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Introduction

This thesis presents an experimental analysis of human individuality as
reflected in instantaneous responses to ever changing situations occurring
in daily life. Insight into such behavior is considered to be of crucial im-
portance to obtain a complete view of individual functioning in real life
and is essential to the growth of knowledge in several areas of psychology,
such as emotions, information processing, stress and coping, and the
etiology and maintenance of, for instance, psychosomatic and
psychoneurotic complaints. Since many acts, thoughts and feelings occur
spontaneously, outside the conscious control of the actor and out of view
of external spectators, more conventional assessment methods such as the
questionnaire method or naturalistic observation, will often not suffice to
learn more about actual behavior in complex situations.

The broader context of this study is the area of personality psychology,
studying individuality as reflected in characteristic responses to situations
(cf. Pervin, 1975). Classical approaches to personality have put forward
either inner or environmental determinants of behavior (cf. Hall and
Lindzey, 1978). Recently, however, this antithesis has been overcome by
the interactional conception of personality, emphasizing the person and
the situation as well as their continuous interaction as major sources of
behavioral variation (cf. Cronbach, 1975; Magnusson and Endler, 1977).
Person-situation interactions have been studied primarily on the basis of
perceptual, cognitive, and emotional functioning of individuals in dif-
ferent situations. However, the physiological system is generally con-
sidered to be of crucial importance to obtain a complete view of the
interactions occurring (cf. Eysenck, 1967; Hettema and Kenrick, 1989;
Magnusson, 1988). The present study is meant to fill in this gap, to obtain
more clarity and to contribute to a better understanding of the functioning
of this system in relation to complex everyday situations.

As stimulus material, films are used, whereas the responses studied are
physiological reactions. In personality psychology, within the assessment
techniques available, psychophysiological measures may be used to assess
short-term behavioral variations as these occur instantaneously and
autonomously, outside the conscious control of the person responding and
out of view of external spectators. The medium film is considered to be a
powerful and relevant stimulus to elicit short-term adaptation behavior in
a controlled setting without weakening the flavor of everyday situations.
Methods developed within the context of generalizability theory
(Cronbach, Gleser, Nanda, and Rajaratnam, 1972) are used to estimate the
amount of behavioral variation arising from multiple controllable sources.
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In view of the many ambiguities still existing in this area, a large part
of this book deals with psychophysiometric issues, that is, with
measurement problems that are inherent to the study of lawful variability
in psychophysiological behavior. In psychophysiological research, depen-
ding on the definition of response, quite dissimilar results may be ob-
tained. Moreover, while striving for an optimal definition of differential
responding during specific situations, other interesting characteristics of
the responding individual may be lost in the data reduction procedures
adopted. Therefore, the study includes a thorough investigation of data
reduction procedures as well as methods and evaluation criteria to define
autonomic responding.

As a result of the psychophysiometric issues dealt with, the specific
techniques used to define autonomic responding, and the way in which
consistency is handled here, the book has a broad scope going well beyond
the borders of classical personality psychology. Thus, for instance, several
problems raised in this book are core issues in current psychophysiology;
and, the study of behavioral consistency as a function of multiple in-
dependents is of prime importance for psychology in general.

Plan of the Book

The thesis has been arranged in four different parts. Part One, Theory,
presents the purpose and the theoretical framework of the book as well as
the motivation for specific choices to be made. Part Two, Methods, gives a
description of the procedural specifications, the hardware used, and the
software developed. Part Three, Data Reduction, presents the analyses
carried out to optimally define autonomic responding in the context of the
study. Part Four, Results, provides the answers to the questions raised in
the thesis.

The book has nine chapters. Most chapters contain both a theoretical
review and an empirical report of a separate study. In chapter 1 the
general theoretical perspective and the aims of the present study are out-
lined. The study of lawful variability in behavior as a function of multiple
independents is considered to be at the core of the science of psychology.
To answer the consistency questions raised, the methods developed within
the context of generalizability theory are used. To assess instantaneous
behavior in continuously changing, everyday situations, the use of films as
controlled stimuli and autonomic responses as dependent variables, is
motivated to be a powerful tool. The 'open-systems adaptation model' is
presented as an example of an interactional framework embracing the
complexity of functioning of individuals in real life.

Part Two presents the methods of the study. The basic procedural
specifications are outlined in chapter 2. Psychophysiological research is
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rapidly evolving from gross physiological measurements towards
increasingly sophisticated on-line research in which short-term
physiological variations in computer-controlled experiments are measured
with great precision. Growth in computer power and innovations in the
non-invasive recording of physiological signals, have made it possible to
gather physiological data continuously and accurately during longer
periods of time. In the method section, two technical innovations are
described that have refined the research tool under study and were essen-
tial to answer the questions of the current study. First, a monitor for non-
invasive and continuous recording of blood pressure has been included in
the existing set of recording devices (chapter 3) and, second, a new
software-hardware environment for experimental control, data
management, and artefact correction has been implemented (chapter 4).

Part Three presents the data reduction procedures of the current study.
First, a review is given of physiological and statistical criteria that may
guide the choice of procedures to be adopted. A thorough screening of the
data for extraneous influences that may alter response interpretations is
deemed necessary. The psychophysiometric study carried out to optimally
define autonomic responsiveness, is centered around three issues: time-
trends in physiological levels (chapter 5), base-related change (chapter  6),
and autonomic response patterns (chapter 7).

The outcomes of a literature review of the physiological origins and
interpretation of autonomic response patterns provide a basis for the
refinement of the hypothetical scheme of short-term adaptation processes
as outlined in the 'open-systems adaptation model'. A multi-dimensional
scaling technique is used to empirically classify autonomic response pat-
terns in terms of underlying autonomic processes.

Part Four contains two chapters answering the major questions of the
current study. Generalizability analysis is used to map the consistencies of
distinct autonomic reactions, of autonomic patterns, and of gross
physiological measures, i.e., time trends, basal physiological levels, and
autonomic lability (chapter 8). After an examination of the potential
merits of autonomic responding for personality assessment, the association
of these responses with other measures of individual functioning is
explored in chapter 9. This final study includes personality characteristics
that are traditionally considered to be important as, for instance, self-
reports obtained with personality-, temperament-, coping-, and state-
questionnaires.



Part I

Theory

"First. there is some idea or theory or movement which may be called a
'thesis'. Such a thesis will often produce opposition, because, like most
things in the world. it will probably be of limited value and will have its
weak spots. The opposing idea or movement is called the 'antithesis'.
because it is directed against the first, the thesis. The struggle between the
thesis and the antithesis goes on until some solution is reached which, in a
certain sense, goes beyond both thesis and antithesis by recognizing their
respective values and by trying to preserve the merits and to avoid the
limitations of both. This solution, which is the third step, is called the syn-
thesis" (Popper, 1978, pp. 313-314). Without referring back to Hegel's
dialectic triad, Cronbach (1957, 1975) shows the field of personality
psychology to be advancing beyond the struggle between the correlational
approach and the experimental approach towards the study of the person
as an open system in constant interaction with the environment.

Nowadays, more than before, the complexity of the study of individual
functioning in the real world is appreciated (Pervin, 1975) and integrated
in theories and tests of personality. The earlier optimism of eventually
being able to fully understand the "minds" of human beings or to fully
control human behavior by environmental manipulations, has given way to
a more realistic perspective. Individual functioning in the real world can
only be understood to a certain degree and our conjectures (cf. Popper,
1978) can never be established as certainly true. If personality psychology
does want to generalize beyond the laboratory setting, then "the time has
come to exorcise the null hypothesis... Descriptions encourage us to think
constructively about results from quasi-replications, whereas the dichotomy
significant/nonsignificant implies only a hopeless inconsistency"
(Cronbach, 1975, p. 124).

Accordingly, in the current study, a descriptive approach towards the
behavior of individuals in ever changing situations prevails. Our attention
will be directed at sources of systematic variation in behavior as well as at
sources attenuating functional relationships. It is admitted that we cannot
now or in the future fully comprehend the complexity of individual
functioning. It is, however, assumed that personality psychology may only
advance if this complexity is embraced and dealt with in systematic
programs of research (cf. Gatchel and Mears, 1982).



Chapter 1

The Psychophysiological Assessment of Personality

Psychology is the science that is directed at understanding and explaining
the lawfulness of individual functioning in real life (cf. Magnusson, 1988).
This aim is not an easy quest. The behavior of individuals as it occurs
from moment to moment in ever changing daily situations varies as a joint
function of multiple variables. The genetic endowments of individuals
(nature) set limits on potential behavior; environmental histories of in-
dividuals (nurture), among which there are confrontations with situations
much like the present one, increase the likelihood for some individuals to
employ a certain behavior in specific situations; temporary and longer
lasting motivations, states, moods, values, cognitions, plans, and conflicts
may increase the likelihood of specific behavior, and; finally, external
environmental conditions increase the probability of occurrence of
specific behavior (cf. Kimble, 1989; Magnusson, 1988; Miller and Buck-
hout, 1973). In spite of the fact that behavior is so intricate and multiply
determined, people have always observed lawful variability in behavior.
The science of psychology exists because of this consistency in behavior.
For even those assuming, e.g., unconscious processes, values, or moods, to
be the main determinants of behavior are only able to study these proces-
ses by means of what is observable, behavior. Moreover, theories relating
to "concealed" phenomena can only survive if unobservables are shown to
be functionally related to one or more observable independents or depen-
dents.

Psychophystological Assessment

Psychologists utilize an abundance of techniques to understand and
explain the lawfulness of individual functioning in real life. Dependent on
the theoretical perspective of the psychologist, the sources of variation
thought to be important, and the specific issues of research, quite dif-
ferent assessment techniques may be chosen. Moreover, conclusions ar-
rived at with one method of research may not be confirmed if another
method is used, and different methods may map quite different types Of
behavioral consistency.

For instance, van Heck (1981) compared several indices of anxiety.
Anxiety as measured with questionnaires proved to be more consistent
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than actual behavior in concrete situations as rneasured with

psychophysiological measures or as derived from overt expressive
behaviors. Moreover, correlations between these indices of anxiety were
generally low. Van Heck concluded that distinct methods represent
specific aspects of individual functioning.

Since each technique of assessment can only give a glimpse of the mul-
ti-determined and complex behavior of human beings, it is important to
know which specific aspects of individual functioning are mapped by a
specific technique and for which purposes an assessment instrument may
be utilized. To obtain a complete overview of individual functioning,
psychophysiological measures are considered to be of crucial importance.
In this section, I will describe how physiological measures are related to
other methods, i.e., self-reports and naturalistic observation, and whah
may be the special merits of this technique.

Questionnaires are very popular in the assessment of individual dif-
ferences, and are also supposed to assess aspects that are of relevance for
the functioning of individuals in everyday life. However, much of this
popularity may be explained because questionnaires are easy to ad-
minister, easy to score in a straightforward way, and suitable for quan-
titative analysis (e.g., Pervin, 1975; Rotter, 1971). Moreover, it saves a lot
of time if the researcher asks the person quite straightforwardly about the
concepts he wants to know about. After all, the person may be considered
to be best informed about his or her own doings. Finally, the test-retest
reliability and, to a lesser extent, the validity of many self-report scales
has proven to be quite high.

Also the merits of naturalistic observation are well-known. This method
is assumed to overcome the disadvantages of the controlled testing
situation with questionnaires or in laboratories, which is not representative
of the functioning of individuals in real life. Both situations as well as
behavioral repertoires of individuals are only partly and often artificially
represented. In contrast, everyday life allows spontaneous, natural,
behavior to occur, and allows persons to choose and modify the situations
in which they behave. Moreover, "objective" criteria of the scientist,
instead of "subjective" interpretations of the responding subject define the
behavioral outcome.

The assessment of actual behavior as it occurs from moment to moment
is relatively neglected in personality psychology. Instead, personologists
have focused on subjectivity, incautious inference, and excessively broad
generalizations (cf. Fiske, 1978). Despite some definitive advantages of
both self-report measures as well as naturalistic observations, these tech-
niques cannot be considered to be suited for all assessment purposes.
Many acts, thoughts, and feelings of human beings in concrete situations
occur spontaneously in response to continuously changing situations. For
instance, our emotions are complex states based on continuously changing
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feedback from the situation and our own, e.g., visceral and physiological,
reactions to it (cf. Mischel and Mischel, 1980). A very special mode of
response is needed to map those variations in behavior that can hardly be
perceived either by the responding person or external spectators.

For more than one reason, psychophysiological measures can offer a
valuable alternative to assess instantaneous, short-term behavioral ad-
justments of individuals in concrete situations. As has been shown in
studies using situations appealing to short-term coping mechanisms (e.g.,
in studies of emotions, stress, information processing, and temperamental
response styles), physiological behavior may consistently vary as a
function of both the person responding and the situation immediately
prevailing. In contrast with naturalistic observation, variations in
physiological behavior can also be measured if gross changes in overt
behavior do not occur. In contrast with self-report measures, physiological
variations can be registered without having to appeal to conscious
introspective abilities of the responder. The assessment procedure inter-
feres with the ongoing stream of spontaneous behavior to a lesser extent
than introspective techniques. Finally, in contrast with self-reports as well
as overt motor behavior, the voluntary control over physiological reac-
tions, though not absent, is generally thought to be less and more indirect.
Consequently, traditionally, psychophysiological measures have been used
to assess spontaneously occurring thoughts, feelings, and behaviors that are

influenced by continuously changing feedback from the environment and
reactions of the person to the environment.

Other alternatives to assess short-term adaptive behavior of individuals
in concrete, changing, environments, could have been the measurement of
pupil diameter, facial expression, or (e.g., electro-cortical) brain activity.
However, the current study is restricted to autonomic measures as depen-
dent variables.

Much more difficult is it to decide on the stimuli to be used to elicit
behavior that may be thought to be of relevance for the functioning of
individuals in everyday life. To be able to study lawful variability in
behavior as a function of multiple independents, the medium of stimulus
presentation must fulfil an important requirement distinct persons must be
confronted with exactly the same stimulation on more than one occasion.
This calls for a highly controlled stimulus presentation. Nevertheless, we
also want to create situations approximating everyday situations as much as
possible.

Surprisingly little systematic research on autonomic responsiveness to
complex stimuli has been done (cf. Averill, Malmstrom, Koriat, and
Lazarus, 1972). Most often, in psychophysiological research, effects of
simple stimuli have been studied. Immediate physiological reactions to
concrete situations have been studied mainly to assess behavioral
variability as a function of situational variability or repeated exposure to
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simple stimuli, e.g., habituation. Preferably, for assessment of individual
functioning, everyday situations should be used to elicit physiological
reactions. However, it is extremely difficult to categorize, operationally
define, and control everyday situations. Moreover, subjects can pur-
posefully change the situation providing definitions of situations differing
among subjects.

The medium film seems an acceptable alternative (Hettema, 1989a). By
using this medium, the researcher can select situations from everyday life
to be presented to individuals in a controlled way. Since the situation
prevailing is known exactly at any moment, and these situations can be
replicated perfectly across subjects and within subjects, the use of films
has unique qualities for the study of lawful variability of behavior as a
function of multiple independents. As in strict experimental research,
observations are replicable, findings reproducible, and generalizations
possible (cf. Fiske, 1978). As contrasted with studies in which simple
stimuli are used, films have the flavor of situations in real life and may
consequently trigger behavior that is of relevance for the functioning of
individuals in everyday life, the way they cope with problems, and adapt
to changing environmental conditions. Finally, unlike studies in which
tasks are used to elicit behavior, the risk of confounding autonomic reac-
tions with movement artifacts is small.

The medium film has proved to be a powerful and relevant stimulus in
many studies carried out for different purposes: (a) to assess autonomic
mechanisms and coping strategies to psychosocial stressors, for instance,
for specific groups of individuals (e.g., Hull, Young, and Ziegler, 1984;
Levi, 1972; Steptoe, Melville, and Ross, 1984; Steptoe and Wardle, 1988;
Vingerhoets, 1985, 19853): (b) to learn more about hormonal and
autonomic responding, and to evaluate the association or dissociation of
distinct autonomic measures (Hellhammer, Hubert, and Schurmeyer, 1985;
Obrist et al., 1978; Sorgatz and Pill, 1978), and to evaluate relatively
unobtrusive autonomic indices of, for instance, sexual arousal (e.g., Beck,
Barlow, and Sakheim, 1983; Rubinsky, Hoon, Eckerman, and Amberson,
1985; Wheeler and Rubin, 1987); (c) to investigate the role of defense
mechanisms, cognitive appraisal, and other coping styles in emotional
responses (e.g., Davis, Hull, Young, and Warren, 1987; Koriat, Melkman,
Averill, and Lazarus, 1972; Lazarus, Opton, Nomikos, and Rankin, 1965;
Leidelmeijer, 1991; Steptoe and Vogele, 1986), and to validate
interpretations of facial expressions of emotions (Ekman, Davidson, and
Friesen, 1990); (d) to assert the construct-validity of self-report measures
of fear/anxiety and personality (e.g., Arnetz, Edgren, Levi, and Otto,
1985; Mangan and Hookway, 1987; Mewborn and Rogers, 1979; Thyer,
Papsdorf, Randall, and Vallecorsa, 1984), and; (e) to evaluate effects of
psychotherapeutic techniques, such as assertiveness training, biofeedback
training, meditation, and relaxation training (e.g., Bradley and McCanne,
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1981; Falkowski and Steptoe, 1983; Lehrer and Leiblum, 1981; McCanne,
1983; Nielsen and Holmes, 1980).

Whereas in most of these studies commercially available films were
used, in the current study films were explicitly developed for assessment
purposes. Descriptions of situations in terms of prototypic features (van
Heck, 1984, 1989) were used to write scripts for the films. Three criteria
guided the choice of situations to be filmed (Hettema, van Heck, and
Brandt, 1989). First, the situations filmed, and, consequently, the
autonomic patterns supposedly elicited, had to be divergent. Secondly, the
situations had to be valid for studying the adaptation of individuals in
daily life; hence, the situations had to be more or less prototypic of
everyday situations. And, finally, the situations had to be relevant for
several applied areas of psychology.

It is concluded that physiological reactions may be of special relevance
for assessing short-term behavioral adjustments in concrete, continuously
changing situations. Those reactions are neither known nor under direct
voluntary control of the responding subject, and can be registered out of
view of external spectators. As standardized stimuli, films representing
divergent, everyday situations are used to elicit these. Consequently, this
method may be highly relevant for several topics of research in
psychology, such as, emotions, stress and coping, information processing,
temperament, and the etiology and maintenance of psychoneurotic and
psychosomatic complaints.

The study of human individuality as reflected in characteristic respon-
ses to everyday situations has been positioned as the broader context of
the present study. The physiological system is considered indispensable to
obtain a complete view of the interactions occurring between persons and
environments. To make valid inferences from the specific technique of
assessment chosen to everyday functioning, we must demonstrate that
there is lawful variability in the physiological behavior of persons
watching films. If we are not measuring anything lawful at all, then it is
meaningless to answer the validity question. The study of the consistency
of physiological reactions during films, or more specifically, the study of
the extent to which physiological behavior consistently varies with the per-
son responding, the prevailing situation. and the joint influence of these
facets, is the main aim of the present study.

The study is embedded in a more extended research program inves-
tigating the adaptation of individuals to everyday situations as well as a
theoretical framework taking account of the multi-determinedness of
individual functioning.
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Behavioral Consistency

"Obviously, the task of understanding personality and predicting behavior is
very complex. Many variables -person, situation, their interaction, the type
of data collected- have to be simultaneously considered. If the field of
personality psychology is to advance, such complexity will have to be
embraced and dealt with in systematic programs of research" (Gatchel and
Mears, 1982, p. 489). Nowadays, virtually every handbook of personality
psychology starts or ends with a proposition of this kind. Historically,
however, two schools of research in psychology have strictly focused on
the person or the situation as the main determinant of behavior, often
opposing or neglecting the other effect.

Most extremely, this person-situation controversy reflects the views of
man being a free, self-controlling, intentional agent versus nlan being a
tabula rasa to be shaped by the environment. Less extreme, this
controversy points to two different schools in psychology each stressing
different aspects of man in his world, and each having developed specific
sets of research tools (e.g., correlational versus experimental) to study
different phenomena and to search for different kinds of laws (see e.g.,
Cronbach, 1975; Miller and Buckhout, 1973; Pervin, 1975; Plomin,
DeFries, and McClearn, 1980; Vorwerg, 1990). The most clean-cut
psychometric distinction between the two perspectives is the one studying
individual variation while defining situational variation as error, while the
other works the other way round.

In the controversy between the 'two disciplines of scientific psychology'
(Cronbach, 1957), one has theories, methods and research paradigms to
study lawful variability in behavior as a function of individual differen-
ces. whereas the other stresses lawful variability as a function of
situational variability. Recently, a third stream has come more and more
to  the  fore  'beyond  the  two  disciplines  of   scientific   psychology'   (Cronbach,
1975) stressing the necessity of considering both the person and the
situation in understanding the everyday functioning of individuals. The
interaction approach seems an effort to break out of a forced choice be-
tween the correlational and experimental approach. In this paradigm, it is
suggested that behavior is neither determined by individual differences
alone nor by situational variability alone, but rather is a joint function of
person and environment.

The leading assumption of the current study is: 'the behavior of in-
dividuals  in  concrete  situations  is  determined  by  the  organism.  ( including
its genetic endowment, its past experience, its momentary states. and its
short-term and long-term goals), the prevailing situation. and the interac-
tion  between  the  two'. The correctness of this proposition will be shown if
behavior lawfully varies with each of these categorical variables.
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To be able to study behavioral consistency adequately, the psychologist
has to reduce reality and to operationally define the relationships he ex-
pects to find in abstract theoretical models. That is, the number of in-
dividuals, situations, and response possibilities being studied at a time, are
restricted, categorized, and defined in operational terms. If in this par-
simonious reality orderly and regular relationships are observed, then the
research is subsequently extended. That is, the study will be replicated
with other independents and dependents, and it will be studied whether
the behavior is stable over time or changes systematically over time, and
whether the behavior can be generalized to other members of the
population, to other environmental circumstances, and to other response
possibilities. Eventually, psychologists will always want to test their
theories against the reality of behavioral variability in naturally occurring
circumstances.

To describe and test functional relationships, the psychologist generally
uses four categorical variables: the person responding (inclusive his or her
genetic endowment, past experiences, momentary states, and short-term
and long-term goals), the prevailing situation (and the context of this
situation), the type of response, and the time of the act (cf. Ozer, 1986).
Assumptions and predictions in the study of lawful variability are
generally related to all these independents. In the current study, these four
facets are varied systematically and several forms of lawful variability of
behavior as a function of one, or a combination, of these categorical
variables are studied simultaneously.

Within personality psychology, the assumption has been made that the
same kind of lawful variability may be found with divergent modes of
measurement. For instance, the psychologist working with self-report
measures assumes the individual differences found with this method to be
replicable with other techniques as, for instance, naturalistic observation
or psychophysiological measures. Recently, however, serious doubt has
been thrown on this assumption (e.g., Fiske, 1971, 1978; van Heck, 1981;
Hettema, 19898; Pervin, 1975). Functional relationships found with one
method are often replicable with another method only to a certain degree.
To get a more complete picture of the complex object of research, per-
sonality, more than one type of assessment is required (van Heck, 1981;
Hettema, 1989a). Within the collection of methods available,
psychophysiological measures may have a very special role in personality
assessment, providing information that cannot be obtained with other
modes of measurement.

Especially in the field of psychophysiology a case has been made for
autonomous response profiles being a function of the person, the
situation, and person-situation interaction. Labels like transsituational
consistency, individual response specificity or stereotypy, individual-
specific response, inter-stressor stereotypy of response, and symptom
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specificity have been used to refer to stable individual differences in
physiological behavior, and corresponding labels have been used to
describe consistent situation effects as well as person-situation interactions
(see e.g., Averill and Opton, 1968; Cronbach, Gleser, Nanda, and Rajarat-
nam, 1972; Endler, 1976; Engel, 1960, 1972; Fahrenberg, Walschburger,
Foerster, Myrtek, and Miiller, 1983; Foerster and Walschburger, 1980;
Foerster, Schneider and Walschburger, 1983; Golding, 1975; Hettema,
1979, 1989; Lacey, Kagan, Lacey, and Moss, 1963; Stemmler and Fahren-
berg, 1989; Stern, Ray, and Davis, 1980; Van Heck, 1981). In the present
study, I will call these forms of consistency Individual-specific Consisten-
cy (IsC), Situation-specific Consistency (SsC), and Individual-Situation-
specific Consistency (ISsC), respectively. In these three forms of consis-
tency, the objects of research of the personologist, situationist, and
interactionist standpoints are represented. Let us look now at the main
features and assumptions of these three perspectives, and at their
relevance for personality psychology.

Individual-specific Consistency  (IsC)

Man has always recognized consistent differences between individuals. In
'the Republic', Plato wrote that no two persons are born exactly alike, but
each differs from the other in natural endowments, one being suited for
one occupation and another for another. Plato even proposed to develop
tests of military aptitude to select the soldiers of his ideal state (Anastasi,
1953).

Personality psychologists have labelled consistent individual differences
as 'types' or 'traits' and have developed assessment instruments to be ap-
plied for several purposes. At its simplest level, the word trait is merely a
summary label for observable enduring individual differences. This
operational definition of trait has never been criticized. However, serious
objections have been raised to conceptualizations of traits as underlying
characteristics, qualities, or processes that exist in persons; and against
conceptualizations of traits as the causes of behavior (see e.g., Mischel,
1968; Skinner, 1953). Such conjectures are hard to refute.

Historically, the study of individual differences has been attacked
especially by behaviorism. Although the term behaviorism, by definition,
does not imply more than a strict focus on observable behavioral responses
-as  opposed to introspective" approaches-, in research practice there  was
an emphasis on observable behavior as a function of observable environ-
mental stimuli, hence, situationism or environmentalism (cf. Plomin et al.,
1980).

In the middle of this century when behaviorism was at its height,
confluence of correlational and experimental approaches was far away. At
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that time, Cronbach (1957) was one of a few who stressed the merits of
both approaches, while at the same time defining the struggle between the

two streams as an impediment for real progress in psychology. "The well-
known virtue of the experimental approach is that it brings situational
variables  under  tight  control.  It  thus  permits  rigorous  tests  of  hypotheses
and confident statements about causation. The correlational method, for its
part.   can   study   what   man   has   not    learned   to   control   or   can   never   hope   to
control. Nature has been experimenting since the beginning of time, with a
boldness and complexity far beyond the sources of science. The correlator's
mission is to observe and organize the data from Nature's experiments" Cp.
672).

The strong historical influence of behaviorism has neither incited
researchers to give up the study of individual differences nor to abandon
the assumed hereditary basis of individual behavior. Nevertheless, per-
sonality psychologists have taken account of the criticisms by weakening
the assumptions of the classical trait conception (Hettema and Kenrick,
1989). That is, it is admitted that the trait measure has relatively little
power to forecast any behavior of the high scorer in any one situation (cf.
Cronbach, 1975).

Whatever the explanatory concepts used (e.g., learned stimulus-
response contingencies, inborn drives, unconscious processes, needs,
instincts, habits, states or traits), it is generally accepted that persons dif-
fer from each other by nature and by nurture and that it is convenient to
have instruments to systematize these differences, for understanding and
explaining the daily functioning of individuals and, eventually, improving
the quality of life of individual persons.

Eysenck and Eysenck (1985, pp. 33-34) list eight preconceptions that
are widely accepted by present-day trait psychologists. (1) Individuals
differ with respect to their location on important semi-permanent
dispositions known as traits. (2) Personality traits can be identified by
means of correlational (factor analytic) studies. (3) Personality traits are
importantly determined by hereditary factors. (4) Personality traits are
measurable by means of questionnaire data, ratings, objective
psychological laboratory tests, and psychophysiological measures. (5) The
interactive influence of traits and situations produces transient internal
conditions known as states. (6) Personality states are measurable by means

of questionnaire data, psychophysiological measures, and laboratory tests.

(7) Traits and states are intervening variables or mediating variables that
are useful in explaining individual differences in behavior to the extent
that they are incorporated into an appropriate theoretical framework. (8)
The relationship between traits or states and behavior is typically direct,
being affected or moderated by the interactions that exist among traits,
states, and other salient factors.
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These preconceptions may be summarized in three consistency as-
sumptions that are implicit in any study of lawful variability in behavior
of personalities (e.g; Hettema, 1989a, Milton, 1981, Pervin, 1975; Phares,
1984). First, there is the assumption that there are unique or distinctive
ways of behaving for individuals, i.e., behavior of individuals is assumed
to be internally consistent. Secondly, it is assumed that individual behavior
is to some extent stable over time. And, third, it is assumed that in-
dividual differences in behavior are to some extent consistent across

situations. In the fifth preconception listed above (defining states as the

product of the interactive influence of traits and situations), the in-
tegration of the interactive perspective in present-day trait psychology is
reflected. Assumptions of the interactive perspective will be listed below
under the heading Individual-Situation-specific Consistency.

I will call the kind of response consistency that is traditionally studied
in clinical and personality psychology, Individual-specific Consistency.
IsC is an index for the extent to which behavior is specific for individuals
irrespective of situations, occasions, or response fractions classified under
the behavior. In psychophysiological research, instead of single responses,
usually response profiles consisting of multiple physiological parameters
are studied. Under the label IsC are also included consistent response pat-
terns shown by individuals, that is, consistent profiles of multiple
physiological scores (in different situations at different times).

