological analog signals are identical,- it
waé necessary to have a series of program varisbles which were
set prior to each computational run (Appendix 3.1). The most
important of these variables was the height of the 'R' wave.

If the program voltage threshold value wasg set too low, the 'T!
wave of the ECG was iikely to trigger a false reading, and if
the voltage threshold value was too high the 'R!' wave would not
initate the timing mechanism. Subsequently a short piece of
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each-recording was played through an ¢scilloscope and the
amplitude of the 'R!' wave was recorded in millivolts. The
program variable was then set to the appropriate level and
each 'R' wave initiated a new timing sequence.

It was also necessary to ensure that the millisecond
pulse generator was operating at exactly 1000 Hz. This was
essential as the eventual output of the computer produced a
series of millisecond times in which the pulse generator was
acting as a comparator. The pulee generator (Griffin and
George Ltd.) was connected to a millisecond timer (Panax Ltd.)
and the pulse generator frequency adjusted until an exact
1000 Hz signal was produced.

..The .tape was replayed into the computer at real time
speed as any accelerated playback would reduce the sensitivity
of the interval timings. The computing process was initiated
exterdally so that the exact position of the.start of the run
could be recorded from the digital counter. The end of the run
could be predetermined by one of the program variables but was
consistently 300 seconds from the start.

The timed R-R interval sequencesg wave was then
displayed on a line printer and the results were scrutinised
for majof computing errors. Once errors had been checked and
eliminated by re-running the recording with alternative program
variabigs, the digitised date was dumped on to paper tape using
a high speed tape punch (Facit Ltd.). All paper tapes were
coded to correspond to the subject name and experimental condition.

The reliability of this method of computing the R-R
interval distance was established by running a series of tapes
through the system on two occasions. The maximum difference
between any two readings was = 8 milliseconds which over an -
average heart 1nterval time of LO0O milllseconds is equivalent
to an error of = 2%. This error is compounded from tape speed
accuracy, tape stretch and the reliability of the comparator
(milliseeond pulse generator). This indicated that when the
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R-R interval series is examined, a variation of less than

r 10 milliseconds can not bhe consaidered a relisble
physiological effect.

The next stage was to 'clean up' the digitised paper
tapes so that all.the interval times were exact reproductions
of the actual ansalog series. Fortunately the ektent of this
operation was not large although certain operational decisions
“had to be made in the programming of the computer as no
interactive facilities were available. The most common error,
although relatively speaking it was rare with an occurencs
rate of about 1%, was the triggering of the timing mechanism
by the T wave. Tﬁis was seen quilte clearly as a very short
interval period relative to the others. Although this T wave
‘i3 "part’ ofthe “previous ECG eomplex the timeé" interval Has to be ™
added to the subsequent R-R interval to nullify the error. A
suitable program was written on the Leeds Polytechnie IC1l 1905
computer to correct this error, and the printout confirmed all-
corrections. This progrém also calculated a series of
descriptive and time series statistics on the interval times.

The statistics were as follows:-

(1) Average length in milliseconds of the computed
gsequence of R-R intervals (Heart Rate)

- (2) Variance in milliseconds of the computed
sequence of R-R intervals (Variance or 32)

(3) Sum of the abéolute_differences between
succsessive R-R intervals (SABS)

(u) Frequency of relative maximal and minimal
heart beats or the number of reversal points (AM2)
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(5) Sum of the absolute differences divided by the
number ofireversal points (SABS/AM2)
() Mean square successive difference (MSSD or d )

In addition to these heart rate variabllity measures
the ECG data were examined by time series analysis for the
frequency patterns of successive 'RR' intervals, ' The initial
assumption for any measurement of heart rate variability from
a geries of electrocardiograph (ECG) complexes is that there
exists a constant interval between the 'P' and 'R' waves of
the ECG complex. The location of interest is the sino-artrial
(SA) node which 1is where -the neural activity influencing the
heart i3 terminated. The normal ECG indicates SA node activity
by the 'P' wave, but it is normal practice to use the R - wave
series because the fluctuations in P ~ R intervals are small

l"relative to the a&vantages gained by using R waves ‘to detect™

. heart beat intervals by electronic means. :

The method of obtaining the RR interval time in
milliseconds far each cardiac interbeat interval was asg
described above. The series of RR intervals were presented
on paper tape in digital form and manually transferred to the
ICL 1906 computer at Leeds Polytechniec.

In the present study, an interpolation procedure wss
developed in conjunctioh with Mr. J. Webster of the School
of Mathematics and Computing, Leeds Polytechnic. The
intention was to reconstitute a waveform which was amenable
to spectrum analysis but retained the characteristics of. the
original heart rate variability.

The proceas adopted fs:iillustrated in Figure 3.4. The
firat stage involved taking the heart interval series in
milliseconds (Fig.3.4 (a)) and erecting a series of vertical
pulses which were equivalent to the heart period in height
and horizontal distance to the next pulse (Fig. 3.4 (b))

4
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The second stage (Fig. 3.4 (¢)) was to convert this .
series of vertical pulses into & series of rectangles and
thirdly to add a triangle to each side of ths rectangle to
produce a wave-like constitution (Fig. 3.4 (d)). The product
was thus a reconstituted wave in which each heart interval
contributed to the wave in a manmmer which was roughly
proportional to its individual influence on the wave
(Fig. 3.4 (e)); This was considered to be an improvement
on a linear interpolation ahd gpproximated to the tdelta
function' method of interpolation recommended by Kitney (1975).

The reconstituted waveform was sampled at a rate of 5 Hz
and dumped on 80 column cards. The Fourier analysis was
performed on the 1905 3 computer using & standard package and
.....the. spectrum.analysis was. presented asnamplitudeé-correspondingw-*-
to harmonic numbers (see Appendix 3.2). Unfortunately the
Leeds Poljtechnic computer does not offer graph plotting routines
so the variation in the amplitudes and the f}equencies relative
to treatment condition could not be examined by visual
inspection of a graph. '

It was necessary to convert the amplitude corresponding
to a given harmonic to an amplitude corresponding to a given
frequency. This procedure would not have been so necessary had
each series of data been of equal length. However, each series
of data varied in length so the harmonics corresponded to the
harmonics of the complete length of data. To derive the
frequency, correspbnding to each harmonic, the following
procedure was adopted.

1. Divide the total number of dﬁtum points by 5 to give the
number of seconds duration of the datum under consideration
(sampling frequency of 5 Hz).

2. Divide the devised time ( sec)} by the harmonic number to

give the frequency of that harmonic in seconds.

3. Reciprocate the frequency in seconds to produce the frequency
in Hz. An example of this procedure would be: ‘
1. 1459 datum points - 5 = 291.8 sec.
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2. 291.8 = 10 = 29.18 sec = frequency of 10th harmonic
3. 1 =29.18 = 0.03 Hz = frequency of 10th harmonic

This procedure was ccmpleted and a number of graphs of
the amplitude spectra were plotted by hand. As spectrum analysis
is potentially more useful in qualitative terms than
quantitatively it was important to obtain a graphical
representation from the raw amplitudes at each harmonic. For
this purposa.the spectrum analysis was completed'separately
using the 1906A computer at Leeds University. On this occasion
graph plotting routines were employed ag illustrated in
Figure 3.5. '

C Several .runs were required to establish a suitable PO
resolution and smoothing. An example of the spectrum eventually
produced is shown in Figure 3.6. The algorithm for producing
the graph plot of the spectrum analysis involved several stages
a8 shown in Appendix 3. 3.

({c) Respiration

The respiratory frequency could be measured by two methods.
The first was to gtrap an elasticated tube around the chest which
detected thoracic movement. The output voltage was proportional
to the stretching of the tube., The transducer (Sanei Ltd.) was
amplified and connected to a Mingograph 34 ink-jet oscillograph
{Siemens Ltd.). The excursion of the trace indicated the
reSpirétory frequency and the extent of the thoracic movement.

The alternative method was to clip & thermistor to the
inside of the subject's nostril. This, although sounding
uncomfortable, was non-intrusive. No subjects reported any
degree of discomfort. The thermistor responded to the changs
in the temperature'in the nostril caused by inhalation and
exhalation. An earlier pilet study had confirmed that no
statistically significant differences existed between the two
methods in terms of respiratory frequency (p<.001), although
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the latter method gave no indication of respiratory depth.

As respiratory depth was a potentially useful measure, the

m thod which measured thoracic movement was adopted.
Respiration was recorded continucusly on the oscillograph

at a paper speed of 2.5 mm sec™t and on the FM recorder at

a tape speed of 3% in. min"l. The respiratory waveform
required no interpolation as it was in a continuous form and
could therefore be analysed directly in analeg form. This
was undertaken by using a Hewlett-Packard Fourier Analyser
(EP 5451 A) which involved a two stage process. The first
was to decide on an appropriate scanning time and rate of
digitization to obtain g good resolution. This was based

on the highest possible physiclogical frequency through which
the time series respiratory rate may osciliate. In practice
it is necessary to multiply this mlnlmum scanning frequency
'"by a factor approprlate to accuracy. A scanning frequency of
5 Hz was chosen which gave 4 maximum band width of 2.5 Hz.
This was digitized into 1024 values of spectra amplitudes to
produce good resolution. The tapes were then replayed into
the Fourier Analyser for a running time of 3 minutes at

7% in. sec-l, digitized and stored on magnetic tape.

The second stage of the process was to recall the
digitized data, complete the Fourier analysis and present the
power spectrum in & graphical form as shown in Figure 3.7.

(d) Temperature

The three temperature measurements were body
temperature, skin temperature and air temperature. These
were recorded so that Teichner's "thermal arousal index'"
(1962) could be investigated. One thermistor was placed in the
mouth, one taped on the forearm and one allowed to hang free
in the air 1 metre from the subject. These were connected to a
battery operated meter from which the temperature was read directly
by switching between thermistors. The tempefatures were read
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to an accuracy of O.loc. 'Calibration was a3 described in
section 2.1.3 and temperature was recorded at the beginning,
after 3 minutes, after 6 minutes and after 9 minutes of each
stage of the experimental condition. The temperature
recordings were converted to an "arocusal index", Teichner
(1962) as reported in Greenfield and Sternbach (1972).

-(e) Simple reaction time (SRT)

The stimulus was 2 1 KHz tone adjusted for each
subject to a volume level which was comfortable yet distinet.
It wag produced by the experimenter closing a microswitch
which completed the pirguit producing the tone from a signal
generator (Griffin and George Ltd.) and presented to the
subject through stereo headphones (Biofeedback Ltd.).
Completion of the circuit also started a miliisecond timer

" with digitel display (Panax Ltd.).” The subjéct kept his Téft< ™

index finger on a microswitch throughout the experiment and
depressed it on hearing the tone. This depression of the
microswitch stopped the millisecond timer amdithus gave the
time interval between the initiation of the stimulus and the
mechanical response. Two demonstrations of the SRT procedure
were given to the subject and inspection revealed that |
- millisecond times in the expected range were being produced
on each occasion. SRT wds‘recorded during the last 5 seconds
of every minute, No warning signal was given as it could
have acted as an additional stimulus to the ANS. BSRT was
only recorded during the experimental stage of each condition
and not during the resting and recovery stages.

(f) Other measures

Pive additional sesxperimental variables were recorded
which have been considered to influence physiological results,
(Wenger 1968). These were time of testing, initial room
temperature, external temperafure at time of testing, relative
- humidity and barometric pressufe.

Figure 3.8 summarises the measures taken during each
ekperimental condition and Figure 3.9 summarises the testing
procedure for one subject.
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3.2 Results and Statistical Analysis’
As in section 2.2, the first 5 minutes of any
condition was not used in the statistical analysis. The

mean value for each measure was used in the calculations
because this has besen shown in section 2.2.1 %o be
Statistically acceptable. The data were examined by a
randomised block design ANOVA (Kirk, p 132) to test the.
statistical hypothesis that all the condition means and
sub ject means are equal. The ANOVAs were completed
separately for esach of the stages resting, experimental
and recovery.
\

3.2.1 Elsctrodermal activity

The following table, Table 3.1 summarises the F ratios

resting, experimental and recovery.

Table 3.1 - F ratio for occasions and subjects

at each stage for EDA.

Resting . Experimental : - Recovery
Qccasions Sub jects Occasions  Subjects Occasions Subjects
0.28 2,58 1.30 2.33% 1.18 1.88
s p< .05
# p<.10

The results under restlng conditions indicated stability
of the EDA measure on each occasion the subject came into the
laboratory. Although this suggests reliability, the same
results in the experimental stage suggests that there was not -
sufficient change in HDA for the measure to differentiate
between the stimuli.

The transformation of skin conductance to a log
conductance change as recommended by Haggard (1948) improved
the occasions effect somewhat but EDA was still not sufficiently
sensitive to differentiate between experimental occasions
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except when the:physical activity was high. Thermal sweating
does not influence the EDA results. This suggests that the
high metabolic activity causes the change in EDA by sympathetic
activity. This 1s only shown after an appropriate change score
“transformation has accounted for the effects of resting level.

These results may suggest that EDA is an invalid measure
of stimulus change. An alternative explanation for its lack of
sensitivity may be deduced from its nervous supply. EDA is
innervated by sympathetic fibres alone and therefore lacks the
parasympathetic restraint of most autonomic measures, This
means that it may respond totally to a stimulus and may not
show the more normal graduated response. The experimental
g ituation itself may have produced an EDA response, whereas
additional stimuli during the experiment failed to influence .. . ..
EDA further. '
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3.2.2. (Cardiac measures

_ As described in section 3.1.5, the analysis of the
ECG was by two main techniques. One was by'using gampling
statistics to examine the mean heart rate and heart rate
variability and the other involved time series analysis to

~examine heart rate variability_alone.,,As these two techniques

are based on different principles they will be considered
separately, starting with sampling statistics.

Table 3.2 summarises the F ratios for occasions and
sub jects for the resting, experimental and recovery stages.

Tagble 3.2 - F ratios for occasions and subjects
at sach stage for cardiac measures.

- ‘ : - Experimental :
"Measure '~ '’ Résting stage " " stage’ °°  Recovery 'stage "™
 Oces. Subs. Oces.  Subs. Occs. Subs.
Heart Rate 0.32 7.96%%% 57,26%% 5,58%m 3,52 10,39
(He) : : ' .
Varignece  0.71 L. Blseese  7.85%me 3081 3,01 7037
s7) . .
MSSD (d2). 1.12 5.5hsase 8.3Lwex 8,25 1.81 I).. Qlyseaese
SABS/AM2 3,95 20,60t 22,33%a3 L6kt L 20wk L Q00
SABS 3.25m  33.70wssr  13,86amms 801w 2,93 8,63t
AM2 2.41 2,48 3L.08ams 0.2 2.18  2.32u%
d2/s.i2 1.37 12, T 7.223%m% 2,895 1.51: 7 L 700
- amEe% pe W01 '
%% pe .05

Table 3.2 showed thﬁt in the resting stage1ﬂk&ohly heart rate

variability measures to produce an occasions effect were the

sum of the absolute ' differences between successive RR intervals
(SABS) and SABS/AM?. This suggested that these two measures
lack reliability, but an examination of the source of these

effects revealed otherwise.

reading of one subject on one occasion.

In the case of SABS/AM2, it only
showed a significant effect because of an unusually high
With the SABS

parameter, the significance was caused because one result on
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one occasion showed a significant mean difference by a very
small margin (by Tukey's HSD).

~ During the experimental stage occasions effects became
significant,in all cases,vsupporting the efficacy of these
_measures to distinguish between tasks;,,It;was'then“necessary,
having established an overall effect dueito the tasks, to
exsmine the date for the source of these effects. Tukey's HSD
test was used on each measure and the results presented
graphically in Figures 3.10 and 3.11. |

Pigure 3.10 {a) shows the mean heart rate for each of
the tasks. The clear trend can be dbservgd of increasing
-mean heart rate as the physical load is increased. However,

., the mean heart rate failed to differentiate between any of then

1ower phySIcal load intensities and only showed 51gnificant
mean differences between the heavy leoad tasks and the others..
Figure 3.10 (b} which was'the.variance measure showed a gimilar
pattern. Figure 3.10 (¢) (mean square successive difference)
demonstrated the same trend, but with this measurs the moderate
load was also sufficient to produce a significant difference
from tasks of lower load. The frequency of relative maximal
and minimal heart beats (AM2)} score of heart rate variability
showed similar trends, Figure 3.11. Significant differences
were not shown in any other value until the intensity was that
of the heavy load. In the two measures ratio (SABS/AM2) and
sum of the absolute differences (SABS), a quite different’
pattern emerged, (see Figure 3.11 (a) and (b)). These measures
both show a significant difference between the "control" and
the "no load" occasions with reductions in the scores in both
cases. However, an increase in the physical load resulted in
the scores increasing again until the high lcad when a
gignificant decrease was observed. This suggested that some
form of attentional sftate produced a significant effect which
was not sustained when the sub jsct started to become involved
in the physical demands of the task. The d2/s2 measure of
variability, as illustrated in Figure 3.10 (d) alsc failed to

- show & monotonic trend. In this case, however, the highest
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reading was observed during the "low load! occasion. The
significant difference between this low load occasion and
all others was the only one that satisfied the test of main

effects. Thus the d2/s2 ratio was only capable of differentiating
between attention to the perceptual motor task alone and the

others, not between oach task on the‘continuum. The centribution
to the total variance rose from 4% in the resting stage to 34%
which indicated the increased importance of the taasks &uring

the experimental stage.

The recovery stage showed that in the case of mean ,
square successive difference (MSSD) and AM2 no occasions effect
was present. This suggested that these two measurss had
recovered rapidly from the experimental stcge and a stable
physiological state had been restored. In the case of the
.other measures the occasions effect was'sﬁIlllréﬁaihed.?thfs'ﬁ
indicated that homeostasis had not been regained and the
latent effects of the experimental stage were s3till apparent.
An examination of the source of these effects (Tukey's HSD test)
revealed that in each case (heart rate, sa,‘SABS/AME, and SABS)
it was the recovery from the "high load control™ occasion which
produced the overall significant effect. Thus 1t was only the
effect of "hlgh load control™ (eycling) which showed no
recovery from the change in heart rate varisbility incurred.
during the task. This was of particular interest becguse the
"high physical load" task showed no occasions effect in the
recovery stage. Thus the sub jects recovered better after doing
the task which included both perceptual-motor and cycling
activities than just the cycling. \

- A sensitive index of task specificity would show no
occasion or task effects during the resting stage, show no
occasion or task effects during tho:recovery stage and show
a monotonic trend with statistically significant differences
between each task during the experimental stage.

None of the cardiac parameters fulfil these criteria
exactly, but AMZ2 and MSSD were very close. They both
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fulfilled the first two.criteria of being reliable measures
during resting and recovery stages. They both showed
gignificant differences between certain of the éxperimental
tasks and MSSD in clearly monotonic (Figure 3.10 (c¢)).

This statistic has particular application for
continuous response data where the mean level 1s varying over
time, Leiderman & Shapiro (1962). It provides a description
of variability between successive points of a continuously
changing function, arnd its great merit is that unlike other
measurements of dispersion such as variance, it takes agcount
of the changing base level. This measure is thus particularly
applicable to time series data collected over extended periods
which i1s so often the case in psychophysiological research.

=~ it AS-arr glternative, -the ‘cardiac parametersiwsre examined .~
by plotting the percentage of the tdtailvariance attributed to
the occasions and the subjects at each stage. Figure 3.12 (a)
shows the percentage variance for the occasions and Figure 3.12
(b) shows that for the subjects. It was clear that the -
percentage of the total variance accounted for by the tasks
went up during the experimental stage in every measure. In
the cases of AM2, HR and SABS/AMZ2 it accounted for well_dver
50% of the variance, yet in the basal and recovery gtages they
accounted for-less than 20%4. With the exception of MSSD (d2) ths
percentage of the fotal variance accounted for by the subjects
dropped markedly during the experimental stage. In the case of
AM2 the decrease was sufficient for the subjects to have no
significant effect on the analysis of variance during the
experimental stage.

The significant subjects effects in every other stage was
very noticeable. This demonstrated the inherent problems of
~inter-subject comparisons and emphasised the importance of
recording resting states as g pre-requisite of any experimental
tasks. The communality between subjects in psychophysiological
terms appeared limited, although distinct condition effects can
be recorded. These results emphasise the importance of
considering individual differences in psychoghysiological research.
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'The time series analysis of heart intervals involved
the technique of spectrum analysis. The interpretation of
the spectrum analysis was based on the underlying assumption.
that a series of rhythmic impulses of a non-cardiac origin
could be influencing the heart rate variability. Any analysis
of the results was primarily to produce evidence of such rhythms.
It was only then possible to look for changes in the frequencies
of these rhythms during different tasks, and finally to ascribe
some quantitative value to any changes. Pigure 3.13 shows in
the upper graph the total power spectrum for the cardiac
interbeat intervals. The power was all concentrated at the
1.5 Hz frequency which was the frequency of the heart beat
itself (90 beats min™T). As this rhythm was known and can be
established from other less coﬁplicated methods, the rhythms
which influenced the heart rate variability were of more
" gpecific interést. HoweVver the power of the Heart frequency ' ™
~was of such magnitude that all lesser rhythms were reduced to
a level that was not detectable on the total power spectrum.

It was therefore necessary to filter the Spectrum'at a
frequency that would retain the informationd importance and
reject the remainder. A frequency of 0.5 Hz was chosen because
this was considered to be the upper limit of the likely
respiratory frequency. A frequency of 0.5 Hz represented a rate
of 30 min™t '
demanding physical work. Figure 3.13 lower trace shows the

which was unlikely to be exceeded even under

spectrum analysis with a 0.5 Hz filter. Two predominant
frequency peaks were shown. One was at about 0.15 Hz and the
other at 0.3 Hz. These frequencies were likely to correspond
to the blood pressure fréquency (0.15 Hz) and the respiratory
frequency (0.3 Hz). These spectra have thus produced evidence
of alternative physiological rhythms acting upon the sinus node.
to produce alterations in heart rate variability.

No attempt has been made to apply statistical analyses
to the results of the power spectra because it is basically a
qualitative technique. The literature cites only one paper,
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Figure 3.13 - Spectrum analysis of cardiac interval series.
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Hyndman and Gregory (1975) in which statistical rigour was
applied to the technique. They attempted to divide the spectra
into discrete wavebands and to compare treatment conditions

for each waveband, but met with no success. Such an attempt
would be scientifically unacceptable until a recognised
techhique of producing the spectra is accepted internationally,
and more than anything else illustrates the state of the art
which is still highly experimental. However the results appear
to have consensus validity because the spectra do show
characteristic frequencies which correspond to known biological
phenomena. Thus the technique has revealed a method of
indicating the biological control mechanisms acting upon the
heart. The power of the spectrum at each frequency will give
some indication of the importance each control system is having
upon the heart. This technique is particularly useful because
“+it 13 not intrusive,; and:therefore has s potentially important
blace as an analytical tool in psychophysiology.

The results in each case showed a clear trend. Under
the control and no load conditions the peaks at frequencies
corresponding to the known biological signals of respiration,
blood pressure and temperature control were present. Under the
low and medium load conditions a few subjects were departing
from this clarity of frequency peaks and at high load and
high control conditions most subjects failed to show clear
peaks corresponding with known biological phenomenon.
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3.2.3 HRespiration

‘Respiratory frequency (Rf) produced F ratios for
occasions and subjects for each stage as in Table 3.3.

Table 3.3. =~ F ratios for occasions
and subjects for each scage

Resting Experimental : Recovery
Qccasions Subjects . Occasions Subjects . Occasions Subjects
1.0. 6, T | 27.9lseese 2.20%:% ' 0.83 8. 60w
s8¢ p<, Ol |

#3# p<.05

AY

The significant subjects eff'ect was present, but the occasions
effect was only estahlished in the experimental stage. This
effect was due solely to those tasks which involved high
physical activity ("high‘load" and '"high load control™). The
occasions effect showed that respiratory frequency was reliable
for the resting and recovery stages. Respiratery frequency
showed no gignificant differsences between tasks of lower
physical load or between "control™ and other task occasions.,

The spectrum analysis of the waveforms gave more
detalled information of the respiratory pattern. A seriles of
rhythmic processes could be present in what is generally seen
a8 a simple oscillation. The gimple oscillation is the.
respiratory frequency, but superimposed on that may be other,
additional frequencies. '

The initial date processing for the spectrum analysis
of the respiratory waveform produced a graph as in Figure 3.1h.
The amplitude is in arbitrary units but was scaled from the
caelibration marker at the right hand end of the graph.
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Figure 3.1h - Spectrum analysis of respiratory waveform.
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Any quelitative description of the spectrum analysis
for each condition inveolves combining the results from each
subject on to one graph. This was achieved by re-drawing
each of the 200 graphs on to an overlay of acetate sheet.
.These individual acetate sheets then gave the opportunity to
look at inter-subject or inter-treatment comparisons. The
inter-treatment comparison was achieved by overlaying the
acetate sheets and making a master graph. The slight individual
differences in the predominant frequency gave the impression of
larger variations than was actually the cage. It was;thus
decided to standardise the graphs by overlaying each one at the
position of the respiratory frequency. This was undertaken by
~establishing the respiratory frequency from the respiratory
waveform (Figure 3.15) and marking each spectrum analysis with
--an arrow at::that  frequency. - Each graph was- then o#erlayed on
the arrow and the master graphs produced (Figures 3.16 - 3.18).
In all cases most of the power was at the major respiratory
frequency of 0.25 - 0.30 Hz. The distribution of the power .
around this predominant frequency varied_considerably'under
different experimental conditions. Figure 3.16 (a) showed the
wide dispersion.of the power over a range from 0.15 - 0.75 Hz
covering two predominant peaks at 0.25 Hz and 0.6 Hz. TIn the
"no load" condition, when the subject was attending to the
pursuit rotor task without moving, (Figﬁre 3.16 (b)) the range
of the power was similar but without the same consistently high
amplitude. When the subjects were completing the perceptual
motor task ("low load", Fig. 3.16 {(c¢)) a much more limited range
was pbserved with most of the power concentrated at the predominani
respiratory frequency of 0.25 Hz. This suggested that the
respiratory pattern was showing far more consistency in this
condition. This trend was continued in the "moderate load"
condition (Fig. 3.17 (a)) and even more so in the two "heavy
load" conditions (Figs. 3.17 (b) and (c)). The recovery
conditions (Fig; 3.18) showed a high degree of similarity, each
one being composed-of a major peak at the predominant
respiratory frequency and a minor peak at a higher frequency.
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Figure 3.15 - Computer reconstituted :respiratory waveform.
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(a) Control experimental condition

N (b) No load experimental condition

(¢) Low load experimental condition

Figure 3.16 - Spectrum analysis for respiration
during {a) control, (b) no load and (c¢) low load
experimental conditions. -
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N\—M e

(a2) Medium load experimental condition

(b) Heavy load experimental condition

(c) Heavy load control, experimental conditic

Figure 3.17 - Specfrum analysis for respiration during
(a) moderate load, (b) heavy load and (c) heavy load
control experimental conditions.
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(a) Low load, recovery condition

(b) Medium load, recovery condition

(c) High load, recovery condition

Figure 3.18 - Spectrum analysis for respiration during
(a) low lcad, (b) moderate load, and (c¢) high load
recovery conditions. o
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In addition to examining the qualitative aspects of
te spectrum analysis, an aftempt was made to make some
quantitative comparisons between treatments. The quantity‘
selected was the maximum amplitude in arbitrary units of the
predoﬁinant'respiratory peak. These were corrected for each
graph by the necessary'scaling factor.

Table 3.4 summarises the F values between the occasions
and subjects for each of the three stages, resting, experimental
and recovery. ‘ '

Table 3,k - F ratios for occasions and
subjects at each stage for maXimum amplitude
of regpiratory spectrum gnalysis.

Resting Experimental Recovery
Occasions Subjects Occasions Subjects Occasions Subjects
1.2h 2.08 10 .22:e% 1.43 1.2 = 2.08

aee pe 0l

This measure indicated reliability between occasions or
tasks in the resting and recovery conditions. The significant
effect 1n the experimental condition suggested that this measure
revealed a discriminative task effect. The source of the
variance (Tukey's HSD) established that it was the "high load"
condition preducing the effect (see Fig. 3.19}. This measure
also discriminated between the "high load" condition and the
"high load control" condition. No other autonomic measure
exemined in this overall experiment has been capable of
differentiating between these conditions. Thus the maximum
power from the spectrum analysis showed significant differences
betwéen cycling whilst undertaking a perceptual motor task and
cyeling alone. The other notable factor in Table 3.4 was the
lack of any subject effect in all conditions. This was contrary
to other autonomic measures and demonstrated that the spectrum
analysis was a potential measure for inter-subject comparisons.
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3.2.4 Temperature _
Teichner's "thermal arousal index" was calculated for

each subject, on each occasion during each stage of the experiment.
It was the "ratio of the difference between body and skin ‘
temperature to the difference between skin and air temperature”.
Teichner (1962) considered that "values of the ratio that are
greater than 1.00 are said to reflect most, if not all, ther‘
physiological changes that are indicators of arousal". The
present study failed to find any ratios in excess of 1.00. This
was not surprising as it would have required a greater temperature
gradient to have occurred from core to skin than from skin to air.
This is most unlikely, except when alr temperature is above 30°G,
a situation unlikely in most laboratories, or a skin temperature
of 5°¢ less than normal. However, the "thermal arodsal index"

was computed and examined by a two way ANOVA to examine the ;
differences between tasks. Table 3.5 shows the results.

Table 3.5 - F ratios of subjects and occasions from

the resting, experimental and recovery stages. |

' Resting Experimental Recovery

Occasions Subjscts Occasions Subjects Qccasions Subjects
2.92:% 9 .27 I .89esr 8,32 2.1 7% 5,923t
#¢ p<.05 #i% pe .01

The increase in the P ratio from 2.92 in the basal condition to
4.89 in the experimental stage only represented an increase in
- the variance of 6% of the total. The significant occasions
effect in both the recovery and the resting stages suggested
that this measure lacked gny discriminative wvalue.

The principle of the thermal arousal index is nct clear
‘but is presumably based upon massive peripheral blood flow
clampdown. This phenomenon is indeed possible and personal
experience of attempted intravenous catheterisation being
thwarted by peripherai clampdown bears testomony to the fact.
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The temperature regulating mechanism affects skin
temperature by controlling peripheral blood flow. This is
achieved by altering the flow resistance in the periphersl
vessels, an adrenergic function which does not have a cholinergic
equivalent. Thus the idea of a sympathetic arousal index based
largely on skin temperature changes is theoretically reasonable,
but not reproduced in practice in this experiment. Extremes of
emotion may produce such a response but most common arousal
situations would be unlikely to cause such an extreme reaction.

Thermal arousal index as a measure of arousal would
therefore require a large temperature gradient bepween the
core and the skin temperature. The inclusion of air temperature
in the calculation is a furthsr source of variability. A
regression equation which excluded air temperature and was
based on the core/surface gradient alone may substantiate the.
relationship between aroussal and tempersature.
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3.2. 5 Simple reaction time: (SRT)

This measure was only recorded during the experimental
condition. The analysis of variance produced a significent |
(p<.0l) occasions and subjects effect. The source of the
variance (Tukey!'s HSD test) was entirely attributable to the
"no load"™ condition, Figure 3.20, but the reaction time was
significantly slower, not faster as one might have expected.
The subJects therefore appeared to be unable to respond rapidly
when concentrating on the perceptual motor task alone. They.
were capable of attendlng to. the primary task and responding
quickly to the SRT stimulus when movement or physical. load
'was involved. ’ |

The explanation for this could be either selective
attention or the inrluence of raised activ1ty in the reticular
1format10n.' '

, _'The_first explanation is that when the eubject considers
~the perceptual motor task (pursuit rotor)‘alone,'he projects a
"high proportion of his attentional capacity on that'task. The
result is that an irregular, additional task (SRT) commands only
& limited attention, end the response is slower.

The second explanation has a similar neurophysiological
_ ba31s. It is proposed that the fast SRT in the other condltions
. is an accelerated response caused by increased neural activation.
A number of studies, Baust et al (1968), Podvoll and Goodman
(1967), support the association between increased arousal and A
greater neuronal act1V1ty in the brain stem reticular cells. It'
is suggested by Cooper (1973) that metabolic activity causes
' feedback to the brain via cardiovascular and blood pressure
_ afferents., In addition to these, the somatic afferents have
‘connections in the reticular neurones. It is somatic activity
which alters when changing from the no load conditlons to others,
so it is highly probable that such a mechanism could be causing
1ncreased neuronal activation.‘_A sequence of neural activity
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within the brian cells will involve a series of aynaptic
connections. The level of excitation must be near to the
firing threshold for the synaptic connections to fire. These
will influence other groups of reurones, soms of which may

have thresholds with high excitation levels. The optimunm
-number of synaptic links must be at the correct thresheld for
the complete sequence of neural activity to operate at maximm
5peedL 'Optimum! 18 a critical term in this context, because
a number of synaptic links, in addition to those required for
the neural.sequende, may be near the excitability threshold.
These may fire extraneously and decrease the efficient passage
of nervous comnections. The SRT therefore requires the
optimum conditions of synaptic links for maximum speed, and
this may be a function of the number of excitability thresholds.
ItQis hypothesised that the increased metabolic load makes more
synaptic links reach optimum thresholds and subsequently °
~decreases the SRT. This would éxplain.the results of the

experiment.
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3.2.6 Perceptual - motor task

The results from the pursuit rotér task showed
significant subject differences (p<.0l), but revealed no
differénces between occasions. The differences in metabolie
load failed, therefors, to influence the performance on the

pursuit rotor. (

This suggested that the subjects were treating the
perceptual-motor task correctly as the primary task, and
giving it a high proportion of their information processing
capacity. The consistent level of performance implies that
the metabolic changes were not influencing the neurophysiological
processes. This assumes that a change in neurophysiological
processes would be reflected in the'performance of the task.
The task mey be insensiti¥e to sich changes, but experiende
in other contexts (e.g. motivational or competitive experiments),
suggests that the pursuit rofor is a sensitive ftask. The cause .
of the consistence performance in this experiment 1s probably
the involvement of motor control. The motor pathways would
recruit a larger neural network than with SRT. This would
decrease the sensitivity of response and give the observed
results. \ |
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In summary, the following conclusions may be drawn:

The exclusive sympathetic innervation of EDA probably
causes such a large response to esach experimental situation
that it cannot be used to differentiate between each occasion.

The transformation of electrodermal sctivity to log
conductance change did not increase the ssnsitivity of the
megsure to show diffepences between experimental occasions.

Cardiac information which has been based on sequentisal
intervals (time series data) is better able to distinguish
arousal levels than data based on dispersion arcund a mean.

The investigation of cardiac intervals by spectrum -
ahalysis techniques provides a potent, non-intrusive method of
investigation. The most apparent periodicities are those
associated with respiratory, thermoregulatory and blood pressure
inputs. '

The spectrum analysis has revealed that the temperature
regulating mechanism has an influence upon blood pressure and
cardiac cpntrol. However, the measurement of core, shell and
air tempefature appears to lack sensitivity and it is
recommended théﬁ_plethysmographic techniques are employed to .
examine the involvement of the temperature control.

Qualitative differences in respiratory pat%ern were shown
between the stages of progressive metabolic load. A quantitative
measure based on the respiratory spectrum analysis did not show
the individual differences normally observed with autonomic
meagures, '

Teichner's "thermal arousal index" although theoretically
feasible was not shown in practice to be a valid response to
demanding work. '
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A slower reaction time was attributed to either
selective attention or alteration in the thresholds for synaptic
connections.

3 The perceptual-motor task showed no differences in
results between occasions. The involvement of motor pathways
may have decreased the sensitivity of the response.
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'SECTION FOUR

EXPERIMENTAL STAGE THREE - RESPONSES TO INCREASING
INTENSITY OF MENTAL AND PHYSICAL LOAD.

$he“previous experiment has given further support for
each arousal subsystem to be considered independently. The
influence of stimulus similarity has not been resolved and
the present experiment has been designed to examine this further.
The intensities of both the mental and physical loads werse
progressively increased producing conditions of high stimulus
similarity. The comparison between mental and phyéical work
. was the condition of low stimulus similarity.

‘The design will also permit a furthér exsmination of the
relationships between the cholinergic/adrensergic influences and
metabolic load. This'experiment accounts for individual
differences by basing the intensity on the pre-treatment working
ability. In the case of the physical work, the adjustment was
on the basis of measured maximum oxygen uptake ({ro2 max.) or
serobic capacity. The work intensities were then set at given
percentage 'values of this capacity. In the case of mental work
such fine adjustment was not possible, but each subject was
pre-tested and the range of mental intensities selected for the
oxperiment was based on individual response scores during the
pre-test. '

Respiration has been shown to have a potent influence
on the cardiac system but the extent to which this is related
to somatic activity requires further investigation.

Oxygen consumption has been used as a méasure of gross
cellular metabolism previously, but the measurement of the small
changes associated with mentally demanding tasks was technically
difficult. In a summary of studies by Obrist et al (197L4) on the
rélationship-between gsomatic and cardiovascular‘processes; only
1 out of 19 studies used Vg, as the somatic measure. The
intrusive nature of measuring Voo has also contributed to its
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lack of use, although the ventilated hood technique, De Looy
(1974) has removed this objection. The recent development of

an oxygen consumption meter which offers a continuous reading,
Brodie, Humphrey and de Looy (1978) facilitated this

measurement . Although a face mask is still ne cessary and may be
considered slightly intrusive, the two habituation periods gave
gufficient time for the subjecta to become familiar with the
apparatus, and none reported any discomfort.

An additional reason for including'this megasure has been
the suggestion, Venables (1977), that the heart rate in excess
of metabolic regquirement could be a valid measure of stress.
This, combined with metabolic requirement being so fundamental
to many of the more commonly used pSychophysiplogical measures,
1llustrates the basis for measuring Vo,.

The development of novel analytical techniques for fhe
cardiac and respiratory measures showed that useful informatioh
can be obtained by data manipulation. This will be consolidated
in the third experiment with the technique of spectrum analysis
being more fully evaluated. '

Certain‘individuals have ghown g distinctive, sutoncmic
response and this may partly be caused by subjects perceiving
the tasks differently. This final experiment includes measures
which will indicate the perception of the task. In an attempt
to understand the individual differences more fully, a range of
additional measures could be included. One méasure, however,
which particularly merits inclusion is that of personality.

This is because of 1its strong association with the central
processing of afferent information, particularly under different
arousal conditions. This justifies an assessment of personality
within the final experiment. |
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4.1 Methods and Materials

- L.1.1 Experimental procedure

Fach subject attended the laboratory on five occasions.
The first two occasions were used to habituate the subject and
to establish the basal performance levels. The third and fourth
occasion involved the measurement of responses to increasing
intensities of physical and mental work. The personality
.questionnaire was completed on the final occasion. |

() Occasibn 1

Fach subject listened to a series of pre-recorded digits
through stereo headphones. The digits were presented
sequentially in random order. The subject responded to every
"odd-~even-odd" sequence of digits. This task was chosen because
it required minimal response movement and has been found by
earlier workers; (Brown and Poulton, 1971, Davey, 1973) to be
demanding in nature. The subject was instructed in the procedurs
before the experiment. He was told to listen for any "odd-even-
odd" sequence of numbers and respond by depressing the
microswiteh. Any two odd numbers which were identical. in the:
sequence e.g. 1l-li-1 did not require a response as this was
congidered too easy. The subjects were reminded that the digit
"OM" is an even number and that the final odd digit in a
gequence of three could be initiating a second sequence of
three, e.g. 1—u-3—2-7. No practice time was considered necessary
as the whole occasion was an habituation period.

The final aﬁplifier on the physiograph (Minograph 34,
Siemens Ltd.) was shortcircuited by pressing the microswitch -
held in the left hand. This gave a short baseline deflection.
The physiograph was running continuously during the experiment
(0.25 mm sec-l)
of the response. The timing of each "odd-even-odd" sequence
was known for each digit presentation and thus an error score

go it was poésible to determine the exact time

could be established from the physiograph recording.
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Each subject listened to the recording for a periocd of
S minutes, responding as appropriate. There were four
recordings available at digit presentation rates of:

Once per 3 seconds
Once per 2 seconds
Onece per 1% seconds
Once per 1 second

The decrease in time interval represented an increase
in mental load.

Each subject listened to each recording which was
Ipresented in random sequence. Baseline levels on the measures
were established over a five minute period prior to évery
recorded presentation (see Figure L.1).

The purpose of Qccasion 1 was mainly one of habituation.
It was necessary, however, to gauge the mental load of the task.
The mental load could not be altered so that it influenced each.
subject by an equivalent amount but it was possible to ensure
that each subject was responding in a characteristic fashion
and in a similar hierarchical manner. It was assumed that an
increase in digit presentation rate would cause an increase in
psychological load. Physiclogical responses could not be
employed to test this assumption because the subjects had not
become habituated. It was considered acceptable, however, to
employ the perceived exertion scale, Borg (1962), for this
purpose. A few éubjects showed little differentiation betwsen
the presentation rates of once per 1% seconds and once per
2 seconds, but generally the perceived exertion followed a
-hierarchial order with once per 1 second being the most demanding
and once per 3 seconds being the least demanding (p<.001).
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S

Conditioh ‘ _ ; . . Time
Basal Period | 5 min.
Digit Presentation 1 (one per 3 sec) 5 min.
Digit Presentation 2 (one per 1 sec) 5 min.:
Dlgit Presentation 3 (one per 1% sec) E min.
Digit Presentation L (ons per 2 sec) 5 min.

Fig, .1 - Experimental design for Occasion 1

'(b) Occasion 2

Each subject was. required to ride a cycle ergometer
(Muller), see Fig. 3.1, at a progressively increasing load.
This form of work wag used in the determination of. maximum
oxygen consumption.(voz mex.). The reason for measuring V02
- max. was that each subject could ‘then be matched in terms of
a percentage of hig individual physical work capacity.

VO - max. was measured using the‘open eircuit method _

(see Fig.-ﬁ 2) The subject breathed in and out of a Triple -J

_high flow rate valve (Warren Collins) with the ‘expired air
| passing through elephant tubing to a dry‘gas meter (Parkinson .
Cowan). The volume of expired air (V ) was measured with the
dry gas meter and the air was then passed through a two-way
tap to a dOO E.Douglas bag. The fractlon of oxygen in expired

air (F ) was determined by passing a sample of air from the
' Douglas bag via a ngginson syringe and a drying agent to an -
oxygen ana]yser (Servomex E2500) This was calibrated from.
Istandard gases before each experiment.

The work ioads started at 50 watts and involved step
‘wise increases of 50 watts with each load being held until
reSpiratory steady state and for a minimum of L minutes.
ResPiratory steady state wes mcnltored by recording VE
minute. The air was collected in the Douglas bag for one
minute when two consecutive readings were within 5 litres.

every -
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Figure l..2 -

FEquipment for open circuit method of

measuring oxygen congsumption show1ng (g) dry gas meter

and (b) oxygen analyser.
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VOQ was calculated from Vg and FE,Oz'and was corrected
to STDP. Laboratory temperature, barometric pressure and
relative humidity were measured prior to each experiment. The
temperature of VE was measured during the one minute collection
period using a thermometer placed in the neck of the gas meter.

Each subject was given the standard verbal wafning
about feeling of discomfort, pains in the chest and left sarm,
giddiness and nausea and was then requested to cycle the
ergometer at the progressively increasing lecads. The loads
were increased until the subject became exhausted. Exhaustion
was defined as the inability to maintain the correct pedalling
frequency. The subject established the correct pedalling
frequency by keeping the pointer on a large dial placed in
front of the ergometer stationary. The saddle height was
adjusted individually to 109% inside leg measurement, Hamley
& Thomas (1967).. ,
A reading for VgQ,, corrected te STDP, was made for the
hqfina% minute at each workload and the highest reading taken as
the V02 max. In theory the &02/ work load relationship should
plateau at the Vo, max. even during further increases in work
load. This was only evident in half the cases, but this is a
common limitation of using the cycle ergometer becausé local
muscular fatigue in the legs causes exhaustion before the
occurence of metabolic insufficiency. The figure attained of

602 max. at or bafore exhaustion is cogfidently accepted as
being sufficiently near to the actual V02 max. for the purpose
of this e§periment. A graph was plotted for each subject
relating V02 to work load. This graph was used to igterpolate
a reading in watts for 30%, 50% and 70% of attained V02 max.
These readings were used to set the cycle ergometer workloads
for Occasion L. | |
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Heart rate wans measured from the ECG record during

the final minute of each workload. A rating‘of perceived
exertion was established immediately after each workload by
the Borg scale. This indicated whether subjects were
perceiving the increments in work load in an hierarchical
manner. Two subjects rated the perceived exertion between
two of the workloads at the same level, but otherwise the
perceived exertion score increased as the load became more
demanding.

(¢) Occasion 3

This was the megsurement of responses to inecreasing
mental load. The experimental design is shown in Figure L.3.

Baseline paychophysiological measures were established
" during a five minute period before the digit presentation.
The sequence was:

One per 3 seconds
One per 2 seconds
One per 1 second

with a 10 minute recovery period following each digit
presentation which was itself 10 minutes in length. The
measures used on this occasion are explained in section L4.1.3.

(d) Ocecasion L.

This was the measurement of responses to increasing
physical load. The experimental design is shown in Figure L.lL.

A five minute period prior to the series of physiecsal
loads allowed baseline levels on the measures to be established.
The sequence of physical load was: ‘

30% Vo, max.
70% Vo, max.

‘with a 10 minute recovery period following each load. Each
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physical load period was 5 minutes in length. The levels

of physical load wers chosen to correspond approximately to
the working demands of.reéreational physical activities. Thus
the lowest level (30% Vo, max.) approximated to mild physical
activity and the highest level to strenuous physical activity.

All the psychophysiological measures were recorded as
- in Occasion 3 with the exception of the response to digit

presentation which did not apply on this occasion.

(o) Ocecasgsion 5

Each subject was required to complete a personality
questionnaire. More peréonality dimensions were available
using the Cattell 16 PF than the Eysenck EPI so this was -
selected. FEach subject was instructed carefully in the
procedure and completed form C.

L.1.2 Subjects

 The sub jects were mals students and laboratory
" technicians (N=2L) from Leeds Polytechnic, England with a
modal age 19 years'(range 18-3&)._‘They were in good health
‘and were originally invited to participate in ths experiment
on the basis of whethsr or not they regularly participated
in demanding physical activities. Half of the sample were
regular participants and the other half not, the intention
being to éxamine'whether levels of physical fitness made any
contribution to the between-subject variance.

4.1.3 Measures

{(a) Electrodermal activity

The transducer preparsation and recording of EDA was
as in the previous experimental stage and described fully
in section 2.1.3. A recording was made every minute and the
mean value of each treatment condition used in the statistical
‘anslysis. |
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(b)  Electrocardiography
The transducer preparation was as used previously and
described fully in section 2.1.3.

The ECG recording was entirely different from the
previous experiments. This was because (a) the FM recorder
was no longer available, and (b) an alternative method was
-developed to facilitate heart interval data to be recorded
in an inexpensive and more flexible manner.

A modification was made to .2 Childerhouse 'Rt wave
cardiac monitor (Figure L.5) so that the internal loudspeaker
was discomnected and the leads to the loudspeakers reconnected
to two I mm sockets. Two lf mm jack plugs were then inserted
into these gockets and leads connected to the final amplifier
of the Mingograph physiograph. Thus for every heart beat as
triggered on the 'R' wave of the ECG an eiectrical gignal of
short duration and high amplitude was recorded on the
physiograph. The signal was then fed from the physiograph to
& domestic cassette recorder (Philips Ltd.) and an audio tone
recorded on cassette tape (see Figure L.6). Although this
system does not allow for ECG waveform analysis, it does
present a method for’heart rate and heart rate variability
asgsesasment without the-requiremént of an FM tape recorder -

a very expensive piece of equipment. The sequence of
recorded audio tones did need a specialized electronic circuit
to filter S50 Hz noise and make the tones accessible by
computer, but this did not add appreciably to the cost. The
cassette tapes were then transfered to Bradford University
Computer Control Laboratory and the system that follows was
developed to analyse the audlo tones present on the tapes.