Questionnaires
Questionnaires belong to the main tools of personality psychology. Since
autonomic responses and self-report measures are products of the same
person, a certain degree of coherence is generally assumed to exist bet-
ween these measures of individual functioning. However, on the whole,
results of correlational studies are disappointing (see e.g., Averill and Op-
ton, 1968; Buss and Plomin, 1984; Fiske, 1978; Gale and Edwards, 1983;
van Heck, 1981; Hettema, 1989c; Myrtek, 1984; Stemmler and Meinhardt,
1990; Zuckerman, 1990).

For different reasons, I expect to find higher correlations between
these two personality measures in the present study. First, self-report
measures will be used that do not only measure broadly defined per-
sonality constructs, but also assess more narrowly defined temperamental
constructs, the way people cope with everyday situations, and momentary
states. Secondly, I will use more than one measure of physiological reac-
tivity. In many studies relating physiological scores to self-report
measures, isolated aspects of physiological responding have been used as
dependent variables (cf. Zuckerman, 1990). In the current study, I will not
only look at short-term physiological reactions to changing environmental
stimulation, but also at long-term physiological reactions to the setting, at
mean physiological levels, and at the autonomic variability of the subject.
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But most importantly, I will take account of the fact that many personality
constructs not necessarily imply a high correlation between self-report
measures and physiological measures of persons over time, situations, and
response classes. This statement may be illustrated with temperament
variables, especially extraversion.

Many researchers in the field of personality believe that whatever ex-
ternal factors have shaped personality and behavior, there exists an inborn
endowment of innate abilities, mechanisms, and tendencies (see e.g., Buss,
1988; Gatchel and Mears, 1982; Eysenck, 1967; Hettema, 1979; Kenrick,
1989). Innate response tendencies have historically been studied in the
context of temperament.

Strelau conceives of temperament as -relatively stable features of the
organism. primarily biologically determined as revealed in the formal
traits of reactions which form the energy level and temporal characteristic
of behavior" (1983, p.171). Let's stress the main points of this definition.
(1) Temperamental features are considered  to  be quite stable. Never-
theless, temperaments are considered to be subject to slow changes under
environmental influences, and progressive and regressive maturational
changes occurring in the physiological mechanisms underlying
temperament (Strelau, 1983). (2) Temperamental features are considered to
have a firm biological basis te.g., Allport, 1961; Buss and Plomin, 1984;
Drever, 1976; Eysenck, 1967; Strelau, 1983, 1984, 1987, Teplov, 1964).
(3) Temperamental features are manifested in formal aspects of behavior
more concerning the 'how' (style, shape, mode, fashion) of behavior than
the 'what' (abilities and content) or 'why' (motivation) (Buss and Plomin,
1984; Cattell, 1965; Cattell and Kline, 1977; Strelau, 1983, 1984, 1987;
Thomas and Chess, 1977). (4) Temperament is manifested in the energetic
level of behavior, e.g., in the level of activation, arousal, sensitization,
sensitivity to stimuli, strength of the nervous system (Strelau, 1983, 1984,
1985). (5) Several features of temperament concern the 'temporal  charac-
teristic' of behavior: speed of reaction, mobility, durability, reaction tem-
po, and rhythmicity (Strelau, 1983; Thomas and Chess, 1977).

Although it is generally assumed that psychophysiological measures
give a more valid indication of innate response tendencies and response
style, at least in Western psychology, temperament has been studied
traditionally with the aid of self-report measures. As an example of a
typical self-report measure supposed to have a strong biological basis, let
us look at the construct of extraversion.

Under the broad label extraversion are included the more narrowly
defined temperamental characteristics sociability, compulsiveness, ac-
tivity, liveliness, and excitability (Eysenck, 1967; Eysenck and Eysenck,
1985). In virtually any study reporting on the relationship between
extraversion or related constructs and psychophysiological reactions is
referred back to Eysenck's hypothesis that introverts have a weaker. more
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sensitive, nervous system than extraverts (e.g., Fey, 1984; Nebylitsyn and
Gray, 1972; van Olst, Kok, and Orlebeke, 1980; Mangan, 1982; Strelau,
1983; Smith, 1983; Stelmack and Plouffe, 1983; Strelau, Farley and Gale,
1986). This hypothesis forms a link between Eastern (Pavlov, Teplov,
Strelau) and Western (Guilford, Cattell, Eysenck) models of temperament.

Eysenck's (1967) hypothesis refers to Pavlov's construct 'strength of
excitation' and Hull's concept of 'reactive inhibition: Not all underscore
the specific physiological mechanisms as outlined in Eysenck's hypothesis
(e.g., Gray, 1981; Hockey, 1986; Nebylitsyn and Gray, 1972; Strelau,
1983). For instance, more than in terms of general, diffuse arousal, Hock-
ey (1986) hypothesizes introverts and extraverts to differ in terms of cog-
nitive strategies employed: introverts work top-down, whereas extraverts
work bottom-up. Gray (1981) has also proposed a modification of
Eysenck's theory. He proposes introversion to be mainly manifested in
behavioral inhibition in response to aversive stimulation, while extraver-
sion is especially related to approach behavior or behavioral activation in
response to rewarding stimuli. However, the underlying biological
substrate of extraversion is widely accepted. Reviewing the many tests of
this hypothesis, Mangan (1982) concludes the extraversion-introversion
dimension to be similar to Pavlov's construct of 'strength of the nervous
system' in most essential respects.

Extraversion/introversion as well as related, more narrowly defined,
less inclusive, constructs such as, e.g., the Pavlov-Teplov typology of
strength of the nervous system (Nebylitsyn and Gray, 1972; Teplov, 1964),
Strelau's (1983, 1984) conception of activity-reactivity, and Zuckerman's
(1971, 1979) concept of sensation seeking, are hypothesized to be related
to general level of arousal or activation, i.e., the 'optimal level of arousal'
hypothesis: equal amounts of stimulation are not experienced as equal by
introverts and extraverts; introverts prefer a lower level of stimulation
than extraverts.

In several psychophysiological studies, the hypothesized relationship
between extraversion (or related constructs) and level of general
arousal/activation or arousability was confirmed (see e.g., Barratt, 1983;
Concordan, 1972; Eysenck, 1967; Mangan, 1982; Marton, 1972; Matthews,
1987; Neary and Zuckerman, 1973; Smith, 1983). In other studies this
hypothesis had to be rejected (e.g., Stemmler and Meinhardt, 1990;
Uherik, 1986). Some researchers point to the fact that it highly depends on
specific stimulus conditions or tasks demands whether one will find a
relationship between extraversion and physiological responding (e.g.,
Gale, 1973, 1981, 1983; Stelmack, 1981; Stelmack and Plouffe, 1983;
Zuckerman and Como, 1983; Zuckerman, Murtaugh, and Siegel, 1974).

In other studies, it has been shown that habituation processes (i.e.,
reactivity as a function of number of stimulus presentations or time) may
differ for extraverts and introverts (e.g., Hockey, 1986; Smith, Rockwell-
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Tischer, and Davidson, 1986). In several studies on extraversion, perfor-
mance during vigilance tasks has been studied. Vigilance is "a state of

readiness for the quickest possible action in response to a signal the time of
whose appearance is not known" (Pushkin, 1972, p.310). Extraverts
generally show a poorer performance in such tasks than introverts (e.g.,
Hockey, 1986). However, a new task introduced during the experiment
works alerting for extraverts and distracting for introverts (Eysenck,
1967).

From the brief overview of the coherence between extraversion as
measured with questionnaires and psychophysiological studies of extraver-
sion, it may be concluded that, although the construct does refer to formal
aspects of behavior and has a strong biological basis, this does not neces-
sarily imply coherence between self-report measures of extraversion and
psychophysiological responding of persons over all other facets of a study.
Whether or not coherence is found between physiological responding and
extraversion depends on all the categorical variables manipulated: person,
situation, time, and response class.

Where it concerns the person, we may expect that the physiological
responding of individuals differing on self-reported extraversion varies,
in several instances, with the other facets of our studies. It may be
predicted from the assumed physiological substrata of extraversion (as is
hypothesized in constructs such as reactive inhibition or habituation), that
extraverts and introverts react differently to a film presented for the first
time than to a film presented for the second time. Moreover, extraverts
may be more easily "bored" or fatigued in experiments involving repetitive
stimulation (Gale, 1973). Hence, relationships between extraversion and
responding during discrete situations may depend on time as well as on the
number of previous stimulus presentations. Moreover, it is hypothesized in
the  'optimal  level  of  arousal   hypothesis',  in  the 'top-down  versus  bottom-
up' hypothesis of Hockey (1986), as well as in the 'behavioral inhibition
versus behavioral activation' hypothesis of Gray (1981) that physiological
responding during concrete situations differs with the stimulus intensity
of these situations and with the content of situations (e.g., whether aver-
sive or rewarding stimuli are presented). This is confirmed in empirical
studies as those reviewed by Stelmack and Plouffe (1983). Finally, the
type of autonomic response studied (e.g., the enhanced responsiveness to
stimulation of introverted subjects has been demonstrated most consis-
tently with electrodermal measures; Stelmack, 1981), as well as the way in
which responses are defined (e.g., in terms of overall arousal or activation
versus input-output regulation processes; in terms of short-term reactivity
or in terms of long-lasting physiological effects) may determine the
degree of coherence between self-report measures and physiological
responding.
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To summarize, based on the construct of extraversion as an example,
when studying the coherence between self-report measures and
physiological responding, it is necessary to take into account the situation,
the time of the physiological response (i.e., whether there were previous
encounters with the specific situation under study or situations resembling
that situation), and the type of response. Thus, the amount of Individual-
specific Consistency found for a specific personality construct is con-
ditional on the arrangements of the experiment and the specific indepen-
dents and dependents chosen. The assumptions of classical personality
psychology are only tenable to a certain extent.

Situation-specific Consistency (SsC)

In his now classical 'Personality  and assessment', Mischel (1968) argued
that the concept of personality traits as broad response predispositions was
far too optimistic and that behavioral variation as a function of situational
variation appeared to be the rule rather than the exception. Mischel
therefore advocated a social behaviorist approach emphasizing the study
of situational determinants of behavior.

The adherents of learning theory too pleaded for a paradigmatic shift
in the study of man. "The practice of looking inside the organism for an
explanation of behavior has tended to obscure the variables which are im-
mediately available for scientific analysis" (Skinner, 1953, p.31).
Psychology should become a true science and study, whether hypothesized
causal (stimulus-response) relationships are confirmed or rejected. The
science of human behavior should concentrate on observable variables
located outside the organism in its immediate environment and in its ob-
servable environmental history.

Strict environmentalist standpoints have been criticized, e.g., for
neglect of individual differences and behavioral stability, and for the
oversimplification of prediction models regarding human behavior (e.g.,
Bowers, 1976; Cronbach, 1957; Eysenck and Eysenck, 1985; Jung, 1978;
Miller and Buckhout, 1973; Pervin, 1975). However, the reliance on ob-
servable behavior instead of mystic constructs as well as the recognition of
the importance of environmental circumstances and learning, are among
the assets of learning theory that are widely accepted in theory and prac-
tice of psychology nowadays. Situationism has served as a necessary and
warranted corrective to trait psychology (Bowers, 1976).

Assumptions in stimulus-response psychology are: that dependent on
stimulation, characteristic behavior is observed; and, that this behavior is
to some extent similar among subjects and stable over time. I will call this
kind of response consistency that is traditionally studied in those dis-
ciplines seeking lawful variability in the behavior of the species man, i.e.,
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in experimental and biological traditions, Situation-specific Consistency.
SsC is an index for the extent to which behavior as a function of physical
and other objective criteria of the situation, is consistent, irrespective of
individuals, occasions, or response fractions considered to belong to the
behavior.

Famous examples of SsC in psychophysiology that may be of relevance
for personality psychology, are the study of Ax (1953) showing "anger-
producing" and "fear-producing" situations to be accompanied by
physiological reaction patterns that are clearly different for the two
situations, and the study of Ekman, Levenson, and Friesen (1983; Leven-
son, Ekman, and Friesen, 1990) showing different physiological response
patterns to occur for three classes of emotion: (a) happiness, disgust, and
surprise; (b) anger; and, (c) fear and sadness. In the latter study emotions
were elicited by two tasks (directed facial action and relived emotions).

Individual-Situation-specific  Consistency  (ISsC)

In 1957, when Cronbach published his influential paper, the two dis-
ciplines of scientific psychology were involved in a paradigmatic struggle
considered to be an impediment for progress in psychology. Nevertheless,
a beginning confluence or synthesis of the two streams in a third dis-
cipline was about to emerge. Beyond the struggle, it is not enough for
each discipline to borrow from the other, but a truly united discipline is
concerned with the interaction between organismic and situational
variables (cf. Cronbach, 1957,1975).

Perhaps we may credit Kurt Lewin to be one of the pioneers in con-
sidering both the person and the situation in making predictions about
man. In the field theory of Lewin, behavior is a function of the /i/e space,
the product of interaction between the person and his environment. Lewin
hoped to develop a mathematical model to quantify such functional
relationships, but he was more successful in inspiring research than in
making his field theory very systematic (Hall and Lindzey, 1978; Miller
and Buckhout, 1973).

In the tradition of Lewin, interactionism opposes the view of defining
person-situation interactions as error. The most extreme representatives of
the two schools above, at least at an operational level, define the person or
the environment as closed systems (see e.g., Babladelis, 1984), and strive
to find a consistent ranking of individuals in all situations and a consistent
ranking of situations in all individuals. In contrast, interactionism stresses
that in real life persons and situations must be considered conjointly for
an adequate explanation of lawful variability in behavior. The more
pronounced the conception of the person as an open system, the shorter
the half-life of relationships within it are assumed to be (Cronbach, 1975).
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To be able to generalize beyond consistencies found in a specific
laboratory setting at a specific time, psychologists must abandon the view
of man and environment as closed systems and integrate in their theories
and methods the complexity of the real world, that is, persons and
situations as these really are and influence each other.

The basic elements of the person by situation interaction model were
summarized by Magnusson and Endler (1977, p.4). (1) Actual behavior is a
function of a continuous process of multi-directional interaction or feed-
back between the individual and the situations he or she encounters.
(2) The  individual  is an intentional, active agent  in this interaction
process. (3) On the person side of interaction, cognitive and motivational
factors are essential determinants of behavior. (4) On the situation side,
the psychological meaning of situations for the individual is the important
determining factor.

Hence, neither the person nor the situation separately, but the com-
bination of person and environment determines behavior, what Lewin
called the life space. Seen from this perspective, the person-situation
controversy is a pseudo-issue (Endler, 1973) hampering progress in per-
sonality research. Not the question of whether the person or the environ-
ment is more important must be the main topic of research. The answer to
this question will obviously depend on the persons and situations studied.
But, it is much more important to know which personality variables and
situational variables interact to produce consistent behaviors and which to
produce variable behaviors. Not the dominance of one over the other, but
the agreement between the person and the situation is the major issue and
the very core of human adaptation (Hettema, 1989b).

To be able to study the consistency of person-environment com-
binations, it is necessary to create a replication facet, for instance, by
partitioning the situation in fractions supposed to be specific of the
situation under study, by using more than one type of response to define
the behavior under study, or by confronting persons repeatedly with the
same situations. I will denote the kind of response consistency that is
traditionally studied in interactionism, Individual-Situation-specific Con-
sistency. ISsC is an index for the extent to which behavior as a function of
individual and situation. is consistent over time (or other replication).

Integrating the interactionist perspective in personality psychology, the
researcher will not only search for consistent individual differences per se,
but also for effects that are specific of individuals or groups of in-
dividuals in specific situations. Hence, a person-situation matrix of data
will contain two sources of variance that are of interest for the personality
psychologist the main variance due to persons, and the person-situation
interaction variance. Individual differences in this respect are assumed by
some authors to be dependent on the individuals' partially specific
interpretation (Magnusson, 1988), apprehension (Lazarus and Monat,
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1979), or subjective appraisal (Averill and Opton, 1968) of stimuli and
events in the environment.

Analogously, integrating the interactionist perspective in experimental
designs, the researcher not only studies laws applying to the human
species in general, but also lawful stimulus-response variability applying
to individuals or specific groups of individuals.

What types of consistency may be expected from the perspective of
interactional models of personality? First of all, most interactionist'
models emphasize social-cognitive variables as the main sources of
behavioral variation (cf. Endler and Magnusson, 1976, 1976a; Mischel,
1976, 1977). Only models of a biological and biosocial signature have
explicitly formulated propositions with respect to the consistency of
physiological reactions (cf. Hettema and Kenrick, 1989, 1991). As an
example of the latter category, I shall briefly introduce Hettema's Open-
systems Adaptation Model.

The open-systems adaptation model
Using general systems theory as a framework, Hettema (1979, 1989) con-
ceives of personality as an open adaptive system and the situation as the
system's environment. The personality system as a whole tends to acquire,
maintain, and increase control over its environment. To accomplish
control, several types of interaction are specified. Person-situation
interactions are postulated to occur at three levels of the personality sys-
tem that are connected by couplings for interlevel transactions to occur.
the cognitive-symbolic level, the sensorimotor operational level, and, in
between, the control level of psychological functioning.

At the cognitive-symbolic level, the system represents situations and
specific (situational) goals to be attained as well as behavioral means to be
used for attainment of these goals. That is, individuals have conceptions
of prevailing situations and desirable situations as well as of rules and
preferences to deal with those situations and transform them. In the adap-
tation model, this collection of behavioral opportunities and behavioral
preferences is summarized in the strategic subsystem of personality.

At the control level, the collection of processes to enhance control are
summarized in the tactical subsystem of personality. Tactics refer to the

nature of autonomous, that is, spontaneous or self-regulating, adjustments
made in the course of behavior. These intermediate tactical changes in the
ongoing stream of behavior determine behavior within the context of the
strategy chosen in a purely formal way, e.g; by stopping the behavioral
output and tuning, by switching to new means to restore equilibrium, or
by intensifying the behavioral output.

Within the tactical subsystem, six hypothetical State-transition   ( ST-)
mechanisms for short-term adaptation are distinguished. Reflection, un-
coupling, and redirection affect the cognitive-symbolic level; and
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exploration, substitution, and persistence affect the sensorimotor-
operational level. Both reflection and exploration have to do with input-
regulation (arousal). In contrast, redirection and persistence have to do
with output-regulation (activation). Finally, uncoupling and substitution
have to do with input- and output-regulation at the same time (effort).
Hence, three processes having to do with input- and/or output-regulation
(arousal, activation, and effort) are represented in this control system
model of psychological adaptation as are overt and covert tactics.

If these ST-mechanisms fail to restore control, disruption mechanisms
are started to minimize non-control. Examples of these long-term adap-
tation mechanisms are avoidance, suppression or extinction of the ineffec-
tive response, and abandoning of original goals.

ST-mechanisms as well as disruption mechanisms are assumed to have
specific patterns of concomitant physiological activity. Hettema, Vinger-
hoets, and van Heck (1989) using films as eliciting stimuli, were able to
identify six autonomic response patterns composed of four distinct
autonomic variables: Heart Rate (HR), T-Wave Amplitude (TWA), Gal-
vanic Skin level (GSL), and Finger-Tip Temperature (FIT). Integrating
autonomic classifications of Pribram who focused primarily on internal
regulatory processes (e.g., Pribram and McGuinness, 1975) and Lacey who
stressed the importance of transactions between the organism and the en-
vironment (Lacey, 1967; Lacey et al., 1963; Lacey and Lacey, 1970), the
structure of these six autonomic patterns was interpreted in terms of the
control systems model of psychological adaptation. Biochemical variables
were used to validate these interpretations. Activation (redirection and
persistence) was hypothesized to be represented by relatively high HR and
low TWA, and arousal (reflection and exploration) by relatively low HR
and high TWA. The two remaining ST-mechanisms, having to do with
input- and output-regulation at the same time, i.e., uncoupling and
substitution, were supposed to be represented by intermediate levels of
HR and TWA. GSL and FIT were used to discriminate between cog-
nitive-symbolic and sensorimotor-operational patterns.

To test these interpretations, a construct validation study was designed
using cognitive tasks to elicit specific ST-mechanisms (Hettema, Vinger-
hoets, van der Molen, and van de Vijver, 1989). Results of this validation
study were promising. Hypotheses concerning the elicitation of distinct
autonomic patterns during specific tasks were generally confirmed. Less
convincing were results regarding the hypothesized better performance
during distinct tasks if specific autonomic patterns were observed.

The conclusion was drawn that the results of the first attempt to iden-
tify and validate physiological patterns representing tactical mechanisms
were promising. The current study may yield results to test the consistency
of these patterns and to extend the techniques for defining autonomic
patterns by means of a thorough investigation of the metric properties of
physiological responding.
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Although Hettema, Vingerhoets, and van Heck (1989) were able to test
some types of consistency, the design did not allow a comprehensive study
of consistency of autonomic response patterns and a definite test of the
hypotheses regarding psychophysiological consistency following from the
open-systems adaptation model. In the current study, apart from the par-
ticipation of more subjects and the addition of more types of autonomic
variables, subjects participate on two occasions instead of one. By adding
this time facet to the other three facets (persons, situations, and response
classes), the present study allows to map the cross-time stability of
psychophysiological consistency.

Within the open-systems adaptation model, different types of
behavioral consistency are assumed to occur at the different levels of per-
sonality (Hettema, 1979,19898). According to the conditioning assumption
of the model (cf. Hettema and Kenrick, 1989), tactical mechanisms are
hypothesized to be coupled with situation concepts with which these
initially occurred implying Individual-Situation-specific Consistency of
response patterns. On biological grounds, a definite preference for
specific tactical mechanisms is assumed to exist in any individual.
Moreover, according to the generalization assumption, tactical mechanisms
are assumed to be coupled with elements of the symbolic behavioral struc-
ture which resemble characteristics of the environment where the disrup-
tion initially occurred, implying a certain amount of Individual-specific
Consistency across situations.

Therefore, within occasions, physiological response patterns are
hypothesized to be consistent across films (IsC), and response patterns
observed for specific person-film combinations are hypothesized to be
consistent across scenes of films (ISsC). Moreover, both types of consis-
tency are hypothesized to be stable across time. Assessment of the amount
of generalizability of these types of consistency will be most central in the
study of psychophysiological consistency.

Purpose of the Study

The study of psychophysiological consistency and its meaning for per-
sonality assessment in complex daily situations has been defined as the
main aim of the present thesis. The study clearly goes beyond the devas-
tating paradigmatic struggle between personologists and situationists.

In the current study, I will not take a rigid position in the debate be-
tween personologists and situationists. If one steps back from the person-
situation debate, one may recognize that both perspectives are logical in
that each focuses on a different aspect of the functioning of individuals in
real life (cf. Milton, 1981). Moreover, both perspectives have provided
tools that have aided in the improvement of the quality of life of man.
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However, both extreme points of view can profit from a common
theoretical and psychometric framework that takes account of all sources
of systematic variation in behavior, and, consequently, defines all sources
of "error".

IsC, SsC, and ISsC are only three forms of lawful variability in
behavior that are studied by psychologists. Our design consists of four
facets: Persons (P), Situations (S), (physiological) Response modalities (R),
and occasions (T). In such a design, as far as it concerns response patterns,
IsC and SsC, and ISsC are represented by the second-order interactions
PxR and SxR, and the third-order interaction PxSxR, respectively. But,
other components may also have a meaning. To grasp the complexity of
everyday functioning, instead of using a predefined hypothesis to be con-
firmed or rejected, a descriptive approach taking account of the multi-
determinedness of instantaneous behavior and the constant interaction
between person and environment in concrete ever changing situations is
called for. Asking what psychophysiological measurement can mean for
personality assessment is asking how far lawful variability in physiological
behavior complies with a specific personality model.

The open-systems adaptation model has been defined as a theoretical
and empirical framework embracing the complexity of individual
functioning in real life. On biological grounds and in accordance with the
generalization assumption, a certain amount of Individual-specific Consis-
tency of physiological behavior is expected to occur within this model.
Additionally, from the conditioning assumption, a certain amount of In-
dividual-Situation-specific Consistency is predicted. Generalizability
theory (Cronbach et al., 1972) offers the tools to assess the degree to
which physiological behavior of individuals in concrete situations
complies with the specific assumptions of the open-systems adaptation
model. The mapping of these types of psychophysiological consistency may
be defined as the more direct aim of this study.

The study of interrelationships between physiological responding and
other measures of individual functioning has been a topic of enduring
interest and is implicit in existing preconceptions within personality
psychology, assuming unique and distinct ways of behaving of individuals
to be manifested in several modes of responding. To obtain more insight
into the way in which individual differences in autonomic responding as
manifested in the current setting are related to individual differences that
are traditionally considered to be important in personality psychology, the
association with conventional self-report measures will be explored. The
results of the consistency study will indicate for which physiological
variables associations may be expected to occur, as well as the importance
of taking into account the specific film presented or the occasion during
which films were presented.
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To be able to adequately answer the questions of the current study, a
careful consideration of the dependent variables used, i.e., autonomic
responding, is considered to be of utmost importance. In
psychophysiological research, many ambiguities still exist regarding the
definition and interpretation of autonomic responding. Therefore, em-
bedded within the frame of the present study, a theoretical review of
psychophysiological studies is included to be used to interpret autonomic
responding as well as a thorough consideration of the methods and data
reduction procedures to be adopted to optimally define autonomic respon-
ding.

Quantifying Consistency

To quantify the consistencies emerging in this study, I will use the
methods developed in the context of generalizability theory, an empirical
framework taking account of the multi-determined nature of behavioral
variation (Cronbach et al., 1972; see e.g., Cronbach, 1984; Endler, 1976;
Golding, 1975; van Heck, 1981; Hettema, 19893; Murphy and Davids-
hofer, 1988; Ozer, 1986; Shavelson and Webb, 1981; Shavelson, Webb, and
Rowley, 1989).

As early as 1925, Fisher revolutionized statistical thinking by aban-
doning the concept of undifferentiated error. Generalizability theory
evolved from the recognition that the concept of amorphous error in clas-
sical reliability theory provides too gross a characterization of the multiple
sources of error in a measurement. A suitable experiment can estimate
how much variation arises from each controllable source. Confronting
subjects with films on several occasions while recording distinct
physiological reactions, each of these choices (person, film, occasion, and
response class) is a potential source of error, or rather, of systematic
variation. Generalizability theory provides the tools to assess these mul-
tiple sources exhaustively.

Generalizability theory belongs to the school of descriptive statistics.
Within the model, the failing generalizability of specific effects is taken as
seriously as are the hypothesized effects themselves. The natural range of
variables is studied instead of shaping conditions to represent a hypothesis
(cf. Cronbach, 1975). Hence, generalizability theory may be considered to
be a paradigm to quantify the consistency of real world relationships as
well as the boundaries of these consistencies on a level that goes beyond th
e absolute confirmation or rejection of hypotheses.

In generalizability theory, an observed score is viewed as a sample from
a universe of admissible observations, characterized by one or more facets
that are of interest to the researcher (e.g., persons, situations, replications
within situations, response classes, raters, time). This universe may be
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broader than the universe of generalization. Studying a specific question,
the researcher chooses a universe of generalization which is described in
terms of allowable conditions of the experiment. For instance, the per-
sonality psychologist might decide to accept an autonomic response profile
as specific of a person (IsC), if the pattern is observed during any film on
any occasion. In this way the universe of generalization is defined in terms
of two facets: film and occasion. "The question of "reliability" then resolves
into a question of generalization, or generalizability" (Cronbach et al.,
1972, p. 15): e.g., how accurate are mean scores of specific subjects (over
films and occasions, i.e., the universe score) in predicting scores during
separate films on separate occasions (i.e., the observed score)9

Estimated variance components are the basis for indexing the relative
contribution of each source of error and the (un)dependability of
measurements. In the person-situation debate, to accentuate the
supremacy of one effect over the other, these components have been used
as direct interpretable descriptive statistics of the relative contribution of
main effects and interactions to the overall variance. Using the symbol
 lotal to indicate the sum of all variance components, so-called 62-ratios
technically index the percentage of total variation accounted for by
variance due to a specific facet or interaction (e.g., Golding, 1975). For
example, one may interpret &2p, that is,  p/02,40,  as the percentage   of
the total variance that is attributable to persons (P). However, these coef-
ficients do not carry the inferential weight that is desired to assess the
relative consistency in behavior attributable to persons, situations, and
person-situation interactions (e.g., Epstein, 1977; Golding, 1975; Ozer,
1986). For that purpose, I will use coefficients of generalizability (pl.

To demonstrate that when persons show consistent behavior across
situations not always a large percentage of total variation is accounted for
by individual differences, consider the following illustration from ath-
letics.

"Assume that a number of runners compete in several races of varying
distances, from 100-yard to 500-yard dashes. Assume further that all
runners retain the same rank order in all races. This allows perfect
predictability of behavior solely on the basis of knowing who is the run-
ner. Now. as can be expected for short races of the type involved. dif-
ferences among runners for any race can be anticipated to vary. at most,
by no more than a few seconds. No runner on any race is likely to beat
another runner by anywhere near half the distance that is being run.
Furthermore. consider that the mean time to run races of different
lengths varies markedly. The mean time for running the 500-yard dash
can be anticipated to be slightly more than five times the mean time for
running the 100-yard dash. It is therefore apparent that the variance
contributed by differences among situations. in this case races of dif-
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ferent length. is far greater than the variance contributed by differences
among runners within races." (Epstein, 1977, p.85).