The system is based on (1) an electronic hardware link between
the cassette recorder and the computer, (2} a Ferranti 7C0E
real time computer, and (3) a Hewlett Packard 2100A computer
with associated hard copy facilities. '

(1) Electronic hardware.

The audic tones on magnetic tape required initial
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- 148 -

processing to improve the signal to noise ratio and to make
the 1éading edge of the tone sufficiently distinct to operate
the Schmitt Trigger. This signal was then coupled to the
Schmitt Trigger via a transformer. The Schmitt Trigger and
associated monostable closes the gate of a counter, fires a
transformed and reset mechanism which also-re-opens the gate.
This gives the R-R interval which 1s displayed in digital form
on four light emitting diodes as milliseconds. A block diagranm
of this hardware is given in Fig. 4.7. The R-R interval is
transferred from the buffer registers to the Ferranti 700E .
after the interrupt has been generated.

(ii) PFerranti 7TO0E

On feceiving the appropriate interrupt the 700E reads
the counter bﬁffer. The sequence of the R-R intervals is stored
until the magnetic tape is stopped. A videodisplay unit (VDU)
pregsented the total number of R-R intervals every 10 seconds.
This meant that the experimenter could tell how many R-R
intervals had been stored in the T700E and'stop the maghetic
tape accordingly. It was decided to analyse 256 R-R intervals,
so to allow for spurioﬁs information arising in the process of
sampling and recording, a number in the region of 275-300
R-R intervals was stored for each condition. The programs for
the 700E are tige'shared with other real time experiments and
written in ICOi,a language developed by Butts and Gough (1978).
An interval of more than 10 seconds (usually obtained -
by stopping the magnetic tape) caused the generation of the
sequence of R-R intervals in milliseconds to be displayed on:

Paper tape,
teletype, and

line printer.

The paper tape was then labelled and transferred for
analysis by the Hewlett Packard 2100A.
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(iii) Hewlett Packard 21004

The first operatlion was the removal of spurious
information and limiting the data to a standard 256 data
points. The computer was programmed to remove any data that
lay outside 2 standard deviations either side of the mean R-R
interval time. Although these limits werse arbitrary, they
successfully removed any spurious data. This was checked by
comparing the R-R interval printout from the 700E with the
Hewlett Packard VDU display. It was only rarely that spurious
information existed in the original magnetic tape but a noisy
burst such as that caused by electrode sli?page or electronic
interference was easily removed by this procedure.

| After elimination. of outliers, the remaining data were
plotted against time on a Tektronix L101 visual display unit
using a linsar interpdlation between successive data points.
Meximal and minimal values were also noted and it was poésible
to code each graph. "It was possible to display up to four
graphs on each VDU dispiay, but 2 were chbsen as the optimum
number to gllow comparisons to be made, yet not reduce the
gize too greatly. A hard copy of sach graph was made on a
Tektronix Hard Copy Unit as shown in Fig. 4.8.

After the graph plot had been displayed and copied the
computer produced an R-R interval frequency distribution curve
with a suitable class interval (bin size) as illustrated in
Fig. ,.9. The bin size in this case is 25 ms. The computed
frequency was expressed as a percentage of the total to allow
for a varying number of data points. A hard copy was also made
.of this.  The computer also produced a frequency distribution
curve for the R-R interval difference which is shown in
- Fig. 1.10. This calculated the difference between successive
R-R inftervals and'plotted the appropriate histogram. The
advantage of the former curve is it gives an indication of the
changing mean heart rate under different treatments, (Fig. L4.9)
whereas the latter histogram gives a much clearer picture of the
variability itself (Fig. 4.10).
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A sries of heart rate variability statistics were
then computed, displ&yéd and presented on a teletype. These
were - )
Mean
Standard deviation
Variance
Frequency of maximal beats
Frequency of minimal beats
Number of reversal points
Sum of absolute differences
Ratio of 7 and 6
‘First difference mean

C @~ oV W

=
o

Second difference mean

[
o

Square of the successive differences,

Although the previous experiment indicatted that a
more limited selection of ‘measurements may be apﬁropriate,
it was considered that an experimental design which was to
examine“Stimulus.intenéity instead of stimulus type would
benef'it from a'larger number of variability measures.. Those
listed above were indeed selected from ower 30 HRV measures
and were the ones recommended most consistently in the
literature. '

A block dlagram of the complete R-R 1nterval processing -
system is shown in Figure L. 11.

The reliability of the system was assessed by
repeatedly playing the same cassette recordlng through the
system, It was found that the R-R interwvals did not vary by
more than 2 ms, a figure which demonstrates very high
replicability, particularly when dealing with a motor driven
system and magnetic tape which has 1nherent errors such as
'tape stretch.

(c) Respiratibn _
The transducer preparation was as described in section
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3.1.5 as was the recording. The respiratory frequency was
measured from the oscillograeph trace with the value. for every
minute recorded for the statistical analysis.

(d) . Simple resction tims.

| Each subject was required to attend to a small electric
bulb which was placed at chest height three feet in front of
the subject. When the bulb came on the subject was requested
to respond as rapidly as possible by depressing a microswitch
held in the right hand. It was explained that a measure of
reaction time was being taken and the importance of a rapid
response was emphasised. A simple electronic circuit was
designed.-so that the experimenter switched on the bulb and a
millisecond electronic timer simultaneouslj,with the:
depression of the microswitch stopping the timer. The timer
(Pannax Ltd.) recorded to 0.0001 sec. but each recording was
corrected to give a reaction time in milliseconds.

(e) Metabolic measures .
' The primary measure used to indicate metabolic activ1ty
was oxygen consumption (Voz). It was recorded continuously using
a hitherto unavailable piece of equipment, the Oxylog (P.K. Morgan
The Oxylog (see Fig §.12) was validated by Brodie, Humphrey and

de Looy (1978) and incorporated a flow rate transducer based on

a rotating vane interrupting a photoelectric light source. The
electfical signal from the rate transducer was proportional to

the volume of inspired air (VI) and was held internally for one
minute. The oxygen fraction in atmospheric air (FI 02) was being
compared constantly with the oXygen fraction in expired air
(FE,Og) by means of a polarographic oxygen sensor and the
electronic circuitry facilitated a digital display of V02 every _
minute. An alternative display mode was a DC pulse of approximatel
3 volts for every 100 ml of oxygen consumed. To display this
pulse on the physiograph it had to be rectified and a small
electronic circuit was designed for this purpose. The subject



:Fip:u'r;ef ,.12 - The Oxylog portable oXygen consumption meter.
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was required to wear a face mask to measure;V'I and FE,Og‘
This was slightly intrusive, but it was considered worthwhile
because of the potential advantages of this information. The
two habituation periecds prior to the experiment allowed
adequate time for the subjects to become familiar with the

face mask and no-one reported any discomfort.

A modification to the equipment allowed Vi to be

recorded. This measure is related to V02 by the formula:

o Vop = Vp=x Fg,00
so 1t allows FE,oé.to be calculated.
VI was therefore included as it gave more detailed
information sbout the way that the body responded to metabolic
requirements. It also has the additional advantagerof'giving
- more information about the respiratory manoeuvres. To date
*only respiratory frequéncy (R,) was being measured, but'khe

7 7inclusion of VI meant that thamean volume of air per breath
| (V ). could be calculated.

Figure l4.13 summarises the data recording systems for
measures (a) to (e) above..
‘..s.‘ .... 7
£T) ‘Perceived exertion, (PE)’

4 The individusl differences shown in the previous -
.ekperiment suggested that additional behavioural measures may
-be required to understand psychophysiological integratlon better.
Perception of the situation may be involved in the response
mechanism, so it was included in this experimental state. The
Borg scale of perceived exertion, Borg (1962) was used. The
Borg.ecale has not been related to mental load previously

but " correlates well with measures of physical load such as Hf
and Vog, Borg (1962), Borg (1970), Ulmer et al (1978) and

. Bdwards et al (1972). Each subject rated his perceived exertion
from the 15 point scale (Fig. L.1ll) which was presented in the
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6
7 Very, very light
8 ‘
9 Very light
10 |
11 PFairly light
12 |
13 Somewhat hard
1l
15 Hard
16
17 Very hard
18
19 Very, very hard
20

Figure li.1lL -~ Borg scale of perceived exertion
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form of an Al sized card with the numerals and legend a
minimum of 8 mm in height. The timing of the rating of
perceived exertion was immediately following the presentation
of the digits (mental task) orfthe'workload (physical task).

(g) Perceived feeling, (PF)

The development of any model on individual
differences may require some assessment of personal feeling.
The "feeling of well being™ is anecdotally, reported in many
situations and the measure of 'perceived feeling' was an
attempt to give an empirical basis to the subjective stage.
Although any such statement will be a conglomeration of
cohtributing factors such as degree of physiological
disequilibrium, psychological load, and recent experiences,
it may still give an insight inte another aspect of perception.
Perceived exertion indicates the significance of an applied
stimilus to the organism, whereas perceived feeling integrates
the complex internal states of the individual and indicates
the overall perception without involving a specific stimulus.
It is appreciated that one channel of this internal perception
of feelings could easily become pre-eminent and mask others.
Such would be the case if an individual had a heavy cold or
had Just received a telegram containing disturbing news.

Perceived feeling (PF) was administered in the form
of & short questionnaire at the end of the resting period and
each recovery period. The questions were of a semantic
differential nature and are shown in Appendix 4.1. The
guestionnaire was g modification of the Splelbsrger -
Self-Evaluation Questionnaire, Spielberger, Gorsuch and
Lushene (1970), with seven positive statements and seven
negative statements of personal feeling. The semantic
differential scale was later reorganised so that each positive
statement (good feeling) scored high and each negative _
statement scored low irrespective of the manner in which the
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question was asked in the original form. This resulted in
the total score for each of the 1l statements giving a higher
score if there was a good feeling and a low score if thers
was a poor feeling. None of the procedures normally adopted
to validate the scale were implemented. However, it was felt
that the inclusion of this questionnaire, although of limited
scientific rigour, may produce information of value and
relevance to the total‘pSychophysiological integration.

(h) Personality

It is possgible that differences in perceiving afferent
stimali wlll be seen as differences in personality. Eysenck
in developlng his personality theory proposed that,

"Individuals in whom (CNS) ex01tatory potential is
generated slowly and in whom excitatory potentials so generated
are relatively weak, are thereby predisposed to extraverted.

- patterns of behaviour......(as are)...... individuals in whom
reactive inhibitlon is developed quickly, in whom strong
reactive inhibitions are generated and in whom reactive
inhibition is dissipated slowly......"

Fysenck (1957) p.1llh

The association of extraversion and the ascending
reticular formation, Eysenck (1963) gives a further reason
for testing the relationship between psychophysioclogical
responses and personality. An identification of personality
traits was made by Cattell (1947) and used to construct the 16
personality factor index (16 PFI). The results from form C were
gcored using the stencil key. As the four second order factors,
QI, Q T’ QIII and . QIV were likely to be of most interest, these
were calculated by the method described in the Manual for the
16 PF (1972) pp.23-28. Sem nd-order factors are more easily
derived from sten scores so these were produced for the population
in Question. This was implemented because although the
population was composed predominantly of students, there were
also some technical staff. This meant that the pre-prepared
sten scores based on student norms would not have been
satisfactory. It was also considered desirable to generate
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sten scores for the specific population because this would
improve the homogeneity of the results and thus made
exceptions more evident. The procedure as described in
Cattell and Eber (1957) was adopped to calculate the sten
scores.

-

(i) Suprametabolic Index

It has been suggested, Blix et al (1974), Stromme
et al (1977), that if in any situation, heart rate exceeds
the value obtained at the same oxygen uptake during physical
work, then the "additional heart rate™ is 1likely to be due
to some kind of psychological activation. -This relationship
would also give further information concerning the cardiac-
somatic coupling by indicating.the extent 'to which H_, 1is

T
agsoclated or dissociated with Voa. It was thus decided to

calculate the ratio of H. to V02 as both measures were being

recorded as part of the experiment. The ratio Hf.% V02 was

calculated for every minute and was called the suprametabolic
index.
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1.2 Results and Statistical Analysis

4.2.1 Statistical design and results
The results were subjected to four types of
analysis.

The firat was univariate and involved an Analysis of
Variance (ANQOVA) to test the statistical hypothesis that
there is no difference between the seven treatment conditions
(basal, intensities 1-3 and recoveriss 1-3) for both mental
and physical tasks.

The second was multivariate and attempted to show
‘individual differences between mental and physical work for:
{(a) patterns of responss,

(p) individual measures.

The third was also multivariste and employed a factor
analysis design to show the 'orderly simplification!', Burt
(1940) of a number of interrelated measures. This involved a
correlation matrix as the basis for the factor analysis =so
the relationship between measures was also examined.

The fourth type of ahalysis was specific to the heart
rate variability measure and was the spectrum analysis described
in gsection L.1.3.
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h.2.2. Analyses of variance results.
An asnglysis of variance program ANVAR 1 from the

Time Sharing Library of the Honeywell 66 series computer in
Leeds Polytechnic was used. On-line terminal facilities
enabled the data to be typed in at the terminal with results
of the analysis being presented back at the terminal in hard
COpY form almost immediately. This procedure removed the
errors inherent in batch processing data but was tedious,
time consuming and expensive 1n terms of computing time.

A typical analysis of variance result 1s shown in
Table L ,.1. The program enabled an a posverioril test of the

significant differences between means to be undertaken.

Unlike experimental stage 2 of this study which used Tukey's
HSD test, the differences between means were_examined to gee
if they exceeded the confidence interval at a pre-selected
significaﬁce level. The program enabled the eXperimenter to
set the level of significance at will and thus it was possible
to report the highest level of significance that the
‘difference exceeded between each pair of means.

- This procedurs which involved 4O ANOVAs with up to 21
&8 posteriori tests of differences between means for each ANOQVA
1s shown in Tables 4.2 and L.3. Column 1 gives the measure

involved, columns 2-8 give the mean values, column 9 gives
the level of significance of the 'F!' ratio and columns 10-30
give the levels of gsignificance of the differences between
means . '
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Table L.1 - gzgical ANOVA results using Honeywell Statistics
Package ANVAR 1.

| Group 1 = DBasal
Group 2 = = Mental Intensity 1
Group 3 = Mental'IntenSity 2
Group L = Mental Intensity 3
Group 5 = Mental Recovery 1
Group 6 = Mental Recovery 2
CGroup 7 = Mental Recovery 3
EDA . : :
SOURCE DF SS | MS - F RATIO P

BETWEEN s
cmoups ~© 1-1078346E 05 1.8L463909E Oh 1.5662643E 00 N.S.

RESIDUAL 161 1.8979488E 06 1.1788502E oL
TOTAL 167 2.0087323E 06 |
OVERALL MEAN = 2.0671428E 02

CONFIDENCE LEVEL FOR MEANS

= .95
GROUP MEAN SD . CONFIDENCE
1 0.22220833E 03 0.10687258E 03 0.436L.7805E 02
2 0.16391667E 03 0.81279824E 02 0.43647805E 02
3 0.18125000E 03 0.86726222E 02 0.436L.7805E .02
L 0.201,62500E 03 0.13709085E 03 0.43647805E 02
5 0.20629167E ©3 0.94657487E 02 0.436)7805E 02
6 0.22087500E 03 0.99617733E 02 0.436L47805E 02
7 0.24783333E 03 0.12591256E 03 0.43647805E 02

Difference exceeds .95 Confidence Interval.in groups 2 :7
' and 3 : 7



Table lt.2 - ANOVA and significant differences between means for basal, mental intensities and recoveries.

Measurs

EDA

HEART RATE
OXYGEN UPTAKE
RESP, PREQUENCY
S.M. INDEX
REACTION TIME
PERC. EXERTION
PERC. FEELING
ERROR

INSPIRED VOLUME
HI. MEAN

HI. STAN. DEV
HRV MAX BEATS
HRV MIN BEAT3
HRV REVER3ALS
HRV SABS

HRV RATIO

IIRV FIRST DIFP
HRV SECOND DIFF
IRV SUCC DIFF2

1

Basal

68
.2)
1
2.9
249

90

7.1
85
72
65
52
118
.13

119

51
Ll
.19

2

1

Int.

163

.26
i5
2.7
459
10.4

5'5

7.5
845

123

2

Int.

Mean Valuos

161
70
.25
16
2.7
L5l
11.7

S 6.y

7.6
846
71
63
60
12h
.12
98
L8
39
.17
I

Int. 3

20
68

.25

17
2.7
h58

1.6

12.0
7.6
8sh

17
63
6L
128
.13
105
52
43
.20
Iy

1

Rec.

206
67
.23
Ll
2.9
258

82

6.6

B67;
76

68
57
125
.13
102
50
89
.16

6

2

Rece,

220

.23

13
2.9
278

76
7.1

871

90
66
58

125,

115

Rec. 3

247

.23

13
2.9
256

72

7.1
883
102
6l
57
121
.18
129
60
90
.2l
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G223 3 4 3 3 &8 PSRN IR
Differences between méans exceed stated confidence interval
NS ) .95 .95
NS - ‘
.05 .95.95 .95 .90.95 .95
.01 .95 .95 .95 . +95.95 .95.95.95
NS _ ‘
.01 .95.95.95 .95,95 .95 .95 .95.95 .95.95.95
.01 .95 .95 .95 B :
.01 .95.95 ' -95
.01 .99 .99
N3
] . ,
.1 .95 .95 .95 t
NS FO:‘
] ; ~J
N3 I
N3
NS
NS
.01 9595 .95  .99.99 .99 .99.99 .95.95.95
NS
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30



Table 4.3 - ANOVA and significant differences between basal physical intensities and recoveries, ‘ ¥

R T N TS Sl A A Sl Bl B Al
8 F F 8§ 0§ § § Bz 24288 L.l iae e oo
m H H i = o ®n - m M @ M M@ M H H H H H H H H H H H H @ o m

Measurse Mean Values - Differences between means exceed stated confidence intervals

EDA 175 114 98 92 150 143 129 .1 .95.95 .95 ' : .95

8.M. INDEX 3.2 12 0.9 0.7 23 21 1.8 .01,99,99 .99.99.99 .99 -99.99.99 299 +99.99.99 .99 :

HEART RAYTE 73 98 117 137 75 78 87 .01 .99.99 .99 «99.99.99 .99.99.99 .99 .99.99.99.99.99 .99  .99.99

OXYGEN UPTAKE .25 06 1.36 1.91 3l 37 W7 .01 .99.99 .99 .99.99.99 +99.99.99 .99 .99.99.99.% .99 .99

"RESP. FREQUENCY 13 17 19 22 14 15 15 .01 .99.99 .99 99 .99 +99:99.99.99.99. .99

REACTION TIME 241 333 329 332 224 245 232 .01 .99.99 .99 .99.99.99 .99.99.99.99.99 .9

PERC. EXERTION 8.9 11.7 13.6 .01 .99.99 .99 T

PERC. FEELING 86 : , 9 19 76 .28 . .95 : ' _

INSPIRED VOLUME 8.6 22.3 9.2 33.7 9.6 47.3 11.6 .01 .99.99 .99 .99.99 .99.99.99 .99 .99.99.99.99.99 .99

HI. MEAN 794 603 S0 431 776 738 658 .01 .99.99 .99 299 .99 .99.99 .99.99.99.99.99 .99 .99

HI. STAN. DEV 70 26 25 25 66 53 55 .01 .99.99 .99 «99.99.99 .99.99.99.99.99 .9

HRV MAX BEATS 69 64 ho 35 63 63 66 .01 .99 .99 .99.99 .99 .99.99.99 .99 .99

HRV MIN BEATS 47 47 59 67 52 50 47 .01 .99 .99 .99.99 .99

HRV REVERSALS 118 111 100 97 115 114 113 .01 .99 .99 .99 . .99.99.99.99.99 . %

HRV SABS .91 .30 .28 .16 .81 .67 .56 .01 .99.99 .99.99 .99 .99 .99.99

_ HRV RATIO 77 26 27 16 69 57 48 .01..99.99 .99 .99 .99 -99-95

HRV FIRST DIFF. 35 11 10 6.0 31 26 21 .01 .99.99..99 . .99 .99 .99.99

BRV SECOND DIFF. 29 11 12 .5 38 35 23 .0l .99 .99.99 .99 .99.99

HRV SUCC DIFF® .89 .20 .19 .10 .82 .54 .50 .05 .95.95 .95 .95 .95 .95

1 2 3 h S 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22 23 24 2§ 26 27 28 29 30
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{(a) Mental Intenéities

Percelved exertion was the only psychophysiological
.measure to show a significant, monotonic difference between
the 3 mental intensities (Figure L.15). This demonstrated
that in terms of gensral, subjective, bodily feeling, the
mental tasks were perceived as progressive increments, This
was expécted from the structure of the experiment and a
different result would have questicned whether the stimulus
intensities were suitable.

The autonomic measures did not demonstrate sufficient.
sensitivity to distinguish the three levels of intensity. The
reasons for this may have been the complex interaction of the
various arousal subsystems. The”resultant effect of interaction
between a variety of changing measures was a regression towards
the mean. A change was observed, but the sensitivity of each
individual measure“mgking up the overall change was reduced.

An alternative explanation is that a finite autonomic
change occurs irrespective of the stimulus intensity. This
"all-or-none™ interpretation may be speculative, but is
replicated by 17 measures from 5 different autonomic channels.
The whole response system appears to "awitch on" once arousal

rgregqhégmﬁmfpecific level, and thsn shows bnly limited, non-

f-aigﬁfﬂﬁﬁg;, variation. This occurs below the lowest mental
intensity'éhosen for the study. The inclusion 6f a rating of
perceived exertion makes it possible to state that: '

"within the limitations of the experiment, mental tasks
perceived on the Borg scale above & score of 10 cause similar
autonomic responses®,

Column 9 on table lL.2 shows that only the measures of
Oxygen Uptake, Respiratory Frequency, Reaction Time and HRV
Second Differential show gignificant differences between the
mentel work and the basal or recovery levels. Respiratory
Frequency alone shows a difference between the basal levels and
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the mental work. The other differences (see Fig. 4.16) only
occur during the recovery period.

The reason that oxygen uptake and HRV second differential
did not show differences between basal and mental intensity
‘levels is not clear, but the reéﬁlts suggest that the
anticipation of the task was having an arousing effect. This
caused the basal levels to produce a slight autonomic response
and, with the exception of réspiratory frequency, showed no |
dist:inction from the mental intensity. The results question
the validity of EDA and Heart Rate as sensitive measures of
- mental load and yet point to the usefulness of measures
hitherto considered very little.
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(b) Physical Intensities

Table 4.3 shows different results from the mental
intensities, with many measures exqeedihg the 0.99 level
of significance between means. This would be expected as
the psychophysioclogical measures are likely to respond to
changes of 30%, 50% and 70% of each subject's Vo, max.

Electrodermal activity showed significant differences
between basal levels and physical intensity levels but did not
drop sufficiently during the 10 minute recovery period to show
mean differences. This was probably caused by slow dissipation
of the fesponse in combination with some interference from the
thermoregulatory mechanisms. The production of sweat for the
purpose of heat control may have maintained the high
electrédermal levels. The results suggest that EDA should be
used cautiously, particularly during recovery after exercise.

The requirements of a measure to show valid responses
to increasing physical intensities involve:-

1. a gignificant difference between basal and
intensity levels.

2. a significant difference between the three
intengity levels. '

3. a significant difference between intensity
and recovery levels. '

h. no further significant differences.

These requirements are rigorous and for physical
intensity levels which are only varying by 20% of V02 max, the
megsure would have to show a combination of sensitivity and
stability. | |

The measures of heart rate (Hf), oxXygen consumption
(Voo)and inspired volume (VI) do combine sensitivity and



- 17 -

stability related directly to metabolic changes. The measures
related to respiration and heart rate variability do not
discriminate between physical intensity levels. This indicates
the interdependence of HRV measures from mean heart rate. The
increase in heart rate may cause such a reduction in heart rate
variability at the lowest physical intensity, that any further
increase in physical intensity has no effect. This illustrates
the specificity of HRV 23 a measure, It is sensitive to mental
load without a commensurate increase in heart rate, but an
increase in heart rate due to metabolic demand causes no change.
The importance of this observation in terms of human responses
is that two independent arousal systems are operating which
have a close physiological relationship. '
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41.2.3 Individual differences between mental and physical work

Several methods were used to examine the individual
differences between mental and physical work but they all
produced qualitative results. It was thus necessary to develop
8 procedure which gave quantitative results but accounted for
the range of results inherent in a variety of measures. 1In
consultation with Dr. Petit of the Department of Mathematlcs,
University of Loughborough, the following procedures were
gdopted

(a) Patterns of response.

The responses for each intensity level were rank
ordered for each subject. The same applied for each recovery
level and for the (intensity-recovery) levels to show changes
in responses. Appendix L.2 givés‘an example of one of the
measures, EDA. '

7 To establish the 'normal! pattern of respohse a modal
ranking for each measure was established.

Rankings were denoted 123 by A
132 B
213 c
231 D
312 E
. 321 F
For ties, 1 2= 2= was denoted by %4, 3B
Thus Mental Intensity for EDA was:
A B c D E F
111111 1111 414 1 11 113
111% _ 1111
Total = 9 8 2 1 1% 2%
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Therefore normal isgs either A or B, with A being the
modal ranking. ' ,

Each subject i3 then rated as to whether he is similar
or dissimilar from the modal ranking, over the g measures of

Thus Mental Intensity Ranking from the 5 measures, with
1 if similar and O if dissimilar, produces the following
table, Table L.h.
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Table I .hL - Similarity/Dissimilarity ratings nroduced from
modal rankings for 5 measures from mental intensities.

<
2t

Subject SRT

<
O
N
o
Ky

T

GRIF
MUN
FIR
PYE
PIL
WOOD
DAN
STAD
ZAY
GREG
FEN
BUT
CLEM
PORT
EAST
BROD
COOK
PHEL
PRIC
TOML
DAVI
TOMA
JONE
WORR

H OMHOOOOHOOHMOOOOHKFEOOOIMO MM
H H O OHMMHPOHMOOO®OOOH I MMOHMEMMORRH O
H OHHOOORFRHOOMOORHOOOOOO H H
o c>ﬁ4 HHHOHHOKEOOOOOOOHOOOH
H M HOOHKIEKMMOOMNMOOOOO cs'o H O MOO O

NORMAL 1 1 1 o1 1

So MUN = ZAY
DAN = PEN = BUT
PIL = TOML R etc;_
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A disgimilarity matrix was then constructed which
consisted of the number of different elements between each
pair of subjects. So that GRIF and MUN would have, from
Table l.l, 2 different elements (Hf and Rp) .

If the elements' for GRIF are (Zl, Zpeeenss 25)’
those for MUN are (Y., Yé.......Y;), then

| 5
diss (GRIF, MUN) = L (Z-~ %)

421

The matrix for mental recoveries is as in table L.G5.

The dissimilarity matrices can be interpreted in the
form of a crude cluster analysis. These would show the
similarities between subjects for the way in which they respond
(patterns) to different intensities of task. Although this
would give a sound visual interpretation of similarities, it
was considered that a statistical basis to the similarities
would be preferable. Thus the sum of all the differences
between all subjects was calculatsd and this was designated a
"dissimilarity score™. The dissimilarity score was therefore
a global measure of the extent one individual differed from
another individusal in response pattern. A correlation matrix,
FPigure L.17, was produced to show the relationships between
the 6 different conditions:

' mental intensity
mental recovery
mental (intensity - recovery)
physical intensity
physical recovery 7
physical (intensity - recovery)
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Table 4.5 - Dissimilarity matrix for mental recoveries.

yIdg

dTHD !

GRIF

MON

FIR

PYE

PIL

WOOD
DAN

3

STAD
ZAY

GREG

F'EN

- 17 9 -

5

BUT
CLEM

3
1
2
3

PORT
- EAST

BROD

2 .
2
3

COOK
PHEL
PRIC

5

Lo

TOML

DAVI

2

TOMA
JONE
WORR

I
2

NORMAL 1

1 2

2
3

L 5 3

L b

3
Z= 63 41 55 43 59 L8 W7 L9 61 54 70 59 48 47 56 60 55 L1 60 59 5L 49 51 43 7L

3
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Physical (Intensity -.03 -.17 -.15
-Recovery) : : .

# p<.05

‘Figure l..17 - Correlation matrix of dissimilarity
scores.

It can be seen from the sbove figure that the overall
response patterns between the 6 conditions showed only a poor
relationship (p<¢.05) between two of the measures. This
indicates that groupings of individuals vary between the
6 con@itions. Individuals who respond with a particular
pattern to mental intensity or mental recovery do not
replicate thig pattern during pﬂyéical intensity or recovery.
This clearly suggests that stability of response pattern does
not occur for different types of stimuli.
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(b) Individual measures

For a given subject and measure let:

DMI = average over the 3 mental intensities
DPI = average over the 3 physical intensities
DMR = average over the 3 mental recoveries
Dpg = 8verage over the 3 physical recoveries
ﬁM = ‘DMI -“basal level for meptal

.ﬁP_ = Dy - basal 1eve;_for physical

.~ These were analysed by a product moment correlation
using the time sharing library program ANVAR 1 of the Leeds
Polytechnic Honeywell 66 series computer.

The correlation between DMI and DPI will give the
association between the level of response to physical and
- mental stimuli. A significant correlation will suggest that
‘high responders to mental stimuli also respond highly to

physical activity.

Similarly the correlation between D and DPR will

MR
show the association between the recoveries from the mental
and physical stimuli. The correlation between BM and ﬁP will

show the association between the change in the measure for
‘mental and physical stimuli. '
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[

¢ The correlation matrices for each measure have been
placed in Appendix L.5. Figure L.18 summarises the relevant
results, and shows the correlations between the mental and
physical tasks for the intensity condition, the recovery
condition and the change from the baseline condition.
Figure l;.18 shows that certain autonomic responses are
‘similar irrespective of the situation, whereas other autonomic
 measures show poor. response consistency. '

Mental/Physical Mental/Physical Mental/Physicall

Intensities Recoveries Change from Baseline
CEDA R .82-;5*-:{- . .32
. 23 o ..l|.1-=t-l- L8
{Toa '. | L2 ' .‘ - .38 - | ‘--06"
. 58-::-:(- - T8 i Bl
ST o e =10
st p<.OOL 4*p§:01 . # p¢.0S

' Figure .18 -~ Correlations and p _values between mental
: - and physical responses for different measures.

The measures most clearly associated with’responSe.

consistency are those of respiratory frequency and EDA,

whereas heart rate and oxygen uptake give é maximum 'r' value
' wnich .corresponds.,'to only 16% of the varian_ce_.'j' The response
variebles showing greatest consistency are those commonly |
associated with emotional response, whereas the. least
consistent reflect metabolic involvement. This suggests a
division of_responseichaannelsﬁinto two; the autonomic
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responses normally governed by psychological aspects, and
those involved in metabolism.

This gives the opportunity for an extension of
Lacey's autonomic response specificity principle, Lacey (1950).
In its original form it stated

"for a given set of autonomic functions, individuals tend
to respond with a pattern of autonomic activation in which
maximum activation will be shown by the same physiological
function, whatever the stress".

The extension of this principle i1s that

"when the (stress) situations are sufficiently distinect
ag to vary from mental to physical tasks, maximum consistency
of autonomic response is Seen to graduate from those responses
normally associated with mental stimuli to those responses
normally associated with physical stimuli."

Responses such as heart rate andxXygen uptake were
unable to maintain their level of activation across such
disparate stimulus situations as mental and physical work.
This was most probably associated with the metabolic demands
of the physical stimulus. When physical activity is used as
the stimulus situation (e.g. Davey 1973), the demand of the
sctivity upon the organism's metabolic rescurces is large and
response consistency cannot be maintained.
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h.2.L, Factor analysis results
The potential number of measurements to be included

in the analysis would be:
6 dissimilarity scores;

L, second order personality scores (16 PF);

EDA, Hf, VOE,R'f, SRT, VI'
for the conditions of basal, intensities and recoveries for
both mental and physical treatments;

Perceived exertion and perceived feeling scores
for mental and physical treatments;

Error score for mental tregtments;

Measurement of fitness;

9 measurements of heart rate variability by
sampling statistics for the conditions of basal, intensities
and recoveries for both mental and physical treatments.

This totals 105 measurements which would not only
involve an unweildy analysis but be of limited analytical value.

The measures were thus divided into groups so that
interactions between relevant variables could be studied. The
cbject was to reduce the size of the statement needed to
describe any integration between the measures. Accordingly
the multivariate procedure of factor anglydis was appropriate
and the groups selectéd were based on the natural divisions
of the experiment. These were:

Mental Basal _ .
Mental Intensity

"Mental Recovery

Physical Basal -

Physical Intensity

Physical Recovery

These were subdivided into two factor analyses, each
one containing slightly different measures. In general the
first factor analysis of each pair included the heart rate .
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" variability measures, whereas the second run excluded them.
It was dedided to exclude these HRV messures in the second
run because they were all calculated from the same raw data
(R-R intervals) and could potentially weight the factors.

In addition to these, one further factor analysis was
examined which took a wider selection of measures than those
related to the specifiic divisicns of the experiment. This
was called an "overall" factor analysis.

The factor aﬁalyses examined and the measures included
in each one are shown in Table L.6.

in all cases the direct method used was the principal
components anaslysia., The c¢riterion for deciding on the number
of factors to be extracted was Kaiser's criterion with all
factors with an elgen value exceeding unity being retained.
Although this criterion may extract a conservative number of
factors if the number of variables is less than 20, this was
considered acceptable as Eaiser's criterion is "particularly
useful for principsl components design', Child (1970).

- The criterion for choosing the significant loadings in
each factor was not the arbitrary figure of 0.3 as often
considered acceptable but a more stringent criterion by
applying the Burt-Banks formula, Burt and Banks (19L7).

The rotation method adopted was the Varimax method.
The program employed was the FACTAN program from the

Time Sharing Library on the Leeds Polytechnic Honeywell 66
series computer.
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- Megsures
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included in the factor anaslysis.

Measures
QI-

Qrr

Qr1r

v
Dissimilarity
EDA

SRT

Perceived
Exertion

H.Interval
Stand. Dev.

HRV Reversals

HRV SABS

HRV 2nd
Difference

Perceived
Feeling

Error Score

Pitness

All Dissi-
milarity
Scores

FDA Intensitie
Mental

Hf Intensities

+« Mental

VO Intensitie
2Mental

Bf Intengities
Mental

SRT Intensitie
Mental

EDA Intensitie
Physical

Hf Intensities

. Physical

Va_ Intensities
2Ph,ysical
Intensities
Physical

SRT Intensitie
Physical

Mook MM M

b5 M b4 Physigal Basal 1

3

8

8

]

s

e Il
P e

4 M MW M Physical Basal 2
54 54 b4 »4 Montal Basal 1

~hded P

Mook o M

M M M M Mentasl Basal 2

P P

1

B4 24 BB B4 24 PB4 MM M M M M Physical Intensity

P4 PAPIP4 MMM M M M M Physical Intensity 2

VI VIV,

M MM 4 M M Physical Recovery L

PAPAPd MM M M M M Physical Recovery 2

POOPPE P P MMM MMM M M M MW Mental Intensity 1

>4

B4 b bd PP 4 M M M Mental Intengity 2

PP MMM M M M M Mental Recovery 1

T B B B

MM MMM M M M M Mental Recovery 2

M b4 M M Overall.

o

LS T o - - B B B A <
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Appendices 1.3 and L.l give a specimen factor
analysis with details of the correlation coefficients, the
common factor loadings from the principaly components matrix.
and the rotated factor loadings from the varimax analysis.
In summarising the 13 factor analyses produced, only those
factor loadings which exceeded the 1% significance level
have been included. On this basis, the following tables,
L.7 - §1.13 summarise the statements which can be made sbout
the factor analyses. '

In assigning a name to factors it is. appropriate to
distinguish between those factors which have positive and
negative loadings and these which do not. The former are
called 'bipolar'! factors because the factor embodies
contrasting groups of variebles. In cases such as this the
factor name includes a slash (/) to designate the'bipolar
configuration,
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Table l.7 - Summary of factor statements for physical basal

conditions.

Anal~- | Factor % Factor Measures with Load-
ysis ‘No. | Varl-l Name signif. loadings ings
. Name ance 1%
Phys- I L3.6 Cardiac- HR -.95
ical Cortical/
Basal metabolic-
1 perception | SRT ~.94
HRV 2nd Diff .92
Perceived Feeling .89
Vo . 88
II 17.8 Variability H.2Int. S5.D. .93
: - anxiety
| Qr 8L
IIT { 14.8 | Variability | HRV SABS .97
- arousal
: EDA .80
v 9.6 | Respiration] Resp. frequency .93
v 7.2 | Tough poise | Q .87
-CIIT
Phys- I 2h.9'] Anxiety/ Q -.80
. iecal Independ-
Bassal ence ‘
2 cardiac
1y .78
HR -.5h
IT 16.6 Cortical- Reaction time .70
grousal -
Resp. frequency .65
EDA .58
III | 1z.3 Extra- QIII .78
- veraion
tough poise
' ' Qr .69
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Table i.8 - Summary of factor statements for mental basal

conditions.

Factor

Anal- | Factor| ' % Messures with Load-
ysis No. Vari-| Name signif. loadings ings
name ance above 1%
Ment- I 30.6 | Cardiac HRV 2nd Difference] .91
al ' HRV SARS 91
Basal H.Interval S8.D. .91
II 15.8 | Cortical- SRT .85
- . Respiration |Resp. frequency 79
-Extraver- Q :
gion I .76
III 12.9 Arousal/ Perceived feeling .91
Anxiety EDA .70
Cr =67
IV 11.0 §{ Reversals HRV Reversals .95
v 8.8 | Independence QIV ‘ .86
VI 7.1 Metabolic Vbz .92
Ment- | I 23.2 | cortical- |}smT 7L
al metabolic- Vo .6l
Basal, extra 2
2 version Qr .61
. Resp. frequency .59
IT | 20.2 | Anziety/
S Independence QiI -.82
| Qry .BQ
III | 15.6 | Tough poise |Qpyq .73
- cardiac HR .72
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Table .9 - Summary of factor statements for physicai intensity

Ansl-"

conditions.

Factor | % Factor Measures with - Load-~
ysis No. Vari- | name signif. loadings ings
Name ance 1%

Phys- T 26.7 | Cardiac wvari- | HRV, SABS 97
ical ' ability - HRV, znd Diff. <97
Inten metabolic Heart Interval, 81
sity ‘ . S. Dev.
1 v .69
. 0,
IT 15.1 | Reversals HRV, Reversals .93
ITI 13.4 | Physiological | Resp. frequency .90
Heart rate .69
IV 12.2 | Anxiety Qry .85
v 10.6 | Extraversion/ QI -.89
: Perception Perceived Exertion| .79
VI 7.3 Independence QIV .91
Phys-~ I 20.3 | Bodily load SRT .95
ical ' Perceived Exertionf -.87
Inten Vo -.60
sity , 2 .
2 II 18.8 | Anxiety/ Qg -.88
Independence 8
1y -7
IIT 15.6 | Physiological | Heart rate .85
Resp. frequency <T7
IV 13.5 | Isolate/ Dissimilarity .85
¢ Arocusal EDA -.70
- v.. 9. BExtraversion- Q
tough poise 1L ?%

e
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Table 4.10 - Summary of factor statements for physical

recovery conditions.

Anal- | Factor | % Factor Measures with Load-
y3is No. Vari-| Name signif. loadings ings
Name ance 1%
Phys- I 33.L Cardiovascular |Heart rate -.90
ieal ' ~independencs
Reco- Q .89
very Iv .
1 HRV Reversals .86
IT 21.1 | Similarity- Perceived feeling .85
Perception~
" Arousal
: Dissimilarity -.83
EDA 77
ITI 10.7 Tough poise QIII .90
IV 10.1 Respiratory Resp. frequency .93
frequency _ )
v 8.6 | Anxiety Qry .97
VI 8.2 { R.T./oxygen SRT -.94
consumption .
Vo .83
2
Phys- | I 26.5 } Anxiety/ QIV .82
ical : ‘ Independence
Reco- - metabolic 5
gery ?II ~-.00
V02 17
IT 15.6 | Arousal- tough |EDA .78
poige -
Similarity
111 T
Dissimilarity -.6
"IIT }13.5 | Extraversion/ QI .7
RT SRT -.72
Iv 11.3 | Heart rate Heart rate .88
v 10.2 | Resp. frequencyl|Resp. frequency -.92 .
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Table L.11 - Summary of factor statements for mental intensity

Independence

condltlons
Anal- | Factor % {|PFactor Measures with Load-
ysais No. Vari-| Name gignif. loadings ings.
Name ance 1%
Ment- I 31.3 | Cardiac HRV SABS .95
al - ' HRV 2nd Difference .95
Inten H. Interval S.D. .93
sity _ Heart Rate -.71
1 II 17.8 | Isolate/ Dissimilarity .83
Performance
Error -.81
III 11.0 | Cortical/ SRT -.8L
Metabolic
gII -079
VOE’ -75
IV 8.3 | Extraversion/ Qr .87
' Perception Perceived exertion -, 76
\'s 5.1 | Cardio- HRV Reversals .92
| respiratory
Ment- | I 21.3 | Physiological | Heart rate - 77
al perception
Inten . Perceived exertion ~-.69
sity : EDA . gz
2 IT 16.2 | Isolate/ Error -
Performance .
Dissimilarity .78
I1T 13.9 | Metabolic VO -.75
2
. Resp. frequency .66
IV 11.7 | Tough poise QIII -.90
v 905 Q.Iv "-90
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Table .12 - Summary of factor statements for mental recovery

conditions
Anal~ | Factor % Factor Measures with Load-
ysis No. Vari- Name signif. loadings ings
Name ance 1%
Ment - I 27.6 Cardiac HRV 2nd Diff. .98
al H. Int. S.D, .98
Reco-- HRV SABRS «93
very II 19.1 Arousal EDA -.86
1 Qr - 77
B 11 .71
metabolic 8
Q1 -7
V02 .68
v 13.5 Respiration- | Resp. frequency -.91
Perception '
_ Perceived feeling | -.76
v 7.9 Isolate Dissimilarity .92
Ment- I 23.0 Independence~ QI .86
al Anxiety 1V
Reco- Q -.69
very 1T
5 II 19.2 Extravert- Dissimilarity -.76
igolate
L QU .73
v .72
05 7
Q111 -62
III 14.9 Reaction - SRT .79
respiration
' Resp. frequency .68
11.6 Arousal . : 88

LIV

HR

-.63
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Table L.13 - Summary of factor statements for overall conditions

Anal- |Factor | % Factor Messures with Load-
ysis No. Vari- Name signif. loadings ings
Name ance 1
Over- I 17.2 - | Anxiety/ QIV _ -.85
all Independence
II 4.0 Isolate Dissimilarity- -.77
Physical Physical Recovery
Recovery
Dissimilarity- -.57
' Physical (I-R)
IIT 11.7 Respiration Resp. Mental .91
- Intensity.
Resp. Physical .72
Intensity -
v 9.9 Personality Digssimilarity 72
-metabolic Mental Recov.
Qr7T .69
Q'I - 158
Vg_Mental -.63
' 2Intensity
v 8.2 EDA Mental .93
Heart Rate .60
Physical
VI 7.6 Reaction Time .86
Physical
Vgg Physical -.75
Dissimilarity -.69
_ Mental Intensity
VII 6.0 Dissimilarity -.82
Physical '
Intensity
Heart Rate Mental ~.66
VIII 4.8 Isolate Dissimilarity .88
Mental Mental (I-R)
Change
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One of the most important aspects of the factor
analysis was the manner in which the measures form the
same or different factors under the changing experimental
stages. This was best established by summarising Tables
ho.7 - L.13 in the form of Figures .19 and .20. These
figures show the variables which load significantly on each
factor and in brackets the percentage of the total varilance.

As this study is concerned with the human responses

to mental and physical work, the model presented as
Figure L.21 focusses on the manner in which the measures
either remain stable (stabiles) or change (labiles) during
work. The stabiles will have retained the same relationship
before, during and after the work period;- The labiles will
have been independent before the work task, have become
‘1integrated during the work and lose their integration during
the recovery.



Basal .
Hf, SRT, HRV 2nd Di?f,

Perceived feeling,_V02 (43.6)

Work.

HRV SABS, HRV 2nd Diff, -

H.Int. 8.D., Vo2 (26.7)

Recovery

Hf?'QIV’ HRV Reversals (33.4)

" Perceived feeling,'DiSsimilarity,

H. Int. S.D., Q; (17.8) HRV Reversals (15.1) EDA {(21.1)
Physical | HRV SABS, EDA (14.8) Resp. . HR (13.L) Qrpy (10.7)
Resp. frequency:(9.6) Q1 (12.2) B Regp. f£. (10.1)
Qrir (7.2) Qp, Perec. E#. (10.6) Qry (8.6)
Qqy (7.3) SRT, Vg, (8.2)
[}
- | | | !
HRV, 2nd Diff., HRV §ABS, HRV SABS, HRV 2nd Diff.,| HRV 2nd Diff., H.Int. S.D., HRV SABS 5
H.I. 8.D., HR (30.6) H.Int. S.D., H, (31.3) ' (27.6) '
SRT, Resp. f. 15.8 | EDA, Q., Q (19.1)
‘ » OSP ’ QI (15.8) Dissim,, Error (16.2) f L JIII
Mental Perceived feeling, EDA, Hes QII’ V02 (17.2)

HRV, Reversals (11.0)
?IV (8.8)

Vo, (7-1)

SRT, s V 11.0
QI’ P.E., (8.3)
HRV Reversals (5.1)

Resp. f£., Perceived feeling {(13.5)
Disaimilarity (7.9)

. Pigure L.19 - Summary of factor analyses including HRV measures.




Bgasl

Work

Recovery

I SRT, Perceived Ex., V, (20.3) I Qpys QII’ V02 (26.5)
II SRT, Resp. frequency (16.6) II Qs Qpy (18.8) II EDA, QIII’
s 12. ' '
Physical IIT  Qyps 9 ( 3)_ III H,, Resp. f. (15.6) Dissimilarity (15.6)
IV Dissimilarity, EDA (13.5) IIT Qp, SRT (13.5)
V Qype @ (9:6) IV Heart Rate (11.3)
‘ 'V Resp. frequency (10.2)
I SRT, Voz, QI’ Resp. f.(23.2) I Heart Rate, Perceived Ex., I QIV’ QII (23.0)
' 21. _ S . : .
II Qs Qpy (20.2) EDA (21.3) | II Dissimilarity, V..
L - A II Error, Dissimilarity (16.2) ’ 0. 0. (19.2) 2
IIT SRT, Resp. frequency
vV Qpy (9:5) IV EDA, H, (11.6

Figure l1.28 - Summary of factor analyses execluding HRV measures.

N
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} _USTABILE ?ersonality Mrgaure s
[ DR TONS Oypr Ry ‘
—PHYSICAL— E— 4J o
- Autonomic Cardiac Control
| LABILE
DIMENSIONS ‘
' Cardio-Respiratory
DEMANDING
WORK 7 '
Autonomic Cardiac Control
__STABILE
DIMENSIONS
Personglity Measures,
. . | e a e
oo LABILE Arousal

DIMENSIONS

Pigure .21 - A model ba.s.ed on factor a.nalysis of certain .
human responses to demsnding work. :
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A\

(a) Responses to Physical Work

Summary Figures .19 and 4.20 show:

' The important relationship between HRV ﬁeasures and
Voz, with all of them except HRV Reversals loading together
in the first factor. '

HRV Reversals is separated from other HRV measures,
forming an independent factor.