In this example, although differences between runners were perfectly
consistent, the percentage of total variance attributable to runners is
around zero. Hence,  r,2 can be made as large or as small as one wishes by
simply manipulating the variation among events. IsC is meant to be an
index of the extent to which one can generalize the relative standing of
persons across a universe of situations and/or time. Because the rank-or-
der of runners in the example above was preserved over distances, we
should expect IsC to be around one. The generalizability coefficient Cp.),
indexing the percentage of variation in the observed scores accounted for by
variation due to a specific facet or interaction O.e., the universe score), has
this inferential weight. In the example of Epstein, pEp, i.e., the consisten-
cy of differences among runners over distances, as well as pEs, i.e., the
generalizability of differences among distances over runners, are both near

to one, implying perfect generalizability of each facet over the other. The
generalizability coefficient is analogous to the reliability coefficient in
classical test theory, i.e., the intraclass correlation or alpha coefficient.

Above, the assumptions of three perspectives were outlined. In a
radical person- or situation-oriented approach, the various sources that
may lower reliability are neglected. For example, the strict personologist
will be content if, for a specific response, the generalizability of scores of
persons over situations and time is high enough to accept the hypothesis of
distinctive behavior of individuals irrespective of situations and time.
Every systematic interaction lowering this generalizability is conceived of
as error, that is, the Person-Situation, Person-Time, and Person-Situation-
Time interactions. In contrast, within open-system, interactive, models, it
does matter to know which specific interaction lowers the generalizability.
For example, systematic effects for individuals in specific situations may
occur with dramatic consequences for the generalizability of individual
differences per se, but not for the potential validity of the situations for
the assessment of enduring personality characteristics.

Ozer (1986) presents an interesting framework to describe and interpret
all sources of systematic variation in the 'Person x Situation x Response
class x Time universe' exhaustively. Many interesting hypotheses can be
tested by selecting for analyses only one level of one or more facets, or by
aggregating one or more facets over all levels. For instance, to differen-
tiate between persons responding situation-dependent and persons respon-
ding time- (e.g., mood-) dependent, among the consistency estimates of
distinct individuals, the coefficient assessing the degree to which a person
shows stable response patterns as a function of situational variability (cf.
Bem and Allen, 1974), i.e., the Situation-specific Consistency of an in-
dividual person, may be contrasted with the cross-situation consistency of
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time-specific effects. The straightforward, empirical, approach as out-
lined by Ozer (1986) is valuable for locating the precise sources of sys-
tematic variation and "error" in the universe of generalization. For
instance, to identify individuals for whom behavior-predictions are ap-
plicable or not, to select situations, items or response classes showing a
desirable type of consistency, or to study why hypothesized types of con-
sistency do not hold. Consequently, at the outset of this study, to get an
overview of the entire universe of generalization, it is worthwhile to map
all important types of psychophysiological consistency.

In the classical personality perspective as outlined above, behavior of
individuals is assumed to be internally consistent, stable over time, and
consistent across situations. Integrating the interactionist perspective in
personality psychology, the researcher is especially interested in internally
consistent and stable behavior of individuals as a function of the person
and the situation. To map this type of consistency, a more molar approach
is indicated than the approach outlined by Ozer (1986). That is, the Per-
son-Situation (PS) interaction must be added to the Person (P) component
in the universe-score variance (Cronbach et at., 1972, p.182). The resul-
ting generalizability coefficient, pl,+Ps, refers to the consistency of
responsiveness scores as specific for individuals and as specific for in-
dividuals during distinct situations. Hence, this type of generalizability
integrates the two types of consistency expected, within the framework of
the open-systems adaptation model, on biological grounds and from the
generalization assumption as well as from the conditioning assumption.

Autonomic Responding

Both from an interpretive and a metric point of view, physiological
responses are extremely difficult dependent variables.

In the section on behavioral consistency, I have already hinted at the
importance of the study of response profiles in psychophysiological
research. In recent years, it has become more and more clear that
autonomic variables are multi-composed and that lawful variability in
physiological behavior can best be understood in terms of the combination
of response changes in the distinct variables composing the response pat-
tern.

In former days, it was assumed that considerable covariation exists
between physiological parameters, all representing one and the same
aspect, the degree of non-specific arousal or activation (e.g., Duffy,
1972). All physiological variables were supposed to be more or less inter-
changeable, and to represent the status of the individual on a "unidimen-
Sional activation" continuum ranging from deep sleep to extreme stress.
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Since that time it has been shown repeatedly that it is often impossible
to predict an individual's reaction score in one physiological modality on
the basis of his score in another modality. Although under some cir-
cumstances physiological variables correlate well, depending on the neural
system activated, over-reactivity in one variable may be accompanied by
none or even under-reactivity in another variable.

One of the best known examples of response fractionation (cf. Fahren-

berg, 1987) is Lacey's distinction between environmental intake and en-
vironmental rejection (i.e., Lacey, 1967; Lacey et at., 1963; Lacey and
Lacey, 1970). If persons reject, i.e., not attend to, what is going on in the
environment, both their galvanic skin level and their heart rate increase.
On the other hand, if persons orient to what is going on, their galvanic
skin level also increases, but their heart rate decreases. Another classic in
this area is the study of Ax (1953) who differentiated between fear and
anger in terms of autonomic response patterns. Observations such as these
which suggest physiological measures to be not interchangeable, have in-
cited researchers to study response patterns instead of single responses or
summated composite scores. That is, researchers have described the
physiological response in terms of the fractions of which it consists.

Apart from empirical findings, a growing knowledge of the neural and
biochemical structure of the Autonomic Nervous System (ANS) has urged
researchers to study multiple physiological variables. Dependent on the
specific neurochemical agents and hormones active, sympathetic and/or
parasympathetic branches of the autonomic nervous system may be af-
fected and within these subsystems different receptor sites may be sen-
sitized causing autonomic subsystems to act independently, antagonistical-
ly, or synergistically.

To be able to meaningfully classify and interpret psychophysiological
patterns composed of distinct autonomic variables that are supposed to
accompany specific short-term adaptation mechanisms, the literature on
autonomic responding will be reviewed for physiological interpretations of
distinct response patterns. A second strategy chosen consists of a careful
consideration of experimental manoeuvres and data reduction procedures
to be adopted to define short-term autonomic reactivity. Subsequently, a
psychometric technique will be used to group distinct physiological scores
in clusters of autonomic patterns. Provided the methods and data reduc-
tion procedures used are right, the resulting psychophysiological response
pattern taxonomy must fit the results of the literature review on
autonomic substrata of response patterning.

Our study of the dependent variables of the present thesis may end at
this point. Having at our disposal a response pattern taxonomy as well as a
setting in which multiple facets are varied systematically, we are perfectly
able to study the consistency of autonomic response patterns as a function
of multiple independents. Moreover, in principle such a response
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taxonomy may be used in several domains of psychology. The current
study is not designed to explicitly interpret or construct-validate
prototypic autonomic patterns in terms of functional overt or covert
behavior these represent such as, for instance, the State-Transition
mechanisms as defined within the open-systems adaptation model. Never-
theless, some information regarding behavioral correlates of autonomic
patterns can be derived from the independents in the current study as well
as from other studies in which specific autonomic processes have been
observed to vary with functional behavioral equivalents.

The Psychological Interpretation of Autonomic Patterns

In the current study, both sources of information mentioned will be used
to tentatively interpret autonomic patterns in psychological terms.
However, before starting such an undertaking some notes of caution are
necessary.

First, ascription of psychological meaning to a physiological measure
does not depend, logically, on knowledge of its physiological meaning
(Coles, Stratton, and Gehring, 1987). A one-to-one physiological-
psychological response taxonomy can hardly be presented since
physiological response patterns map into multiple elements that are of
relevance       for      psychology (cf. Cacioppo and Tassinary, 1990). In
psychophysiological research, specific response patterns have been ob-
served for specific groups of individuals (e.g., hypertensives), during
specific situations (e.g., while watching an erotic film), and concomitant
with specific behavior (e.g., lying). This statement cannot be converted.
We cannot state that given a specific response pattern, a hypertensive must
be the responder, the responder must be sexually aroused, or the subject
must be lying. At best, we might say that a specific autonomic pattern is
highly indicative of some kind of functional behavior such as attending or
physical exercise. An asset of the control-level model presented above is
that the taxonomy describes very elementary short-term behaviors that
may be part of distinct molar behaviors or specific emotions.

This brings me to the second point to be made. Many concepts in
psychology are too gross to permit the search for physiological correlates.
It is important to define the psychological response in formal behavioral
terms. For instance, the concept "positive affect" cannot be classified
under prototypic autonomic patterns. For positive affect during a thrilling
soccer game will certainly have different autonomic (and behavioral) cor-
relates than positive affect while attending an interesting lecture, or while
listening to a concert of the London philharmonic on the one hand, or a
hard-rock band on the other. Even so, the emotions anger and euphoric
behavior (see e.g., Schachter and Singer, 1962; Schachter, 1964) are very
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different from the "affect" point of view, but not from the formal
behavioral point of view. That is, these behaviors both have to do with
behavioral output at the cost of input regulation. In the current study,
more examples of studies will be presented showing that it is more the
nature of the functional response than the appetitive or aversive aspect of
the situation that is related to the autonomic response.

Finally, even after having defined responses in operational terms, it is
important to add the conditions under which these are observed. To
validate the psychological significance of autonomic response patterns, the
physiological response must be defined and validated in terms of its an-
tecedents. Defining behavioral functions that tend to accompany specific
autonomic patterns, offers a means to generalize to psychological events
beyond the specific experimental situation (cf. Jennings, 1987), but does
not free the psychophysiologist from verifying lawful variability in
behavior as a function of observable antecedents.

The current study is designed to study, among other things, the consis-
tency of autonomic patterns, and not to find behavioral equivalents of
these patterns. This can best be done in Response-Response studies in
which subjects are engaged in different tasks that are designed to trigger
specific behavior like Hettema, Vingerhoets, van der Molen, and van de
Vijver (1989) did in our laboratory. To assess the relative dominance of
specific branches of the ANS, "autonomic" drugs can be used. Drug-task
interactions will show which autonomic systems are active during specific
tasks. Although we have not the design to validate behavioral
interpretations of autonomic response patterns, we might learn more from
theories and empirical contributions of behavioral equivalents of
autonomic patterns. Such a study may aid in the interpretation of specific
patterns with specific antecedents. That is, specific situations, emotions,
or stressful behaviors that seem to be very different at first may seem
very much alike if one knows the behavioral equivalents the prototypic
autonomic patterns stand for.

Consequently, in the current study, to obtain more insight into the
short-term adaptation mechanisms of individuals in concrete situations, I
will not review the literature for gross theories of stress, emotions, or
temperament. But, I will concentrate on models specifying autonomic
correlates of specific functional energizing and control behavior. Four
theoretical frameworks linking autonomic behavior to "psychological"
behavior having received considerable attention in the past decades, meet
this criterion: unidimensional activation theory, Lacey's intake-rejection
theory, Obrist's cardiac-somatic hypothesis, and models in which is dif-
ferentiated between arousal, effort, and activation (Hettema, Pribram).
Findings of these models will be used to fill in a hypothetical response
taxonomy, linking input- and output-regulation processes to prototypic
autonomic patterns.
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Psychophysiometric Issues

At several places above, the assets of the use of physiological measures in
the study of individual functioning have been stressed. Physiological
behavior may be a valid indicator of many psychological processes we are
interested in. However, since there always is physiological behavior, it is
extremely difficult to define and classify those aspects of autonomic
responding that are of interest for the understanding and explanation of
lawfulness in individual functioning in real life.

The researcher in psychophysiology has to decide how to handle several
problems that are inherent to the use of autonomic variables, such as, how
to detect and handle invalid recordings; how to establish and define
baselines; how to handle time-trends and base-level dependencies; how to
scale and standardize physiological reactions, and; how to classify and
interpret physiological patterns composed of distinct autonomic variables.
Dependent on the procedural decisions taken, the data-reduction and
data-analysis procedures adopted, and the final definition of response,
quite dissimilar results may be yielded. Moreover, many interesting
characteristics of the responding individual may be in just these response
properties that we want to get rid of to be able to assess differential
responsiveness during films. For instance, in the pace with which
physiological levels stabilize after the subject has entered the laboratory,
valuable information regarding the psychological adaptation of this in-
dividual to new and complex situations in real life may be enclosed.
Finally, some of these response characteristics may interact with differen-
tial responding during films.

Hence, one cannot study the various forms of lawful variability in
autonomic behavior without also studying these phenomena of
physiological responding. Therefore, a large part of this book deals with
measurement problems that are inherent to the study of lawful variability
in psychophysiological behavior. The choice for specific methods and data
reduction procedures will be guided by physiological and statistical con-
siderations. Moreover, I will not only study the consistency of
physiological reactions during films, but also the consistency of the gross
physiological measures (i.e., within-session trends, mean levels, and
autonomic lability) to be omitted in defining physiological responses
during specific films.

Summary

In this chapter, the purpose and the theoretical perspective of the study
are outlined. Moreover, some methodological choices are elucidated. The
study is meant to obtain more insight into the instantaneous behavior of
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individuals in complex situations. For that purpose, the consistency of
physiological behavior as a function of multiple sources of behavioral
variation is estimated. Each technique of assessment can give only a
glimpse of human individuality. Within the techniques available,
psychophysiological measures are motivated to be of crucial importance to
assess short-term behavioral variations as these occur instantaneously,
outside the conscious control of the person responding and out of view of
external spectators, in ever-changing situations. Films are used to
represent divergent situations occurring in daily life. The medium film is
considered to be a powerful and relevant stimulus to elicit physiological
reactions in a controlled setting without weakening the flavor of con-
tinuously changing everyday situations.

The broader context of the study is the area of personality psychology.
In recent decades, the field of personality psychology has advanced
beyond the paradigmatic struggle between schools studying individual
differences per se and schools studying behavioral variability as a function
of situational variability, towards interactional conceptions stressing the
importance of both the person and the environment in understanding and
explaining the consistency of individual functioning in real life. Different
paradigms emphasize different types of consistency, of which three types
are dealt with explicitly: Individual-specific Consistency (IsC), Situation-
specific Consistency (SsC), and Individual-Situation-specific Consistency
(ISsC).

In classical personality models, distinct and internally consistent
behavior of individuals is assumed to be stable and consistent across
situations emphasizing Individual-specific Consistency. Traditionally,
especially self-report measures have been used to assess this type of con-
sistency. Particularly adherents of learning theory pleaded to study
Situation-specific Consistency instead of individual response
predispositions. The 'open-systems adaptation model' is presented as a

personality model representing the interactional approach. This model
stresses not only Individual-specific Consistency, but also Individual-
Situation-specific Consistency, i.e., the consistency of behavior as a
function of the person responding and the prevailing situation. The map-
ping of these various types of consistency is the more direct aim of the
present study.

Regarding data analysis, the generalizability paradigm is considered to
be the most appropriate instrument to estimate the amount of behavioral
variation arising from multiple controllable sources as well as the degree
to which specific sources attenuate these consistencies. This framework
offers all tools necessary to assess how far psychophysiological consistency
complies with a specific personality model. In psychophysiological
research, to arrive at an optimal definition of autonomic responding, it is
necessary to carefully weigh the pros and cons of specific methods, data
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reduction procedures, and data analysis and response interpretation tech-
niques. To be able to answer the questions of the current study, a
physiological and methodological study of autonomic responding will
precede the final analyses.



Part II

Methods

Because technicians are increasingly able to meet requests for more
sophisticated and accurate experimentation in psychophysiological
research, present-day psychologists are able to study phenomena pre-
computer predecessors could not. Signal processing techniques have
improved in such a way that with less hindrance for the subject accurate
and continuous physiological recordings can be made that were not pos-
sible in the past. Rapid developments in electronics and automation have
made data collection and data correction less time-consuming, less depen-
dent on subjective judgments of human record readers, and more ac-
curate. Nowadays, it is possible to build applications that are capable of
processing simultaneously on-line, distinct physiological responses and
other scores and information (e.g., test-scores, stimulus parameters, time
indications), meanwhile taking care of experimental control (e.g., presen-
tation of stimuli, starting and stopping of devices) and storage, correction,
and conversion of data. Moreover, with increasing power of computers,
there is often still memory left to take care of processes that require im-
mediate data processing, such as (bio)feedback or adaptive testing (i.e.,
varying the presentation of stimuli, test items, or tasks according to
physiological reactions of subjects to previous stimuli).

After describing the procedural specifications of the study of the con-
sistency of psychophysiological reactions during films (chapter 2), I will
point at two technical innovations that both were important for this
specific study and for other research that has been done in the Personality
Section of Tilburg University. First, the choice of a system for non-in-
vasive and continuous measurement of blood pressure (chapter 3), and,

secondly, the development of a computerized system for data collection
and experimental control (chapter 4).



Chapter 2

Procedural Specifications

For easy reference, this chapter addresses in detail how the study was
conducted, the subjects participating on two occasions, the films
presented, and the apparatus used. Before describing the what and the
how of the current study, the why of four choices will be clarified,
namely the choices for (a) the use of a fixed sequence of films, (b) the
distinct physiological variables used, (c) the specific films presented, and
(d) the use of "recovery" intervals alternating with film presentation. The
motives underlying the choices for the data reduction procedures adopted
in this study (i.e., the removal of time-trends and base-level dependen-
cies, the standardization procedure adopted, the scales of measurement
used, and the definition and allocation of response patterns) will be the
main topic of research in the next part of the book.

To deal with trends, in experimental research subjects have been
confronted with interchangeable sequences of experimental conditions. In
such a design time-effects (measurement carry-over) can be disentangled
from sequence effects (condition or treatment carry-over) (Johnson and
Lubin, 1972). Paul (1969, cited by Averill, 1973) showed different
physiological reactions to occur for a benign film preceding a stressful
film than for a benign film following a stressful film. Also others have
shown the order and context of film-scenes to be important (see e.g.,
Averill, Malmstrom, Koriat, and Lazarus, 1972; Isenhour, 1975). Since
permutation of experimental conditions (or items) reduces the power of a
test to detect individual differences (see e.g., Grossman, Stemmler, and
Meinhardt, 1990; Hambleton and Traub, 1974; Ozer, 1986; Stemmler and
Fahrenberg, 1989), clinical and personality psychologists often prefer to
use a fixed sequence of experimental conditions in psychophysiological
studies or a fixed order of items in achievement or personality tests. Since
I did not want to make a concession to the power of the design in the as-
sessment of individual differences, I decided to give all subjects the same
fixed sequence of films. It is admitted that physiological levels during
films may reflect in addition to real film effects, effects of previous films
and time effects. In the next chapter data reduction procedures will be
discussed to remove the latter effects.

Eight physiological variables are included in the current study: Heart
Period (HP in msec), Pulse Transit Time (FIT in msec), T-Wave
Amplitude (TWA in mVolt), Respiration Period (RP in msec), Diastolic
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(DBP) and Systolic (SBP) Blood Pressure (in mmHg), Galvanic Skin Level
(GSL in pmho), and Finger-Tip Temperature (FIT in °C). These distinct
variables were chosen for three reasons. First, these measures are supposed
to be differently affected by specific branches of the autonomic nervous
system (chapter 7); secondly, the measures used have proven to be sen-
sitive for environmental variations; and, third, the measures are broadly
applied in psychophysiological studies making our results more easily
interpretable.

Seven films were selected to be presented on two occasions to the sub-
jects. At the time of production of the films, three criteria guided the
selection of situations to be filmed from a situation taxonomy (van Heck,
1984, 1989): first, divergence of situations and, consequently, of
autonomic patterns the films were supposed to elicit; secondly, the validity
of the situations for studying the adaptation of individuals in daily life
(hence, the selected situations had to occur more or less often in everyday
life); and, thirdly, the relevance of the situations for several areas of ap-
plied psychology (Hettema, van Heck, and Brandt, 1989). The seven films
selected from the 25 films produced at the time, all are of good quality,
represent a diversity of situations from various domains (clinical, inter-
personal, educational, organizational), differ in character from very
positive to rather stressful, and, consequently, are assumed to elicit diver-
gent behavior and to affect different branches of the autonomic nervous
systenn.

For two reasons it was decided to alternate the film presentations with
"recovery" intervals of four minutes duration. First, during these intervals
the response levels of subjects affected by preceding films, could return to
baseline. And, secondly, we were in need of measures of basal level and
autonomic variability of individuals that are not affected to a high degree
by the experimental conditions. The use of these baseline periods for the
correction of within session trends and standardization procedures will be
further clarified in the next part of this book.

Design

To study the consistency of autonomic responding as a function of the
person responding, the prevailing situation, the time of the act, the type
of autonomic response, and interactions between these four independents,
a multifacet design is chosen including five categorical variables: 56 per-
sons (P), 7 films (S), 4 scenes (s), 8 physiological variables (R), and two
occasions (T). Due to missing values, 44 subjects are included in the study
of psychophysiological consistency. Except for scenes that are treated as
nested within films, all facets are treated as crossed.
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Subjects and Occasions

Subjects in the current study were 56 male students with a mean age of
21.8 years (s.d.=2.1). All volunteered for the study and were paid for par-
ticipation. Subjects attended the laboratory individually. Half of the group
was randomly assigned to a morning session starting at nine o'clock, and
the other half to an afternoon session starting at one o'clock. These groups
were again randomly split to visit the laboratory in the morning or in the
afternoon for a second session. Of the subjects, 53 participated again on
the second occasion. The mean interval between the occasions was 14.1
weeks (s.d.=4.5).

Films

In order of presentation, the following films were presented (with bet-
ween brackets the identification of the baseline intervals between films):
(Rl)    Overwork (R2) Intrigue (R3) Love-Making (R4) Lesson    (R5)
Driving-Test (R6) Deathbed (R7) Museum (R8). As part of the data-
reduction procedure, films were partitioned in scenes of 30 seconds (scene
1 refers to the first half minute of the film, scene 2 to the second half
minute, etc.). Blocks of four scenes representing salient situations of
specific films were selected for consistency analysis. Let us look at the
scripts of the films and at the scenes selected for analysis.

Overwork
A big hydraulic press is out of order. Three workmen have to repair the
machine overnight. It is hard work to get the machine running in time. At
dawn, the press works again and the laborers can go home. The most
salient feature of the film is the physical labor that has to be done to get
the machine running  in time: scenes 6 through  9.  The film consists  of  13
scenes of half a minute.

Intrigue
One evening, Mr. S. is told that the manager of his department will be
promoted. His wife suggests he should take all actions needed to fill the
vacancy. The director finds out in time that Mr. S. is playing an unfair
and indecent game to get the promotion. To understand what Mr. S. is
planning, the viewer has to stay alert. During the scenes 2 through 5 from
several dialogues of Mr. S., it may become clear to the subject what Mr. S.
is  up  to.  The film consists  of 12 scenes.



42

Love-Making
A young man with a cut-out advertisement in his hand, in which a tent is
offered, rings at a door. He is very surprised when the door is opened by a
girlfriend. She has just moved in, and he helps her to place the furniture.
Afterwards they talk about the tent. He needs it for his holidays in
Greece. She is delighted when he suggests she should come with him, and
accepts his offer. Something nice revives between the two young people.
He accepts her invitation to stay with her that night. The most salient
scenes  in  this  film,  are the erotic scenes 9 through 12 starting  with  neck-
ing in the living room and ending with love-making in the bedroom. The
film  consists  of 13 scenes.

Lesson
The physics lesson is disturbed by pupils attending class too late and by
inattentive students. Nevertheless, the science teacher eventually succeeds
in explaining an important law in physics. The scenes 5 through 8 are
prototypical for the lesson situation: the teacher demonstrates, clarifies,
asks questions, and verifies whether pupils stay alert. The film consists of
9 scenes.

Driving-Test
The driving instructor assures Mrs. S., she will pass the exam if she stays
calm. Driving the car, there is no time to contemplate on the beautiful
sites of Tilburg. When Mrs. S. returns, she is glad to tell her instructor, she
passed the many tests needed to show she is able to drive a car. During the
scenes  11  through  14, Mrs. S. has to perform several difficult actions, such
as turning the car in a narrow street, and driving the car backwards
around the corner.  The film consists  of 16 scenes.

Deathbed
A middle-aged man and his daughter are standing at the deathbed of his
wife and her mother. When the nurse arrives, they go to sleep. In the mid-
dle of the night, the family is woken by the nurse. A physician is called
for. All he can tell is that the woman has died. During scenes 5 through 8,
it dawns that the woman has died causing profound grief in the relatives.
The film consists of 10 scenes.

Museum
Harry applies for a job in a museum. Although, he does not have the right
diploma, he is very interested in getting the position. The director of the
museum thinks Harry to be suited for the job on condition he gets the re-
quired certificate. At the exam, Harry has to hurry to finish the paper,
but he succeeds. Returning in the museum, he is congratulated by the
other personnel. During the scenes 4 through 7, typical exam situations are
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displayed: it is silent; candidates concentrate, think, and write down the
answers; and, the examiner keeps a look-out. The film consists of 10
scenes.

Physiological Apparatus

For ECG measurement, Ag-AgCl electrodes were placed just below the
right clavicle and on the lower left rib. The grounding was attached to the
inner side of the left under-arm. The peripheral pulse, monitored with a
Hewlett Packard photo-electric densitograph (Chirife and Spodick, 1972)
attached to the upper part of the right ear, was amplified with a plethys-
mogram amplifier made at Tilburg University. The top of the ear-pulse
was taken to measure pulse arrival time. The respiration wave was
measured with an instrument made by the electronics section of the
Psychology Department of the Free University in Amsterdam. This ap-
paratus monitors changes in the circumference of the lungs by measuring
the time of circulation of a sound sent through an elastic hose wrapped
around the thorax. Filtering was done with Beckman Type 9806A A-C
Couplers (Time Constants were set to .3 for the ECG and the pulse wave,
and, to keep the baseline constant, to 1 for the respiration wave; high fre-
quency limits were set to 30 Hz for these three signals).

Galvanic skin level was monitored with an Enting Conductron 330.
Plumb electrodes were attached dry to the innerside of the lower phalan-
ges of the index finger and the middle finger of the left hand. To remove
oxidation, electrodes were sanded with fine sandpaper periodically. The
thermistron for the recording of finger-tip temperature was attached with
paper plaster to the tip of the left little finger. Temperature was measured
with an Enting Thermotron 440 (and Myotron 220 combination). Blood
pressure was measured with an Ohmeda 2300 Finapres monitor (chapter
3). The blood pressure cuff was wrapped around the middle phalanx of
the right middle finger. The hand rested on a table that was adjusted to
the height of the heart.

A new module was built to measure T-wave amplitude, which was
defined as the maximum value of the ECG in the interval 150-350 msec
after the top Of the R-wave minus the zero-level of the ECG. This base
level was determined at 60% duration of the heart period.

For visual control of the automatized artefact correction, signals were
written out on a Beckman R611 polygraph. For off-line analysis in the
case of emergency, signals were saved on a Hewlett Packard 3968A
instrumentation recorder. Voltage meters were used to obtain feedback on
the processing of the slow changing analog signals during the experiment.
For further information regarding the hardware, the reader is referred to
the next two chapters.
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Procedure

Instructions

The aim of the study as presented to the subjects was 'the measurement of
bodily reactions during films'. Subjects were not instructed to abstain
from coffee or tobacco prior to the experiment. Such procedures may lead
to withdrawal symptoms that are injurious to experimental control (Jen-
nings et al., 1981). All was done to reassure the subject and to make the
experimental situation as little threatening as possible. When fastening the
measurement utilities, the experimenter explained in layman terms what
he was doing and what the measurement devices would do. Just prior to
the start of the experimental session, subjects received written instructions
asking to refrain from movement during the experiment as much as pos-
sible and to watch the films relaxed. Moreover, it was explained to the
subjects what could be expected (films representing everyday situations
alternated with intervals during which music was presented), and how
long the session would take approximately.

Environmental control

All was done to maximize the impact of the films and to minimize distur-
bing influences. Films were projected by means of an Ernemann VIII
projector on a screen of 3.4  x 1.8 meters. Subjects were seated  in  a com-
fortable chair at a distance of 4.5 meter of the screen. Apart from the
screen, the room was completely dark. Walls, floor and ceiling were
painted black, and side-walls were hidden by large curtains of black vel-
vet. The sound of the film was presented by two small boxes placed at .5
meter left and right from the subject. Subjects were separated from the
recording equipment which was placed in an adjacent room. The room
temperature was kept constant at 22 °C.