- Mean. heart rate forms a clear relationship with
‘respiratory frequency. This is not shown either before the
task when they both load on other factors or during recovery
when they form independent factors.

The model, Figure L.21, shows that during physical
work only the personality measures QII and QIV (anxiety/
independence) remain stable, whereas two major dimensions
can be 1ldentified as showing integration. These dimensions
are a combination of factors and include measures that are
not apparent before or after physical work and are thus
dependent upon the act of working. The two dimensions are
those of:

(i) Autonomic Cardiac Control, and
(ii) Cardio-Respiratory

Autonomic Cardiac Control is based on the factors
which include all the HRV measures. In the resting and
- recovery states these measures afe dispersed over several
factors, During physical work they all load on 2 factors,
accounting for about 35% of the variance. .
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(b) Responses to Mental Work
Summary Figures 4.19 and L.20 show:

The HRV/HR measures all retain their relationship
and factor position (Factor‘I) during the mental locad, the
only difference being a 0.7% change in % variance. :

HRV Reversals remains separate from the other HRV
measures and forms a separate factor.

Two factors contaln measures related to arousal.
Heart Rate and EDA load in Pactor I, and V02 and Respiratory
frequency load together in Factor III. '

The model, Figure 4.21, shows that during mental work
the dimension to show lability was Arousal which is equivalent
to the first factor in summary Figure L4.20. This factor
-includes the measures of heart rate, perceived sxertion and
EDA. The emergence of EDA as an important measure is
emphasised and its relationship with heart rate and
perception of the task is shown. It would suggest that a
common mechanism initiates these autonomic responses and shows
that a generalised response is sometimes possible, and that
the arousal subsystems do not always show poor correlations.
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{c¢) Mental and Physical Work

The results of the more comprehensive overall factor
analysis (Table l.13) revealed eight significant factors and
of these three were distinctive because they contained clossely
related measures and all contributed to over 10% of the
variance. ‘

v v 3 i -~ 1
™a leading of the paoricmalit

- - P F E - + - -
reinforcss the conga2rn abcout tne inde
L]

1

Two dissimilarity measures formed a clear factor. This
suggesté that people recover from physical activity in a manner
which is distinctive, causing their overall pattern to show
dissimilarities from others. The third distinctive factor was
associated with respiration. The high correlation (p<.0l)
during mental and physical work confirms respiration as being
an arousal subsystem which has a stereotyped response
irrespective of the stimulus and as such deserves more
attention by psychophysiologists. The highest correlation in
the matrix is between the oxygen uptake and SRT during physical
work (p<.01). This can be explained by the increased metabolic
demands of the body causing more afferent stimuli. This would
increase the sensitivity of the neural system resulting in more
efficient processing. Whether t@is trend would reverse with a
physicgl work load above 70% of V02'max. ig unknown, but one
suspects that the point where the system becomes physioclogically
tnoisy' would cause the SRT to become slower.

This overall factor analysis permits a further model
to be constructed, Figure L.22, which identifies the response
dimensions discussed above. '
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e e e ————— e - S _/,‘
j—=Differences in Recovery Pattern
from Physical work

Qverall —
Response

—eRespiration

—Personality Factors Q Q and
' I’ IIT
V02 in Mental Work

Figure L.22 - Response dimensions for both mental
. gnd physical work.
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4.2.5 Spectrum analysis results
| The time series analysis of cardiac data is presented

in two forms. The first is a listing of the power amplitude
at frequencies between 0 and 0.5 Hz and this is followed by a
graph plot of the spectrum with the vertical axis showing the
amplitude and the horizontal axils showing the frequency. As
each graph is scaled to fit the video display unit, the
maximum amplitude 1s printed so that the scaling factor can be
applied. The process of making a hard copy from the VDU
removed the bottom line of the printout which meant that no
scale for the horizontal axis was printed.' To obtain the
maximum information ffom the datse, the amplitudes and
frequencies were recorded from the listing for each peak value.
The listing was scanned and each time a péak amplitude was
observed, both the frequency of that peak and the amplitude
was recorded. In almost every case this peak corresponded to
one of the three known biological frequencies. This
information revealed: ‘
, (1) the changes in frequencies due to mental and
physical work, ' :

(2) the changes in power at the biological frequencies,

(3) the changes in the number of pesaks. (1.e. whether
or not certain bioibgical imputs continue to influence the
cardiac signal.)

In subjects at rest the spectrum analysis obtained
from the interbeat interval shows 3 main frequency'components
at approximately 0.03 Hz, 0.1 Hz and 0.25 Hz. Figure 4.23
shows a spectrum analysis of a subject at rest and Figure L.24
is a spectrum analysis of the same subject under demanding
"mental work. |

During mental work the frequency component attributed
to the respiration,moved approximately from 0.25 Hz teo 0.3 Hz.
This increased'frequéncy was observed in all subjects.' In
the less demanding test (one digit per three seconds) the
shift was from 0.25 to 0.28 Hz on average. During the recovery
periods the respiratory component slowly returned to the
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‘0.25 Hz.

Figure 1,.23 - Spectrum analysis of subject at
rest
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T

0.30 Hz.

Figure .24 - Spectrum analysis of subject under
demanding mental work
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original frequency. ‘The more demanding the test, the more
the shift of'the respiratory component. This was true for
all subjects.

60% of the subjects had the total power of the spectrum
contained at two frequencies, namely, the blood pressure
(0.1 Hz) and respiration frequencies (0.25 Hz) during the
mental tasks, as can be seen from Pigure li.z5.

Durihg the physical activity the bhlood pressure
component at 0.1 Hz increased in amplitude and the respiration
component moved to a higher frequency and decreased amplitude.
'During the physical work of highest intensity, the blood
pressure component was the only componenﬁ present in most
gubjects, with only véry few having a temperature component
present, and none of them héving g8 respiration component.
However during‘the recovery periods the temperature component
became dominant due to the coolihg mechanism of the bedy, and
in some subjects this was the only component present in the
first five minutes affthe recovery period. The respiration
componenﬁ then began to reappear. Figures L.26 and 4L.27 show
the power spectra of one subject during and after the physical

work tasks.
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- Fourier analysis Of the irregular heart beat
of subject under mental logding

Figure L.25 - (taken from Hitchen, Brodie & Harness, 1979
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Arbitrary units
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Frequency Hz.
Fourier analysis_of the irreguiar heartbeat interval
in subject during_physical loading_

Figure ;.26 * (taken from Brodie,Harness, Hitchen, Murarka,1379
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Arbitrary Units

o ol o2 - |
Frequency Hz

Fourier analysis of the irreguldr heortbeat
interval in_subject after physical loading_

Figure L,,27 - (taken from Brodie, Harness, Hitchen & Murarka, 1979
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‘ In summary, the following.conclusicns may be drawn:

Perception is ‘a subjective measure, but its
discriminatory ability is greater than any individual autoncmic-
response. This suggests that the ability of the individual
. to integrate his internal processes is an important facility.

It may indicate with some precision the degree of R
disequilibrium within the total system.

New1y developed techniques for measuring oxygen
consumption offer valuable information‘about metabolic changes
in mental ﬁqu. 'Oxygen consumption can be considered as a '
viable alternative to other methods of measuring somatic
.activity.

" The heart rate variability of up to 4O beats min™>
uin'euccessive cardiac intervals indicates the limitation of
heart rate as & correlate with total metabolic activity during
resting conditions. Heart rate is a better representation of "
metabolic requirement during ph351ca1 work because it is more
closely representativecf cardiac output

The variability of cardiac intervals is & sensitive
meagure of mental load even when no commensurate increase in
heart rate is observed. This indicates that a response system
in which'ail_the_autcnomic meaaures move in a sympathetic-like
direction simuitaneously cannot be accepted. Two independent
arousal systems are operating which are both concerned with
'cardiac control,

Response patterns show variations between mental and
. physical work which indicates that a stable response pattern
does not occur for distinetive types of stimuli. '

Examination of mental and physical work shows
differences between individual psychophysiological measures.
Those that show the greatest consistency are related_to
‘emotiona17respcnses whereas the least consistent are involved

/ad
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more directly with metabolism.

The results of the factor analysis showed that the
psychophysiclogical measures could be divided into stabile
or labile dimensions. During physical work a 'cardio-
respiratory! dimension becomes important. This would be
anticipated because of-the inereased metabolic requirement.
Measures associasted with heart periodicity form a specific
dimension during physical work, yet during mental work they
remain unaltered comparéd with the resting and recovery states.
stehophysiological measures which have less involvement in
metabolic requirement are well integrated during mental work.
This demonstrates a clear dissociation of responses to
different forms of demanding work.

-

Respiration has a fundamental regulatory function and
its influence upon the blood pressure and cardiac control
‘systems was emphasised. It is recommended that respiration is
~considered in the interpretation of many autonomic responses.
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SECTION FIVE

DISCUSSION AND CONCLUSIONS

The results of this study have shown consistently
that individual differenceg exist for most of the
psychophysiological measures. Each subject was showing an
individual, autonomic interpretation of the atimuli. There
were a number of intrinsic aspects which could all have’
contributed to the observed individual differences. These
included the subject's perception of the stimulus and the
way in which personality influenced the responses.
Additionally, the genetic constitution of each person may
have caused differences in neural-thresholds. The response
pattern which is a consequence of these many influences
can be explained in terms of autonomic specificity. A subject
may be responding maximally and consistently in one autonomic
channel, say EDA, whereas other subjects show a similar
magnitude of response for a completely different autonomic
channel. ' ' '

Apart from exnlaining the variations in responée
patterns this proposal questions the notion of a 'typical!
response. It may be inappropriate to consider that any
responge can be 'typical' unless it i1s compared with an
established, congistent response for a given individual. This
implies that experiments which examine atypical individual
responses require highly controlled conditions and rigorous
statistical treatment. Psychophysioclogical laboratories must
allow minimal interference from the environment, and the
design of the experiments must establish normal states before
any stimuli are imposed. This would apply particularly in
inferpreting the sutonomic responses of subjects with a
gstressful life-style.

The overall response patterns for the group varied
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between the different experiments. Closer examination
revealed that when the stimuli were similar (Table L.2), the
response patterns were often the same. When the stimuli
varied, either in intensity (Table 4.3), or type (Appendix
4h.5), the patterns wvaried. Tt was only when the stimuli
moved out of the confines of "pure" psychological stimuli or
"pure" physical stimuli that some of these differences became
evident. This suggests that any statements of response
consistency were based on a very limited range of stirmuli and
were in fact a consequence of stimlus similarity.

}

Lacey's principle of response stereotypy could only
have been formulated on a restricted range of stimuli which
predominantly involved mental work. Lacej'S'principle should -
thus be modified to state that

"some individuals respond to different stimuli with a
fixed patterning or hierarchy of autonomic activation when the
stimuli are primérily of psychological origin and do not involve
" high metabolic activity."

The results have shown the error of extrapolating the
response patterns from one situation to another when the stimuli
are substantially different. This supports Lacey's principle of
situational stereotypy (1967) and indicates the importance of
the gstimulus situation to the overall response. It 1s not
aporopriate to consider an individual as a response "type"
showing an expected response pattern irrespective of the
situation. The context of the situation becomes a critical
aspect of the manner of responge because unlike the stimulus
per se it implieé the nature of the subject's involvement. This
adds another aspect to individual differences, the degree to
which each person considers the tasks to be situationally
different. There are many factors which may contribute to &
person's interpretation of a situation. One of these factors
is the value of the situation to an individual, Duffy (1957).
This implies a purposeful intersction between.the outcome of
the response and the response itself. TLacey (1967) proposed
another factor, the intention of the organism in a given
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situation. The infention will most probably have been
modified by the person's competence to master the situation.
This was re-stated by Sells (1970) who suggested that the
consequence of failure to meet the demand must be regarded as
important before stress will occur. Hermann (1966) also
congidered that stress was a consequence of perceiving a
gituation as thwarting or potentially thwarting, and this
theme is included in McGrath's (1970) definition of stress:

"occuring when there is substantial imbalance between
environmental demand and the response capability of the focal
organism.™

Thus stress is directly linked to the stimulus
situation. A given stimulus may be interpreted differently by
the creation of an individual stimulus situation. To some, a
stimulus 1s interpreted as a thresat and therefore becomes a
gtressful stimilus situation. To others the stimulus is
verceived as lacking significance and the situation is of little
“consequence. These observations re-inforce the importance of
examining individual responses to given states and suggest
paution in placing too much emphasis on traits alone. Although
traits have certain descriptive value, their predictive capacity
has limitations when the stimulus situations or states show
mach variation.

In sporting, domestic and occupational contexts the
stimulus situation will often vary dramatically on a day to day
or even a minute by minute basis. This has implications for
the sports coach, the marriage guidance counsellor or the
srgonomist. Each must be aware of the influence of the context,
be able to provide situations so that experiences can be gained,
and be capable of subsequent analysis. Much modern
rehabilatitive work for maladjusted children is based on
experience therapy where such peovle are placed in simulations
of experiences and have to work out their solution often in a
traumatic manner. Similarly the sports coach will use pressure
drills which provide a &ituation common to the game but
vresented in a demanding manner so that the players become
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conditioned to the appropriate response. In another context,
many industrial trainees are subjected to close scrutiny during
outward bound courses financed by their companies. The reason
for this is the belisef that people placed in physically
demanding situations may indicate the management potential
‘required in industry. This study shows that it is erroneous

to expect responses from one context to predict the outcome

of another. A person may have very good qualities which are
never evident under the rigours of demanding physical activities
because his attention is directed towards other aspects such as
his personal surﬁival. If the job requirement, such as deep ses
diving, involves personal survival then an individual's response
to physical lcad may be of predictive wvalue. Howeﬁer, the
hypothesis that one can predict the response characteristics of
an individual by placing him in a dissimilar situation has not
been supported here. 1In certain jobs there may be some value

in simulation exercises and indeed certain skills such as flying
- are taught initially in simulators. A similar trend is seen

" in management training when business 'games' are used. The
training of personnel by usihg gituations related to the
requirements’' of the job is a valid exercise, but should not be

. 8Xtrapolated to situations bearing little relevance to the ]
,occupnation in question or to activities which need not utilise
the availability of pavlovian conditioned reflexes.

Another situation in which individual differences
become apparent is that of sport, yet many people are the
antithesis of their normal selves when placed in sporting
contexts, Some very gentle and humane people become aggressive
and almost inhuman under the guise of sport. It may be
postulated that those people who do not have an acceptable
channel for their emotions are more at risk from |
‘autonomically-related diseases. Competitive sport was not
included as a stimulus situation in Wenger's (1966) extensive
review on autonomic balance and the influence of cathartic
activities such as sport should be studied. The extent that
autonomic balance is changed by sporting experiences may give
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exercise credibility as a 'relaxation' activity. This thesis
has shown that simple measurement techniques such as perceived
exertion could be used as the basis of a practicable study of
the effectliveness of physical activity as an antidote to
gstress.

The term 'streﬁgth of the nervous system'! has been
considered earlier and was specified by Nebylitsyn (1972) as a
prolonged maintenance of characteristic 1evéls of response.
Its value as a single dimension requires assessment if the
term is to be used in describing responses to demanding work.

. The factorial relationship between the personality:
dimension QI (introversion - extroversion) and the measure of
verceived exertion (see Figure L.l9) suggests some supnort for
the notion of a trait similar to "strength of the nervous
system". It was particularly interesﬁing that the two measures
of perceived exertion and QI loaded together on the same factor
in both mental and physical work. As it was a bipolar factor

it suggests that subjects high in extroversion do not perceive
the task to be as demanding a8 subjects lower in extroversion.
One implication is that pefsonality may need to be conslidered
in situations when mental and physibal work loads have to be
tolerated with precision. This could apply to many occupational
getivities including'air traffic control, the construction |
industry and also to sport. The selection procedures for jobs
in which the tolerance of physical work involves human life
also may need to consider persdnality factors. Such jobs could
include the armed forces, the lifeboat service and the security
forces. PFuture experimentation should select distinctive
populations by personality traits and then compare their mental
and physical work perception. If the present findings arse
confirmed it may be necessary to modify some of Borg's (1962)
work on perceived exertion by the inclusion of an apvropriate
weighting for perfonality.

Personality was also considered by Gray (1972) who
suggested that the introvert has a "weak nervous system'" which
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is characterised by low thresholds and hiéh reactivity. The
organism integrates these neural characteristics in such a
manner that the stimulus is perceived as being of greater
magnitude than the same stimulus would be perceived by the
extrovert. The factorial relationship shown in Figure 4.19
demonstrates that the introvert quantifies the stimulus as
high in perceived eiertion and this supports Gray's conclusion.
Althoughe"strength of the nervous system" is adequate to
explain certain observations, it remains a composite term. It
incorporates sensory threshold levels, the activity of the RAS
and the level of the effector cutmut. There is a close
parallsl between these differences and perception of pain
tolerance described by Petrie (1960). Petrie used the terms
sugmenters and reducers to indicate the tendency to enlarge

or reduce the perceived intensity of sensations respectively.
It may be concluded that although this thesis supports the
concept of "strength of the nervous system", it has limited
‘value as a single dimension. It would be far preferasble to
determine the component parts of the concept and then replace
the term with a morse adequate and pre01se expression.

Although the extensive study by Saville and Blinkhorn
(1976) did not use factor analysis, it did show a significant

correlation between the second order factors QIII (tough poise)
and QI (extroversion). A factorlal relationship was observed
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in the present study between the personality measures QIII

and QI (Table L4.13) and this once  again questions the extent

to which they are distinet. It can be seen from Table L4.13

that the same personality measures (QI and QIII) glsc have

"V02 during mental work"™ loading on the same factor. This

would suggest that the extroverted - tough poise personality
type expends more energy during mental tasks. This observation
may explain the range of mannerisms associated with mental work.
Some people are very passive and hardly seem to breath while
engaged in mental work, whereas others seem to be continuously
involved in non-productive activities such as scratching,
doodling, paper sorting and fiddling with pens.” It may be

that these activities reflect cellular metabolism related to

the particular extroverted ~ tough poise personality type..
If so, then this suggests that there 1s not only a neuroclogical
basis to persbnality but also considerable metabolic involvement.

One can conclude for this part of the discussion that
although "strength of the nervous system” may be an adequate
term to describe a trait relating the QI personality dimension
with perception of the task, its value as a single dimension is
limited. This has implications in certain occupations.

Another conclusion is that a review of the independence of
- certain second order personality dimensions is necessary.

The results presented in this thesis seriously question
the usefulness of mean heart rate as a satisfactory measure of
psychological load. Elsewhere heart rate changes have been
quoted when psychological load was expected to increase, but
many of the conditions also required a slight increase in
somatic involvement. Examples of this would be the increased
heart rate during the 1anding'ofpan aeroplane at an airport and
the comparison between using inter-city rail travel and driving
a car, as used in a recent British Rail advertisement. " In both
these examples the implication was clearly one of relating
 increased mental load with inereased heart rate. The possibility
that increased bodily actiﬁity could have caused the heart rate
increase was not considered. This thesis has shown (Table L.2)
that when movement was restricted, heart rate is unsatiéfactory

/
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a2 g measure of involvement and 18 better used as a measure

of metabolism in its classical form. As an indication of
mental load, mean heart rate is only a convenient, coarse
measure of cardiac output. Mean heart rate may mask some
valuable information which the variastion in interbeat intervals
would reveal about cardiac filling. Support for this statement
comes from the clear distinction between mean heart rate and
heart rate variability measures which was a consistent finding
of this thesis and is shown in Section 2 page 76, Figures 3.10
and 3.11, and Table l.2. This indicates that the integral of
successive beats over time (Hf) produces different informsation
from cardiac measures which are dependent upon the organisation
of succegsive heart intervals. (HRV). The distinetive HRV
‘measure in the third experiment was 'second differentisl’.

This measure can be usefully compared with another measure of
HRV, that of the 'first differentisl'. 1In the case of the
first differential the dispersion is relative to a changing
mean, whereas the second differential is relative to a zero
baseline. This is analagous to the differences between an

RR interval frequency distribution curve (Fig. 5.1 (a)) and

an RR interval difference frequency distribution curve

(Pig. 5.1 (b)).

The HRV first differential, which did not show
gignificant differences between occasions, is still largely
under the influence of a changing mean heart rate value. The
second differential on the other hand, is measuring the
difference between these several differences and as such moves
& stage further from mean heart rate. In physiological terms
it could be viewed as a move away from the combined effects of
the parasympathetic and sympathetic influences on the sinus
node and towards a measure of the organisation of the heart

interval series irrespective of the overall rate. The existence
of these distinetive cardiac response systems justifies the
method of spectrum analysis to examine the multiple feedback
loops whieh influence the heart's rh&thmicity. Indsed spectrum
analysis is required to give a quantitative basis to the
periodicity of heart intervals. Spectrum analysis has shown
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the variability of the heart interval {see Figure L.23) to be
caused by the Hering - Breuer reflexes involving a respiratory
input with a periodicity of about 0.25 Hz, a blood pressure
input at about 0.1 Hz and a thermo-regulatory input at about
0.025 Hz. '

It can be concluded that the organisation of successive
heart intervals is an important aspect of the human cardiac
response system. '
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The present results (Figures .26 and L.27) suggest
that the various inputs upon the SA node are making their
greatest individual impact at the lower levels of metabolic
load. The three inputs are influencing the periodicity of
the SA node quite individually. They are not being integrated
with each other or with other controlling factors. When the
metabolic load increases, the ‘clear peaks at frequencies
corresponding to the known blological signals are lost and
the power is dispersed over the full range of the spectrum
(see pagelld), This suggests that at higher metabolic loads
the feedback loops are integrated and they no longer remain
88 distincet periodic influences.

One way to clarify the cholinergic/adrenergic
influences upon the heart is to vary the neural input
directly by surgery or pharmacological agents. Although this
procedure is not'appropriate for humans, Chess, Tam and Calaresu
(1975) studied the spectrum analyses of cats under these
conditions. Three principal rhythms were identified under
the control condition. Chess et al fecognised the respiratory
frequency. The other two rhythms based on their frequencies,
were almost certainly those of thermorsgulation and arterial
blecod vpressure. It was clear from the experiment, that thess
were an intrinsic feature of the regulation of the heart period
by the vagus system. The effect of the sympathetic activity
was a tendency to reduce the amplitudes of the thermoregulatory
and blood pressure components of the spectrum. This was '
observed in the present study during the higher metabolic loads
(Sectidn 3.2.2), and this may)give & clue to the relative
contribution of the cholinergic and adrenergic influences on
the heart. A "eross over point" between loss of vagal tone
and initiation of sympathetic activity occurs during an
increase in metabolic load and this is ghown as a change in
- the power spectrum. The present study indicated that such a
postulated "cross over point" could have occurred at some point
between the medium load and high load conditions used in the
experiment.
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An understanding of heart rate variability requires
knbwledge of the primary function of the cardiovascular system.
This is an adequate movement of blcod in the vasculature. The
many controlling responses, although having individualify, are
often subservient to this primary function. The vascular
movément of the blood is directly influenced by the cardiac
output. Throughout the normal physioclogical range of habitusal
activity, the cardiac output is proportional to the heart rate.
This, in itself, is within the control of the frequency of
vagal efferent discharge. The vascular system maintains a
coertain blood pressure which is monitored by the baroreceptors
in the carctid sinus and the aortic arch. These baroreceptors
influence the frequency~of afferent nerve‘discharge which acts
on the vasomotor centre., The other input to the vasomotor
centre is from higher centres of the brain. This model is
shown in Figure 5.2.

The spectrum analysis technique has revealed a
periodicity associated with respiration which suggests a
respiratory influence upon the heart rate. An experiment by
Miyawaki, Takshashi and Takemura (1965) in which thse respiratory
frequency was varied, revealed that most gain in the heart
period fluctuations occurred when the rate was in the order of
6 cycles min"l or 0.1 Hz. This is the naturally occuring
blood pressure frequency indicating that the respiratory
Irequency entrains the blood pressure fluctuation. The
baroreceptor stretch can be influenced by pressure in the
thoracic cavity because of the elastic nature of the arteries,.
Breathing has a very real influence on the thoracic blood
vessesl by altering intra-pleural pressure. These observations
require the respiratory disturbance to be added to the model
a3 an external signal influencing the baroreceptors (Fig. 5.2).
The frequency of this external signal (respiration) could be
in phase with the heart rate and cause entrainment, or be out
of phase and cause a reduction in the heart rate periodicity.
Therefore, it can be seen that the respiratory frequency can

have a marked influence on cardiac variability via the blood
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nressure control system. At lower metabolic loads the system
described in Figure 5.2 applies. The vasomotor centre can
satisfactorily translate the incoming efferent information
from the baroreceptofs (reflecting blood pressure and
respiratory inputs) into vagal efferent discharges which
retain these periodicities at the SA node. PFigure 5.2 would
be incomplete without reference to the respiratory influence
on the left heart volume. During inspiration there is an
inhibited blood return which causes a lower arterial blood
pressure and output. In expiration; the augmented blood
return causes an increased output and blood pressure. These
'statements are based on the laws of the heart, Bainbridge
(1915), Starling (1918) and particularly the earlier work of
Hering and Breusr (1868). : '
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It is at higher metabolic loads that the SA node does
not appear to maintain its periodicity, and as has been
suggested earlier, it is probably a function of sympathetic
activity. Wwhen sympathetic activity becomes greater the
SA node integrates both cholinergic and adrenergic transmitter
substances with the result that it loses its innate periodicity.
Sympathetic activity may provide less influence on the SA node
end more on the force of ventricular contraction. This could
cause the barorecptor feedback to the SA node to be more closely
associated with the blood pressure control system. The '
observed result would be an increase in the power associated
with the blood pressure frequency which 18 consistent with the
results of this study, Figure L.26. The full extent to which

the sympathetic nerve fibres are separate for their
chronotropnic (rate) or inotropic (force) effects is unknown,
Heymans and Neil (1958), but even if the innervation to the
SA node and atria and ventricles were from the same
postganglionic fibres, the effect of increased cardiac force
due to sympathetic involvement would still apply.

The most convincing result from the spectrum analysis
during mental work was the change in the frequency of the
respiratory component (see Figure 4.23 and L.2L)., This clearly
demonstrates that the pattern of interbeat interval is being
influenced directly by the rate of breathing. It has been
known for some time that the respiratory frequency influences
the interbeat interval, but it has not been demonstrated
previously that mental work increases the control upon the
heart via the respiratory frequency. The finding that most
of the subjécts showed only two frequency peaks (Figure 4.25)
negates the suggestion of Charnock and ManenicaA(l978)‘that
regpiratory frequency is unimportant. During mental work manj
subjects lost all power corresponding to the fthermoregulatory
frequency. This meant that the temperature control failed to
influence the heart's variability and the other components will
dominate the feedback to the SA node. Spectrum analysis
revealed that during mental work the primary influences upon
the heart were from the respiratory and blood pressure inputs
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(Figure }.25). A shift in the power from three to two
frequencles for normal, healthy, young subjects would probably
"be of little consequence. However, mental work in combination
with an aperiodic respiratory frequency, could cause all the
power to he established at the blood pressure frequency. The
effect on a diseased heart could prove fatal with the primary
influence now coming from the blood pressure control alone.
Arteriosclerosis could cause a loss in the responsiveness of
the blood pressure component, and with a widely fluctuating
respiratory input, the periodicity of the heart could be
‘changed with fatal consequences. This'hypothesis has not been
tested but there is some evidence that subjects who show wide
variations in respiratory pattern (even stop breafhing for as
long as a minute whilst sleeping), are predisposed to
myocardial infarction, Dunn (1979).

The combined effect of all feedback mechanisms on the
heart is to modulate the influence of each one acting
separately. A single, predominant input will decrease the
overall modulation and this has been observed in various
entrainment experiments. Increased activity from all three
inputs will reduce the degree of change in rhythm and is
observed as decreased heart rate variability.

Figure 5.3 gives a crude model of the influences upon
-~ the SA node during four different states. The shaded areas
represent the degree of control'that each input to the heart
is having over the SA node. It is an attemptlto summarise

the foregoing discussion in a diagrammatic form.

The blood pressure component of the spectrum analysis
during physidal work became dominant at first and then
exclusive as the intensity became greater (Figure L4.26). The
increased respiratory rate and respiratory depth which

accompanies physical work, although essential for greater
 tissue oxygenatidn, does not appear to be reflected in cardiac
control. The reason for this may.be that during conditions of
high cardiac output; the regular surging of blood through the
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vasculature will be so great relative to the changes of
intra-pleural pressure in the thoracic cavity, that most of

the power will be seen in the blood pressure frequency. At
rest, respiration influences the baroreceptors via the thoracic
blood vessels, but under physical work the greater blood flow
dominates this mechanism. The temperature component was )
observed in a few subjects during physical ork, This
demonstrated that the temperature control mechanism was
gufficiently powerful still to exert an influence upon cardiac
control. When exercise stopped, the temperature control
mechanism became the dominant power in the spectrum, showing
the manner in which the organism apparently switches all its
resources into the cooling mechanism. When'the body cooled

- further, the respiratory component returned and the normal
control mechanisms on the heart were re-established. 'Further
experimentation would be required to determine whether there

is any significance in the time it takes for the respiratory
component to re-appear or whether there is any relationship
with fitness or cardiac efficliency. This prOposéd respiratory
influence involves systemic and peripheral blood pressure control.
It is thus associated with blood pressure factors on left heart
filling. The pulmonary arterial barorsceptor and intrathoracic

- .air pressure control by thoracic posture is a distinetly

different source of variability. This latter system is
inhérently cyclic and is the one most influenced by both body
position and mental activity. Thus respiratory influences offer
- two entries to the CNS and can provide considerable variaebility
on the cardiac system. Figure S5.4 is based on the spectrum |
analysis results and summarises the dominangé of inputs to the
SA node, with the sizes of the boxes indicating the extent of
the dominance.

‘Once again the speculative link with cardiac
insufficiency can be considered. The normal controls may lose
their'sensitivity and cause cardiac arrest when the dominant
input to the SA node iz changing and when artificial or
unusual conditions are encountered such as drugs, sudden changes
in temperature or abnormal breathing patterns. The cases of
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cardigc arrest during such situations, slthough based on
non-empirical evidence, do leave many unanswered questions
which could well be explained by the use of spectrum analysis
technlques. The development of an on-line spectrum analyser
for cardiac intervals, Brodie, Harness and Mearns (1979) for
use in an intensive care unit may clarify some of these -

unanswered questions.
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The conclusion one reaches in this discussion is that
cardisc control must be considered as two distinctive systems.
One, heart rate varigbility, is sensitive to the thrée ma jor
inputs of the SA node, whereas the other, mean heart rate, is
an integral measure reflecting cardiac output more closely.

The cardiac reéponses'to increased metabolic load can be

modelled to show the lack of integration between feedback loops
to the SA node and a switch from vagal to sympathetic innervation
This corresponds to the series of Hering - Breuer reflexes
controlling the overall cardiovascular response.
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Three findings from the present study all combine to
indicate the importance of respiration in the control of other
human psychophysiological responses.

- The first of these is the increase in respiratory
frequency during mental tasks without a statistically
significant increase in inspired volume (VI) as shown in
Table L4.2. This suggests that the tidal volume must have
dropped during the mental taks. This change to a shallower,
more rapid type of breathing has not been reported in the
literature as a response to mental load and may be important
when considering the relationship between the many arousal
-gubsystems. The observation of a rapid, shallow breathing
pattern is confirmed from the findings of the spectrum analysis
(Pigures L.23 and L.2l). |

The second finding was a clear change in the pattern
of the respiration (Figures 3.16 and 3.17) irrespective of
- respiratory frequency changes. The results suggest that as
the metabolic load increases, the variability in the respiratory
waveform decreases. The intercostal muscles, having a limited
range of contraction and relaxation, will show less variation
with deeper breathing than with shallower breathing. This 1s
because the full capacity of the lungs is not being used during
shallower breathing and therefore the opportunity always exists
for a deeper breath. The metabolic demands agsociated with
deep'breathing are less likely to permit'many shallow breaths.

The third finding is the relationship between
regpiratory frequency and cardiac measures. The factor analysis
suggested such & relationship, but the more important evidence
was found in the spectrum analysis which showed the direct
me thod of associaticon. The spectrum analysis of the cardiac
interbeat interval showed an involvement with the respiratory
mechanisms under all conditions producing the phenomenon of
- respiratory sinus arrhythmis (RSA). RSA was originally

observed by Hering and Breuer (1868) in connection with
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respiratory stretch fibres, bqt its association with cardiac
frequency is more likely'to include blood flow distribution
changes within the pulmonary circuit and the aortic
baroreceptors on the left side of the heart. The respiratory
drive is a mechanism which maintains cardisc output .
homeostasis without depending solely upon the feedback from
the cardiovascular system. It -maintains a degree of control
within a distinect range by imposing a regular, oscilllating
impulse. The evidence for this distinctive range is that the
maximum RSA occurs when the respiratory frequency entrains

the blood pressure system (5 ~ 7 cycles per minute or 0.1 Hz).
The entrained blood pressure control system causes minimum
afferent .impulse to the RAS and reduces levels of arousal.

The control of arousal is therefore influenced by respiratory
pattern‘and frequency. Specifiic breathing patterns may reduce
high adrensergic involvement. Acute cardiac distress may proﬁe
to be less dangerous if patients are trained to breathe in a
manner which causes a lowering of adrenergic influencss.
Support for this hypothesis comes from Eriksson's (1975)
observation of a low HRV as a risk factor in future death from
ischaemic heart disease.

Breathing pattern is also a characteristic of maternal
relaxation training in prenatal clinies and is considered of
great importance during birth. There are undoubtedly other
psychophysioclogical reascns for such a practice, but the calming
influence may be caused bj the process described abovs.
Breathing control is characteristically used in autogenic
relaxation techniques and is necessary for the correct _
intonation of the 'mantrat! used in transcendental meditation.
Both of these procedures require a breathing rate of about
6 cycles per minute which is the same frequency as the maximum
blood pressurs entrainment. The information gained from the
spectrum analysis techniques used in this study presents a
physiological basis for a decrease in arousal and explains
the necessity for controlled breathing in certain relaxation
practices.
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A further application of the relationship between
HRV and breathing pattern is to indicate the state of the
autonomic nervous system in certain diseases. Young diasbetics
have different HRV characteristics from normals, Murray et al
(1975). This is considered to be caused by vagal denervation
of the heart, but this study had limitations'because time
serles analysis was not used to describe HRV. A viable
screening device for the early stages of autonomic neuropathy
could be developed by altering the respiratory pattern and
noting the change in HRV. Work has already started on
continuous monitoring systems of HRV by spectrum gnalysis in
the form of a single-patient microprocesgsor for use in an.
intensive care unit. The computer-aided analysis of the
cardiasc rate signal is described by Brodie ot al (1979, 1980)
and shown in Appendix 5.1. Thermal entrainment procedures
have similarly been used for cardiovascular investigatlons,
Hitchen, Harness and Mearns (1980).

. Respiration and thermal entrainment procedures have
numerous applications. They may be used to test the integration
of the autonomic nervous system, (a) in the deterioration of
diabetics by periodic screening, (b) in the different diagnosis
of postural hypertensidn, and (¢) for eclinical estimation of
dose responge for anti-hypertensive agents, particularly
gangiion blocking drugs: They can also be used to establish
the normal responses of temperature control. Entrainment
procedures have a place in intensive care to test the adequacy
of blood volume replacement and cardiac output. They can also
be used to study thermoregulation during work in both industrial
and sporting contexts. The extent of hypothermia and related
conditions such as immersion-foot and frostbite could be |
asseéSed using these techniques. The most important application
may be in the quantification of congenital heart disease
including central shunts, atrial and ventricular septal defects.
Other heart diseases such as aéquired pulmonary venous
hypertension and cyanotic diseases could be examined similarly.
A further application of respiratory and thermal entrainment
procedufes is to test the many drugs said to improve peripheral
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circulation. Periphersal vascular disease, particularly
microangiopathy {(Raynaud's disease) would be typical of the
conditions treated by such drugs. An alternstive discipline
which could utlilise these sntrainment procedures is psychology.
The psychological aspects of concentration and attention may
benefit from a greater understanding of the physiological
-changes associated with respiration and thermecregulation.

This section of the study has shown the inadequacy of
drawing detailed conclusions from heart rate variasbility
measures without a full assessment of respiratory involvement.
The results have shown how the information content of a simble

. signal (Figures 3.15 and 3.16) can be gréater than originally
considered. The development of on-line microprocessing systems

will produce a new generationlof patient monitoring techniques
which should be an invaluable support to medical personnel.
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This thesis has shown that psychophysiological measures
intercorrelate poorly during conditions of high aroussal. This
mey be explained by examining antonomic innervation. Adrenergic
changes moblilise bodily resources and supply energy to the organs
in greatest need. The responss effectors which have
parasympathetic involvement (e.g. heart rate) are more directly
involved in‘energy metabolism. Those which contribute least to
metabolic control (sweat glands, cutaneous blood vessels) are
exclusively sympathetically inmervated. The importance of the
variation in autonomic innervation has-been expressed by
Dykman et al (1963) who suggested that "the level of sympathetic
funetioning might well determine the limits of parasympathetic
variation". This means that response systems which have no
eholinergic constraints tend to lack sensitive changes to
- increased arousal. The response systems that have high
cholinergic constraints show normal adrenergic changes but
usually increase their respenee to a further demanding stimulus.
This would explain the high initial readings of EDA in the
present study (no parasympathetic control), the graduated
respiratory frequency results (limited cholinergic control)
and the insignificant differences shown in the heart rate
readings (substantial cholineréic control), Table L.2. Arousal
determines the level of body function, but the pattern of the
sympathetic and parasympathetic nerve tuning will determine
the specific regulatory actions. This can be illustrated
particularly well by examining mean heart rate which is under
the dual innervation of the adrenergic and cholinergic (vagal)
divisions of the ANS. This innervation of the SA node is
rarely of equal magnitude. Robinson et al (1966) and Power
(1975) agree that the cholinergic influence on mean HR is
dominant at rest. The increase in HR during mild exercise is
caused mainly by a decrease in parasympathetic activity.

Cardiac acceleration at higher work levels also involves
sympathetic stimulation. Robinson et al (1966) have shown

that baroreceptor sensitivity remained unaltered during exercise.
The responsiveness of the parasympathetic nerves must therefore
be influenced by the CNS. This means that heart rate is
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increased under exercise conditions by a progfessive change
from vagal and cholinergic dominance to adrenergic dominance.

The autonomic influences on HR and HRV are more complex
during mental work because the metabolic requirement is not so
pronounced. The alterations in HR appear to be vagally
modiated when there is a close relationship between HR and -
somatic.activity, Obrist et al (1975). The non-vagal influencses
on the heart become predominant when this cardiac/somatic
relationship breaks down. An invaluable index of the
association between psychological stress and sympathetic nerve
action could bhe the cardiaé/somatic independence. Figure 5.5
illustrates this relationship. Sympathetic nerve activity
increases more during mental exertion in subjects with a low
initial level than in controls, Blohmke Schasfer and Stelzer
(1967). This indicates that resting level influences
sympathetic nerve action. The low resting heart rates
characteristic of athletes is caused by reduced adrenergic and
increased cholinergic activity, Ekblom, Kilblom and Soltysiak
(1973). These statements support the suggestion that the
breakdown in the cardiac/somatic relationship may be a
useful indication of sympathetic activity.

In conclusion, certain arousal sub-systems have
in-built controls (parasympathetics) which give the system
gensitivity. This allows an extreme stimulus to produce an
appropriate response dus to the response capacity not being
exceeded previously. With mental work the cardiac/somatic
relationship is more important in modelling the cholinergic/
adrenergic balance.

4
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The increase in oxygen utilisation during mental
tasks (see Table [.2) was an original finding of this study.
Obrist (1976) clearly respects the potential of this measure
to support his cardiac-somatic model. He states that "even
if we were able to measure oxygen consumption, I am not sure
that our technology is sufficiently advanced to detect what
would have to be very minute changes in V02'" The
replacement of the open circuit systems by methods of continuous
analysis, Brodie et al (1978) and the development of micro=-
electronic techniques, Brodie, Humphrey and de Looy (1978),
advanced the technology to a state where changes in Vg, became
significant. Somatic inveolvement was assessed before these
recent developments by measurements of general activity,
eye blink rate and chin EMG, Obrist et al (197L). Oxygen
consumption provides a more direct measure of somatic activity
than those methods used by many psychophysiological workers.
Increased oxygen consumption during high levels of arousal
suggests greater gtriated muscular activity., A further cause
for an increase in oxygen utilisation however, is the .
requirement of the RAS and the CNS in general. The total
oxygen consumption of the brawn is about 50 ml min-l which if
expressed in terms of blood flow per 100g, substantially
exceads that of powerfully contracting muscle, Keele and Neil
(1965). This makes the metabolic rate of nerve cells extremely
high. The cerebral blood flow is almost identical (600-900 ml
per minﬁte) with the total skeletal.muscle blood flow at rest.
Venous blood leaving the brnln is more extensively reduced than
elsewhere in the resting body, thus the cerebral blood demands
as much or more of the available oxygen than the striated
musculature. This being so, the brian and musculature could
both be expected to receive a proportion of the increased
oxygen consumption. This increased oxygen utilisation during -
high srousal levels is compatible with Howard and Scott's (1965)
conclusions. They considered that failure to master
peychological problems used more energy than would have been
the case if mastery had been achieved. Excesgive energy
utilisation thus occurs in the conflict situation which is
of ten the hallmark of stress. Change of habits can also cause
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increased oxygen utilisation. This was observed in stressed

rats as increased grooming and postural changes. Excessive
pacing up and down before an important meeting may be the
equivalent in humans. The present study was designed to
eliminate increased. movement during the mental tasks by

enguring that the subjects pressed the microswitches randomly
during the basal and recovery conditions. More detail concerning
oxygen utilisation can be deduced from a further measure, that of

inspired volume, V Inspired volume did not contribute to the

increased Voz, andItherefore the percentage oxygen in expired
air (Fg,0,) must have caused the difference. It would be
difficult to state whether changes were occuring at cellular,
vascular or alveolar levels without sampling blood Pgs, but

it 1s not caused by adjustments in external respiration.

The two measures of heart rate (Hf) and respiratory
frequency (Rf) wore isolated on one factor during physical
work, Figures L1.19 and 4.20. The body provides chemoreceptors
to monitor the bicarbonate values in the blood. The available
carbon dioxide and Vp, would therefore be expected to have a
fairly close relationship with the other two measures (Hf and
Rf) involved in the control of cxygen transportation. Vg, , .
however, never loads on the same factor as Hf and Rf. This
dissociation suggests that under certain conditions the

increased oxygen utilisation has its own modus operandi which

1s not associated with other aspects of the oxygen transportation
gystem. This iz a further example of independence between
arousal subsystems.

The megsurement of oxygen consumption gives an
opportunity to consider further the cardiac-somatic relationship
for demanding physical and mental tasks. Obrist (1963) considers
that the cardiovascular and somatie musculature can be so finely
tuned or coupled that the least alteration in somatic activity
will be accompanied by an equally discrete alteration in heart
rate. Elliot (197L) even suggests that "the heart provides in
one muscle a picture of the total somatic involvement at any
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given time." These simplisﬁic statements would only apply

over a limited physioclogical range and require substantial
modification to concur with the present results. Obrist
(1976) modified his earlier conclusion to state that

"when the heart is under vagal control it is directionally
linked with somatic activity. When under greater sympathetic
control it is directionally independent of concomitant
gomatic activity.m

This now acknowledges the existence of cardiac~somatic
uncoupling under certaln conditions. The literature on
uncoupling shows a consistently higher heart rate during
conditions of extreme arousal than would be expected from Voo
measurements, Blix et al (1974), Stromme et al (1977), Cohen
(1973) and Hahn and Slaughter (1971). The results of this
study during the mental work showed the opposite relationship.
Oxygen uptake inereased whereas heart rate remained the same.

The first eiplanation for this is that the level of
metabolic changes, even though showing statistically significant
différehées, are still so near baseline values that the mechanism
which causes the discrepancy between Hf and Vo, does not operate.
The expected mechanism would involve an increase in sympathetic
or decrease in parasympathetic innervation. The autonomie
nervous sysﬁem produces a heart rate in excess of somatic
requirements at high levels of arousal. The lack of heart rate
increase during the present experimental conditions suggests
limited autonomic involvement. The observed metabolic
adjustments must have required some form of circulatory
adaptation during the mental load, particularly as the response
continued over the full 10 minute experimental period, (Table
h.2). 4n alternative expianation is that the adrenergic action
on the heart is maintained, but the sympathetlics are having
their influence on the contractile force of the heart by acting
primarily on the AV nodse and the Purkinje fibres. The cardiac
output could be incressed in this way to supply the needs of
the musculature without & change in heart rate.
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The implications of this proposition particularly
apply to cardiac rhythm. Any dramatic change of adrenergic
influence may cause the AV node to dominate the heart rhythm.
This will alter conduction time which 1is normally measured
on the electrocardiogram as the interval between the top of
the P wave (AV node excitation) and the beginning of the QRS
complex (start of the invasion of the ventricles). A
shortened P-R interval may indicate that the impulse has
arisen in the AV node. The ventricles would contract sooner
than normal causing the heart to become inefficient. Such a
condition may well be associated with cardiac failure. This
contention is supported by the many instances of heart attack
during situations of high sympathetic involvement.

Figure 5.6 summarises the proposed mechanisms. Stage 1
. ig the observation of the present study. The Voo exceeds that
expected from the normal Hf/vo2 relationship during psychologica%
load and at low heart rates. It is suggested that this is a
response to a metabolic demand in which an increased contractile
force produces the required cardiac output. Stage 2 is the.
.cardjac-somatic relationship in which Hf/V02 ratio is in accord,
and Stage 3 is when the parasympathetic restraint is lifted and
He increases disproportionately. The point at which cellular
metabolism and cardiovascular adjustments are closely linked,
(Stage 2, Figure 5.6) could indicate internal organisation in
which performance is at an optimum. The diseqﬁilibrium caused
by cardiac-somatic uncoupling (Stages 1 and 3, Figure 5.6)
produces 'noise' as the body attempts to restors homeostasis.
The result is an inefficient use of available energy with a
consequent diminution in performance. The involvement of the
metabolism could be an alternative sxplanation for the proposals
of Cooper (1973) who considered the 'signal to noise! ratio as
the basis for changes in performance during arousal. Future
investigation should examine performance in the context of the
heart rate/oxygen consumption ratio. Performance levels during
these "additional heart rate" conditions become important when
life or expensive equipment is involved. Human error during



- 24 -

e

wiw}]

T

1
T

1

e

ale

-y
H
™
P
b1

.

-

3
atin

i

Tl

Ll

T
L
i
i

]
CSTAGE

hantsms—rel

2l works

t

arn

A

Vo5

=

ww ] ) L T%,
HHE \ e
: \ ST

5 N SIS

3 et m
T8

£

g HE

Runf

" 1.1 .

4”_. " ) l.‘W
b mw i
¥ p 11

1 J.H”mu

QI

3}

at it

oL il

LS UL,

L ¥ G TP




- 245 -

activities such as piloting aircraft or deep sea diving may
be linked with specific physioclogical episcdes. A subject
may be considered at risk when the heart rate is in excess

of that required for metabolism. The stress stimulus should
then be reduced. The consequence of human error is so severe
in certain jobs that an investigation into the physioclogical
gtress responses assoclated with cardiac failure would be
well worthwhile.