Adaptation to the experimental setting

On arrival in the laboratory, the subject filled in part of the question-
naires. After attachment of the recording utilities to the subject, ad-
justment and calibration of the apparatus, and handing out of the written
instructions, which lasted about 15 minutes,   in an adaptation period   of
five minutes, the subject was seated in the experimental room with lights
on. Hereafter the lights were turned off.
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Table 11 The missing values of the current study during occasion one (left) and during occasion two
(right)

Subject VARIABLE condition Subject VARIABLE condition

4,32 ALL Museum 7 GSL Museum
4   GSL RB 12,36,50 ALL Rl„RB

6,32 GSL Rl..RB     13 ALL Driving-Test.R8
9 1WA Love-Making (130 scc..cnd)          17 ALL Overwork (0.200 sec)
10 FIT Rl 27 ALL R6 (90 scc..end)

12 BP Deathbed.RB    49 TWA I.ove-Making (60 scc..end)
16 TWA RS
19 BP Museum..RS
50 ALL R8

To let the subject get accustomed to the experimental procedure, a buffer
period was started with music during an interval of four minutes
preceding the buffer film Discharge. This film is about a man who has
become redundant in a factory, because the section where he works will
be closed down. The actual experiment started after this buffer-period
with the music-film sequence presented above. In the intervals of four
minutes duration preceding and following the films, instrumental easy-
listening music of Fausto Papetti was presented. After the first session, the
subjects again filled in questionnaires after which they watched five
replications of a stress-inducing film. The results of the latter study is not
reported on in this book.

Missing values

Unless stated otherwise, the dependents of our study consist of mean
physiological responses (and median respiration rate) during film-scenes
having a duration of 30 seconds. Several scores are missing (Table 2.1).
The missing values for GSL are explained by the battery of the con-
ductron not being loaded up sufficiently. Missing TWA-values are
explained by getting loose of the ground electrode of the ECG. If all
values are missing, the computer crashed during the condition (chapter 4).
During the second occasion, the projector failed in the middle of the ex-
periment while subject   13 was watching. Finally, three subjects  did  not
show up for the second occasion. In consistency analyses of scores during
films (chapter 8), subjects with missing values during one or more of the
selected scenes of the films, will be deleted from analysis, providing 44
subjects for these analyses.
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Data management and data reduction

Details of data management procedures, i.e., experimental control, data
collection, and artefact correction, are presented in chapter 4. The
procedural specifications of the data reduction procedures adopted in the
current study and some characteristics of the final response definition
chosen for, are summarized in the paragraph 'The Final Data Set' (chapter
6).

Summary

In this chapter, for easy reference, the procedural specifications of the
current study, with exception of the data reduction procedures, have been
put together. The multifacet design includes five categorical variables:
persons (P), films (S), scenes nested within films (s), physiological
variables (R), and occasions (T). Of 56 male students attending the first
occasion, 53 subjects were confronted with the same fixed sequence of
films on two occasions while eight physiological variables were measured:
heart period (HP), pulse transit time (FIT), T-wave amplitude (TWA),
respiration period (RP), diastolic (DBP) and systolic (SBP) blood pressure,
galvanic skin level (GSL), and finger-tip temperature (FTT). Films were
alternated with baseline intervals of four minutes duration.



Chapter 3

Blood Pressure Measurement

Blood pressure variations have been shown to provide information, regar-
ding physiological and psychological adaptation processes, that is not
provided by variations in other physiological variables (e.g., Weiss, del Bo,
Reichek, and Engelman, 1980). In the two studies of short-term
physiological adaptation cited in chapter 1 (Hettema, Vingerhoets, and van
Heck, 1989; Hettema, Vingerhoets, van der Molen, and van de Vijver,
1989), the autonomic patterns supposed to accompany effort, that is, in-
put- and output-regulation at the same time, were located in the middle
of a unidimensional parasympathetic/sympathetic dimension. Adding
blood pressure measurements to the existing set of physiological variables,
may lead to pattern definitions that can be more easily interpreted in
terms of specific autonomic subsystems being active as well as in terms of
tactical mechanisms as defined in the open-systems adaptation model.

Therefore, at the start of this study, addition of blood pressure
measurements to the existing set of physiological variables measured in
our laboratory was considered to be desirable. However, measurement of
blood pressure in psychophysiological studies has always been
troublesome, e.g., because the recording procedure per se may trigger
physiological reactions. Consequently, to make a good choice, a literature
review of evaluation studies of BP-measurement devices was carried out.
Moreover, a new device based on the vascular unloading method was
tested in a pilot study. In this chapter the results of this evaluation are
reported. Before, two topics will be shortly noticed: the meaning of blood
pressure, and the assumed relevance of BP-variations.

The pumping cycle of the heart is divided into two major parts: systole
and diastole. Systole refers to the period of depolarization, firing, of the
sinoatrial node; contraction of the heart muscles; and ejection of blood
into the arteries. In this time-interval blood pressure rises. Diastole is the
period of dilation of the heart cavities as they fill with blood. In diastole
the heart relaxes and BP drops. The top- and bottom- BP-values during a
heart cycle are called systolic (SBP) and diastolic (DBP) blood pressure,
respectively. Roughly speaking, arterial pressure is the product of the
cardiac output, that is, the amount of blood pumped into the arteries,
hence of heart rate and ventricular stroke volume; and of the total
peripheral resistance (e.g., vasoconstriction, elasticity of the arterial walls).
Both myocardial and vascular processes are sensitive to numerous neural
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and humoral influences as well as intrinsic autoregulative mechanisms.
Hence, it is extremely difficult to interpret BP-variations in terms Of
physiological origins (e.g., Andreassi, 1980; Blascovich and Kelsey, 1990;
Cromwell et al., 1976; Karemaker, 1985; Larsen, Schneiderman, and
DeCarlo Pasin, 1986; Obrist, 1981; van Olst, Kok, and Orlebeke, 1980;
Steptoe, 1980).

Blood pressure has been shown to vary with many variables that are of
relevance for psychology. Consistent increases in blood pressure have been
found during threatening and unpleasant situations, during intricate social
circumstances, during situations and tasks supposed to trigger active
control-behavior, during noise, during territory conflicts, during the war-
ning period of reaction time tasks, during the watching of erotic slides,
and during mental effort (see e.g., Neus, Gogolin, and Schulte, 1985;
Obrist, 1981; Schreurs, 1980; and, several references in chapter 7). Van
Schijndel, de Mey, and Niiring (1985) did find relationships between task
performance and blood pressure. Less convincing and conflicting are
results of studies relating BP reactions to personality variables such as
(suppressed) anger or hostility, and coronary-prone or A-type behavior
(see e.g., Goldstein, 1989; Holmes, 1983; Krantz et al., 1987; Muranaka et
at.,1988; Obrist, 1981; Schreurs, 1980; Steptoe, Melville, and Ross, 1984).
Notwithstanding these poor results, relationships between Type A scores
and SBP-reactivity scores seem to be more consistent than relationships of
Type A scores with other physiological reaction scores (Myrtek and
Greenlee, 1984).

To use BP as a dependent variable in the current research, some criteria
have to be met the measurements have to be reliable, accurate, non-in-
vasive and unobtrusive, and continuous. Following these criteria, four
methods of BP-measurement will be evaluated: intra-arterial and occlusive
methods, Pulse Transit Time (PTT) as an indicator of BP, and the vascular
unloading method.

Criteria For Evaluation

BP-recording methods in psychophysiological research have to be ac-
curate, reliable, non-invasive, and continuous.

The most important criterion for the accuracy of a method and decisive
for any new technique (cf. Herscovici and Roller, 1986), is a high cor-
relation of the data with direct intra-arterial measurements. This cor-
respondence has to be observed  for all levels of diastolic and systolic pres-
sure, in various (normotensive and hypertensive) subjects, and under
several conditions.

The re/iabi/ity of the device depends on such factors as experimenter-
bias (which is generally less if the device is easy to operate, if the direc-
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tions for use are unambiguous, and if the BP-monitoring is automated),
susceptibility of measurements to movement- or sound- artifacts, and the
quality of materials used.

BP-recording via catherization is called invasive. In the evaluation of
the methods below, the criterion non-invasive is interpreted in a broader
sense (e.g., Brown, 1972; Furedy, 1985; Geddes, 1984; Linden and Zim-
merman, 1984; Obrist, Light, McCubbin, Hutcheson, and Hoffer, 1979;
Parati and Mancia, 1985; Settels and Wesseling, 1985). Discomfort, pain,
psychological load and medical risk have to be minimal. Moreover, the
measurement has to be unobtrusive, and hence minimally invasive and
non-encumbering. It must restrict the activities of the subject as little as
possible and prevent that subjects are distracted during the entire ex-
periment. If these conditions are met, the chance of occurrence of alerting
reactions which are directed at the recording procedure per se will be
lower. Such distractions may lower the validity of the specific lawful
variability in behavior that is object of research.

Especially in psychophysiological research, continuous measurements
are desirable (e.g., Blascovich and Kelsey, 1990; Furedy, 1987; Neus et al.,
1985; Tursky, Shapiro, and Schwartz, 1972; Wesseling, Settels, and de Wit,
1986; Wolk, Velden, Zimmerman, and Krug, 1989). Because of the great
beat-to-beat variability in BP, it is impossible to ensure that any single
reading of systolic or diastolic blood pressure can reliably reflect a sub-
ject's typical pressure. In addition, to be able to detect time-trends in
blood pressure levels, one has to have more recordings at one's disposal.
To overcome both problems, semi-continuous measurements would suf-
fice. However, if one is interested in short-term changes under specified
experimental conditions, continuous measurements are indicated. Then
also spontaneous fluctuations in BP can be evaluated as can feedback
mechanisms (e.g., baroreflex and cardiopulmonary reflex regulating sys-
tems) and response latency. Moreover, continuous measurements increase
accuracy, since fluctuations in recordings due to electrical interference
and movement artifacts can be detected. But, perhaps most important of
all: if measurement are continuous (i.e., have a high frequency) and
minimally invasive (i.e.. of low intensity), the subject will habituate faster
to the measurement procedure per se (see chapter 5). Consequently, results
are contaminated to a lesser extent by extraneous influences of the
measurement procedure.

Methods of Blood Pressure Measurement

Methods for blood pressure measurement can be categorized in four broad
groups: (1) intra-arterial measurements, (2) occlusive methods, (3) Pulse
Transit Time as an indicator of Blood Pressure, and (4) methods based on
the vascular "unloading" principle.
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Intra-Arterial Measurement

BP can be directly recorded by a pressure sensitive transducer that has
been inserted into the artery. This method tracks the beat-to-beat
variability of BP very precisely. There is no a priori reason to expect that
direct- and indirect methods should yield identical results. The two
methods measure different things: catherization methods measure pres-

sure, while indirect methods measure, e.g., flow beneath an occluding cuff

(Bruner, Krenis, Kunsman, and Sherman, 1981). Intra-arterial methods
are not always reliable, and not all methods are standardized (Brown,
1972; Paulus, 1981). Some of the commercially available transducers,
especially those that do not require complex and costly instrumentation to
(de)modulate the signal, are susceptible to movement artifact. The entry
into the vessel involves medical risk and discomfort, and can trigger
strong reactions of the subjects such as syncope. Furthermore, because it
is a medical activity, the presence of a physician is required. Hence, al-
though direct BP-recordings are continuous and mostly accurate, the
intra-arterial method is seldom utilized in psychophysiological research.

Occlusive Methods

Occlusive methods include arm-cuff methods that require occlusion of an
artery and employ some type of indicator to identify events during
gradual removal of the occlusion to indicate blood pressure (Geddes,
1984). After describing specific assets and drawbacks of palpatory, aus-
cultatory, ultrasonic, oscillometric, and plethysmographic methods, we
will evaluate occlusive methods in general.

Palpatory methods
The term "palpate" means: "to feel with the hand". A cuff is inflated to a
level above SBP and slowly deflated. When with the finger (or an
instrument) the arterial pulse is detected at a side beyond the occluding
cuff, the pressure in a manometer is taken as indicative of SBP. The
method underestimates systolic pressure by about  5  to   10 mmHG (Geddes,
1984).

Auscultatory methods
The most familiar device for measurement of BP is the sphyg-
momanometer that was invented by Riva-Rocci. A cuff is wrapped
around the upper arm and inflated to a level that is above SBP. As the
cuff-pressure is gradually reduced, so-called Korotkoff CK-) sounds are
heard with a stethoscope placed on the brachial artery. With further
deflation a K-sound is heard with each heart-cycle until the K-sound
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muffles and disappears. The manometer-pressure at the moment of ap-
pearance of the first K-sound is representative of SBP. The pressure at the
moment of muffling or disappearance of K-sounds is interpreted as DBP.

Various semi-continuous automated devices for the measurement of BP
are based on this auscultatory, hearing-, method (see e.g., Andreassi,
1980; Bruner et al., 1981; Cromwell et al., 1976; Geddes, 1984; Gunn,
Wolf, Block, and Person, 1972; Linden and Zimmerman, 1984; Paulus,
1981; Schneider, 1968; Steptoe, 1980; Stern, Ray, and Davis, 1980; Tursky,
1974). In these methods, the stethoscope is replaced by a microphone, and
the recording, and also often the deflation and inflation of the cuff, is
automated.

The auscultatory method of BP-measurement is not accurate (Gribben,
Steptoe, and Slight, 1976; Linden and Zimmerman, 1984; Marie, Lo, van
Jones, and Johnston, 1984; Parati and Mancia, 1985; Tursky et al., 1972;
Tursky, 1974). Compared with direct measurements, SBP is generally ap-
praised too low, and DBP is generally appraised too high or too low
depending on whether muffling or disappearance of K-sounds is used as
the criterion. With automatic techniques, inaccurate detection of diastolic

pressure seems to be most pronounced.
The reliability of auscultatory methods is low (Geddes, et al., 1964;

Linden and Zimmerman, 1984; Marie et al., 1984; Parati and Mancia,
1985; Paulus, 1981; Steptoe, 1980). Since the auscultatory method involves
subjective judgement as to the appearance and disappearance of K-
sounds, a considerable potential for experimenter bias is inherent in the
method. Although, in automated versions, sound pollution can be lessened,
i.e., by using filtering techniques and by setting intervals in which sound
detection techniques operate, experiments must be restricted to quiet en-
vironments. Obtaining an auscultatory measurement in obese persons or
children is difficult.

The auscultatory method is easy to apply and low in price, but the
method is not accurate, and less reliable. Furthermore, the method is
obtrusive: subjects feel the inflation of the cuff, which can affect BP.
Finally, the method is discontinuous. Such a measurement provides at best
a very global estimate of BP at a particular time.

To track BP semi-continuously, several auscultatory devices have been

developed, e.g., the constant cuff-pressure system (Tursky et at., 1972;
Tursky, 1974), the fast-tracking system (Lee, Caldwell, and Lee, 1977),
and the tracking-cuff system (Shapiro, Greenstadt, Lane, and Rubinstein,
1981). These systems can only provide recordings of both SBP and DBP if
two instruments, one for each arm, are used. Because the right arm will
generally have the higher arterial pressure in most people (Cromwell et al.,
1976), it is difficult to interpret these findings as the two extremes of the
same blood pressure pulse. The limitations listed above of automated aus-
cultatory measurements in general do also apply to the methods described
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here, with one exception: the recordings are more continuous. Hence, BP-
variability is better registered, and measurements are not so much of a
guess as with single recordings. Correlations of continuous recordings with
intra-arterial measurements are significant, but not extremely high. Dis-
continuous median SBP-values correlate well with intra-arterial readings.
Under conditions of rapid and large BP-changes, it is not possible to fol-
low these changes with the aid of these instruments (Lee et al., 1977;
Shapiro et al., 1981; Marie et al., 1984). The methods are suitable for gross
indications of BP, for instance, as an indication of time-trends. However,
auscultatory methods are too less accurate and reliable to study short-term
changes under specified experimental conditions.

Ultrasonic methods
To ultrasonically detect arterial wall motion as indicator of blood pressure,
Doppler shifts have been used (e.g., Andreassi, 1980; Cromwell et al.,
1976; Geddes, 1984; Paulus, 1981; Steptoe, 1980). High frequency sound
energy is transmitted in the arm and is reflected back from the arterial
walls. By means of the Doppler effect, that is, changes in pitch that occur
if an object moves toward or away from the "listener", movements of the
arterial walls can be detected as they snap open and close with each pul-
sation of the blood. The ultrasonic method is a cuff-method, and in a
sense also an auscultatory method. Because ultrasonic frequency is higher,
the method is less sensitive to sound-pollution than auscultatory methods.
However, the method is more sensitive to movements, because these can
alter the distance between transducers and vessels. Moreover, the unit is
sensitive to electrocautery and breakage of the Doppler probe. With the
method, values close to direct measurements are obtained. Nevertheless,
the method is seldom encountered in research. This in itself may be in-
dicative of limited applicability of the method.

Oscillometric methods
If a cuff bandaged over the arm is deflated from a starting point well over
the subject's systolic pressure, the arterial wall pulsates due to blood cir-
culation. These oscillations that modulate the pressure in the cuff are
sensed by a pressure transducer. It is assumed that information directly
related to blood pressure is contained in the envelope of the registered
oscillations (Herscovici and Roller, 1986). The point at which oscillations
begin is indicative of SBP. The point of maximal oscillations is indicative
of Mean Blood Pressure (MBP). There is no consistent transition in
amplitude to identify DBP. Mostly, a preselected ratio of the maximum
amplitude, usually around .8, is taken as indicative of DBP (Geddes,
1984). The most thoroughly evaluated automated oscillometric device is
Dinamap (e.g., Geddes, 1984; Linden and Zimmerman, 1984; Paulus,
1981; Steptoe, 1980). Dinamap provides accurate, reproducible, and con-
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venient estimates of MBP and SBP, but lacks appropriate criteria for DBP.
Advantages of this method over auscultatory methods are that a silent
environment is not required, and that recordings in obese persons and
children are more accurate. Drawbacks are the method being susceptible
to movement, and the recordings being discontinuous and obtrusive.

Impedance plethysmography
Plethysmography is a term used to describe various techniques of
measuring blood volume changes in peripheral sites. Impedance plethys-
mography refers to changes in impedance as a function of volume change.
Increase in volume results in a measurable decrease in electrical resistance
(Andreassi, 1980; Jennings, Tahmoush, and Redmond, 1980). Herscovici
and Roller (1986) have described an algorithm, based on impedance
plethysmography, to determine blood pressure non-invasively. Signals
over the brachial artery are picked up by electrodes attached to the skin-
ward side of a blood pressure cuff. Subsequently, mathematical formulas
are used to define impedance pulses that correspond to SBP, MBP, and
DBP, respectively. BP-values obtained with this technique correlate well
with direct measurements. So the method is accurate, but it seems not
always reliable. Respiratory artifacts sometimes force the experimenter to
obtain values of more cycles, before scores can be averaged. An advantage
of this method is that SBP, MBP, and DBP of one heart cycle can be
measured simultaneously.

Conclusion
The occlusive methods described in this section vary in accuracy, are not
always reliable, are obtrusive, and provide at best semi-continuous
measurements. Hence, these methods are often not suited for
psychophysiological research, especially, if short-term changes under
specified experimental conditions are studied. Particularly measurement of
DBP is often inaccurate. Occlusive methods not only measure the pressure
in the vessel, but also the pressure required to overcome the elasticity of
the arterial wall and the surrounding tissue (Brown, 1972; Brunner et al.,
1981 ). Occlusive methods are not reliable in all conditions (sound,
movement) and with all individuals (obese persons, children). Incorrect
cuff size and length may distort pressure readings and increase variability
(Cromwell et al., 1976; Geddes, 1984; Gribbin et al., 1976; Steptoe, 1980).
Non-automated occlusive methods are susceptible to experimenter-bias.
Though cuff-methods are non-invasive in the catherization sense of the
word, application of the method restricts the activities of the subject,
distracts the subject, may prevent habituation to the experimental setting
by keeping the subject "aroused", can lead to discomfort (limb pain,
venous pooling), and may affect other variables such as finger volume in
the contra-lateral hand (e.g., Brown, 1972; Godaert, 1986; Marie et al.,
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1984; Obrist et al., 1979; Parati and Mancia, 1985; Paulus, 1981). Since
pressure must be released to allow blood flow in the arm, the constant
cuff-pressure system provides continuous measurements for only short
intervals. Other methods provide at best discontinuous measurements at
regular intervals.

Pulse Transit Time

Because of the lack of accurate, reliable, unobtrusive, and continuous
measures of blood pressure, several researchers have looked at Pulse Tran-
sit Time (PlT) as a possible indicator of blood pressure. PTT like BP
varies with heart rate, ventricular stroke volume, and vascular resistance;
PTT can be measured accurately and reliably; and, the recording method
is non-invasive in the broad sense of the word and continuous. Hence,
Prr meets all the requirements stated above. But is it also a valid in-
dicator of BP? After describing some definitions of PTT, studies
exploring whether PTT is a valid indicator of BP, will be reviewed
chronologically.

Definitions of pulse transit time
FIT is usually derived by measuring the time between a specified point in
the ECG and the arrival of the pulse at some peripheral site. As first
time-reference, different points in the ECG have been used (e.g., the Q-
wave, the R-wave, or some point later on). Also different points on the
pulse wave (e.g., the point of arrival of the pulse, the fastest point on the
rising pulse, the top of the pulse wave) have been used to assess pulse
arrival time on different peripheral sites (e.g., neck, ear, arm, wrist, foot).
Finally, PTT has been defined by subtracting for example brachial-FIT
from radial-FIT.

The latter definition, which is provided by Geddes, Voelz, Babbs,
Bourland, and Tacker (1981), measures Arterial Transmission Time (ATI')
primarily reflecting vascular resistance, as do other measures that use as
first time reference a point that is behind the S-wave of the ECG. More
often, FIT is composed of arterial transmission time and the pre-ejection
period (PEP) or part of that period. PEP is the interval that extends from

the ECG Q-wave (the onset of ventricular depolarization) to the initial
point of ejection of blood from the left ventricle which is demarcated by
the opening of the aortic valva. PEP reflects cardiac contractibility which
is primarily controlled by sympathetic mechanisms (Blascovich and Kel-
sey, 1990; Bunnell, 1982, 1985; Furedy, 1985; Johnston, 1985; Newlin and
Levinson, 1979; Obrist, 1981; Weiss et al., 1980). Hence, if FIT is defined
as transit time between the Q-wave, or R-wave, of the ECG and arrival
of the pulse at some peripheral site, not only arterial aspects of transit
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time are measured, but also cardiac influences. The nearer the peripheral
site is to the heart, the more of the pre-ejection interval is included in the
pulse transit time (e.g., Bunnell, 1985). Consequently, it is important to
report whether PEP is included in the PTT measure, or whether PTT is an
indicator of AlT with PEP excluded.

Associations between PTT and BP, a chronological review
Gribbin et al. (1976) present data that support the hypothesis that changes
in PlT (PEP excluded) reflect changes in mean blood pressure (MBP).
The same research group (Steptoe, Smulyan, and Gribbin, 1976) observes
a dependency of changes in PEP-included FIT measures on BP for
several experimental manoeuvres except amyl nitrite inhalation, which
causes a shortening of PEP that counters the lengthening in arterial transit
time. Steptoe (1980) summarizes the results of both studies and recom-
mends PTT as a within-subject indicator of BP-change.

Obrist et al. (1979) observe PEP-included PlT measures to vary quite
consistently with SBP but inconsistently with DBP. However, FIT does
not track SBP under all circumstances (not in the case of onset of an
avoidance task) or in all subjects (not in subjects demonstrating a lesser
degree of reactivity). The authors suggest that PEP-included PTI provides
a continuous beat-to-beat non-invasive measure of sympathetic influences
on myocardial performance and hypothesize that PEP-excluded FIT is the
better index of BP. Geddes et at. (1981), Newlin (1981), and Pollak and
Obrist (1983) explore this question.

Geddes et al. (1981) compare correlations of PEP-included and PEP-
excluded PTT measures with DBP in anesthetized dogs. The correlation
between PTT and DBP was best when PEP was excluded from FIT-
measurements. The results of Newlin (1981) on this matter only generalize
to tonic changes in cardiovascular variables. He concludes that the as-
sociation of PEP-included Pl-r with SBP is by virtue of the fact that
these intervals encompass PEP rather than arterial components. This
conclusion is in contrast with the conclusion of Geddes et al. (1981) for
DBP. In agreement with the findings of Obrist et al. (1979), Newlin
concludes that PEP-included PTT-measures more directly reflect sym-
pathetic cardiac influences than BP-measures, and that these FIT-
measures vary more consistently with SBP than with DBP. Pollak and
Obrist (1983) show, in agreement with Newlin (1981), that PEP-included
FIT varies directly with both of its components intervals, but more con-
sistently with PEP than with AlT: PEP-included PTT measures reflect
variations in PEP and these do not consistently reflect BP-variation.
Therefore, they conclude, under many circumstances PEP-included PTT
measures may be an unreliable indicator of BP. PEP-excluded PlT varied
significantly with both SBP and DBP, but the correlations seem not high
enough to warrant the use of A'IT as an indicator of BP either.
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Lane, Greenstadt, Shapiro, and Rubinstein (1983) warn to not simply
substitute PTI' for beat-to-beat measures of BP. They observed a
moderate correlation between PEP-included PTT and SBP and no cor-
relation of this measure with DBP or MBP. PEP-excluded PTT was not
correlated with any BP-measure. However, inspection of the correlations
presented shows a high association between DBP and Al'T for some sub-
jects.

Steptoe, Godaert, Ross, and Schreurs (1983) compare associations be-
tween SBP and PEP-included and -excluded measures of PTT. The
peripheral site where pulse-arrival is measured proved to be important.
PEP-included PTI' to the ear was more correlated with PEP, and PEP-
included FIT to the wrist was more correlated with PEP-excluded transit
time. However, in some subjects, PEP-included PTT is primarily deter-
mined by PEP, while in others Al'T plays an important role. Both PEP
and ATT contributed to correlations of SBP with PTT.

Marie et al. (1984) report on striking correlations between SBP and
PTT. They state that their results support the use of PEP-included radial
PlT as a convenient measure of SBP-change in conditions of dynamic and
static (handgrip) physical exercise and rest. The correlations observed in
this study are higher than those generally found. The authors ascribe this
to superior signal quality, the use of a computer to calculate PTTs rather
than hand-scoring from chart-records, and their method of data analysis
(no averaging of data). It is impossible for them to say to what extent the
conditions of mild physical exercise contribute to the high correlations.
Associations with DBP were somewhat weaker. They hypothesize that it is
DBP that determines PEP-excluded PlT, more than SBP. However, this
hypothesis was only verified when the DBP-range was large, during the
static exercise condition.

Sawada and Yamakoshi (1985) do find significant correlations between
PEP-included PTI' and SBP during rest. In other conditions, however,
none of the correlations were sufficiently high to warrant the use of PTT
as an alternative index of BP.

Geddes (1984) correlates several definitions of PTI' with DBP in dogs.
The poorest correlations between transit time and DBP were obtained with
PEP-included carotid-PTT. A better correlation was found with PEP-
included femoral-PlT which includes more peripheral transit time. The
best correlation was found between PEP-excluded Pl'T and carotid DBP.

Longenbaker and Dujardin (1985) present the results of a pilot study
that was carried out on three awake dogs. They conclude that changes in
sympathetic outflow to the aorta which may accompany certain behavioral
tasks could induce changes in PEP-excluded PITs that are independent
of changes in BP. The authors present a method to determine Al'T as a
function of pressure and of aortic smooth muscle tone.
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Conclusion
Associations between PTT and BP are not consistent enough to warrant
the use of PTT as a valid substitute for BP. In general, PEP-included
FIT-measures tend to vary more consistently with SBP, while PEP-
excluded FIT-measures tend to show a stronger overlap with DBP. Since
all variables (PEP, ATT, SBP, and DBP) are determined by the interac-
tions of different sets of physiological parameters, dependent on which
parameters are active, PEP and/or ATT will or will not vary with SBP or
DBP.

Consequently, whether or not associations between PlT and BP are
found depends on: (a) the BP-measure used (SBP, DBP, or MBP); (b) the
PlT-measure used (whether PEP is included or not, which point of the
pulse-wave is used to assess pulse arrival, and which peripheral site is
used to assess PTT, that is, how much of PEP is included in PTI'); (c)
which task or stimulus is presented, and, consequently, which autonomic
systems are active; and (d) the subject under study: that is, it is supposed
that individuals differ in the behavioral and cognitive coping strategies
they tend to choose, and consequently, in the autonomic behavior accom-
panying this behavior. Whether or not in a specific experiment as-
sociations are found between BP and PT-r also depends on the degree of
variability in PlT and BP, the method of data-analysis used, and other
procedural variables (computer- or hand-scoring of the data, the quality
of the recorded signals, etc.).

The search for FIT as indicator of BP-change in the sixties, seventies,
and eighties, was motivated by the lack of a well-validated device to
measure BP non-invasively and continuously (cf. Johnston, 1985). The
question is, if nowadays this need is still present, as BP-recording devices
become available that are based on the vascular unloading method, or
PeAaz technique.

Vascular Unloading Method

In 1876 Marey proposed the "unloading" principle that nowadays    is
utilized in techniques for continuous and non-invasive BP-measurement.
The artery is in the unloaded state when the transmural pressure is zero,
that is, when the external pressure equals the internal pressure. BP-recor-
ding devices based on the vascular unloading method keep the artery in
this state by applying appropriate counter-pressure changing with intra-
arterial pressure. This counter-pressure is taken as a measure for BP. In
Japan, a hydraulic servo-control system has been developed to accomplish

this (Sawada, Yamakoshi, and Shimazu, 1983). In the Netherlands a
pneumatic servo-control system was developed (e.g., Settels and Wesseling,
1985). With both instruments finger-BP is measured. The name of the
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Dutch instrument is Finapres (FINger Arterial PRESsure). Except for the
hydraulic servo-control system, the Japanese device does not differ sig-
nificantly from the Dutch.