The conclusions to be drawn from this part of the
discussion involve the relationships between oxygen consumption
and mental and physical work. Hitherto 1t may have been
~reasonable to consider oxygen consumption was related directly
to somatic activity, and that it reflected other correlates of
me tabolism such as mean heart rate and respiratory frequehcy.
This thesis has shown that there are situations when neither
of these statements are true. The change in oxygen consumption
during mental work is closely associated with internsal
respiration. The alteration in the cardisc/somatic
relationship involves the sympathétic nervous system and this
has implications for arousal thresholds and the potentiality
for human error in skilled tasks,
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Individual differences are a dominant feature of this
study and may indicate the way people use their energy stores.
It is proposed that at low levels of arousal, energy is mainly
in the form of potential énergy. Metabolic processes are
minimal and kinetlc energy is only sufficient for basic
requirements, The variability of response at low levels of
arousal will be influenced by the capacity of individuals to
store energy. Individual physiological mechanisms may use the
available energy uniquely and this will cause the different
'responses of the arousal subsystems. The resevoir of potential
energy will be converted into kinetlc energy as the stimuli
become more demanding. This will reduce the variability of
the responses. This model complements the ideas of Welford
(1973) and Cooper (1973) concerning the lowering of synaptic
resistancies. The limited availability of kinetic energy at
lower arousal levels means that few cells exceed the threshold
levels required for a co-ordinated neuronal activity pattern.
Adequate supplies of kinetic energy are available at higher
arousal levels; more synaptic connections are made and the - _
neuronal activity patterns are improved. The system is swamped
with kinetic energy at the highest arousal levels and this
causes a reduced efficiency in the brain with a consequent
reduction in performance.

The different responses of individual measures can also
be explained in terms of their homeostatic requirements.
The importance of homeostasis was recognised by Cannon (1939)
and by Freeman (1948) who considered that:

"in psychophysiological assays the most important
feature of the organism is its tendency to maintain dynamic
equilibrium.”

The response may be minimal at lower levels of arousal
because homeostasis 1is largely unaffected. The response will
aim to reduce or remove the effect of the stimulus at higher
levels of ‘arousal. The different arousal subsystems must be
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¥
considered relative to their importance in maintaining
homeostasis. This suggests the possibility of a response

hierarchy, with certain measures responding in an ordered
manner, reflecting homeostatic needs. A measure that has

. little influence on metebolism would respond early in the
hierarchy (Table 4.2), when the levels of arousal were low
and metabolic requirements minimal. One of these "early
responders™ in the responge hierarchy would be EDA. The
place of EDA in the response hierarchy is supported bj
Epstein, Boudreau and Kling (1975) who have shown that EDA
is more sensitive to cognitive demands than motor demands.
. EDA responds before a commitment to restore homeostasis 1is
required. Those measures which reflect homeostatic
adjustments operate more significantly as arousal levels
increase. The observed lack of relationship between the
-different arousal subsystems (Figure 4.18), was the net
regult of this response hierarchy based on homeostatic needs.

The implicatlons of this postulate is that each
individual requires a specific profile based on homeostatic
responses to a range of stimuli. Such a profile would be a
valuable diagnostic tool, and useful in assessing the severity
of a stress stimulus or the implications of a stress response.
Sport scientists often compare psychophysiological responses
during pre- and post- competitive states without normative
values on their individual athletes. A more productive
- strategy might be to establish psychophysiological measures
under basal conditions and then involve the sports coach in
both similation and resl competitive‘situations. This
fundamental ethos of “knowing your subject™ would apply
equally to the cliniciant's approach to a psychosomatic patient
and to the industrial psychologist dealing with an executive
displaying symptoms of stress.

Conditions of persistent, high mental and physical
1oad are not necessarily harmful, although many studies imply
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that this is the case. Certain people find great satisfaction
in work which involves regular, demanding challenges. The
satisfaction may be related to the physiological changes
agssociated with catecholamine release. Such people devselop

a lifestyle in which their bodies demand autonomic _
disequilibrium on & regular basis. A change in lifestyle may
cause 'withdrawal symptoms! which produce more problems'than
the conditions of apparent stress to which they had adapted.
Support for this hypothesis comes from the life expectancy' |
figures at retirement. Those individuals who replace work
with few challenging alternatives die earlier than those who
find employment or simply do not retire. The normal research
strategy is for people with mentally demanding occupations to
be studied during their work. A more profitable alternative
for future research may be teo examine such people when they ars
brevented from working. The heart surgeon or television news
producer who thrives on the challenges of his job may suffer
dramatically from not obtaining a regular increase in '
catecholamine excretion. The consequenceg of this would be
important when faced with re-employment, redundancy or
retirement.. An alternative method of providing the required
autonomic disequilibrium may be physical activity. PFuture
research needs to investigate the sppropriate 'replacement
therapy! for people in most need.

The experimental work in this study has demonstrated
repeatedly the limitations of a generalised arousal response.
This is supported by the independence of the cardiac measurses
of rate and variability, and the variety of relationships
shown .in the factor analysis. The consistent occurence of
individual differences for each measure also shows that a
generalised arousal system has limited validity. The reasons
for the independence of arousal subsystems have already been
discussed. They include differing‘degrees of cholinergic/
adrenergic confrel, the reQuirements of the organism to restore
homeostasis and the availability of potential and kinetic
~energy. The combined effect will be for individuals to trigger
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an appropriate arousal subsystem response at different times.
An alteration in stimulus characteristics, both between and
within mental and physical work, also causes different parts
of the total system to operate. There are a number of other
factors which contribute to the individuality of the organism
irregpective of the stimulus. A convenient ‘divisgion is into
extrinsic and intrinsic factors. '

Extrinsic factors are not innate characteristics of
the organism but influence the stimulus situation from the
environment. They include the climatic environment, present
events, social norms and external motivation. Intrinsic
factors involve the human organism and represent more innate
characteristics. Some may have been accquired through
experience, learning and because of past events. Genetic
endowment , the sensory processes, the inftention of the
organism, Blatt (1961), internal motivation, and the
perception of threat, Lazarus and Baker (1956} are all
examples ofi'intrinsic factors. Intrinsic factors are ansalogous
to a ftrait'!, whereas extrinsic factdrs will cause & specific
'state'.  An important intrinsic factor is the personallty of
the individual. - Personality represents a common characteristic
of intrinsic factors, namely direct action upon both the
stimilus situation and the other stages of the total system.
Both extrinsic and intrinsic factors dictate the context of the
atimulus for a given individual. The gtimulus situation is the

first major stage in develeoping a model to describe human
responses to demanding mental and physical work, and is shown
in Pigure 5.7.

The next stage in the system is that of perception.

The organism, by constant reference to intrinsic factors

((1) on Figure 5.7), perceives the stimulus situation in a
particular manner and the result is an appropriate response
strategy. A further influence upon the perception stage in
the total system is the level of arousal, which is dependent
upon RAS sactivation and cortical tuning. Teichner (1968) has
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suggested that cortical tuning is influenced by certain
intrinsic factors such as genetic endowment and learning, so
it isg nécessary to place a fesedback loop between tlese elements
of the model as (ii) in Figure 5.7. The level of arousal
influences the energetics balance which is also related to
personality, Freeman (1948). This is included in the model

as a further feedback loop to the intrinsic factors, ((iii)

in Figure 5.7). Energetics is a key feature of the system
with its relationship.to the homeostatic needs of the organism

of major importance.

Human responses involve the ftriggering of arousal
subsystems, each one having specific features. The different

responsse lateneieé‘and response limits, the different degree

to which they are subservient to homecostatic needs, the
different way that each individual perceives the stimulus
gituation, all cause confusion if they are used interchangeably.
Psychophysiclogical responses have a regulatory function to
maintain homeostasis, or should the stimulus be sufficiently

demanding, to restore homeostasis. This regulatory function
means that the response is not necessarily the end point in

the system,‘but is involved in the control of other stages.
This is clearly the case when reSpiration, blood pressure and
temperature influence cardiasc varisbility. Heart rate is an
independent arousal subsystem which has a regulatory function
~upon cardiac output and is also involved in the maintenance. of
adequate blood pressure. The changes in metabolism which were
ghown during mental work similarly support the notion of
different arousal subsystems acting in a regulatory manner.
This is because the capabity of a single subsystem such as
oxXygen absorbtion at the alveolar interface, may not be adequate
to bring about the required change. This has been shown in the
model as a by-pass loop between homsostatic needs and the
regulatory function. '
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The relationship of the arousal subsystems to
homeostatic needs is included in the model ((iv) in
Figure 5.7), as is feedback from the regulatory functions
to perception, ((v) in Figure 5.7). Excessive sweating and
loud, rapid heartbeats would be examples of a regulatory
function acting on individual perception. Doctor et al (1964)
and Lacey (1967) state that autonomic afferents from heart
rate changes feed back to the RAS producing modulation of
activation level. A further feedback loop ({(vi) in Figure 5.7)
accomodates this evidence,

. The assoclation between homeostatic needs and the
perception of a stimulus situation is critical. The coping
me chanlsm of the arousal subsystem response may not be
~adequate if a great disparity exists. An imbalance between
the perception of the stimulus situation and the appropriate
coping strategy is the condltion commonly called stress,
Figure 5.7 shows that the intrinsic factors, the level of

arousal, and the regulation of the arousal subsystems may all
'contrlbute to the potential 1mba1ance. These factors have
made stress an  elusive concept, and it may be better to
consider stress in the fractionated manner proposed in the
model.

This study has shown that a generalised response to
changing levels of arousal can.be considered only at a
superficiagl level. The ssarch for a'single measure which
could indicate some specific level of arousal should ceass.
The direction of future study should be to develop knowledge
of the relationships between the several aroussl subsystems.
This knowledge could be applied to stress induced diseases
- and stimulus situations involving large excretion of
catecholamines. The relationship between such conditions and
heart attacks requires further research and would have special
relevance in preventative medicine and the study of

psychosomatic illness.
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The final conclusions from this thesis relate to-.
the integration of psychological and physiological domains.
The complex relationships that exist between the arousal
subsystems\produce ¢lear individual differences in
psychophysiological response patterns. The information
gained in this study of human regulatory systems and processes
explains how inconsistencies and ambiguities have arisen in
previous work. This thesis has shown that certain psycho-
physioclogical measures have been used previously to support
psychological postulates without sufficient scrutiny of the
underlying physiology. The use of a cardiovascular measure as
an index of both perférmance and involvement is an example of
this inadequacy. Human responses to demanding mental and
physical work are complex, and although this thesis has
partially established the unique properties of the different
psychophysiological arousal subsystems, further study will be
. required to predict human action with better precision. The
notion of a stimulus situation is of benefit in understanding
human responses, as are the factors which influence the o
stimilus situation in the proposed medel. It is clear that
future work on human psychology and physiology must benefit
from a ¢lose interaction between both disciplines.

Perhaps the following statement implies the necessity
for such interaction:-

"No enquiry that begins or ends in the intellect is
worth treating seriously" :

Leonardo da Vineil,

| (1452 -~ 1519)
and the important relationship between physical and mental
activity is undoubtedly considered in the quotation:-

"Wwalking to and fro stimulates the mind"

Herodotus_

(48L - 409 B.C. )
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SECTION SEVEN

THE APPENDICES

Appendix 1.1

BElectrophysiological responses in the stress process

Regearcher(s)

Date

1973  Laurig

1971 Peake and Leonard

1972 Levi

1970 Danev and Wartna

1964  Haida and Popper

1370 Craig and Wood

1959  Deane

1971  Janis

1968  EKalsbeek

196l Fenz .

196, PFenz and Epstein

1970 Danev and Wartna

1940 PFreeman

1971  Janis

1967 Taylor and Epstein

1969 Glass, Singer and Priedman

1969 Manigault, Valentin and
Tarriers

1970 Kelly, Brown and Schaffer

1967 Blohmks et al

1967 Blohmke, Schsefer and Stelzer

'ResEonse

Mean Heart rate, heart
rate variability

Mean'heart rate
Mean hesart rate, ECG

Mean heart rate, heart
rate variability

Mean heart rate

Mean heart rate

Mean heart rate

Heart rate variability
Heart rate variability
Electrodermal activity
Electrodermal activity
Electrodermal activity
Electrodermal activity
Electrodermal activity
EDA and mean heart rate
Electrodermal activity.
Electroencephalography

Electromyography
Electrocardiography

‘Electrocardiography



Date

1969

1957

© 1953:

1964
1970
1956
1967

1970
1961
1968
1962
1955
1950
1957
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Appendii 1.2

Behavioural responses in the stress process

Researcher(s)

Pitts and Posner

Broadhurst

Deese, Lazarus and Keenan
Ealsbeek

Dansv and Wartna

Davidson, Andrews and Ross
Diamond

Martenuik and Wenger
Ryan

Carron

Berkun et al
Castaneda and Palermo
Mackworth

Ulrich and Burke

Response

Reaction Time, tracking
tasgks, learning tasks

Rats learning maze
Learning curves

- Errors on multiple tasks

Errors on multiple tasks
Errors of ommission

Cirecls filling and
transposition of symbols

Pursuit rotor

Stabilometer perfo%mance
Stabilometer performance
Radio repair

Choice reaction time
Vigilance tasks

Gross mechanical efficienc;



Date
1972

1956

1971

1972

1962
1949
1952
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Appendix 1.3

Metabolic responses in the stress process

Researcher(s)

Carlson, Levi and

Oro

Board, Persky and
Hamburg

Tevine
Levi

7 Berkun et al

Brody

Hertzel, de la
Haba and Hinkle

Responsge
Mobilisation of free fatty acids

Hypertrophy of adrenal cortex

Increase in ACTH production
Increase in adrenaline excretion
17-hydroxycortico~-steroid increase
Protein bound iodine

Protein bound iocdine



Appendix 1.4 The. use of EDA as a measure of autonomic activity

1944

Electrodermal Independent
Author(s) Date Moasure Yariable Comments
Craig 1968 sSC Imagines, vicarious and 8C could not distinguish between different types of
stress although an increase in conductance was observed.
Bowers 1971 GSR High/iow shock ? usefulness and ethics of electric shock treatment for
extrapolation to non-laboratory situations. Also
potential intrusion of shock to underlying electrophyai—
ological measure.
Brodsky 1969 GSR . Socio~econonic status Complex aociblogical factors make any causal
explanation doubtful.
Bernal & Miller 1971 GSR Variety of sensory Comparison of normals v schizophrenics with greafer
: gtimuli regponsivity of normals to early trials. t
_ n
Wallace & Fehur 1970 SR Distraction condition . Small subject number (n=10) No counterbalanced design, 53
Volavka, Matousek 1966 . GSR Mental arithmetic and _ No rationale given for GSR 'as a monitor of the gemeral l
& Houbicek eye opening level of activation!.
Tizzard 1968 SPR Response to sounds in SPR used as a measure of reaponaivehesa. Relationship
normals and subnormals between EDA and responsiveness assumed and only
considered in terms of habituation.
Stennett 1956 5C Tracking tasks at Rationale based on previous work suggesting relation-
various intensities ships of arousal to conductance level,
‘Shaw & McLachlan 1968 Log Sensory Tasks EDA assumed to be related to arousals no'rationale
Conductance ’ given. :
Ryan & Ranseen SR Muscular activity Reatricted by early equipment. That EDA indicates

changes in the functional response of the sympathetic
gystem not proven.



Appendix 1 (cont)

Electrodermal Independént . -

Author(s) Date Measure Variable Com;qents B

Penz & Craig 1972 sC Sleep deprivation Expected relationship discussed inadequately.

Epstein & 1970 sSC Induced anxiefy No rationale for EDA, but examined the aspect

Rouperian of individual coping strategies,

Bason, Bearshall 1965 SC. Vigilance task Relationship of EDA to activity level of

& Jaffes . sympathetic branch of the ANS assumed and
performances during task related directly
to the activation level.

Doctor, Kasway 1964 Spontaneous Motor Performance No relationship reported. No account of

& Nakamura GSR respiratory pattern influence, although '
apparently aware of the potential artefact. N

a

Church " 1962 __,5¢C Competition Used ag a Ymotivational level?, but no causal o
relationship considered. I

Burdick  GSR Neuroticism

1966

Equates various EDA measures with ANS activity
without any attempt to justify-it.



Appendix 1 (cont)

| Electrodermal Independent
Author(s) Date Measure Variable Comments
Roessler, Burch 1966 Basal slim Sound and light stimunli Showed relationship of GSR amplitudes to intensity
& Childers resigtance of stimulation., Failed to show difference between
GSR basal and stress condition,
Milosevié 1975 SR Avditory vigilance EDA used to measure activation hypothesis with the
rationale given for using the measure.
McDaniel, et al 1968 GSR " Cold pressor and EDA changes commensurate with increased sympathetic
‘ reation time activity but with no rationale,
Ievinschson 1955 GSH Cold pressor and failure Stress responses on EDA observed but used abnormal
: gtress ‘ populations, '
Lakie 1967 GSR Task difficulty Use of hand contraction considered to produce _ f?
abnormal resulis due to increased muscle tension.
. [
Katkin 1965 GSR SR Threat of shock Unqualified statement that GSR measures ANS
~ - activity.
Hustmyer & Burdick 1965 GSR Repeat testing Refers to GSR as a measure of ANS spontaneity in
’ other studies.
Harding, Stevena 1972 sC Rate of information Used as autonomic r68ponae without qualifiéation.
& Marston processing
Glass,Singer & 1969 5{H Noise No physiological explanation of habituation. .
Friedman _ '
Frankenhauser 1967 Y Perceptual conflict tasks Clear relationship between EDA and 'stresatl, with
et al no reference to the ANS, but simply a physiological

index of activation.
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Appendix 2.1 - Analysis of variance table
from Salford Univeristy Statistical Package

NWD5

RESULTS FOR DATA SET HUMBER |

ANALYSIS UF vARLAWCE

SUURCE DF  SuM UF SWUARES MEAN SLUAKRE F
TREATMENTS 9, 118,117 13,1242 , Gelwd
ERRUR . St 3629,93 120,864

Ak A Ak RNk A Ak kR A ARk A kAR
ToTAL 39, 3744,05
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Appendix 3.1 - Program variables used to convert
analog signals fo digital heart intervals.

TM (0) Time of run (secs)

TX (4000) max. period without pulse (ms)
TC (1) - Time constant (sec/is)

TS (10} min. pulse length (ms)

I (4) ' no. of initialising pulses (no.)
VH (800) high pulse level (mV)

VL

(80) ‘ low pulse level (mV)
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Appendix 3.3 - Stages involved in producing a
spectrum analysis graph plotalgorithm.

(1) Read in data

(2) Set constants

(3) Form real numbers from integers

() Remove DC component

(5) Rescale and form root mean square value
(6) PFast fourier transform subroutine

(7) Power spectrai density values

(8) Draw raw-power spectral density (PSD)
(9) Obtain smoothed array

(10) Additional smoothing if required

(11} Form sum of PSD components

(12) Set values for drawing smoothed PSD
(13) wWritten output

(14) Draw smoothed PSD
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Appendix .1 = Self evaluation questionnaire of

perceived feeling.

Name Date

Directions: A number of statements
which people have used to describe

themselves are given below. Head
‘each statement and then put a circle
around the sppropriate number to the
right of the statement to indicate how
you feel right now, that is, at this
moment. There are no right or wrong
anawers. Do not spend too much time
on any one statement but give the
answer which seems to desecribe your
preéent feelings best.

TIV &4V ION

XITHOIIS  XUEA

Time

ATHIVA

LVHMHHOS

08 ATHLVHAAOW

ATILINTANCE HLIAD

08 HOOW ZXYdA

ATLLHTIIHOD

1. I feel good

2. I feel under pressurse
3. I feel unhappy

. I feel rested

5. I feel uncomfortable
6. I am relaxed

7. I feel unpleasant

8. I am tense

9. I am content

10. I feel lively

11. T feel uneasy .

12, 1 feel finé

13. I feel unwell

1), I feel cheerful
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Appendix ;.3 - Specimen factor analysis from Honeywell FACTAN

program showing the correlation matrix, eigenvalues and the

proportion of the total variance.

THE CORRELATION MATRIX IS

1.000000
0154279

-0.199037
-0.139232

0.310344

0.071615

0.221424
0+1695€3

0.03145¢
-0.047930

-0+401530
-0.209116

0.154279
1.000000

0.037357
-0.081222

-0.094060

~0.056181

EIGENVALUES

2.238€91
0.69407¢6

PRCPCRTIONS

0.248743
0.077120

-0.199037
0.037357

1.000000
-0.009378

- =0.053308

-0.077520

-0.015929

-0.253266
0.180192

0+277655
0.209632

-0.139232

-0.081222

-0.009378
1 +000000

-0.049755
G.215948

ARE

1.495471
0.459922

0.166163
0.051102

0.310344
~0.094060

-0.053308-
=0.049755

1.,000000
0.016431

0.143880
0.134143

0.193374
0.21 6994

-0.067721
0.123565

0.071€15

-0.05¢6181

-0.077520

0.215948

0.016431
1.000000

1.105320
0.302953

OF TOTAL VARIANCE ARE

0.122813
0.0336¢!

0.221424

-0.516877:

0.143880

1 .000000

P.098233
-0.274978
0.169563
-0.015929

0.134143

0.965584

0.107287

0.031456

-0.253266

0.193374

0.098233

1.000000

-0.295673

-0.047930"

0.180192

0.216994

0.89273¢

0.099193

-0.401330

0.27765¢

-0.067721

~0.27497¢&

=0.29567:

1 .00000(C

-0.20911¢

0.20963¢

0.1235¢!

0 .84524¢

0.09391:



Appendix L.l4. - Specimen factor analysis from Honeywell FACTAN

program showing the factor lcadings and the rotated loadings.

THE FI§§T 3 FACTORS ARE CONSIDERED SIGNIFICANT

HW MANY FACTOHKS DO YOU WISH TO KOTATE ?
=3

' FACTOR LOADING

-0.125413

1 1S _
0.604776 -0+679619 0.389354 0.679069
0.372450 -0.085908 0.031406
FACTOR LOADINS 2 15
-0.215497 -0.198123 =0.016505 0.143635%
~0.309308 - 0+650595 0.717106
FACTOR LOADING . 3 IS
0.396008 Oedllals 0.696706 -0.387839
-0.232347 0.105601 «0.065638
INPUT EHROR CRITEKION
3-0001
THE VARIMAX CHITERION =
D+33564446E 02
THE VARIMAX CRITERION =
0.34404962E 02
THE VARIMAX CRITERION =
0.«34405285E 02
THE VAKRIMAX CHITELION =
0.34405286E 02
THE ROTATED LOADINGS ARE
0.255164 -0.800281 -0.085404 0.783853
0.424352 -0.102678 0.094724
-0.139918 -0.169313 0.087¢88 0.118315
-0.322230 0+£55045 0.703445
0.695937 -0.035759 0.788851 0.061339
0.066856 -0.046678 '

0.413030

04542933

0.270727

0.20415¢

 0.588392

0.388301

-0.69328

0.+24680°

<0.02€605"

-0.539523
0.215025

-0.452677
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The correlation matrices between mental and
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and physical conditions for the measures of EDA,

Heart Rate, Oxygen Consumption, Respiratory

Frequencey and Simple Reaction Time.

Dyt -~ Ppr DR Do Dy Dp
1

824 1

QL . TOust 1

. 78w .G 343 823 1

.20 .36 .16 3201

.01 -.01 .00 -.09 .32 1

Correlation matrix showing similarities
between mental and physical résponses for EDA

Dyr Dpr Dim Do Py Dp
1

.23 1

o T 230 22 1

NI CThsssme LN 1

- L2 -6 -.3!4. o = L8 1

- .53 .10 -.5ha -.39% -,08 1

#=E p <, 001
*E pe¢.0l
p¢.05

&

ul
kY

Correlation matrix showing similarities

#¢ p<,001

between mental and physical responses to heart rate.
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Pyr Dpr Dy D
.\ .