The main components of Finapres are (Settels and Wesseling, 1985): an
inflatable finger cuff with light plethysmograph to unload the finger
arterial wall and monitor the finger arterial volume, a computer system to
automatically determine the arterial unloaded volume, an electro-
pneumatic servo controller keeping the plethysmographic output to a
constant set-point or reference value, a fast proportional valve controlling
air pressure in the cuff, and a manometer reading cuff pressure and in-
directly finger pressure. Before starting BP-recording, a reference value
for the servocontrol is determined which corresponds to the vascular
volume in the unloaded state.

Evaluation
In several studies the devices are evaluated according to one or more of
the criteria specified above. E.g., see Sawada et al. (1983) and Yamakoshi,
Shimazu, and Togawa (1980) for evaluation of the Japanese device.
Among others, in the following studies Finapres was evaluated: Dorlas et
al. (1985); van Egmond, Hasenbos, and Crul (1985); Godaert and Kruit-
wagen (1985); Gravenstein, Paulus, Feldman, and McLaughin (1985);
Kurki et al. (1987); Molhoek et al. (1984); Smith, Wesseling, and de Wit,
(1985); and Wesseling et al. (1986). I will integrate the findings in these
studies with experiences I had in a pilot study while working with an Oh-
meda 2300 Finapres BP-monitor.

Both instruments accurately track beat-to-beat variations in blood
pressure. The BP-values obtained correlate well with intra-arterial recor-
dings, although absolute values of blood pressure measured in the finger
systematically differ a little from invasively recorded brachial BP. This
may reflect real differences in BP on the different sites.

Finapres is easy to apply, and functions well with several persons (e.g.,
elder and obese persons) and under several conditions. Even very low BP
is recorded well as long as there is sufficient peripheral circulation which
will almost always be the case in psychophysiological research. During
research in our laboratory the monitor seldom let us down. Hence, the
device is reliable. However, the recording procedure is susceptible to
movement artifacts and outside-pressure on the cuff. So, it is important to
instruct subjects to not grossly move with the finger. Additionally, proper
positioning of the cuff requires attention.

An important advantage of vascular unloading techniques over oc-
elusive techniques is that these provide continuous measurements.
Moreover, SBP, DBP, and MBP of the same pulse wave are recorded at
the same time. This was only possible with one of the methods described
above, impedance plethysmography. Hence, it is possible to assess short-
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term changes, time trends, feedback mechanisms, and other kinds of
physiological responding that are of interest in psychophysiology.

The method is save for the patient and non-invasive in the catherization
sense of the word making the presence of a physician superfluous. As we
have experienced in experiments with the monitor in our laboratory, the
method is not as unobtrusive as pulse transit time and other physiological
measures frequently employed. The subject does feel and hear the pum-
ping finger-cuff. And, although the method permits arterial blood flow to
enter the finger, circulation is not as free as normal, leading to feelings of
discomfort (numbness and coldness of the finger). This incites the subject
to tap with the finger on the table. To prevent invalid recordings as much
as possible, it is important to clearly instruct subjects of these nuisances
and to reassure them that somewhat unpleasant feelings in the finger
during the experiment will vanish immediately after the cuff is released.
It is also important for the experimenter to fasten the cuff not to tight and
to use a cuff of proper size. Additionally, a rather long buffer period to
let the subject adapt to the recording procedure is required. It seems
reasonable to assume that persons differ in the degree to which the recor-
ding procedure per se leads to discomfort. Because the counter-pressure
applied varies with BP, the degree of discomfort may even be a function
of absolute BP. Hence, it is unwarranted to assume that the method is
non-encumbering to the degree that it does not interact at all with ex-
perimental manipulations and personality. It may, however, also be as-
sumed that subjects more rapidly habituate to the recording procedure
than with the occlusive methods described above, because the method is
continuous, hence, of higher frequency, and of lower intensity.

Which method one chooses to measure BP, of course, depends on the
degree to which the method can fulfil experimental requirements and on
the resources available. In psychophysiological research in which one is
interested in short-term changes under specified experimental conditions,
at the moment the vascular unloading method seems the method of choice
to record BP. Despite some limitations listed, the method does have many
advantages over other BP-recording methods described in this chapter. It
permits to accurately and, if properly applied, reliably track beat-to-beat
SBP, DBP, and MBP simultaneously without having to enter the artery. A
drawback of the method is it being obtrusive in the psychological sense of
the word. At this moment no alternatives are available to measure BP as
unobtrusively as many other variables frequently employed in
psychophysiological research.
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Summary

Blood Pressure (BP) variations add to the information regarding
physiological and psychological adaptation processes provided by other
autonomic measures. Consequently, it was decided to add blood pressure
measurements to the existing set of physiological variables measured in
our laboratory. To make a good choice, a review of published literature
dealing with the evaluation of BP-recording devices, preceded the choice
for a BP-monitor to be applied in the current study. Various methods of
blood pressure measurement (i.e., intra-arterial and occlusive methods,
pulse transit time as an indicator of BP, and the vascular unloading
method) were evaluated according to four criteria: the recordings have to
be accurate, reliable, non-invasive and unobtrusive, and continuous. Al-
though the vascular unloading method is not unobtrusive in the
psychological sense of the word, it seems the method of choice to monitor
blood pressure in psychophysiological studies at the moment. Findings of
studies evaluating Finapres, a BP-monitor based on the vascular unloading
method, are integrated with experiences we had in our laboratory when
using this instrument.



Chapter 4

Data Management

The study of lawful variability of autonomic response patterns as a
function of multiple sources of variation, demands the automation of data
collection, experimental control, and artifact correction. To serve these
needs, a new real-time application has been developed. In this chapter, the
development and the design of this configuration will be described as well
as the data correction and data conversion programs that were developed
along with the system.

To be able to study the consistency of response patterns adequately,
synchronization of the distinct autonomic responses is required. Moreover,
one has to be sure that the recorded responses are measured exactly at the
moment of occurrence of the situational event. In formerly used systems
in our laboratory, galvanic skin level scores were saved as printed output;
respiration rate was hand-scored from plotted output; and other signals
(e.g., the ECG, the pulse wave, and skin temperature) were saved on tape.
Afterwards this tape was played several times to digitize the distinct
physiological signals. This procedure had several drawbacks: the method
was very laborious and hence expensive, the interval between the ac-
quisition of signals and actual data analysis was long, and the procedure of
synchronizing physiological parameters after these were digitized
separately took a lot of time and was prone to errors. Finally, because time
of registration of reactions did not perfectly match time of occurrence of
events, the method permitted only analysis of recordings during longer
time intervals. To overcome these drawbacks and to be able to meet re-
guests for more sophisticated and accurate experimentation, a new system
has been developed.

Experimental Control

This system was the first application to be developed within a new
software-hardware infrastructure that was about to be implemented
within the Faculty of Social Sciences at the time. For more information
regarding this infrastructure, the reader is referred to Aalbers and Geenen
(in press).
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Design Criteria

To be able to study response patterns and the consistency of these patterns
more adequately, the new implementation should meet some requirements.
The following criteria were specified in advance. (a) Multiple
physiological variables have to be assessed simultaneously. (b) Care has to
be given to an accurate synchronization of these variables with stimulus
parameters. (c) It has to be possible to analyze scores during or im-
mediately after the experiment. Thus, analog signals have to be digitized
on-line. (d) The system has to be efficient. Only a few actions are to be
performed by the experimenter, who should only check whether the data
collection and the experimental control are done correctly by the com-
puter. The experimenter should be able to deal with errors without help
from technicians. (e) The system has to be multi-functional. It should be
easy to introduce changes in the experimental procedure or to extend the
system with other information. So, a design with different stimuli (event
registrations) or new responses (e.g., other physiological variables, reaction
time scores, test scores, or scores of judges), should be easy to incorporate
into the system. Such changes should be made at the level of the source
program in such a way that the hardware will not have to be changed
when running different experiments. Thus, it should be possible to run
experiments with different experimental setups on one and the same day.
(f) Finally, of course, the system has to be accurate and reliable.

The physiological data to be saved for the current study consisted of
three time measurements (heart period, pulse transit time, and respiration
period) and five analog recordings (T-wave amplitude, diastolic and sys-
tolic blood pressure, galvanic skin level, and finger-tip temperature).
These data had to be saved in a record together with a time-indication for
condition duration. Furthermore, all records had to be stored in one file
per condition with the subject- and condition-identification in the
filename.

Design

The major parts of the new system are: (1) a system for analog preproces-
sing of physiological signals; (2) a Falcon (SBC-11/21+) computer for the
actual processing of data and for experimental control, and; (3) a com-
puter for data storage.

To be sure the Falcon computer had enough time to execute other
functions (e.g., A-D conversion, sending data to another computer, time
measurement, experimental control, and regulation of the instrumentation
recorder), and because a single measurement per heartbeat was sufficient
for the aim of the study, physiological signals were preprocessed. In this
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phase of preprocessing, physiological signals enter the NIM (Nuclear
Instrument Modules) system. This system consists of modules with various
logical and analog functions   that are placed   in a 19-inch   rack   with   a
central power supply. The ECG, the respiration wave, and the ear-pulse
signal are transmitted to Pulse Maximum Detector Modules to detect the
peaks of these signals. New sample-and-hold modules were developed to
measure T-wave amplitude and minimal and maximal blood pressure
values, and to hold these values until these are read by the Falcon com-
puter, 350 msec after each beat of the heart. The five analog registrations
are stored in volts supplied by the measurement devices specified above.
These values are later transformed into other units of measurement (Bmho
for galvanic skin level, °C for skin temperature, and mmHG for the blood
pressure values).

The core of the system consists of a Falcon computer controlling the
experiment and the data collection. Data recording during films is started
by an electrical signal coinciding with the first picture of the film, or with
the start of music presentations between films, and stopped after a
predefined time. Because the amount of data to be sampled is to big to fit
into the Falcon-memory, the measurements are sent to the main computer
of the university during the experiment. Instructions, written in
MicroPower/Pascal, specify the processes that have to run simultaneously.
The state of these processes (executing, suspended, blocked, or waiting), is
determined by other processes or by external triggers, for instance,
physiological signals or experimental manipulations.

When all data for one single heartbeat are measured, these data are
placed  as one record  in a buffer  that can contain  up  to 100 records.  Thus,
the Falcon is immediately free for other actions. From this buffer, records
are sent to the main computer of the university (VAX-8700).

Evaluation and Future Developments

With the new system, data are available immediately after the experiment.
Moreover, data-analysis can start immediately after the correction of
faulty measurements. Because in the system all processing is concurrent,
the problems with the mutual synchronization of the physiological respon-
ses and the stimulus parameters are vanquished. The system has been
proven to be easy to apply and multifunctional. For instance, we were able
to do on-line data collection of physiological reactions during films,
analog-digital conversion of old tapes, and on-line data collection during
a reaction-time experiment on the same day. For such different ex-
perimental setups, only a different program has to be loaded into the Fat-
con. It is easy to change the source program in such a way that other ex-
perimental questions can be studied.
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At regular intervals, calibration signals were sent through the system to
check its accuracy. Values displayed during the experiment by the
physiological apparatus were compared after each experiment with con-
verted scores to check whether all calibrations and amplifications were
right. At this moment, a calibration generator is being developed to be
able to carry out a quick check of the entire system before each ex-
periment. The hardware proved to be accurate. Because the data were
recorded on-line, errors in registration and in the conversion of analog
signals to digital data could be detected in an early stage. Apart from the
very first phase of the current study, errors seldom occurred. And, if the
system did not work well, errors could be detected in an early stage. Since
in the hardware infrastructure the host-computer, used to load the source
program into the Falcon computer, was located at the other side of the
building, data during a specific condition were lost if the computer
crashed following insufficient voltage supply. This problem could only be
solved after the current experiment had ended by choosing for a new,
RSX, Operating System, that could be started directly from the ex-
perimental room.

We gained insight into the measurement error of the hardware by
processing the same signals, read from tape, twice (Geenen and Aalbers,
in press). The reliability of the system proved to be high. Test-retest
analysis of pulse-transit-time registrations showed minor errors to exist in
the hardware affecting this variable. The precise cause of this error could
not be detected before or during the current study. The reliability of T-
wave amplitude measurements is generally less than the reliability of other
analog measurements. This may be entirely explained by the fact that this
measurement actually consists of two measurements; that is, a
measurement of the zero level of the ECG, and a measurement of the
amplitude of the T-wave.

The system described is suited for concurrent processing. It is fast,
efficient, multi-functional, accurate, and reliable. Drawbacks of the old
procedure have been eliminated. The research questions that formed the
theoretical motive for the present implementation can now be studied
more adequately.

Hardware and software of the system have been made so flexible in
design that it is easy to adapt the system to a wide variety of experimental
manipulations. Thus, it is possible to add variations in the presentation of
stimuli or to extend the system with other response registrations. In ad-
dition, it will be possible to give on-line (bio)feedback of reaction pat-
terns that are composed of several physiological parameters. Finally, adap-
tive testing comes within reach. The presentation of stimuli, test items, or
tasks may vary according to the physiological reactions of subjects to
previous stimuli.
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To be sure the Falcon had time enough to execute other functions, and
because a single measurement per heartbeat was sufficient, in the system
described physiological signals were preprocessed. At this moment an
application has been built in which (in a predefined interval after the
R-top of the ECG) the ear-plethysmogram, the ECG, and the blood pres-
sure signal are sampled by the Falcon at a rate of 1000 Hz to measure
pulse transit time, T-wave amplitude, and diastolic and systolic blood
pressure, respectively. The first tests with this application are promising.

Data Correction

To make artifact correction more standardized and less laborious, several
programs have been written.

After each experiment, the experimenter has disposal of a number of
files with a subject and condition identification in the filename. Such files
consist of a matrix of positive integers with as many rows as there are
heart-beats during the condition, and eleven columns containing the fol-
lowing parameters and scores: the record number; heart period, pulse
transit time, and respiration period (in msec); T-wave amplitude, diastolic
and systolic blood pressure, galvanic skin level, finger-tip temperature,
and the zero-level of the ECG in voltages converted to integers (409.6
· Volt + 2048),  and; the duration  of the condition  in one tenths  of
seconds.

A program was written to make the data ready for analysis. This
program consists of five utilities: (a) deletion of disturbances caused by
starting the instrumentation recorder; and deletion of the last incomplete
record; (b) creation of a time-axis for duration of the experiment; (c)
deletion of servo self adjustments from the blood pressure data; (d)
elimination of invalid recordings; and (e) conversion of data to desired
units of measurement.

Deletion of First and Last Records and Creation of a Time-axis

Early experiences with the system learned first recordings to be invalid,
because starting the instrumentation recorder caused electrical disturban-
ces. Additionally, during the last second no data were obtained because
only complete records were stored. Consequently, the recording now starts
three sec prior to the actual start of the condition and exceeds the con-
dition-time with two sec. In the correction program negative time values
(old time minus 3 sec) are deleted as are time values exceeding the
duration of the condition. Additionally, in the Pascal program written to
get rid of the first and the last records, a time-axis for duration of the
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entire experiment is created. In this program, to make the time-axis more
in agreement with the real-time of the experiment, one can specify the
duration of the intervals between conditions in which no data are stored.

Deletion of Servo Self Adjustments

For blood pressure measurement an Ohmeda 2300 Finapres monitor was
used (chapter 3). To evaluate the photoplethysmogram determining at
what pressure the arterial wall is in the vascular unloaded state, this ap-
paratus generates servo self adjustments for two or more heart-cycles
periodically. If necessary, fine tunings occur to correct slow moving
physiological changes in the finger and arteries. When these servo self
adjustments occur, the recordings do not represent arterial pressure. At
that moment, the recorded diastolic and systolic blood pressure values are
close together. In the correction program these values are replaced by
missing values if the pulse pressure, that is, the difference between sys-
tolic  and diastolic pressure  is   less than 150/409.6  Volt  (37  mmhg).   For
subjects with a very low pulse pressure during the experiment this ratio
had  to be lowered occasionally to 100/409.6  Volt.

Data-Correction

Research in psychophysiology still lacks conventions regarding how to
deal with artifacts and outliers. It is left to researchers to decide which
segments of a recording are eliminated because of technical failures,
movement artifacts, etc. (Stemmler and Fahrenberg, 1989). In the past,
within our research project data were screened visually to detect invalid
recordings. This procedure was very laborious and subjective. Therefore,
an algorithm was written to make the detection of invalid measurements
less time-consuming and more standardized.

Because in the current study only sustained physiological responses
during periods of minimally 30 sec were used for analysis, invalid
measurements were replaced by missing values. If event-related phasic
responses are needed, or other analyses, e.g., spectral analysis or auto-
regressive analysis, require substitution of missing values, in this early
stage of data processing missing data substitutions can take place (see e.g.,
Chueng, 1981; Jennings et al., 1981; Stemmler and Fahrenberg, 1989).

It is much less difficult to write an algorithm to delete invalid
measurements than to write one that must substitute faulty scores. If, for
instance, auto-regressive procedures are used to correct errors, and er-
roneously corrected scores are used as part of a standard to screen the next
scores, the anomaly may be propagated down the series of data with dras-
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tic implications (Chueng, 1981). Because we decided to replace outliers
resulting from movement artifacts and technical disturbances by missing
values, for most variables it was sufficient to delete data of which the
standardized score exceeded the range -5 to 5. This procedure was
adopted for heart period, pulse transit time, T-wave amplitude (after
having processed the algorithm that is described below), the blood pres-
sure values (after removal of the blood pressure values during the servo
self adjustment procedure), and respiration period (after having deleted
values exceeding the range   1500   to   9999 msec). Correction of galvanic
skin level and finger-tip temperature did not appear necessary since these
values were always valid provided recordings at the source were correct.

Most troublesome it was to find an algorithm to detect invalid T-wave
amplitude measurements. These measurements are unreliable when large
shifts in basal ECG-level occur due to positional changes in the physical
site of the heart (e.g., Bunnell, 1985; Schwarz and Weiss, 1983). If these
shifts do occur, there is a large difference between the zero-levels of two
consecutive heart-beats (cf. Murray, 1982). Hence, it was decided to
replace T-wave amplitude values by missing values, if the standardized
difference between the zero-levels of two succeeding heart-beats ex-
ceeded a certain range. If this standardized value was smaller than -2 or
larger than 2, the T-wave amplitude score (that is, the maximum value of
the ECG in the interval 150-350 msec after the top of the R-wave, minus
the zero-level) was deleted. The zero-level of the ECG was determined at
60% of the inter-beat interval, in the area between the T-wave and the P-
wave.

While running the correction program, an outfile is created in which
values deleted by the correction program are listed together with iden-
tifications for condition and time. Comparing this listing with plots made
on a Beckman polygraph, it becomes rapidly clear whether the correction
was right. Additionally, a plot is created to check for outliers that have
not been removed by the correction program. As before, this plot is
visually screened on the console and compared with the Beckman plot to
check whether final corrections are indicated. Application of the correc-
tion program drastically reduces the time needed to check and correct
invalid recordings to about 45 minutes inspection and, if necessary, final
correction of a recording of one hour.

Screening showed that the combination of a premature beat, extrasys-

tole, followed by an extra long heart period, was often not removed by the
correction program. Such benign beats shown by some subjects can be
triggered by fatigue, emotion, alcohol, tobacco or coffee (Larsen,
Schneiderman, and DeCarlo Pasin, 1986). In the current study these beats
were detected during visual screening and were replaced by missing
values. A procedure as described above for T-wave amplitude, or an al-
ternative procedure in which a score may not exceed the preceding score
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by a critical percentage (see e.g., Berntson, Quigley, Jang, and Boysen,
1990; Chueng, 1981; Linden and Estrin, 1988) may be used to let the com-
puter check and replace or delete premature beats and other simultaneous-
ly occurring responses. Such a standardized procedure can further reduce
the time needed for correction.

Data-Conversion

To get data in the right shape, a data conversion program has been written
with several procedures. To synchronize all scores to scores that belong to
the same heart cycle, the program lags one place for several variables.
Additionally, in the program, the amplification factor of the ECG, and
the baseline value of finger-tip temperature can be filled in as constants
to convert the values to real T-wave amplitudes and real temperature
values, respectively. Because the apparatus used to measure skin
temperature provides only positive values, also when temperature is below
the fixed baseline value, in the program facilities are present to reverse
the sign of the temperature when this drops below the set baseline-value.
Finally, if necessary, the scores are converted to the desired units of
measurement: (a) the time-axes for duration of the experiment and
duration of the condition are stored in seconds (the latter with one
decimal); (b) heart period, pulse transit time, and respiration period
remain stored in msec; (c) T-wave amplitude values are stored as voltages
(with three decimals); a value of 1 corresponds with .01 V (10 mV)
amplitude; in the current study these values are multiplied by ten, hence
converted to mVolts; (d) blood pressure values (voltBP) are converted to
mmhg: 100 (voltBP-2048)/409.6;  (d)  in a first  step of conversion, galvanic
skin level (GSL) and finger-tip temperature (FIT) are converted to vol-
tages; subsequently, these values are converted to pmho and °C, respec-
tively, using formulas that were derived in a calibration procedure.

Summary

To be able to adequately study the lawful variability of autonomic
response patterns as a function of multiple variables, to overcome draw-
backs of old procedures, and to make data collection less laborious, a
computerized system for data collection, experimental control, and artifact
correction has been developed. In this chapter, the development, design,
and evaluation of a specific application built within a newly realized
hardware-software infrastructure are described as well as the data correc-
tion and data conversion programs that were developed along with the
system. The major parts of the system are: a subsystem for analog
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preprocessing of physiological signals, a Falcon (SBC-11/21+) computer
for the actual processing of data and for experimental control, and a com-
puter for on-line data-storage. In the current study in which many data
were gathered and in which the mutual synchronization of distinct
physiological scores and event indications was required, the system has
saved much time. Tryouts with increasing concurrent processing have not
yet shown the boundaries of this implementation. The correction al-
gorithms written have made the artifact detection procedures more stan-
dardized and far less time-consuming.



Part III

Data Reduction

To be able to study the consistency of physiological responding ade-
quately, several choices have to be made in advance. For instance, it is
known that physiological levels vary with environmental variables (e.g.,
time of testing, external temperature, and relative humidity); with 24-
hour, 48-hour and seasonal variations; with person variables (e.g., age,
race, and gender); with cognition (e.g., the instructions used); with lear-
ning (e.g., conditioned responses to physical aspects of the testing
situation); with the level of activation of the subject (e.g., whether the
subject is alert, or drowsy); with activities the subject has done prior to
the experiment (e.g., short of sleep, dieting, smoking); and with variables
such as dehydration of the skin due to water loss (e.g., Fowles, 1986;
Johnson and Lubin, 1972; Siddle and Turpin, 1980; Wieland and Mefferd,
1970). Consequently, the experimenter should take all possible steps
needed to make conditions for the subjects tested as equal as possible, to
reassure the subjects, and to prevent any emotion-arousing terms during
the instructions (e.g., Cacioppo, Marshall-Godell, and Gormezano, 1983;
Gale and Smith, 1980; Johnson and Lubin, 1972; McGuigan, 1979; van
Olst, Kok, and Orlebeke, 1980).

Although these effects have been controlled as well as possible, the
study of differential responding remains difficult because of problems
that are inherent to physiological recordings, notably time trends in
physiological levels and dependencies of reaction scores on base levels.
Additionally, the researcher has to decide how response patterns are
defined; that is, which scales of measurement are used for the distinct
autonomic measures defining the response pattern, how scores are stan-
dardized, and which criteria are used to classify patterns. Depending on
the definition of responses and the correction procedures adopted quite
dissimilar results may be yielded. Moreover, many interesting characteris-
tics of the responding individual may be lost in the data reduction
procedures adopted to be able to assess differential responsiveness during
specific conditions.

Hence, a thorough weighing of the pros and cons of specific data
reduction procedures must precede any study of lawful variability of
autonomic reactions. In this section, the what, the how, and the why of
the data reduction procedures adopted in the current study will be
described. Studying metric solutions associated with psychophysiological
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measures, one can neither simply and solely adopt a physiological point of
view nor just an arithmetic point of view. Both perspectives have guided
our choices in dealing with the baseline problem, and the definition and
the correction of time-trends (chapter 5) and intra-individual and interin-
dividual base-level dependencies (chapter 6). Finally, I will use the results
of a literature review to interpret a metric derived response pattern clas-
sification in terms of physiological origins, and, tentatively, in terms Of
the functional behavior these patterns stand for (chapter 7).



Chapter 5

The Time Course of Psychophysiological Measures

Many books deal with statistical analysis of experimental data. Little help
can, however, be found with regard to procedures securing statistical
analyses to be applied to the proper data. This surely applies to the central
topic of this chapter, the definition and correction of time-trends in
physiological recordings. Most has been written on this subject in
habituation studies in which the stimulus-dependent course of
physiological responsiveness is the specific object of research. In studies
of physiological responding during differential stimulation, the occurrence
of trends is often neglected, (for instance, because one assumes initial
reactivity to have waned out during a pre-experimental adaptation
period), or referred to in one sentence under the heading of data reduc-
tion, (for instance, as a motivation for the use of difference scores). In
studies in which the task or stimulus sequence has been interchanged, tests
of occurrence of trends are rather common (i.e., physiological responding
as a function of exposure number), but a statistic that defines a trend, or a
procedure to be used to correct trends is seldom looked for. Nevertheless,

it is very important to learn more about the time-course of physiological
measurements, and about the procedures to be adopted to define and cor-
rect these trends. First of all, because these trends may represent impor-
tant aspects of psychological functioning, i.e., the magnitude and course
of adaptation to the experimental setting (cf. Lichstein, Sallis, Hill, and
Young, 1981), and, secondly, because these trends are devastating for an
optimal definition of autonomic responsiveness during discrete
stimulation.

In 1972, Johnson and Lubin noticed that part of the reluctance to test
for within-subject statistics, as trend specifications are, might be
explained by the lack of computational time necessary for such tests.
Nowadays this is no longer a problem. Below, two groups of trend-correc-
tion procedures, i.e., curve-fitting and factor-analytic, will be described
and evaluated. These methods differ in several respects from each other.
The choice of a trend-correction method depends on the subject of
research, for instance, whether one just wants to correct trends, or
whether one also wants to have a measure for pace of trend. Also statis-
tical criteria, e.g., how well the trend specification does fit the data, may
lead the researcher in the choice of a procedure. In the second part of this
chapter, I will report on a study carried out to find an optimal trend-
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definition for the serial data of the current study according to two
predefined criteria: the trend specification has to fit the scores during
baseline intervals alternating with experimental films as well as possible
and the function specifying the trend must be indicative for pace of trend.
But, first of all,  I shall look at the baseline problem in psychophysiological
research and at the meaning and shape of within-session trends.

The Baseline Problem

Establishing a baseline is a prerequisite for knowing the significance of
change in physiological levels when a subject is confronted with ex-
perimental stimulation. By definition, basal activity is that level from
which other activity is measured (Venables, 1975). Ideally such a level ap-
proximates the basal level of the subject in his naturally occurring state
(Christensen, 1988). Practically, the search for basal levels may be an it-
lusory venture. Especially if monotonically descending or ascending trends
in physiological levels are discernable throughout the experiment, a good
baseline can hardly if ever be defined. How to handle these trends? Mef-
ferd (1975) suggests two lines of analytical strategy. One can study trends

as such, or one can study responding during differential stimulation
without regarding trend curves. Though the main object of this study is to
obtain more insight in the consistency of autonomic patterns of in-
dividuals during films, I cannot disregard these trends for two reasons.

First, neglecting these trends, or handling them wrongly, will seriously
affect the generalizability estimates of differential responding (e.g.,
Stemmler and Fahrenberg, 1989), and may lead to Type I errors as well as
Type II errors. We may, for instance, erroneously conclude that in a
specific group of subjects, the film presented first triggers high reactivity,
whereas the last film presented elicits low reactivity, while actually
another process occurring independently of the specific films causes the
difference in physiological levels for this group. Or, we may erroneously
conclude that subjects do not respond consistently during specific films
over more than one occasion because time-trends differing during ses-
sions, confound the detection of consistent reactions of individuals.

Secondly, as has been pointed out by several researchers, such trends
may reflect consistent personality characteristics as such. "Relative neglect
of tonic levels is analogous to not seeing the forest for the trees" (Schlos-
berg, 1954 cited by Stern, Ray, and Davis, 1980, p.51). And, "...the pre-
existing state of excitation in a given situation is probably as characteristic
of an individual as his reactivity to specific stimuli, and ... it is probably as
important a determiner of the form and extent of reaction as the stimulus
itself (Darrow, 1937 cited by Campbell, 1981, p.86). By disregarding
trends and treating them solely as something one has to neutralize, aspects
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of personality are neglected that may be very important for the
functioning of individuals in everyday life, e.g., for the pace in which
persons adapt to new and complex environmental circumstances.

In earlier research of our project with long lasting serial recordings, in
spite of procedures to establish steady basal levels prior to the experiment
as well as between experimental conditions, definitive time-order effects
were present in the physiological data (e.g., Hettema, Vingerhoets, Van
der Molen, and Van de Vijver, 1989; Vingerhoets, 1985). Since time-
trends in physiological levels are hard to avoid, analysis of trends must

precede the analysis of autonomic reactivity. However, the choice of
baseline measurements, and consequently of trend-handling has not been
standardized and lacks consensus (Turpin, 1989). Four methods that are
more or less inclusive for all the strategies proposed to deal with the
baseline problem are (cf. Stemmler and Fahrenberg, 1989): (a) referring to
one rest period; (b) the creation of steady states; (c) permutation of tasks;
and (d) specifying the trend. In general, the strategy chosen to deal with
the baseline-problem will depend on, e.g., the kind of questions studied,
the duration of physiological recordings, the nature and power of the
stimulation presented, and whether one studies phasic or sustained respon-
ding. I will comment on each of the four strategies to deal with the
baseline problem as a possible solution in the current experimental set-up.

One Rest Period

Since individuals vary in the physiological levels they display in general,
in psychophysiological research, an initial recording period is often used
as a reference for response scaling during the experiment. During this
interval, elevated physiological levels may wane out to a steady basal level.
However, several researchers have pointed to problems that are associated
with this approach.

First, it is difficult to defend what an ideal baseline is. As Duffy
notices: "if we are to know the significance of a change in pulse rate when
a man stands, we must know whether he was previously sitting or running"
(1972, p. 582). Baseline recordings are often made during a period in
which the subject is asked to relax. However, a relaxation situation for
one person may be a stressful situation for another (cf. Hinton, 1988).
According to Linden and McEachern (1985), the most frequently used
baseline definition is the computation of a mean in a prestress adaptation
period. These authors define the lowest possible level, which is generally
found in a later (but not the final segment) of an adaptation period, as the
best baseline. Levenson (1988) objects to baseline procedures in which
subjects are asked to empty their minds of all feelings, thoughts, and
memories, that is, to do essentially nothing. Emotion in its natural shape
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seldom occurs in a prior state of "rest". Therefore Levenson pleads to
adopt a procedure in which the modal level of activation for the person is
recorded. A methodological advantage of this approach is that it opens the
possibility for changes up and down without being confronted im-
mediately with biological floor and ceiling effects.

Several researchers have objected against initial rest recordings, ar-
guing that basal physiological levels may not be expected at that moment.
When subjects visit a laboratory for the first time, effects of this novel
environment, as reflected in elevated electro-physiological and
biochemical levels, are so massive that no real resting values can be ob-
tained at the beginning of experiments (e.g., Cacioppo and Petty, 1983;
Frankenhaeuser, 1975; Lader, 1975; Levey, 1980; Stemmler and Fahren-
berg, 1989), or perhaps not even during the entire first experiment
(Robinson, Whitsett, and Kaplan, 1987; Wieland and Mefferd, 1970).
Nevertheless, some (e.g., Fahrenberg, Schneider, Foerster, Myrtek, and
MOller, 1985) prefer an initial rest period over a final rest period. Obrist
(1981), on the other hand, recommends a separate baseline recording in a
post-experimental session.

Whether one chooses a pre- or post-experimental reference period, the
duration of the pre-experimental adaptation period is difficult to specify
in advance. The time before a more or less stable physiological level is
obtained not only differs with the experimental situation, the instructions
used (e.g., uncertainty), individuals, and sex, but also with the
physiological variables used (Christie and Todd, 1975; Hastrup, 1986;
Levenson, 1988; Lichstein et al., 1981; Linden and McEachern, 1985;
Meyers and Craighead, 1978). Sherwood, Brener, and Moncur (1983) ob-
serve a continuous decrease in heart rate of rats placed in a new environ-
ment of no less than eight hours. According to Wieland and Mefferd
(1970), if only one session is involved, adaptation to the novelty of the
situation occurs progressively throughout the session. Hence, if we use the
absence of trends and little variability (Kazdin, 1978) as criteria for a
stable baseline, we might have to wait a long time with some individuals.
Additionally, it remains a matter of definition what is "no trend" or "slight
variability". Hastrup (1986) and Meyers and Graighead (1978) observe a
general lack of agreement among investigators regarding duration of the
baseline adaptation time. Hastrup (1986) surveying articles in
Psychophysiology does find a significant negative correlation between
mean heart rate during the baseline period and the duration of that period.
Several authors noted a further decrease after the adaptation period.

Whether one chooses one baseline period as reference value for further
responding depends on the kind of research questions one wants to
answer. However, when dealing with time-trends, one baseline recording,
be it before or after the experimental session, is not sufficient.
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Steady States

To deal with trends, one can insert between experimental conditions
baseline (washout/recovery) intervals long enough for the subject's
response level to return to the baseline. As may be clear from what is said
above, it is difficult to establish a steady state or asymptotic level with
such a mu/tiphase treatment recovery (Johnson and Lubin, 1972) or
sandwich (Linden and McEachern, 1985) design. It is neither clear what
the ideal conditions to establish such a baseline are, nor what constitutes
an ideal baseline (i.e., lowest or modal level). Additionally, individuals
and physiological variables do differ in the time needed to reach a stable
baseline. Moreover, it is a matter of definition when a physiological level
is accepted as a stable baseline. Finally, the effect of the preceding
stimulus or task may be more or less irreversible. In spite of these objec-
tions, the researcher is always on safer grounds if all experimental con-
ditions are preceded by baseline conditions that are equal in duration as
well as in the kind of stimulation presented. Additionally, in contrast with
using one baseline measurement, this procedure does take account of time
trends. But most important, measures obtained at more moments are a less
random baseline reference than just one baseline measurement.

Permutation of Conditions

In experimental research, in which subjects are confronted with inter-
changeable sequences of tasks or stimuli, trend effects can be disentangled
from condition effects. Such a procedure does not dispose of trend effects
or condition carry-over, but makes it possible to check these effects as
well as the interaction of (condition) carry-over effects with trend effects.
Since a very large number of subjects is required for such a design, and,
permutation of conditions reduces the power of the design to detect in-
dividual differences, this method is often not chosen in psychophysio-
logical studies of personality.

Trend Specification

I conclude at this point that the problems associated with establishing a
baseline always necessitate to check the occurrence of trends in
physiological experiments. One can handle the measurement problems
resulting from trends statistically in a number of ways. Several researchers
have emphasized the need to specify physiological trends in serial ex-
periments. If the main object of research is to assess differential respon-
ding, these trend definitions can be used as a means for correction. But
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also the trends per se may be objects of research (e.g., Koriat, Averill, and
Malmstrom, 1973; McHugo, and Lanzetta, 1983; Mefferd, 1975; Montagu,
1963; Montagu and Coles, 1966; Stemmler and Fahrenberg, 1989; Stern et
al., 1980).

The simplest check for trends is obtained if responding is defined as
the physiological response during the experimental condition minus the
physiological level during a preceding baseline condition. Such scores may
be corrected for initial value dependency (chapter 6). Another definition
might be response change with regard to a preceding and following
baseline condition (e.g., Stemmler and Meinhardt, 1990). However, in
both data reduction procedures, waning-out effects of preceding ex-
perimental conditions as well as accidental changes in basal levels may be
included in the responsiveness score. Therefore, a procedure is called for
that is less affected by these two effects.

To deal with fortuitous fluctuations of physiological levels in baseline
periods, and to discard long lasting effects of preceding conditions, the
overall within-session trend, observed during intervals between experimen-
tai conditions. can be specified as a baseline from which responsiveness is
measured. In such curve fitting procedures, the trend can be specified as a
function of the actual duration of the experiment or as a function of the
sequence number of conditions. If the duration of stimulus conditions is
equal, these two overlap. If not, the first alternative is to be preferred
(e.g., Stemmler and Fahrenberg, 1989). Finally, factor-analytic and
autoregressive procedures may be used to define and correct trends.
Below, such procedures will be described and evaluated. To guide the
search for statistical procedures for handling trends, it is useful to know
more about the shape of these trends and about the processes that may
underlie their occurrence.

The Cause and Meaning of Trends

Several terms have been used to describe the descending time-course Of
physiological measures within sessions: acclimatization, adaptation,
chronicity, deactivation, desensitization, extinction, fatigue, habituation,
negative transfer, reactive inhibition, relaxation, response decrement, and
stimulus satiation. Although often the same phenomenon (i.e., response or
level decrement) is described, several of these terms assume different
underlying processes. Labels as boredom, or Malmo's (1972) waning
motivation refer to some state or mood characteristic of the individual.
Trends are often attributed to the waning out of the psychological
response that is triggered by entering a new, threatening experimental
setting. Others have emphasized physical characteristics of entering and
staying in the laboratory, such as sitting down in a comfortable room and
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not moving after having walked to the laboratory in cold weather or
having moved while the experimenter was fastening the physiological
recording utilities (e.g., adaptation to the setting and acclimatization), or
duration of abstinence of water (dehydration of the skin), coffee, or
smoking. Some researchers more explicitly refer to trends as a function of
repeated stimulation (e.g., habituation, extinction, reactive inhibition, and
stimulus satiation). Still others point at the importance of circadian (time
of day) effects. Many have pointed out that more than one process
operates to yield the final outcome of response decrement.

To guide our study, let us first bring more clarity in terminology.
Peeke and Petrinovich (19843,1984b) propose to use terms as habituation,
sensitization, fatigue, and adaptation to refer to underlying theoretical
processes. In contrast, behavioral descriptions should be made in terms of
observables such as response decrement. We agree with these authors that
it is confusing to use a term like 'response habituation' (e.g., Thompson,
Berry, Rinaldi, and Berger, 1979) to describe the observable response
decrement. However, not only habituation may underlie this decrease as is
admitted by Thompson and coworkers. Moreover, it is virtually impossible
to explicitly study the several processes that may underlie response
decrement in isolation, because all processes are always present and
interact to yield the final response. Let us now conceptualize the several
processes that may underlie response decrement.

Acclimatization

As outlined in the subsection 'one   rest period', many researchers have
pointed at the marked effects on electro-physiological and biochemical
levels of visiting a laboratory. Levels are generally highly elevated in the
beginning of experiments and drop as the experiment proceeds. Lader
reserves the term acclimatization to describe "the changes in measures back
towards resting levels after a subject has been placed in a novel laboratory
setting" (1975, p.87). Other terms that have been used, are relaxation (e.g.,
Myrtek, 1984), habituation to the experimental situation (Christie and
Todd, 1975), and adaptation. For instance, Montagu (1963) defines the
change in (tonic) level as contrasted with change in (phasic or sustained)

response as adaptation. In the same sense, the label 'prestress adaptation

period' is used. Lang, Rice, and Sternbach contrast the term activation
with adaptation.' "in the sense that activation is a set of responses to change,
or novelty, adaptation is the diminution of those responses in the face of
constancy or familiarity" (1972, p.630). Hence, deactivation will often
have the connotation of acclimatization. Like Lader, I propose to reserve
the term acclimatization to refer to a change in physiological level in the
face of constancy (e.g., of temperature) and familiarity (e.g., of the en-
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vironment, the experimental procedures, and the experimenter) after
physiological levels have been elevated, e.g., after a subject has been
placed in a new environment. With this term I refer to gross physical and
psychological processes that are often not subject of research in ex-
periments.

Fatigue

Another process that may underlie within-session trends is fatigue, that is,
diminished responding resulting from previous expenditure of energy.
Fatigue may be mental, muscular, sensory, or nervous (Drever, 1976).

Cyclical Variation

Many physiological variables follow a circadian (twenty-four hour)
rhythm, that is, a regular variation in level that is specific for the in-
dividual and the variable under study. These rhythms may underlie the
occurrence of ascending and descending trends within experiments of a
few hours duration (e.g., Akerstedt and Fr8berg, 1976; Bee and Webb,
1987; Christensen, 1988; Johnson and Lubin, 1972; Mefferd, 1975; Stem-
mler and Fahrenberg, 1989). This time-of-day effect may interact with
other processes to produce a behavioral outcome.

Habituation

In psychophysiology, there has been extensive research on response
decrement as a function of repeated stimulation. This specific stimulus-
response relationship has been called habituation or response habituation.
Whereas acclimatization refers to gross physical and psychological proces-
ses that are often not subjects of research in experiments, the term
habituation should be reserved for processes that are more precisely
defined and controlled in experiments. Habituation is an inhibitory
process which differs from fatigue, since presentation of an extraneous
stimulus between habituation trials reinstates the response, while a fatigue
effect would reduce it further yet (e.g., Kahn-D'Angelo, 1980; Lader,
1975; Lader and Marks, 1971; Stanley, 1976). Some (e.g., Walrath and
Stern, 1980) want to reserve the term habituation exclusively for the
underlying biological phenomenon that is manifested in response
habituation or response decrement evoked by successive discrete stimuli.
In research practice, the term habituation is often used to describe this
specific stimulus-response contingency as such. Other terms that have
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been used to describe this phenomenon are Hilgard and Marquis'
definition of adaptation, Hull's concept of reactive inhibition, Glanzer's
concept of stimulus satiation and the concept of extinction of the Orien-
ting Reftex of the Russian school (e.g., Petrinovich, 1984; Thompson et
al., 1979). The distinctive feature of habituation is it being a function of
stimulus presentation. It is a process that plays a role in acclimatization as
defined above and adaptation as defined below. Because habituation is
retained, it is considered to be an elementary form of learning (e.g.,
Kahn-D'Angelo, 1980).

Two theories of response decrement as a function of repeated
stimulation have received considerable attention in habituation research:
the brain systems theory of Sokolov, and the dual process theory.

Sokolov's (e.g., 1963, 1975) theory was developed to explain
habituation of the Orienting Response (OR). Cortical processes are sup-
posed to be responsible for decrement in the orienting reflex. The cerebral
cortex is assumed to produce a model, a neuronal template, of the proper-
ties of external stimulation. If the same stimulus is presented repeatedly,
the Reticular Activation System is inhibited by descending cortical ac-
tivity resulting in decrease of response strength. An orienting reflex ap-
pears whenever sensory input does not coincide with this neuronal model.
This OR is supposed to amplify activity in nonspecific paths (e.g., Kahn-
D'Angelo, 1980; Petrinovich, 1984; Siddle and Heron, 1975; Sokolov,
1963, 1975; Thompson et al., 1979). Though in the intact organism des-
cending influences from the cortex upon the spinal structures may be
important for habituation, the cortex is not necessary for habituation of
motor reflexes (e.g., Groves and Thompson, 1970; Kahn-D'Angelo, 1980).

Dual process theory (e.g., Groves and Thompson, 1970; Thompson and
Spencer, 1966; Thompson, Groves, Teyler, and Roemer, 1973; Thompson
et al., 1979), although derived from animal research (especially from
research with the spinal flexion reflex), is presented as a general theory of
habituation. The theory assumes that two processes occur and develop
independently of one another, but interact to yield the final behavioral
outcome: first, habituation of the stimu/us-response pathway, and, second,
sensitization of the state of excitation of the organism. By recording intra-
cellularly from motor neurons, habituation is found to result in a decrease
of synaptic transmission onto the motor neurons of the reflex. Thompson
and Spencer (1966) list close parallels between habituation of the spinal
reflexes in cats and habituation of more complex behavioral responses in
man.

In dual process theory, seven parametric features of habituation dealing
with response decrement, are listed: (a) repeated stimulation results in
response decrement (usually a negative exponential decline); (b) spon-
taneous recovery occurs after the stimulation has ended; (c) repeated
habituation series cause progressively more response decrement; (d)
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habituation is directly proportional to stimulus frequency, and (e) inver-
sely proportional to stimulus intensity; (f) "below-zero" habituation can
occur; and (g) habituation exhibits some degree of stimulus generalization.
Additionally, a characteristic is listed dealing with response increase:
presentation of another (usually strong) stimulus causes -dishabituation",
which itself habituates with repetition. Dishabituation, viewed as disrup-
tion of the habituation process, seems to occur rarely, if ever, but is
viewed as an instance of sensitization, a superimposed increase in respon-
siveness not disturbing the habituation process.

Sensitization

Sensitization can be defined as "an inferred incremental process in a state
of excitation, or tendency to respond of the organism" (Groves and
Thompson, 1970, p.441) and occurs after presentation of an effective
stimulus. Whereas the nature of the underlying mechanism of habituation
is depression of synaptic transmission in the stimulus-response pathway
(i.e., in the most direct route through the Central Nervous System from
stimulus to response), sensitization occurs in the so called "state system". In
the heading "state", all pathways, systems and regions are included that
determine the general level of responsiveness, (i.e., excitability or tenden-
cy to respond) of the organism such as brain system pathways and spinal
interneurons. At intracellular level, sensitization results in enhancement of
synaptic transmission.

Characteristics of sensitization are (e.g., Groves and Thompson, 1970):
(a) sensitization occurs in state systems, not in reflex pathways; (b) during
habituation training, sensitization first grows and then decays; (c) amount
and duration of sensitization are directly related to stimulus intensity; (d)
sensitization decays spontaneously; (e) repeated presentations of a sen-
sitizing stimulus result in progressively less sensitization, that is, sen-
sitization habituates; (f) response sensitization will exhibit generalization
to test stimuli; (g) dishabituation is simply an instance of sensitization; and
(h) temporal conditioning of sensitization of state may occur.

As outlined above, in dual process theory, habituation and sensitization
are assumed to be two independent processes that together determine the
response probability. Hence, on the response side, the process of
habituation in S-R pathways cannot be distinguished from 'habituation of
sensitization' (of the state of the subject). In its action on response output,
habituation is assumed to be primarily "phasic", while sensitization is as-
sumed to be primarily "tonic" (Groves and Thompson, 1970).

In the current thesis, I will not study short-term phasic response chan-
ges as a function of simple stimuli, but sustained autonomic changes
during complex stimulation (i.e., films). If response decrements in sus-
tained levels are studied as a function of repeated presentation of a film,



83

one would assume, in terms of dual process theory, that 'habituation of
sensitization' is primarily manifested here (i.e., the fifth point of the
parametric features of sensitization), although synaptic depression in
specific S-R pathways (i.e., habituation) might underlie the response
decrement as well. However, many would reserve the term habituation
exclusively for this process: response change as a function of repeated
presentation of discrete stimuli, whether it would be change in "state" or
not. To avoid confusion and acknowledging that more than one process
may underlie these phenomena, we will make behavioral descriptions in
terms of observables without referring to assumed underlying biological
processes. For instance, we will speak of response decrement as a function
of specified repeated stimulation, or shift in physiological level as a
function of the duration of the experiment.

Whether we assume habituation and sensitization to be separate proces-
ses as in dual process theory, and consequently that the habituation
process can be assessed only if the subject is not sensitized, or assume that
habituation cannot occur if the subject is highly sensitized (e.g., Stephen-
son, 1979), both assumptions lead to the same predictions in terms Of
behavioral descriptions.

Adaptation

As seen above, the term adaptation has been used to describe both
response decrement as a function of repeated stimulation and return of
physiological levels to prestimulus values. This may lead to confusion. In
physical concepts of sensory adaptation (e.g., Drever, 1976; Leeuwenberg
and de Weert, 1981) as well as in biological (e.g., Hamburg, Coelho, and
Adams, 1974) and psychological (Hettema, 1979, 1989; Lazarus, Averill,
and Opton, 1974; Mechanic, 1974; Miller and Buckhout, 1973) definitions
of adaptation, the concept always refers to some process of becoming ad-
justed to a change in the environment. To establish a good person-environ-
ment fit, more processes than response decrement alone, play a role.
Adaptation is a dynamic process for which response decrement and
response increment may be utilized depending on the guests from the en-
vironment and the characteristics of the responding individual.

Hence, the processes listed above, all play an important role in the
adaptation of an organism to its environment. It is important to accom-
modate to the environment, to stop responding to stimuli that are no
longer relevant, and to be no longer excited in environments that have
become familiar. Or, as Thompson et al. say, "habituation is clearly adap-
tive: were it not for habituation we would spend the greater part of our
lives orienting" (1979, p.22). However, it is equally adaptive to assimilate
or subordinate the environment if necessary, to orient when a novel
stimulus is present, and to be sensitized or prepared to take action when
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the environment becomes potentially threatening (e.g., Boelhouwer, 1984;
Kandel, 1981; Pribram, 1981).

Of the processes listed, 'adaptation to the setting' certainly is the most
suited label to denote consistent within-session-trends, since the label
includes psychological, physiological, and physical processes that may
underlie these trends. Moreover, by using this label, account is taken of
the fact that physiological levels may rise as well as decline. Nevertheless,
we ought to be aware that a far more extended design than the present one
is needed to disentangle these processes, and that we are dealing here with
observable behavior that may only be assumed to serve the adaptation of
the individual to the setting.

Apart from the processes listed in this paragraph, extraneous variables
may influence the occurrence of trends, such as, hours that have passed
after food consumption, abstinence of smoking or coffee, hours of sleep
during the night before, activity the subject was engaged in prior to
visiting the laboratory, or even change in conductivity of the electrolyte
used (cf. Stern et al., 1980). These effects underscore the necessity to
avoid generalizing unwarrantably from observable behavior to
hypothesized processes.

The psychological relevance of trends may be explored by mapping the
individual-specific cross-time stability of within-session trends as well as
the coherence between these trends and other measures of individual
functioning. The current design is suited to explore this question.
Moreover, the design is suited to check dependencies of responsiveness
scores on initial levels, basal levels as well as circadian rhythms. The con-
sistency of trends and the potential validity of trends for personality as-
sessment are topics that will be explored further in the Results section of
this thesis. To be able to explore these questions, it is necessary to have a
good definition of trends. To adequately define and correct trends, we
may profit from prior knowledge of the shape these trends may take.

The Shape of Trends

To test whether physiological levels or physiological responses are a
function of the duration of the experiment, several methods can be
adopted. Using Analysis of Variance (e.g., Averill, Malmstrom, Koriat,
and Lazarus, 1972; Lichstein et al, 1981; Myrtek, 1984; Ozer, 1986), or its
nonparametric counterpart, the Friedman test (e.g., Stern, Gaupp, and
Leonard, 1970), one can test whether responses or response levels consis-
tently vary with duration of the experiment or exposure number. Bartfai,
Edman, Levander, Schalling, and Sedvall (1984) look at the number of
inversions (that is, the number of responses being higher in amplitude
than the preceding response) as indicator for pace of response decrement.
If one adopts such criteria one does not look at the shape of the trend.
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Several researchers have supposed these trends to be linear. 'For
instance, Levenson (1988) notices that even under well controlled con-
ditions of room temperature subjects often show linear drifts in basal
peripheral temperature throughout the course of the experiment. Levenson
does not state explicitly if his use of the term linear only excludes non-
monotonical trends or also monotonical non-linear trends. Less ambiguous
about linearity are researchers that have proposed to fit linear regression
lines on data predicting physiological levels or responses from the duration
of the experiment or the exposure number to correct trends or to obtain a
measure for rate of response decrement (e.g., Barry, 1982; Bull and Gale,
1973; Sherwood et al., 1983).

There are, however, various reasons to assume that the shape Of these
trends  will  often  not   be   linear,  but   logarithmic  or  (negatively)  exponential.
First, as described above, many researchers have pointed to marked ef-
fects on electrophysiological and biochemical variables while visiting a
laboratory for the first time. After a large drop in the beginning of the
experiment, or in the "pre-experimental adaptation period", physiological
levels gradually reach a constant level as time goes by. Such a description
fits a logarithmic or negative exponential shape. Secondly, in dual process
theory, habituation is supposed to be a negative exponential (hence,
progressively less response decrement) function of stimulus presentation.
The sensitization curve is supposed to have another shape. After an initial
increase, the intrinsic decay is supposed to be progressively less. From the
viewpoint of sensitization, when experiments start after some buffer con-
dition in which the initial reaction to the experimental situation may have
been maximal, we may also expect a progressively less decreasing
physiological level during the experiment. At various points during this
decline, the subject will again be sensitized by experimental stimulation
resulting in a fast response increment followed by a logarithmic decline.
Third, following Darrow (1937, quoted by Montagu and Coles, 1966), who
noticed biological systems to often obey logarithmic laws, several resear-
chers have observed physiological response to decline progressively less

during habituation experiments. Accordingly, they proposed to express the
physiological response as a function of the logarithm of stimulus number
or as a function of the logarithm of session number (e.g., Gale, Hyman,
and Ayer, 1970; Lader, 1971, 1975; Lacey, 1956; Koriat et al., 1973;
Levinson and Edelberg, 1985; Lykken, 1982; Montagu, 1963; Montagu and
Coles, 1966; Siddle and Heron, 1976). However, little systematic research
has been done on the shape of consistent decrement in physiological level

during experiments. Finally, as can be seen in Figure 6.3 (chapter 6), the
shape of trends depends on the measurement scale used. For instance, a
linearly ascending trend in heart rate, may exactly correspond with a
logarithmically descending trend in heart period. It may be due to Fahren-
heit, Ohm, and others that have provided us with measurement scales, that
some biological phenomena appear to be logarithmic or linear.
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Before reporting on a study carried out to find an optimal trend-cor-
rection procedure, let me stress some of the points made above. In studies
of differential reactivity, all measures should establish baselines that are as
steady as possible, before the actual recording starts as well as between
experimental conditions. Despite these measures, monotonical trends in
physiological levels will prove hard to be avoided. The way these trends
are handled influences the results in physiological studies. Moreover, by
viewing trends solely as something to get rid of, important characteristics
of the responding individual and the experimental stimulation may be lost.
Hence, a trend-correction procedure must not only neutralize the trend as
well as possible, but should give a measure for pace of trend as well.
Several processes that may underlie the time-course of physiological
measures have been described. To avoid confusion and because these
processes may interact to yield a consistent trend, it was decided to make
trend descriptions in terms of observables without referring to underlying
processes. Finally, there are several reasons to assume that these trends
will often have not a linear shape, but a logarithmic or negative exponen-
tial shape.

The Assessment of Trends

In the present study, films are alternated with "recovery" intervals in
which music is presented. Whereas the films presented are selected to be
divergent in terms of content and in terms of physiological response they
are supposed to elicit, the music periods are selected to be as little diver-
gent as possible, that is, instrumental easy listening music with little
variation in rhythm and loudness is presented. These washout periods are
assumed to be the better intervals to assess within-session trends, because
scores during these intervals can be interpreted more easily as a function
of the same stimulation, and because effects due to film presentation have
ended or are waning out.

To test each variable during each session to see whether physiological
levels during the music periods differ, I will use Analysis of Variance
(e.g; Averill et al., 1972; Myrtek, 1984; Robinson et al., 1987). Inspection
of the means will reveal whether differences in physiological levels are a
function of condition number. Physiological levels are hypothesized to be
progressively less indicative for sensitization. Hence, Heart Period (HP),
Pulse Transit Time (PTT), T-Wave Amplitude (TWA), Respiration Period
(RP), and Finger-Tip Temperature (FIT) are expected to increase, and
Diastolic Blood Pressure (DBP), Systolic Blood Pressure (SBP), and Gal-
vanic Skin Level (GSL) are expected to decrease (e.g., Edelman, 1970;
Fowles, 1986; Gale et al., 1970; Lichstein et al., 1981; Meyers and
Craighead, 1978; Paul, 1969).
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However, this analysis will show trends only if the direction of trends
is the same for most individuals. If some individuals show clearly ascen-
ding trends, and others clearly descending trends, this analysis will not
reveal time-order effects. Consequently, for variables that do not show
time trends in means, I will inspect the between-condition correlations. If
time-order effects are present, the correlation matrix will exhibit a super-
diagonal pattern (Johnson and Lubin, 1972; Hettema, Vingerhoets, van
der Molen, and van de Vijver, 1989; Mefferd, 1975; Rogosa, 1988;
Stemmler and Fahrenberg, 1989). That is, conditions close together in time
will have higher correlations than conditions that stand further apart. This
pattern will also be revealed if individuals show time-dependent levels
that differ in slope or even direction.

Results

Shifts in physiological levels are a function of the duration of the ex-
periment. The analyses of variance reveal differences between recovery
intervals to be highly significant (Table 5.1).

Table il Mean deviations from the grand mean of physiological levels during eight recovery intervals
preceding and following films during two occasions

RECOVERY INTERVAL NUMBER

12345678Fpa
gri'd

VAR N mean occasion 1

HP 55  883.9 -14.6 -10.6 4.3 1.8 1.6 -2.9 15.8 13.3 830 .000 38
Frr 55 208.4 -1.7 1 -.1 -1.1 A -.9 14 .8 3.86 .001 .74

1WA 54 5.11 -32 -13 -.11 -.03 .12 .15 n 20 2132 .000 .95

RP SS 3823.2 33.9 123.7 36.0 -1133 -45.0 51.3 -685 -18.0 3.25 .002 .69
DBP 53  63.2 -12 -3.0 -23  -3  1.1  33  1.8 2.8 52.02 .000 .98

SBP 53 132.9 -73 -6.4 4.4 11 2.4 4.9 33 5.4 48.95 .000  .98
GSL 52 12.63 32 I.07 -30 .79 .26 .20 -.72 -.28 4A2 .000 .77

Frr 54 29.91 1.74 1.45 1.43 .77 -.48 -1.85 -1.16 -1.92 41.73 .000 .98

occasion 2

liP 52 8893 -17.4 41.3 -8.3 3 43 .8 17.7 23.7 11.01 .000 .91

FIT 52 2163 -21 4.9 4.0 -1.1 1.0     1.0     23 1.9 187 .000 17
1WA 52 5.66 -34  -50 -15 ..02 .16 19 39 .48 65.12 .000 .98

RP 52 3693.0 48.9 76.1 24.9 -8.7  -72.2 -31.8 18.1 -55.2 2.10 .043 32
DBP 52  56.4 4.9 -23 -13 3 3 2.2 2.4 3.2 5930 .000  .98
SBP 52 126.6 -7.7 -3.6 -14 13 1.2 17 13 5.0 29A3 .000 .97

GSL 52  930 -.97 -1.00 -51 51 .22 .72 .48 1.04 &81 .000 27
FIT 52 3266 1.15 .86 .48   17 -30 -.72 -.80 -.96 2181 .000  .96
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Moreover, these differences are quite consistent for most variables (Cron-
bach's alpha). Inspection of the deviations of the grand mean shows a des-
cending trend for FTT during both occasions, while HP, TWA, DBP, and
SBP during both occasions as well as FIT and GSL during occasion two
monotonically rise. Whereas the physiological levels of HP, PTT, and
TWA are progressively less indicative for sensitization, the increasing
trend observed for blood pressure and temperature as well as for GSL
during occasion two, was not predicted. Less clear monotonically changing
are the levels of PTT and GSL during the first occasion, and RP during
both occasions. Inspection of the between-condition correlation matrices
learns that superdiagonality is also found in the case of physiological
variables that do not vary monotonically as a function of interval number
as revealed in the analyses above, i.e., FIT and GSL during occasion one
(Table 5.2).