A2 1

« 9Ll i3 o1

RIS NIRE .38 1
.09 -.01 .1l © W32
.36 . 953 .39 27

o]

-.06

#3 p<. 001
# p<.05

1

Correlation matrix showing similarities between

mental and physical responses to oXygen consumption

D D ' D D

MT PI MR PR
1
. 584kt 1
L 82%aen .67 1
« 6 330ent P £TE T . 78363t '1
.20 .18 -.07 .01
07 67 .07 .32

Ch

1
. Glysess

[w]]

#i#%p<, 001
- #p<.0l

1

Correlation matrix showing similarities beetween

mental and physical responses to respiratory frequency.
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Dyr Dpr e P Pm Dp
Dy 1
Dpy .37 1
DMR 6538308 .6 3383818 1 e pe. 001
D L7s hse sy 1 e pe.OL
“FR % p<.05
Dy . 79483838 .15 2h .23 1
D - =.25 19 -.09 -.25 -.10 1

Correlation matrix showing similarities between
mental and physical responses to simple reaction time.
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Appendix 5 - Published papers by author

concerning this thesis.

5.1 Preprint from Ergonomics (1980)

Cardiac responses to demanding mental load _ :

By M. Hircuen* D. A, Bropiet J, B. HARNESS]

*Postgraduate School of Control Enuincering, University of Bradford
+Curnegie Scheal, Lecds Polywechnic
"Pmlgmduatc School of (’humcai Engineering, University of Bradiord. Bradford,
West Yarkshire. BD7 1DP

The interbeat interval. peripheral biood flow and respiration waveform of 14 subjects were
measured during three mental tests o fditlerent intensity and during 10 min recoveey time after
each test, The signa® were snalysed using s general statistical package and a spectrum analysis
procedure. It was shown that the respiration froguency component moved to a higher
frequency during mental tests and returned tw its original frequency during the recovery
periods. The meun heart rate increased by 15%, during the tasks and the heart rate variability
decrcased. Co

1. [Imtroduction

Several workers{kalsbnek and Ettema 1963, Luczak and Laurig 1973 Mulderand
van der Meulen 1973, Hyndman and Gregory 1975, Hyndman 1978, Charnock and
Manenica 1978) have looked at the effect of mental loading on cardiac rate variability.
They have shown that increasing mental load decreases heart rate variability.
Charnock and Manenica (1978) looked at the power spectra obtained from the heart
interbeat intervals measured under different work conditions. These results show that
the frequency component attributed to the respiration rate is small and of no
significance. Hyndman (1973) shows that during mental tests the power in the
respiratory range moves from approximately 0-25 Hz to 0-35 Hz. This paper reporisa
study of human responses to demanding mental work and several physiological
variables are measured. namely. peripheral blood tlow. the electrocardiogram (ECG) -
and the respiration waveform. The work shows the correlation between the signals and
discusscs the importance of the respiratory frequency during mental loading and
during recovery from the tests.

2. Methods
The experiments were carried out on 14 healthy subjects. These subjects were
students and laboratory technicians from Leeds Pol}tcchmc and Bradlord Un'\ersnv
with a modal age of 19y and a range of 18-24y, :

2.1. Mental task

On two occasions each subject was habituated to the experimental situation by
participating in similar experiments. On the third occasion the subjects listened to a
series of pre-recorded digits through stereo headphones, The digits were presented
sequentially in random order. The subject was required to listen for a specitic “odd-
even-odd’ sequence and on hesiing this scquence Jepressed a microswitch which was
held in the left hand. This task was chosen because it requires minimal response
movement. The task Jevised by Brown and Poulton (1961) is demanding but not one.
that previous experience would assist or inhibit or one in which learning would
substantially affect performance during successive repetitions.
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S M. Hitchen

~ Prior to the experiment. the subjects were instructed in the procedure. They were
reminded that the digit 0" is an even number and that the final odd digit in a sequence of

* three could be initiating a second series of three, e.g. 1-4-3-2-7 and requires two

responses. '

A five minute period prior to the presentation of the recorded digits allowed the
subjects to acclimatise to the surroundings. The digits were presented at a rate of one
per three seconds for ten minutes then a ten minute recovery period followed. The
experiment was repeated with the digits being presented at one per two seconds and
finalty after another ten minute recovery period, one per second.

22. Collection of data

The subjects” ECG, peripheral blood flow and respiratory waveforms were
recorded on magnetic tape. and the respiration waveform also recorded on paper tape.
The peripheral blood flow was measured using a finger plethysmograph and the
respiratory waveform was measured. using a_ nasal myograph. Alternatively an
inexpensive method of recording the interbeat interval onto a casselte recorder may be
used as ECG waveform analysis is not required. For this. modifications were made toa
Childerhouse heart rate meter so that the internal loudspeaker was disconnccted and
the leads to the loudspeaker re-connected to 4 mm sockets. Leads were taken from this
to the final amplifier of a Mingograph 34 recorder. Thus for every heart beat, as
triggered on the 'R’ wave of the ECG. an electrical signal of short duration and high
amplitude was recorded on the recorder. The signal was then fed from the recorder to a
simple domestic cassette recorder and an audio tone recorded on cassette. The
sequence of audio tones was filtered to remove 50Hz noise.

2.3. Processing the results

Before the results can be numericaily analysed they are processed using the real time
~ computer, namely, a Ferranti Argus 700E computer. The computation of the interbeat
interval using the real time computer is described by Hitchen, Haimess and Mearr
{1979). The intervals were then analysed using a Hewlett Packard 2000E computer. The
sampling of the peripheral blood flow and the resplrauon waveforms was also executed
in a similar manner.

2.4, Sratistical analysis of the interbeat intervals

The interbeat intervals were displayed both against time and in histogram form
using a visual display unit (VDU) coznected to the Hewlett Packard. Several statistical
properties. e.g. mean, standard deviation, variance. number of reversal points, were
ziso calculated. A full description of these is given by Brodie et al. (1949),

2.5. Spectrum anulysis using the fast Fourier transform

Spectrum analysis is a very commonly used way of analysing signals and the Fast
Fourier Transform (FFT) is now widely used to effect spectrum analysis where fine
frequency resolution is required. For the method to be used accurately on heart rate
values, some method of interpolation must be performed to provide a2 wave which can
be sampled regularly; Luczak et al. (1973) explains three commonly used methods.
Sayers (1973) derived the spectrum without using any interpolation method and where
the variation in heart rate is small, this derivation presents little error. However, the
representation is generally incorrect as the data is monotonic but not linear. Hyndman.
et al. {1975) devised a method which depends on the use of low pass filtering of the
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individual delta pulses representing the cardiac cvents through a hanning window
filier. Chess et al. (1973) fitted Chebyshev polynomials to the interval series to remove
the slow trends from the data which he felt would dominate the answers and mask the
rhythmic variations of interest, Galloway et al. (1969) tried Lagrange interpolations of
different orders with the effect that the main low frequency peaks remained unaltered
and the high frequency band had lower amplitudes. As any sequence of intervals is only
astatistical sample drawn out of a hypothetical sequence of infinite extent, the resulting
spectrum obtained by analysing a sequence by any interpolation method is a statistical
estimate and the errors that are thereby created are unavoidable and greater than the
deviation between the results of the different interpolation methods. In view of this it
wasdecided to use one of the less complex methods and the linear interpolation method
derived from control theory was chosen and is described by Luczak er al. (1973) and
shown in figure 1. Under resting conditions the heart beats at about 75 times per
minute, so to reach this frequency by spectrum analysis the heart rate variability signal
must be sampled at 253 Hz or once every 400 ms. Luczak er ul. (1973) sampled once
every 200 ms to take into account the fact that the Nyquist criteria holds only for a sine
waveolinfinite length. Both Galloway et al. [1969)and Mulder ¢t «f. (1973) decided this
to be unnecessary and hence a sampling frequency of 2-5Hz was chosen.

In practice there can only be a finite amount ofdata collected. Outside this range of
collected data everything is considered to be zero, this is called fitting a rectangular
window’ as it multiplics everything inside by one and everything outside by zero. Other
windows simply multiply sections of the series by differing weights. a description of
several commonly used windows is given by Ackroyd (1973). The windows have spectra
shown in figure 2. Galloway ef al. {1969) used the hanning or triangular window which

t 4

Rz Rs Rs

~ =]} Rz Ry . =5 t
Figure 1. Lincar interpolation of the irreguiar heart beat.

) amplitude

-4 -3 2 -l O | 2 ) a4 r
Figure 2. Spectra of windows.
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is simple and gave similar results as more complex'windows, so it was decided to apply
the hanning window to the real and imaginary parts of the Fourier series which proved
satisfactory.

3. Results

Ahhough Mulder and van der Meulen (1973) found that there was a large difference
between subjects, many of the results presented here are common for all subjects.
3.1. The histograms and statistical properties !

During mental loading the histograms were less broad because of the decrease in
heart rate variability, This is clearly seen in figures 3 (a) and (b) which shows a
histogram of a subject at rest and a hlstogram of that same subject during mental
loading. .

The mean heart rate of a subject during largest mental loading increased on average
by 15°, which concurs with the work of Hyndman (1978). An analyvsis of variance was
carried out on the variance of the interbeat interval and this was found to be significant
" during the most demanding task only, i.e. one digit s™!.

3.2, The power spectra

In a subject at rest the power spectrum obtained from the interbeat interval shows 3
main frequency components. These were attributed by Sayers (1973) to the temperature
mechanism. blood pressure and respiration frequencies. These frequency components
occur at approximately 0-03 Hz, 0-1 Hz and 0-25 Hz respectively Figure 4(a} shows a
power spectrum of a subject at rest and figure 4(b) is a power spectrum of the same
subject under mental loading.

During mental loading the frequency component attributed to the respiration
moved approximately from 0-25 Hz to 0-3 Hz. In all subjects this increased frequency
was obtained. In the less demanding test (one digit 35~ ') the shilt was from 0-25 to
0-28 [z on average. During the recovery periods the respiratory component slowly
returned to the original frequency. The more demanding the test, the more the shift of
the respiratory component; this was true for all subjects. On examination of the resuits
obtained by Hyndman (1978) it can be seen that he also found a shilt in the respiration
frequency component. However, Hyndman (1978) could not teil to what frequency the
respiration component moved as k2 only looked at the relative power in 005Hz
speetral bands. This meant that during mental loading there was a shift of power from
vr2 spectral band to a higher spectral band but this could not bedirectly attributed toa
change in the respiration. Hyndman (1978) was primarily concerned with recovery
from mental tasks and not variztions in respiration patterns during tasks of different
intensities. Sixty per cent of the subjects had the total power ol the spectrum contained -
at two {requencies, namely, the blood pressure and respiration frequencies during the
tests. as can be seen [rom figure 4(b). This negates the theory of Charnock and
Manenica (1978) which states the respiratory frequency to be unimportant.

The power spectra obtained from the peripheral blood flow signal contained the
same information as that of the interbeat interval so it would seem unnecessary to
measure both signals unless a cross spectrum is required. -

The respiration waveform does not contain all of the information contained in the
other two signals, but gives one large peak at the respiration frequency only. This
however confirmed that the increased frequency during mental loading is due to a.
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Figure 3(a). Histogram of subject at rest.
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Figure 3(b).. Histogram of subject during mental loading. -

respiration increase and not due to any other extraneous factors. Hvndman {1978} did
not measure or analyse any respiration waveforms so he could not be certain that the
peak he was obtaining at 0-3 Hz was due to an increase in respiration rate.

One subject switched off during the most demanding test. During the two less -
demanding tests the subject produced an increased respiratory frequency but during
the most demanding test the respiraticn rate started to rise then quite rapidly returned
to that under no mental load. On examination of the histogram and mean heart rate.
after the switch ofl it was seen that both of these were identical to the results of the
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Figure 4(a). Fourier anilysis of the irregular heart beat intervals.
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~ Figure 4(b). Fourier analysis of the ifrcgular heart beat of subject under mental loading.

subject at rest; also it was noted that the responses to the test were mainly incorrect. It
was concluded therefore that the subject had ceased to concenltrate during the final test,
although the subject did not admit to this.

4. Discussion ‘
Ithas been shown that in spite oflarge differences between individual patients, some
conclusions may be reached for ail subjects. Clearly the respiratory frequency increases
with mental load. More work could be done to discover the time taken for the
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respiratory component to return 1o its original frequency. In addition. it would be
interesting to do more studies to discover how much the respiratory frequency
component can be moved and il that could hence be used as a measure for the level of
stress induced by certain tasks and be used also as an indication of how much stress is
placed on different individuals doing the same task. The technique could also indicate if

_a subject is concentrating fully on a task or not as was shown by one of the subjects in
the experiment.
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T PROCEEDINGS OF THE

D. 3

Apparatus for the continucus measurement of respiratory volume and
oxygen uptake

By D. A, Bropie and T. Sarmors* (introduced by M. H. Harrison), Carnegie
School of Physical Education and Human Movement Studies, Leeds Polytechnic,
Leeds LS6 308, and * Bioscience, Sheerness, Kent ME12 1RZ

A system incorporating an air-flow transducer, an oxygen analyser and a valve
coupler will be demonstrated. It is accurate and reliable though simple in demgn,
. of low weight and is relatively inexpensive,

Inspired air passing through the flow transducer causes vanes to revolve. One
complete revolution is attained by a flow of 3-08 ml. The revolutions are detected by
an optical system with the output accepted by an electroni¢ counter.

Information derived from this transducer can be displayed as a breath-by-breath
respiratory volume by resetting the counter system automatically when no pulses

are present or as a rising d.c, level resetting when a pre-determined volume has been -

reached. The reset levels can be. either 5 or 10 1.

Another option is to hold a level dunng a predetermmed period so that it is a.lwa.ys
indicating the volume of inspired air over the previous 20 sec.

The cross sectional area of the flow path is 549 mm? with an outside diameter for
input and output ports of 22 mm. Flow resistance is 1-2 em H,0 1.-1 sec? rising to
10 em H,0 at 31. sec1. The flow transducer has a minimum ﬂow rate of 21, min-1
and a weight of 200 g.

The measurement of 6xygen percentage in the expired air (FE o,) uses & micro fuel
cell of the general fast-response type. It has a linearity error (0—100% 0,) of less-
than 0-5 9, with a typical response time of 90 %, of change in 7 sec. It is housed such
that a baffle allows 109, of the expirate to be directed over the cell, w1th the re-
mainder vented to the atmosphere.

The interfacing circuits allow the cell to be connected via a d.c. coupler to an
oscillograph. A normal sensitivity is & 5 mm pen deflexion for a 19, reduction in.
oxygen content of the air a.t the surface of the cell, but the sensitivity may be
doubled if required.

The valve coupling system is based upon an MSA face mask containing rubber
valves of 22 mm diameter with a measured flow resistance of 2 cm water at 2 1, sec™2.
The dead space depends on the size of the subject’s face, but is less than 100 ml.

The two components of the system were calibrated with a dry gas meter (Parkinson
Cowan) and an oxygen analyser (Servomex), From 80 trials ranging in flow rates
from 1-4 to 150 1. min-1 (obtained during cycle ergometry) the mean difference was
. 3-3% (8.0. £ 1:1%). The F o, values gave a mean difference of 1-5%, (s.p. + 1-29,).
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tions of heart-rate variebility and its relationship to respira-
tion, blood-pressure, 2nd thermoregulation,

Cardio-thoracic Unit,

Rillingoeck Hospital, A. J. MEARNS

Leads Polytechnic D. A. DrODIE,
Regional Ihysice Departmeat,

f::d"'.ﬁﬁ‘e Hosgiudy ) " G.D. UnsworTH

' HEART-RATE VARIARILITY T

" Sig,—The ditferences in heart-rate varicbility found by the
several workers referred to by Dr Jennett (April 16, p. 360) ace
implicit in their methods, Autocorretation and cross-correla-
tion techniques would reveal relationships between heart-rate
vegriability and intracranial pressure, i they exist. Fourier
analysis would demonstrate the distribution of power of the
various frequencics contained in ¢ach record.

Visual examinaticn of the records of Dr Lowensohn and his.

colleaguss (March 19, p. 626} shows that not only the mean
and range of heart-rate variability changed; there was also 2

differcnce in the rapidity of rate of change (i.e., there is more .

power present at the higher frequencies in the later record).
Fourier analysis of reconstituted ®-R interval wave form wes

A e
Al S8CS 4,

]
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-

Fig, 1—Eusrly postoperntive period after aortic-valve replacem.cnt,

Copy from The Lancet, 2nd July, 1977. -

THB LANCET, JULY 2, 1977

developed by Sayerst and refined by Rompelman and Kitney.?
‘They have demonstrated standard frequencies at 0:25 Hz (res-
piratory control), 0-1 Hz (blood-pressure ‘control), and 0-03
Hz (temperature control} {figs 1 and 2), Firm enirainment of

- heart rate by cyclical thermal stimuli has been showa by Kit-

ney end Rompelman,’ and by varying respivatory-calcs by
Campbell.* Entrainment experiments are limited by heart-rate
and are. difficult to demonstrate above 110 beats/min; this

 probably reflects the law of initial value.* These techniques

using entrainment stimuli introduce principles of systems
analysis to the asscssment of the integrity of nervous control.

We support Dr Jennett in her criticism of the paper by Low-
cnsohn et al., particularly in her statement that heatt-rate var-

.iability must not be asscssed without due note of mean rate

and of respiratory pattern. We would also suggest that some
record be made of the patient’s thermoregulatory condition,
particularly the core/peripheral gradient.

Time-series analysis ofters solutions to many vexed ques-

1. Sayers, B. McA. Ergonomies, 1973, 16,17,

2. Rompelman, O., Kitney, R. L ix Biomedical Computing (edited by W. ], Per-
kins}; chap, 8, London, 1973,

3. Kitney, R. L., RKompclman, O. itid. chap. 7.

4, Campbell, M. J. r1LD. thosis, University of Edinburgh, 1977,

3, Wilder, J. Ann. N.Y, Acad. Sci, 1957,98, 1211,

W % 10 . a4 10 L] e w L]

x 107" He

Corctemperature 36°C, toe temperature 28°C, Ventilatad 12/mun (0.2 Hz). Mean heart-rate §0/min, sinusthythm.
(A} 2-r interval wave-form variability about the inean (senic exaggerated to show how litile variation there is).

(B) Fourier transforn showing minimal power above the 0.¢. frequency,

A

A s‘ecl
x10?
»

1 4 & L] L] 1

: x1Q secs
Vig. 2=—Same pationt, 24 h later.

3 V1
‘= *J'L”m} by

@ 0 L ]

Spontancous respiration 15/min. Blood-pressure notml, Core te'mpcratur: 37.52C, 10e temperature 35°C. Power is demonstrated at vhe revpies
atory frequency (028 Hz), blood-pressure<control frequancy /-1 Mz), and at temperaturecontrol fraquency {0-03 Hz), The verticzl scaler tvave

been emphasised in the Fourier trensform (fig. 2B) to demonstrate po ver.
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The Oxylog — an oxygen consumptlon meter for use with
ambulatory subjects

D.A. Brod!e
Carnegie School, l.eeds Polytechnlc
" 8.J.E. Humphrey -
Clinical Research Centre, Northwich Park Hospital .
A.E, de Looy
School of Hea!th and Applied Sciences, Leeds Polytechnic

Introduction

The measurement of oxygen consumption yields
valuable information for the human bioiogist, nut-
ritionist, physical educationalist and clinician. The
relationship of oxygen consumption to energy &x-
penditure is the prirma facie reason for such an
interest but measurement of maximal aerobic capa-
city and the prediction of cardiac output are also
facilitated by its measurement.

Until recently one of the fimiting factors in the
measuremant of oxygen consumption has been the
weight and size of the measuring equipment. Closed .
or open circuit techniques for measuring oxygen
uptake are either non portable, or heavily dependant-
on laboratory based analysis of respiratory gases.
For these and other reasons the Kofranyi-Michaelis
meter, (Kofranyi and Michaelis 1243), the Integrating
Motor Pneumotachograph {Fletcher and Woltt 1949
and the Miser (Elay, Goldsmith, Layman and Wright
1976} impose certain limitations.

Humphrey and Wolff {1977} described the devel-
opment of a new piece of equipment which made
possible the immediate measurement of oxygen
consumed by the subject. The Oxylog gives a direct
reading of oxygen uptake in units of 100 cubic
millifitres.

Staff at Leeds Polytschnic were invited to exa-
mine the Prototype Oxylog and investigate its relia-
bility and validity particutarly in the higher flowrate
range. ) .

Materials and Methods

The Protoytpe Oxylog is shown in Figure 1. It
measures 8.5 x 12 x 20.5 cm without case, and
weighs 1.8 kg. The subject wears a face mask with
inspiratory and expiratory values to which is at-
tached a flow meter 10 measure inspiratory volume,
Expired air passes through a flexible pipe connected
to the instrument, The Po, difference bstwean the
inspired and expired air is measured in the instru-
ment and the volume of oxygen extracted from the
air breathed is calculated and displayed. on a
counter.

The apparatus used for calibration purposes is
shown at B in Figure 1 and was removed before the

machine is used. The production mode! has been ,
designed to incorporate the calibration unit and is  Figure 2 Oxyfog Production Model

“shown in Figure 2. FPhoto: G. Wilcock~
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* The Oxylog — an oxygen consumption meter for use with ambulatory subjects

To assess the valuae for oxygen uptake given by
the Oxylog a. conventional open. circuit indirect
calorimetry system was used. The Oxylog was
placed in series {Figure 3} so that measurements of
oxygen consumption could be made concurrently,

.431 b

_measurement of oxygen consumption,

. Nine subjects, members of staff and students

from Leeds Polytechnic, volunteared to ride a bi-
cycle ergometer (Muller} at a variety of work inten-
sities. Each subject cycled for a six minute period at
each work intensity. The oxygen consumption {Vo,)
was recorded by both methods over the final
minute of each exercise.

- The respiratory volume ( Vy ) had been recorded
during every minute of the exercise 1o ensure that
the subject had reached respiratory steady state.
The Oxylog was also run continuously throughout
the six minute period to allow the instrument to
accommadate. The digital display was zeroed at the
start of the fifth minute. At the end of the sixth
minute a reading was taken from the Oxylog and-
compared with the results from the open circuit
method. -

There was a mean difference between the Oxy-
log- and open circuit system of +4.07% with a
range of —5.6% to +11.8%. The correlation coef-
ficient between the two methods was 0.87
{p>0.001}.
The difference between the Oxylog value for
oxygen consumed and that given by the traditional
- open circuit system was not related to changes in
respiratory volume.

Discussion:

In any. system there are potential sources of error
including leakage from the mask and valves, dead-
space in the tubing between pieces of apparatus
and inaccuracies in sampling. However precautions
werg taken to ensure that these errors were mini-
~mized, The system was flushed with expired air
before sampling was commenced in the last and
final minute of each test pericd and if leaks were
suspected argund the mask it was physically held
onto the subject. But a possible source of error
could arise from the different techniques used by
the two systams in recording. The Oxylog is depen-
dent upon inspiratcery volume measurement, where-
as the open circuit method gives a value from
expiratory volumes, Changes in R,Q. or nitrogen
volumes could contribute to potential discrepancies.

.

The short length of the sampling period could
have contributed to errors as the prototype Oxylog
is only capable of reading to 100 cc of oxygen.
consumed. The length of sampling period was dic-
tated by the capacity of the Douglas bags reiative

. to the work intensity.

In an attempt to examine the accuracy of the
Oxvlog over longer sampling periods, the machine
was compared with a closed circuit spirometry
system at the Cardio-thoracic Unit, Killingbeck Hos-
pital, Leeds. Figure 4 summarises the differences
and testifies to. the linear relationship of the two

systems.
OXYGEN DIFFERENCE BY OXYLOG
AND SPIROMETRY
OXYLOG
40

304
204

10

0
SPIROMETRY
Mean flow for S5min” A 396 litres
B 70.36- -
Figure 4. ¢ 90.3
Conclusion

Within the spacial and physical limitations of the
open circuit system used the error between the two
values obtained was 4% which was not related to
ventilation volume per minute i.e. this relationship
holds even at high flow rates in axcess of 50 1. min—*

- This error is probably acceptable to workers in the

field when the advantages of a totally portable
system is realised,

The Oxylog system was found to be comfort-
abie, and the results were sufficiently encouraging
for fieid trials to be considered,