Table 5.2  Correlations between physiological levels during eight recovery intervals preceding and
following seven films for Pulse Transit Time (FITl), Respiration Period (RPl), and Gal-
vanic Skin Lcvcl (GSLl) during the first occasion and Respiration Period (RI'2) during the
second occasion

2 3 456 7 8 2 3 456 7     8

1 .98 .97 .94 .94 .93 .94 .94 .92 .86 .89 .88 .70 .81 .76   1

2 .99 .97 .97 .96 .97 .94 .88 .89 .89 .79 .84 .81 2
3 .97 .96 .96 .97 .95 .83 .80 .79 .79 .72 3
4 .98 .97 .98 .93        .91 .81 .90 .87 4
5 .98 .99 .95 .77 ElmS
6 FIll .99 .97 RPl .88 37 6
7 .97 .92   7

1 .99 .98 .97 .97 .96 .95 .95  .86 .88 .67 .76 .62 .76 .78   1

2 .99 .98 .97 .97 .95 .94 .92 .80 .85 .76 .86 .88   2

3 .98 .98 .98 .97 .96      .75 .89 .75 .84 .86   3

4 .98 .98 .98 .98 .78 .79 30 .74   4

5 .99 .98 .97 .82 .84 .89   5

6 GSI,1 .99 .99 RP2 .79 .81 6
7 .99 .89   7

In conclusion, most variables (HP, TWA, DBP, SBP, and FIT) reveal
monotonically descending or ascending courses within sessions. This trend
is specific for the variable under study, and is not necessarily in the direc-
tion from more to less sensitization. RP-levels are most inconsistently
related to time.
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Trend Correction Procedures

The most obvious correction of time-trends is obtained by calculating di/-
ference scores between stimulus and prestimulus levels. However, the use
of raw or adjusted difference scores as a means to remove trends will be
abandoned here. Many researchers have raised methodological objections
against the use of raw or corrected change scores (e.g., Cronbach and Fur-
by, 1970; Fahrenberg et al., 1985; Ferguson, 1976; Fiske, 197la; Green,
Gleser, Stone, and Seifert, 1975; Lykken and Venables, 1971; Murphy and
Davidshofer, 1988; Myrtek and Foerster, 1986). Change scores are sub-
jected to random errors of measurement of both initial and final values.
Moreover, e.g., fortuitously, variations in initial levels strongly contribute
to the raw gain. The use of residual gain scores, requires initial levels and
final levels to correlate significantly, the scores to be normally
distributed, the regression of final values on initial values to be linear, and
the scores along the regression line to be evenly distributed. To properly
evaluate linearity, normality, and homoscedasticity, more observations are
needed than the small number of film-rest combinations in the present
study. Moreover, the chance of capitalizing on outliers in calculating
residual gain scores is too large with so little observations.

In a pilot study preceding this study, it was decided to drop autoregres-
sive procedures (see e.g., Liu, 1985) as a means to correct time-trends.
With such models, the present value of a time-series can be described as a
linear function of past data. The difference between the observed score
and the score predicted from this time-series model can be used to define
a response. However, it proved to be difficult to decide how much the
data had to be smoothed and which time series model was the most ap-
propriate one (see e.g., Turpin, Lobstein, and Siddle, 1980). Other disad-
vantages of smoothing procedures are that moving averages may generate
cycles or other movements not present in the data. And, like raw dif-
ference scores, moving averages may be strongly affected by extreme
values (Spiegel, 1972). Recently, better criteria for smoothing emerged
(e.g., Turetsky, Raz, and Fein, 1989). Correct application of this
procedure was, however, considered to be too laborious. For every time-
series, using autocorrelations to identify the model, a distinct autoregres-
sive function should have to be specified providing 896 functions (56 sub-
jects x 8 variables x 2 occasions). Moreover, this method does not give a
measure for pace of trend.

Only two groups of correction procedures remain that describe the
slope and pace of time-trends and allow for individual differences of
trends: curve-fitting and factor-analytic procedures.
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Curve-Fitting Procedures

In choosing a curve-fitting procedure, predicting response as a function
of time, three criteria will be adopted. The function has to be par-
simonious (maximal two parameters), the curve has to fit as well as pos-
sible (a least squares criterion will be adopted), and, one of the parameters
must be indicative for pace of trend.

Monotonically ascending or descending trends will be defined as a
function of the duration of the experiment. The physiological scores
during recovery intervals between films will serve as dependent variables.
Hence, curves will be fitted on recordings of 8 times 4 minutes duration
spread over the entire session. As independent variables, the real-time of
the experiment (t) enters the equation. The score during the film is
defined as the observed score during the film (F) minus the score
predicted from the time of presentation of the film. As we have seen in
the section 'The   Shape   of Trends', there are empirical, metric, and
physiological reasons to assume that monotonical trends in physiological
levels are often not linear and the larger change in level occurs in the
beginning of the experimental session. This may be expected especially, if
the pre-experimental adaptation period was not long enough, i.e., if the
subject is still sensitized or not fully acclimatized. Two functions describe
progressively less change in physiological levels as a function of time, i.e.,
a negative exponential function and a logarithmic function:

f(t)   =  ct   -  ci  .  e
-' (5.1)

f(t) = cl + ce . ln(t) (5.2)

where e and In are an exponential and a logarithmic function, respec-
tively; t is the real-time of the experiment; and cl and c2 are individual
parameters.

The negative exponential function 5.1 describes a very large response
decrement at the beginning of the time-scale. Compared to this, the
response decrement during the later part of the time-scale is very little.
The result of fitting the response as a negative exponential function of the
duration of the experiment (hence, transforming the linear time-scale to a
negative exponential time-scale), is the same as transforming the
response-scale into a logarithmic scale:

R-c,
if   R  = ct  - c2 0 e-'  then   t  =  -ln(       ')   =   c3  + 6 .ln(R)

-C2

In the logarithmic function 5.2, as in function 5.1, the change in
physiological level at the beginning of the experiment is more pronounced
than further on. However, the drop in response is more evenly (i.e.,
logarithmically) spaced over the experiment than in the case of function
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5.1. The result of fitting the response logarithmically as a function of the
time-scale (hence, transforming the linear time-scale to a logarithmic
time-scale), is the same as transforming the response scale into an ex-
ponential scale:

-cl      R
- -

if    R  =  cl  +  cz  0 ln(t)    then    t  =  e  c2   ·e¢2    =    c3  . ew#

If the duration of the "pre-experimental adaptation period" is long
enough, there is little reason to expect physiological levels to be progres-
sively less decreasing. If one supposes the large response at the beginning
of the experimental session to have faded out during the buffer-period,
the trend will probably better fit a linear model. Hence, I will not select a
specific trend-description procedure in advance. Instead, I will evaluate
how well linear, logarithmic, or exponential functions describe the time
course within the experiment. However, it is very unlikely that
monotonical trends occurring progressively within the session will occur at
the same rate for all subjects (cf. Wieland and Mefferd, 1970). Some in-
dividuals on some variables may show a logarithmic or exponential trend
within experiments, while other data better fit a linear model. Therefore,
an additional data-set will be created consisting of scores that have been
corrected linearly, logarithmically, or exponentially, depending on which
curve fits best scores during recovery intervals according to the least
squares criterion. Hence, the first four response definitions are:

LIN =F- ct - c2 't (5.3)

LOG =F-c l -c i. ln(t) (5.4)

EXP =F-c l + 02 'e-t (5.5)

FIT = LIN, LOG, or EXP (5.6)

where F stands for the physiological level observed during the film, t for
the actual duration of the experiment, and the parameters cl and cz have
been calculated by fitting the curve on physiological levels observed
during baseline intervals between films.

In these trend-specifications, the parameter c2 provides an estimate for
pace of trend: the lower c2, the more pronounced is response decrement as
a function of time. In Figure 5.1, some clear examples of the three trend
definitions, fitted on scores during occasion one, are displayed. Curves are
fitted with BMDP AR, a derivative free nonlinear regression program
(Ralston, 1985).
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hp 23 hp 53 hp 54

.           /«'"           . . .
ptt 26 ptt 39 ptt 05./

0                     1                         0
twa 29 twa 50 twa  14

..

rp 54 rp 47 rp 20

.          1»    
     1   0

dbp 28 dbp 53 dbp 26

/     \91      ...sbp 28 sbp 35 sbp 31

l/-
gsI 03 gsI 25 gsI 27

\        L         ..0 0ftt 28 ftt 04 ftt 53

Figure 5.1 Examples of linear (left), logarithmic, and exponential (right)
time-trends in physiological levels during baseline intervals between films:at the top of the vertical axes, variable and subject identifications are
displayed
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Factor-Analytic Procedures

Alternatively, a factor-analytic approach will be used to get rid of time-
effects. Hettema, Vingerhoets, Van der Molen, and Van de Vijver (1989)
used Principal Component Analysis to analyze correlations among con-
secutive tasks. Their analyses yielded two factors. The first factor
described individual differences in mean physiological levels. The second
factor clearly revealed monotonically decreasing loadings and was
interpreted as a time-order factor. Diminishing the raw scores with scores
on this factor yielded scores free of time-effects. We will replicate this
procedure in the current study. Principal Component Analysis will be
carried out on the scores during the recovery intervals between films. First
of all un-rotated factor scores will be used (FCJ. Additionally, two data
sets will be created using factor-scores that have been rotated according to
a minimal variance of variance criterion (FC,) and a minimal variance of
means criterion (FC=)· In the created data-set, the film-score after factor-
analytic correction (FCJ is defined as the observed score during the film
(F) minus the mean trend-corrected scores of the preceding (Rt) and the
following recovery period (R2):

factorscorem + factorscore  (5.7)Fci =F- 2

The loadings of individuals on this trend-factor, provide estimates of
pace of trend.

Some Characteristics of Both Procedures

Before evaluating these trend-correction procedures, let me first accen-
tuate the main characteristics of both groups of procedures.

In the case of curve-fitting procedures, over recovery periods for each
individual separately, a monotonically ascending or descending curve is
fitted that by definition has a linear, logarithmic, or exponential shape.
Consequently, the method will be successful only if the time-dependent
course of physiological scores does conform to this shape. The procedure
neglects differences in scores during recovery periods following from
films presented immediately prior to the baseline interval. Since no
reference to other group members is needed to correct trends in this way,
the method can be applied in single-case studies or in studies with small
groups. It is advantageous that the physiological level is described as a
function of the real-time of the experiment making it an indication of
time-trend and not of, for instance, stimulus-number trend. An asset of
the curve-fitting procedures shared with the factor-analytic procedure is
that both not only provide us with a means for correcting trends, but also
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with a measure for pace of trend. Finally, with the curve-fitting
procedure it is easy to handle missing values, that is, the method can be
applied if one or more conditions are missing.

The factor-analytic trend specification does not have the restriction of
shape drawbacks of the curve-fitting procedures. The trend is determined
empirically and may better fit what is going on in the experiment.
Moreover, the procedure may take account of minor fluctuations in trends
following from effects of previous films. Since, with the factoranalytic
procedure, the score of an individual is a function of the loading on the
trend-factor as well as of the condition loadings on this factor, the latter
being determined by scores of other group members, the success of the
technique will depend on the degree to which individual members of the
group conform to other members. An advantage of the factor-analytic
procedure over the curve-fitting procedure is it being less CPU time-con-
suming.

As an example of scores obtained with each of the trend correction
procedures, in Table 5.3, the mean Heart Period values during rest periods
and films of all scores are displayed for occasion one.

Table 5.3  Mean Heart Period reactivity for eight response spccifications during the films and baseline
intervals (R) of the first occasion (54536,556)

RAW LIN LOG EXP Frr Fru Frv FCm

Rl -15.14 -1.11 2.71 3A8 1.09 .75 -.36 -.95
Overwork -.88 11.04 11.36 10.80 11.71 12.82 11.93 11.42

R2 -10.25 ..38 -1.93 -3.61 -.63 1.69 1.07 .69

Intrigue 17.77 25.64 2104 20.82 24.86 27.78 27AS 27.20

R3 -191 1.91 -1.05 -3.48 .84 4.64 4.62 4A2

Love-Making 25.89 29.73 26.75 2430 28.61 31.45 31.98 31.96

R4 2.00 3.71 .98 ..88 2.64 4.62 5.73     5.89

ksson 27.34 2138 2100 2330 26.36 21.07 28A7 28.89

RS   .71 -.98 -2.93 -3.84 -1.80 :15 1.78 2.18

Driving-Test  .91 -3.25 -4.23 4.32 -3.80 -3.29 -1.11         -.38

R6 4.80 -9.36 -9.34 -8.61 -937 -9.25 -6.67 -5.93

Deathbed 54.89 46.61 4146 4839 46.73 45.31 4833 49.60

R7 16.36 6.20 8.02 10.14 6.64 3.05 6.82 8.05

Museum 43.94 31.76 34.63 37A6 3234 27.04 31.28 32.75

R8 13.33 -.09 3A9 7.04 .85 -5.64 -.75       .80

To compare the scores with the original scores, the mean scores during the
conditions minus the mean score during all baseline intervals are displayed
(RAW). Ideally, the mean scores during all baseline intervals should be
zero, indicating that time-trends would be removed and no after-effects
of films occur. As is clear from Table 5.3, all correction procedures yield
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better results than the uncorrected, RAW scores. However, none of the
correction procedures is clearly superior to the others. For a final
evaluation, more precision is necessary than can be obtained with mean
scores.

Evaluation of Trend Correction Procedures

In the case of curve-fitting and factor-analytic trend-correction
procedures, not only a definition of responses during films is provided,
but also a definition of responses during the recovery period. Conse-
quently, these procedures may be compared with stringent statistical
measures. To get an estimate of how well the trend specifications fit the
scores during recovery periods, the scores after curve-fitting or factor-
analytic trend correction will be compared adopting a least squares
criterion.

The total variation of scores of an individual during recovery periods
(R) can be partitioned in unexplained variation and explained variation
(i.e., by the trend definition), respectively (e.g., Spiegel, 1972):

E(R-))2= E(R-R)2 + E(R'-N)2 (5.8)

The ratio of the explained variation to the total variation, the coefficient
of determination (ri), provides an estimate of how well the trend
specification does fit the data:

r2 = I (R'-702 =1_ E(R-R)2 (5.9)

E (R-N)2 E (R- 702

If there is no variation explained, this ratio will be zero. If all of the
variation is explained, this ratio is one. The coefficient of determination
will be used to compare LIN, LOG, EXP, FIT, and FCu, FC- and FCm-
scores.

In Table 5.4 and Table 5.5, the coefficients of determination of the
four response definitions are pair-wise compared. The tables consist of
three parts. Successively, the mean values (part A), the results of the t-
tests (part B), and the correlations between the coefficients of deter-
mination (Part C) are displayed. As can be seen in part A of the two
tables, on the whole much of the variation in physiological levels during
conditions is explained by the monotononical trend. Very marked are two
negative mean coefficients of determination. These negative values follow
from some individuals showing very little variation in physiological level
during the session, and more variation after the scores have been over-
corrected by the factor-analytic correction procedure.



Table 5,4 Comparison of seven response specifications of eight physiological variables during occasion one (A) Mean coefficients of determination (and
s.d.); (B) Pair-wise comparison of mean coefficients of determination. For significant t-values the response specification providing the best fit is
mentioned (2-tailed; p<.05); (C) Correlations between coefficients of determination (decimal points have been omitted)

(A) MEAN COEFFICIENTS OF DETERMINATION (and 34)

VAR N„ LIN LOG           EXP FIT Feu Fev FCm

HP         55            .34 (.30) .32 (.30) .28 (.2D .38 (.30) .33 (.30) 35 (.30) .35 (.29)
Frr ss .37 (.31) .37 (.30) .34 (.29) .44 (.31) .34 (.29) .33 (.30) .36 (.29)
TWA 54 39 (.31) 38 (.30) 33 (.28) .65 (.28) 39 (32) 35 (.36) .55 (.36)
RP         55           .25 (16) .25 (.26) .24 (.24) .30 (.2D .25 (.26) .16 (.29) .26 (.26)

DBP         53             .60 (.2D 37 (.25) .49 (.24) .63 (.26) .62 (.2D .61 (.27) .63 (.2D
SBP          53             .60 (.29) .60 (.29) 35 (.26) .66 (.28) 32 (.39) .61 (.30) .62 (.29)
GSL        52           .45 (.28) .44 (.28) .39 (.2D .50 (.28) AS (.28) .45 (.28) A5 (.28)
FIT 54 .64 (.30) 39 (.29) 31 (.2D .67 (.30) 4.7 (11.)    -23 (10.)    .60 (.28)

(B) PAIR.WISE COMPARISON OF RESPONSE SPECIFICATIONS                                                               8

1234 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
LIN LIN LIN LIN LIN LIN LOG LOG LOG LOG LOG EXP EXP EXP EXP FIT FIT FIT FCu FCu FCv

VAR Nss InG FIT EXP Feu Frv Frm EXP FIT Eu FCv FCm FIT Fru FCv Km Fru FCv Km Kv FCm FCm

HP 55 LIN Frr LIN LOG FIT FIT FCu FC'v FCm FIT FIT FIT FCv FCm
Frr 55 Frr Frr LOG HT FIT FIT Frr FCm FCm
TWA 54 FIT LIN LIN LIN LOG FIT Fri FIT FIT FIT FCu FCu
RP 55 Frr LIN Fir LOG Frr EXP FIT FIT Frr FCu FCm FCm
DBP 53 LIN FIT LIN FCu FCm LOG FIT FCu FC\, FCm FIT FCu FOv FCm Frr FCu FCm FCm
SBP 53 Frr LIN FCm LOG FIT LOG Frr FCv FCm FIT FIT Frr FCv FCm FCm
GSL 52 Frr LIN LOG Frr FIT FCu FCv FCm FIT FIT  FIT
FIT 54 LIN Frr LIN LIN LIN LOG FlT  LOG LOG     Frr  EXP EXP FCm Frr FIT FIT FCv FCm FCm



Table 51 continuation

(C) CORREIATIONS BEIWEEN COEFFICIENTS OF DEIERMINATION

LIN LIN LIN LIN LIN LIN LOG LOG LOG LOG LOG EXP EXP EXP EXP Frr FIT FIT Fru Eu Kv
VAR N„  LOG EXP PIT Ka Ev Em EXP FIT Eu Kv FCm FIT Eu Ev Km Eu Ev Km Kv Km FCm

HP55968898 9999999899 92939394 838383969696100100100
Trrr 55 92   75 94 72   75   71    93   95    87   88   86   89    87   89   87    81    83 81 96   98   97
nVA 54  93  76  95   99  97  96  95  98   90  88  88  90   72  71  70   92  90  89   98  97  99
RP 55958294 93   91   93   96   98 88 85   87    94    74    72   74    87    84 87 96   100   96

DBP 53  93  76  96  97  96 97  95  97  96  96 95  87  85  85 84  96  96 96  100 100 100
SBP 53 93 77 96 94 98   98   95   97    92   95   94   89    80   81 81 93   96   96    97   96   100

GSL52948095 9898989698 92929292 808080 94 93 93 100 100 100

FIT 54  93  79 97 -09 -09 86 96 97 -06 -06 97   88   -04 -04 96 -07 -07 91 100 -08 -08

5



Table 15 Comparison of seven response specifications of eight physiological variables during occasion two (A) Mean coefficients of determination
(and s.d.); (B) Pair-wise comparison of mean coefficients of determination. For significant t-values the response specification providing the
best  fit  is  mentioned  (2-tailed;  p<.05), (C) Correlations between  coefficients of determination (decimal points  have  been  omitted)

(A) MEAN COEFFICIENTS OF DETERMINATION (and s.d.)

VAR N„ LIN LOG           EXP FIT Fru Frv FCm

HP         55            .43 (.30) Al (.28) .37 (.26) .48 (.29) .42 (.30) .36 (.34) .42 (.30)
PIT 55 .40 (.36) Al (.30) .36 (.26) .49 (.31) .40(37) .44 (.35) .45 (.34)
1WA 54 .67 (.29) .67 (.2D .60 (.26) .73 (.26) .68 (.29) .67 (31) .66 (.32)
RP          55            .24 (.22) .25 (.23) .24 (.24) .31 (.26) .08 (.2D .14 (.24) .20 (.23)
DBP        53           .65 (.27) .65 (.25) 39 (.24) .72 (.24) .63 (.28) .65 (.26) .65 (.26)
SBP         53            .48 (.31) 30 (.30) A7 (.27) 36 (.29) A7 (.31) .24 (.48) .47 (.31)
GSL        52           34 (.2D 33 (.27) .47(.28) .60 (.26) 30 (.29) 33 (.28) 33 (.28)
FIT 54 39 (.31) 36 (.2D .49 (.23) .64 (.28) .45 (.45) .40 (33) 38 (.31)

(B) PAIR-WISE COMPARISON OF RESPONSE SPECIFICATIONS 5

1 2 34 5 6 78 9 10 11 1213 14 15 16 17 18 19 20 21 22 23
LIN LIN LIN LIN LIN LIN LOG LOG LOG LOG LOG EXP EXP EXP EXP RT FT FlT Ru Ru Bv

VAR Nu LOG FIT EXP FCu FCv Km EXP FIT FCu FCv FCm FIT FCu FCT FCm FCu FCv FCm FCv FCm FCm

HP 55   FIT LIN LIN LOG FIT LOG FIT FCu Fcm Frr FIT FIT FCu FCm FCm
Frr ss Frr FCv FCm LOG FIT Frr Frr FO, FCm
TWA 54 Frr LIN LOG Frr FIT FCu FC:v FIT FIT Frr
RP 55 Frr LIN LIN Frr  LOG LOG LOG Frr EXP EXP FrI' FIT FIT Fcv FCm Fcm
DBP 53 Frr LOG FIT Frr FCv FCm Frr FIT FIT FCv FCm
SBP 53 Frr LIN LOG Frr LOG FIT EXP Frr Frr Frr Fcu FCm
GSL 52 FIT LIN LIN LOG Frr LOG Frr FCv FCm FIT Frr Frr Far FCm
Frr 54 Frr  LIN  LIN LIN LOG FIT LOG LOG FIT FCm Frr FIT FIT FCu FCm FCm



Table li continuation

(C) CORREIATIONS BEIWEEN COEFFICIENTS OF DEIERMINATION

LIN LIN LIN LIN LIN LIN LOG LOG LOG LOG LOG EXP EXP EXP m FIT Frr m Ku Eu Kv
VAR N„  LOG EXP FrT FCu F(v FCm EXP FIT FCD FCv FCm FIT FCu FCY FCm FCu FCv FCm FEY Fem FCm

HP 55 9378 9895 9295 95 979795 9789 90898997 95 97 98   100   98

Frr 55 90 70 96 94 94   94    90   96   80   77   78   88   54   51   52   89   85 86 97   98   99
TWA 54 91 73 98 99 96 95 94 96 88   87   84   86   69   70   64   96   95 91 96   95   96

RP 5590739640424295985862 64 92 63   69   72   50   54   55    98   91    97

DBP 53  90  67  96  98  98  98  93  97  93  93  93  88  75  74  74 97 97 97 100 100 100

SBP 53 94 79 9898 85 98 9598 9279 9291 7865 78978297 8410083
GSL 52 88 69 96 90 89 89 95 96 98   99   99   87   91   93   93   96   95   95    99   99   100

FIT 54  94  76  98  85  78 98 94 97 80 74 92   87   65   61    75 84 77   97    99   86   79

1,
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Let us now look at the pair-wise comparison of the curve-fitting
procedures in Table 5.4.B and Table 5.5.B (columns 3,4, 5,9,10, and 14).
By definition, the response specification called FIT does explain most of
the variance. The exponential fit is never superior to the linear or
logarithmic fit. Overall, the linear procedure is slightly superior to the
logarithmic, and more superior to the exponential procedure. In Table 5.6,
for each variable during each occasion, the percentage of subjects showing
linear, logarithmic, or exponential within-session trends is displayed. If
the trend is not linear, the exponential curve-fitting procedure is most often
superior to the logarithmic procedure. However. comparing pair-wise the
logarithmic and exponential procedures, the logarithmic method seems to
be the better compromise.

Mutually comparing the factor-analytic correction procedures (Table
5.4.B and Table 5.5.B, columns 21-23), the FC= procedure is most often
superior to the other procedures. Comparing, the separate curve-fitting
procedures with the factor-analytic procedure (Part B of Table 5.4 and
Table 5.5; columns 6-8, 11-13, and 15-17), the linear and logarithmic
procedure are often superior to the factor-analytic procedure; while the
exponential method is inferior to the FC= procedure. The factor-analytic
procedure  is  never  superior  to  the  FIT-procedure  (Part B,  columns  18-20).

Table 5.6 Some comparisons between percentages of subjects showing linear, logarithmic or cxponen-
tial time trends during two occasions

VAR HP FIT           TWA RP DBP SBP GSL    Frr

occasion 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1   2

Nu  56 53 56 53 56 53 56 53 56 53 56 53 54 53 56 53

linear 59 57 48 55 54 47 48 45 63 57 41 32 65 53 64 57

logarithmic 13 6 9 6 16 32 14 8 20 13 30 26 11 17 14 13

exponential  29 38 43 40 30 21 38 47 18 30 29 42     24 30 21 30

linear 59 58 48 55 54 47 50 51 63 57 45 32 65 53 64 57

logarithmic 41 42 52 45 46 53 50 49 38 43 55 68 35 47 36 43

linear 61 58 54 59     64 64 57 47 75 68 61 47    70 60 70 60

exponential 39 42 46 42    36 36 43 53 25 32 39 53     30 40 30 40

logarithmic  68 60 52 60    68 79 61 49 80 68 71 58 74 70 75 70

exponential 32 40 48 40 32 20 39 51 20 32 29 42     26 30 25 30

Several of the significant t-test differences in Table 5.4.B and Table 5.5.B
seem to be of less importance; that is, the difference between the mean
coefficients of determination of two response definitions are sometimes
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significant although the mean values hardly differ (see Part A). In these
cases, the correlations between the coefficients of determination of per-
sons for the two response specifications are high (Table 5.4.C and Table
5.5.C). The significance of the difference then, is explained by the
variance of the difference between the two response definitions, being
extremely low.

To make a final choice for the FIT or FCm trend correction procedures,
I have proceeded as follows. Per physiological variable for each subject
during each occasion, FIT or FCm scores during films were first
transformed into z-scores. Subsequently, the consistency of these standar-
dized film-scores over the two response specifications, i.e., pEKS.,) (see
chapter 8), was looked at to find out for which subjects during a specific
occasion, the two specifications yield different results. These consistency
coefficients prove to be strikingly similar. Only 4 pct of the consistencies
is lower than .80 and less than 2 pct does not exceed .60. Inspecting the
coefficients of determination of the cross-response-specification consis-
tencies that are low, two features are marked. First, in all cases, as com-
pared to the mean coefficients of determination of a specific variable,
coefficients of determination are very high. Hence, large time-shifts occur
for these cases whereas resulting reactions after removal of the trend are
relatively small. Secondly, the FIT trend-specification in these instances
does explain considerably more of the variance of scores during baseline
intervals than the FC. procedure. Consequently, the FIT-specification is
concluded to be superior to the FCm specification.

In chapter 8, the stability of time trends will be studied. The relation-
ship of these trends with self-report measures of individual functioning
will be looked at in chapter 9.

Summary

In psychophysiological research, the occurrence of trends in physiological
levels is a serious problem. Neglecting these trends, or handling them
wrongly, may seriously affect results of psychophysiological studies. Ad-
ditionally, important aspects of personality may be neglected. Part of the
trend-problem may be handled by establishing steady baselines before and
after experimental conditions, and, if the study is not directed at the as-
sessment of individual differences, by permutation of experimental con-
ditions. Despite these actions, time trends will prove to be hard to avoid.
Hence, it is necessary to always check trends and, if necessary, to correct
them.

Time-trends may be caused by acclimatization, fatigue, cyclical
variations, habituation, desensitization, and several extraneous influences.
Since these processes that all may serve the adaptation of the individual to
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the experimental situation, are hard to disentangle, the researcher is al-
ways on more save grounds if trends are described in terms of observable
behavior. It is unlikely that the magnitude and pace of such processes will
be the same for each person. Accordingly, it is assumed that monotonical
time-trends may take a linear shape or a shape showing the larger shifts in
level to occur in the beginning of the experiment, depending on the mag-
nitude and rate of acclimatization, desensitization, fatigue, etc. Moreover,
empirical results in physiological studies as well as metric characteristics
of response scales urge to consider time-trends to often follow a logarith-
mic or negative exponential course instead of a linear course.

In the current study, apart from respiration rate, all variables show
clear ascending or descending trends within the experimental session. The
direction of these trends is specific for the variable under study. Time-
trends prove to explain much of the variation. If trends do not fit a linear
function, a negative exponential function seems to be the better alter-
native, but a logarithmic function is the better compromise.

A study was directed at finding trend-correction procedures providing
a measure for pace of trend and a definition of the trend to be used in
trend correction. Adopting a least squares criterion, curve-fitting
procedures proved to be slightly superior to factoranalytic procedures.
Consequently, the following trend-correction procedure has been chosen
for in the current study. Scores will be corrected linearly, logarithmically,
or exponentially depending on which curve (predicting scores during
recovery intervals as a function of the duration of the experiment) fits
best according to the least squares criterion. Scores during films are
defined as the observed score during the film minus the score predicted
from the duration of the experiment according to this function.



Chapter 6

Base-related Change

The present chapter addresses theoretical and methodological con-
siderations dealing with the definition and correction of base-related
change, that is, with dependencies between reaction scores and basal
values. The study of base-related change is a core issue in
psychophysiological research and is related to virtually all metric issues
the researcher has to decide on when choosing for methods to define and
study physiological reactivity as a function of one or more independents.
That is, the occurrence of base-related change may depend on the length
of the pre-experimental adaptation interval, the magnitude and shape of
time trends in physiological levels, the scales of measurement used to
define autonomic responding, and the standardization procedures adopted,
e.g., to be able to classify composite response patterns.

The most common response definition in psychophysiological research
is the calculation of a difference score between the physiological level
observed during experimental stimulation and a preceding baseline inter-
val. Intra-individually, such scores are a way to handle the confounding
of scores during experimental conditions with time trends. Interin-
dividually, difference scores are assumed to have a larger psychological
validity than absolute scores that are confounded by technical, physical,
and other extraneous influences. The suitability of change scores has been
discussed for a long time. There are several reasons to not use difference
scores (Cronbach, 1984; Cronbach and Furby, 1970; Cronbach, Gleser,
Nanda, and Rajaratnam, 1972; Ferguson, 1976; Green, Gleser, Stone, and
Seifert, 1975; Murphy and Davidshofer, 1988; Stemmler and Fahrenberg,
1989; Turpin, Lobstein, and Siddle, 1980). First, the generalizability of
difference scores is generally low, because these scores are confounded by
un-reliability of two measurements, that is, by spurious fluctuations in
initial as well as final levels. Secondly, the reliability of difference scores
strongly depends on the correlation between initial and final values. If
these scores are highly correlated, the true-score parts of initial and final
values considerably overlap. Consequently, differences in change scores
may be almost entirely due to errors. Thirdly, initial levels often
contribute strongly to change scores. "Clearly, we would not wish to
evaluate outcome by an index to which initial level contributes so strongly"
(Fiske, 19712, p.315). If initial levels do not contribute to the change
scores, then we may not need difference scores, and, consequently, ran-
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dom measurement errors of two scores; final values will often provide an
excellent response definition in that case.

In the current study, to deal with time trends, basal physiological levels
have been defined using a curve-fitting procedure predicting the level
during baseline intervals from the duration of the experiment (chapter 5).
Reactivity is defined as the score during the film minus the basal level
predicted by this function. In consequence of this procedure, fluctuations
in basal levels, e.g., resulting from extinguishing film effects or movement
artifacts, are eliminated from the reactivity score. Moreover, after trend
correction all persons have equal mean responsiveness scores during
baseline intervals, i.e., zero. However, this choice does not dismiss us of
the necessity to look at dependencies between reaction scores and basal
physiological levels. Intra-individually, higher reaction scores may be
observed with lower (predicted) basal levels. For instance, at the start of
the experiment basal physiological levels may be that high that scores have
hardly room to increase, while there is more room to raise function at the
end of the experiment. Moreover, interindividually, the range of respon-
siveness and, consequently, the size of reactions may depend on the basal
physiological level of the person. In this chapter, the data of the present
study will be inspected for systematic associations between responsiveness
scores and basal physiological levels. These analyses will show whether a
final correction is needed to neutralize dependencies between reaction
scores and basal physiological levels intra-individually or interindividual-
ly. Moreover, the study of base-level dependencies may show which scales
of measurement can best be used for the data of the current study. Final-
ly, although we will not always want to neutralize such dependencies, we
certainly want to identify these and want to know all specific characteris-
tics of the final response definition chosen. Both topics, the criteria that
may be adopted to identify base-related change and the procedures that
may be adopted to correct base-related change, are controversial issues.
Accordingly, a literature review aimed at finding optimal criteria to
define and correct base-level dependencies will precede these analyses.

In psychophysiological research, two approaches to base-related change
prevail. Within the framework of the 'Law of  Initial Values' (LIV), the
occurrence of base-related change per se has been studied, e.g., to verify
whether homeostatic mechanisms assumed to underlie the LIV are more
pronounced for specific types of physiological responding. More often,
base-level dependencies are deemed to be nuisances one has to get rid of
in defining relatively "pure" measures of physiological reactivity. In the
present chapter, both approaches will be highlighted. First, the controver-
sy regarding the assumed lawful relationship between initial levels and
reactions and the hypothesized physiological origins of the LIV will be
outlined. Next, in an overview of the arithmetic properties of this lawful
relationship, the following topics will be discussed: the statistical criteria
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that may be used to assess this and other dependencies of change scores
with basal and final levels; the relationship of base-related change with
the scales of measurement used and the shape of time trends; and, the
statistical methods that may be used to neutralize this dependency.
Literature will be reviewed with the option to come to an optimal
definition of both initial value dependency and autonomic responsiveness.
In the final two sections, the response definitions of the current study will
be screened for dependencies between reaction scores and basal
physiological levels intra- and inter-individually. The results of this study
will indicate the influence of the intra-individual trend-correction
procedure (chapter 5) on initial value dependency; whether a final correc-
tion is needed to remove dependencies of responsiveness scores on basal
levels; what standardization procedure may be used to be able to study
composite patterns of autonomic responsiveness; and, which scales of
measurement may be used.

The Law of Initial Values

Wilder was the first to call attention to the Law of Initial Values (LIV)
describing a lawful relationship between the magnitude of a physiological
response to an experimental stimulus and the prestimulus level of the
response system. the higher the initial value. the smaller the response to
function-raising stimuli, the larger the response to function-depressing
stimuli. In 1967, looking back at LIV investigations in the past decades,
Wilder remarked that the law was met with enthusiasm by many and op-
position by others. Especially after Lacey's publication   in   1956, a strong
interest in the law developed. Many of these studies confirmed the LIV
(Wilder, 1967). Was this optimism warranted?

In 1988, the, what the authors believe, first conference discussion of
the LIV, is introduced with the following words. "The well-known LW is
psychophysiology's   only   "law".   but   is   it   really   our   answer   to   Newton.   a
useless piece of superstition, something in between, or something that does
not fall in between the first extremes at alll" (Psychophysiology, 1988,25,
p.431). Never before, doubts about the law were as great as they are
nowadays. Levey (1980) states this law to have become a fetish which is in
danger of obscuring the complex processes associated with baseline
properties of psychophysiological measurements; Jamieson (1988) suggests
that the prominence of the LIV in psychophysiology may simply be a
reflection of the lack of reliability of our measurements, and; Myrtek and
Foerster (1986) call the LIV a rare exception determined to a great extent
by a statistical artifact. Were all the investigators cited by Wilder wrong?

Since the original formulation of the law in 1931, arithmetic and
physiological perspectives can be discerned in studies of the LIV. Some
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stress the arithmetic inevitability of covariance between initial physi-
ological values and change scores as something one wants to get rid of
(e.g., Benjamin, 1967; Heath and Oken, 1965), or as something which is
difficult to get rid of, because corrected gain scores may distort reality
more than raw difference scores (e.g., Myrtek and Foerster, 1986; Stemm-
ler and Fahrenberg, 1989). From an arithmetic point of view it is very
unlikely to not find a relationship between initial values and responses
during experimental stimulation if the latter are defined as final level
minus initial level, because both scores have a common element. In other
studies, more attention has been directed at physiological mechanisms
underlying the LIV (e.g., Furedy and Scher, 1989; Goldwater, 1978;
Jamieson, 1987; Scher, Furedy, and Heslegrave, 1985; Stern, Ray, and
Davis, 1980). Physiological systems certainly have boundaries beyond
which the system cannot change, making it very unlikely to not find the
LIV.

Physiological Interpretations

If one accepts the evidence in the many studies having demonstrated the
LIV to be a general law applying to physiological reactions, one wants to
know which fundamental biological process is manifested here. Why does
excitability diminish as the excitation rises, and does excitability rise as
the excitation drops? More insight in the general principle that underlies
the LIV may explain why the law does not hold for all subjects, under all
experimental conditions, and with all autonomic functions; and why the
LIV is not equally found in within-subject and between-subject designs
(e.g., Andreassi, 1980; Campbell, 1981; Furedy and Scher, 1985;
Goldwater, 1978; Hord, Johnson, and Lubin, 1964; Julien and Over, 1981;
Lacey, 1956; McHugo and Lanzetta, 1983; Mefferd, 1975; Scher et al.,
1985; Siddle, Turpin, Spinks, and Stephenson, 1980; Stern et at., 1980).
Moreover, it may be shown for which response specifications the LIV
does hold. For instance, the LIV may hold for relationships between
phasic, event-related, physiological changes of very short duration and
tonic physiological levels, but not for relationships between tonic levels
and sustained responses, i.e., longer lasting changes in physiological levels
due to an ongoing situation relative to baseline levels before and/or after
the situation of interest (Jennings et al., 1981).

Lacey (1956) postulates a homeostatic mechanism to underlie the LIV.
"The recorded autonomic response is a function both of the induced mag-
nitude of autonomic activation (as it would be seen in the absence of
contrary changes) and of the promptness and vigor of secondarily induced
autonomic changes that serve to restrain and limit the effects of the initial
disturbance....Evidence is available that suggests that it is precisely because
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of certain characteristics of the "mutually antagonistic action" of the sym-
pathetic and parasympathetic branches that we would expect a relationship
between prestimulus physiological level and stimulus-produced
physiological changes" (Lacey, 1956, pp. 127-128). Hord et al. (1964)
describe LIV occurrence as it is related to this homeostatic mechanism as
follows. If the prestimulus level of, for instance, heart rate (HR) is low,
then the balance of sympathetic and parasympathetic influence is main-
tained at a low level. A stimulus presented initiates an increase in sym-
pathetic activity. Since the tonic influence is relatively low (low ex-
citation), a sizable change in the HR (high excitability) can occur before
the parasympathetic system compensates for this increase. In contrast, if
the prestimulus HR is fast (high excitation), then the balance of sym-
pathetic and parasympathetic influences is maintained at a high level of
tonic activity (high excitation). An exciting stimulus will increase the HR,
but this increase is immediately kept in check by the restraining influen-
ces of the parasympathetic system.

Hord et al. (1964) hypothesize from Lacey's theory that some
physiological variables will show the LIV, because these are more directly
controlled by both branches of the autonomic system. The chance of fin-
ding the LIV with autonomic variables that do not have a demonstrable
dual innervation is less. Moreover, for some physiological systems intrinsic
negative feedback mechanisms such as the baroreflex and the Hering-
Breuer reflex have been shown to promptly counteract increase of
autonomic function. Lacey's theory may explain other restrictions of the
LIV mentioned above. Goldwater (1978) hypothesizes that in many studies
the LIV is not confirmed because, in striving for stable prestimulus levels,
only a small range of possible sympathetic/parasympathetic balance is
represented not allowing for empirical verification of the special relation-
ship between initial values and responses. The same hypothesis, that is, no
valid variation in basal levels, may explain why the LIV is not confirmed
for all individuals.

On theoretical and/or empirical grounds, some reject the study of the
LIV in inter-subject designs. Since the underlying homeostatic mechanism
is part of an individual nervous system, the LIV should not be expected to
apply in between-subject analyses (e.g., Goldwater, 1978; Scher, et al.,
1985). Furthermore, in between-subject comparisons significant base-
level relationships have been identified that cannot be explained with the
LIV (e.g., Myrtek, Foerster, and Wittmann, 1977; Myrtek and Foerster,
1986; Scher et al., 1985). That is, the larger reactions tend to be observed
with higher final, i.e., experimental, values (which is a desirable
phenomenon in psychophysiological studies) and also often with higher,
instead of lower, basal values. The terms anti-LIV (Myrtek and Foerster,
1986) or "reactivity" (Jamieson, 1988; Scher et al., 1985) have been used to
describe the antipole of the Law of Initial Values.
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It is generally assumed that a substantial proportion of the between-
subject variance of physiological scores is unrelated to the psychological
processes we are interested in (e.g., Levey, 1980; Turpin et al., 1980). For
instance, it is well-known that Galvanic Skin Level (GSL) varies more at
higher levels. Individual differences in mean level as well as in range of
electrodermal reaction may represent psychological processes, but may also
follow from technical, physical, statistical, and other extraneous influen-
ces. For instance, individual differences may vary with the degree of
oxidation of the electrodes used, with previous water consumption of sub-
jects, with climatological and seasonal circumstances, with physical
properties of the skin (e.g., race), with the scaling method used (skin con-
ductance or skin resistance), and with gross psychological influences such
as adaptation to the experimental setting (e.g., Fowles, 1986). Even so, the
psychological meaning of individual-specific consistencies of other
physiological reaction-scores that vary with basal levels is doubted. The
risk of detecting consistent differences between individuals (be it the LIV
or its antipole) that must be interpreted in physical or scaling terms is
clearly present.

Furedy and Scher (1989) reject the LIV as a general law. Instead, they
urge to treat the law as an empirical generalization to be tested in a dif-
ferentiated matter. Levey (1980) defines the LIV as merely one of a num-
ber of instances of base-related change. Theories of the physiological
principles underlying the LIV and other base-level dependencies may help
researchers in designing experiments showing the conditions under which
these "laws" hold. If so, one needs to know which numerical criteria may
be used in confirmation of these dependencies.

Defining the LIV

Campbell (1981) distinguishes as many as 10 different statistical represen-
tations of the LIV in literature. Any of these indices may be computed
from knowledge of the correlation between initial and final values and the
standard deviations of both scores. As long as there is lack of consensus
regarding the criterion for existence of the LIV, researchers are en-
couraged to always report these three statistics. The most commonly used
indices for the LIV are the correlation between initial level and reaction
score (re),and the slope of the regression line predicting final scores from
initial scores (b,J.
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Correlations

Benjamin defines the LIV very broadly: "this law states that the magnitude
of response to an experimental stimulus is related to the prestimulus level"
(1967, p. 187). Adhering to this mathematical definition, it follows that r*d
is the best criterion for testing the law. "LIP' is present if and only if rn is
significant" (Benjamin, 1967, p.189). Campbell (1981) and Hord et al.
(1964) observe this statistic to be most commonly used to evaluate the
LIV. However, relying solely on r*,i as indicator for the LIV may lead to
confirmation of the law when it should have been rejected.

Consider the following set of data. Let a computer generate a fixed
number of random initial values (.r) and random final values (Y).
Response magnitude is defined as D=Y-X. The correlation between X and
D, cannot be a valid indicator of a "physiological  law" in such a random
data set. Nevertheless, this correlation, as well as the correlation between
Y and D, is highly significant ru=- 1/42=-.71. Accordingly, a negative r%d
should be interpreted with great caution and is not the ultimate evidence
for occurrence of the "Law" of Initial Values as formulated by Wilder.
Such observations made Jamieson (1988), among others, conclude that the
frequency with which the LIV has appeared in psychophysiological research
can be largely attributed to the amount of random error present in the data.
The lower the correlation between initial and final (rq) levels, the more
negative the correlation between initial levels and change scores (Trd) Will

be:

r -1

r    .   4  2 (    - rg)
(6.1)

However, the same can be said of the relationship between final levels
and change scores. /f the variances of initial and final levels are equal, the
change score is related as much to final values as to initial values. If the
variances of initial and final values are not equal, formula 6.2 (Cohen and
Cohen, 1983; Heath and Oken, 1965) describes the relationship between X
and D.

r,d = s, 1, -s*        = s, rv -sz                 (6.2)
14,2  +  42   -  2 rv 4 4                  Sd

The value of rK is (S,-S.rq,/sd• Hence, the magnitude of both r  and 4
depends on the correlation between initial and final values as well as on
the variance ratio of the two values. Cleary (1986) does suggest the reduc-
tion in variance going from initial to final values to be the LIV.

To illustrate the complex relationship of part-whole correlations with
r, and the ratio s*/sp two pictorial representations are presented.
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Figure 6.1 The relationship between rve (up), r*d (below), and rv for the
SJSY ratio  10/7  (left)  and the SJSy ratio 7/10 (right)

Whenever s* exceeds syi r,d is negative and LIV acceptance will be favored.
Moreover, re will be negative if sy exceeds sx and s J sy is less than r*r If sy
is larger than s , the opposite of the LIV, or better, a predominant depen-
dency of reaction scores with final values, will have a larger chance to be
significant (Figure 6.1). The more negative the correlation between X and
Y, the better D can be described in terms of variation of X or Y alone
(Figure 6.2). The more positive the correlation between X and Y, the less
D varies with X or Y, up until a certain point. When the correlation be-
tween X and Y is larger than the ratio s*/sy (if sy has the larger variance)
or sy/s* (if s, has the larger variance), D varies more with X or Y alone
with higher X-Y correlations. Very small variations in high correlations
between initial and final values (e.g., resulting from computing cor-
relations from data with two instead of three decimals) may dramatically
alter the part-whole correlations; especially the correlation between the
difference score and the level having the lowest variance.

In conclusion, although r*d does technically index the degree in which
the difference score is related to the prestimulus level, a significant r*d
cannot be interpreted as evidence for a "law" of initial values. That is, r d
may also be significant if the contribution of final levels, i.e., r,4, to the
difference score is much more or equally pronounced.
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Figure 6.2 The proportion of variance of the difference score explained
by initial (X, up) and final (Y, down) values as a function of the cor-
relation between X and Y if the SJ sy ratio is  10/7

In contrast, if the variance of initial values exceeds the variance of final
levels, this always implies a larger contribution to the difference score of
initial levels than final levels. Consequently, I propose to use the variance
ratio s*/sy as criterion for the LIV. The Law of Initial Values is present
only if the variance of initial levels does exceed the variance of final
levels. The customary formula to test the difference between correlated
variances may be used to assess the prevalence of the LIV (this quantity
has a t-distribution with N-2 degrees of freedom).

Cs,3  -sp   N -2t= (6.3)

4 4  3,2  s,2  (1   -  r,2)

Though the test of homogeneity of variance will reveal whether respon-
siveness is for the larger part determined by initial or final levels, to fully
understand the particularities of reaction scores, the correlation between
initial and final levels must be considered conjointly with the difference
in variance (cf. Myrtek et al., 1977; Myrtek, 1984). A positive correlation
indicates base-level dependencies to be consistent or lawful (Table 6.1).
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Table 6.1  Interpretation of reaction scores using the correlation between initial (X) and final (Y)
levels and the variance ratio

Initial Value Dependency Final Value Dependency

4 > Sy 4=Ey 4<sy

rv> 0 Law of Initial Values. Reactivity.
Differences in rcactivity Differences in rcactivity Diffcrenccs in reactivity
arc for the larger part are equally explained by are for the larger part
explained by differences differences in initial and explained by differences
in initial levels final levels in final levels

rxy<0 Initial values determine Initial and final values Final values determine the
the difference score arc randomly related difference score (e.g.,
(e.g., final values reach initial levels arc steady)
a ceiling)

rxy < 0 Increases in initial level are accompanied by decreases in final level (or decreases
in initial level are accompanied by increases in final level)

The term "reactivity" (Jamieson, 1988; Scher et al., 1985) is used here to
describe consistent final value dependencies. To avoid confusion with the
homeostatic mechanism that is assumed to underlie the LIV in within-sub-
ject observations, the more parsimonious labels 'initial value dependency'
and 'final value dependency' can be used to refer to predominant influen-
ces of initial or final values on reaction scores in between-subject analyses.

Although the instances in the left lower corner and the right lower
corner of Table 6.1 do represent a higher contribution of initial and final
values to the variance of the difference score, respectively, these cases can
hardly be classified as real instances of the LIV or "reactivity". In serial
experiments, such instances may be observed intra-individually, when
systematic changes in variance occur during the experiment, e.g., fol-
lowing fatigue, or, for autonomic variables having a long latency time,
when function-raising experimental conditions are alternated with
function-depressing experimental conditions.

If rq is zero and s, exceeds sp variations in final levels are relatively
stable at one or another level (e.g., floor-, ceiling-, or modal- level). Un-
doing such values of initial levels by applying a linear regression function,
results in a response definition in which insignificant differences in final
levels may be exaggerated. If r*, is zero and sy exceeds s*, variations in
final levels are most pronounced and may be taken as a measure for
responsiveness. This is the ideal case in most psychophysiological studies,
since intra-individually, the researcher has succeeded in creating steady
baselines experimentally or statistically (e.g., by means of curve fitting
procedures), whereas interindividually, the final, experimental, score
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defines for the larger part the reaction score, and differences in basal
level are relatively small.

Regression Slopes

Another definition of the LIV is b , the slope of the regression line of Y
on X. According to Wilder (1967) this statistic is the most common
definition of the LIV. If this slope is less than unity, the LIV is observed
(this criterion is identical to b*d<0)· However, to this criterion, the same
objections apply as to the use of rw as a measure for the LIV.

To illustrate this, look at the following statistics of heart-rate data of
125 subjects during a breath holding condition that is reported on by
Myrtek and Foerster (1986): by*=.83, s*=10.21, s,=11.92, and rq=.71. Solely
relying on b  as indicator for the LIV, one would accept the law, that is,
larger response increments are observed with lower initial values. But, if a
given X is mapped into a certain Y, that value of Y must, of course, also
be mapped into that given X (Cronbach and Furby, 1970). Taking the
prediction of X-scores from Y as proof for the LIV, one would conclude
larger increases to be observed with higher initial values: bv-rxy·sj sy=.61
(1/b*,-1.64).In the scheme above, this specific case is classified as a case
of final value dependency since the variance of Y exceeds the variance of
X.

Also Myrtek and coworkers (1977, Myrtek and Foerster, 1986) do clas-
sify this case as an instance of anti-LIV. Taking account of initial and
final values, they plead to take the slope of the first principal component
in factor analysis of the XY-covariance matrix as indicator for the LIV.
The principal component is the factor on which both X and Y can best be
described, that is, the mean deviance of X-Y combinations from this slope
is less than the deviance from any other slope. Whenever this coefficient is
larger than one, a predominant dependency between reaction scores and
final values is indicated, while the LIV is indicated if this coefficient is
lower than one. If the number of X-Y combinations is not too small, the
significance of departure from 1 may be tested using a t-test.

In the present study, rd and b, are abandoned as measures of the LIV.
As an alternative two tests of the LIV are proposed: deviation from unity
of the slope of the principal component axis (Myrtek et al., 1977; Myrtek
and Foerster, 1986), and a test of homogeneity of variance of s, and sy
(formula 6.3). At higher correlations between initial and final levels, the
two tests yield quite similar results (Geenen and van de Vijver, 1991).
Removing the effect of changes in variances from the slope of the Prin-
cipal Component axis, there is little left to effect this slope (Cleary, 1986).
Whereas calculation of the Principal Component axis requires initial and
final values to correlate, the scheme as presented in Table 6.1, allows to
map all particularities of responsiveness scores.
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Scale of Measurement and Time Trends

Two properties of physiological scores have an influence on the SJSY ratio,

and may consequently determine whether the LIV or other dependencies
are observed: the scaling method used and the shape of the time trend.

Scale of Measurement

Jamieson states the skewness of the data to be a determinant of the LIV.
"If change is in the direction of the skew (toward the tail), then reactivity
effects tend to appear: if change is in the direction opposite to the skew.
then the LIV tends to appear" (1988, p.432). As a descriptive statement this
is perfectly true. That is, whereas final level dependency is manifested in
changes away from normality, initial value dependency is manifested in
changes in the direction of "normality", i.e., in changes towards the area of
the distribution in which most of the observations cluster together, hence,
the group of observations having a small variance.

This implies that occurrence of the LW may simply be a function of the
scale of measurement used (cf. Jamieson, 1988). LIV-occurrence as well as
other functional relationships observed in psychophysiological studies may
simply depend on whether one uses skin conductance or skin resistance,
heart rate or heart period, and respiration rate or respiration period as
scales of measurement (e.g., Benjamin, 1967; Boucsein, Baltissen, and
Euler, 1984; Furedy and Scher, 1989; Graham, 1980; Hord, et al., 1964;
Johnson and Lubin, 1972; Levey, 1980; Lykken, 1975; Mulder, 1988;
Siddle et al., 1980; Velden and Vossel, 1985). For illustration, look at the
faked scores below, consisting of three prestimulus values (X), and ac-

companying values during a function raising stimulus (Y). The scores do
have the same means and standard deviations as the heart rate data of a
subject during hyperventilation presented by Myrtek and Foerster (1986,
p.231). Between brackets are the converted Heart Period (HP) values.

X                                     Y                                     Y-X

47.2 (1271) 80.8 (743) 33.6 (-528)
52.0 (1154) 94.0 (638) 42.0 (-516)
56.8 0056) 107.2 (560) 50.4 (496)

Using heart rate as scale of measurement, the largest response increments
are observed with higher initial values (30 supporting the opposite of the
LIV. In contrast, for heart  period, we would conclude the LIV to exist:
larger response increments (Y-X, that is, decrement of HP) vary with
longer mean HP's (X). Thus, the scale of measurement chosen (HR or HP)
determines whether the LIV is accepted, or even the opposite of the LIV.
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Figure 6.3 Graphical display of the mathematical relationship between
heart period (hp) and heart rate (hr)

Whether or not nonlinear scale transformations lead to opposing
conclusions depends on (a) the amount of change occurring (Velden and
Vossel, 1985), and (b) on the part of the scale in which changes occurs. As
can be seen in Figure 6.3, a large decrease from higher levels for HP cor-
responds with a small increase for HR. In contrast, a small decrease from
lower levels for HP corresponds with a large increase for HR: if HP chan-
ges  from   1500  to   1200  msec  and   from   750  to  600   msec,   the  LIV  is  ob-
served. Transforming this scale into HR, "reactivity" is observed.

In the present study, using mean responses during intervals of 30
seconds, as a first choice, I prefer HP to HR, and respiration period to

respiration rate, since the mean HP during a specific interval corresponds
after conversion to HR with the actual HR, while converting single HP
values to HR provides mean HR values not corresponding with the actual
beats of the heart during the interval. HP better fulfills the numerical
requirements for an interval scale. In the case of electrodermal activity,
skin conductance is generally concluded to be a better index than skin
resistance (Bull and Gale, 1973; Levey, 1980; Velden and Vossel, 1985).
One argument is that skin conductance varies linearly with the number of
active sweet glands (Montagu and Coles, 1966). In a later stage of analysis,
it can be decided to use the reciprocal of these measures if the resulting
distribution satisfies statistical criteria better and is to a lesser extent af-
fected by intra-individual or interindividual base-level dependencies.
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Time Trends

Physiological levels often change considerably during the beginning of
experiments and are driven to a more constant value as the experiment
proceeds (chapter 5). These time trends confound the study of the LIV. If
trends occur this favors the occurrence of initial value dependency
(Goldwater, 1978; Levey, 1980; Myrtek and Foerster, 1986). With
prolonged stimulus presentation, the LIV will no longer occur (Hord et al.,
1964).

Imagine the following set of faked data of a subject. Presented are the
physiological levels during five pairs of a prestimulus rest-period and an
experimental condition, respectively.

8,24..34,41..47,51..55,58..61,64

During the experiment, a logarithmic trend is present in the physiological
level of this subject. According to the specified criteria, the LIV is con-
firmed, that is, the larger response increments are observed with lower
initial values. If, however, the data are corrected for the time trend with a
logarithmic curve-fitting procedure, all resulting reaction scores will be
equal, i.e., zero. Thus, confirmation of the LIV may be related to the
degree in which the data are characterized by a time-dependent rise or
decline of the physiological level during the experiment. The shape of this
trend may determine whether the LIV is accepted or rejected. Provided
that baseline recordings precede experimental recordings, if the trend is

logarithmic  of  character,  the  LIV  will  be  observed:  if  it  is  (positive)  ex-
ponential, the opposite of the LIV will be observed: and, if it is linear, no
initial  value  dependency  will  be  observed.

At this point, it is concluded that the LIV as a physiological /aw is hard
to prove and may depend on the experimental arrangements of the study,
e.g., the duration of the pre-experimental adaptation interval, as well as
the numerical arrangements, e.g, the scales of measurement chosen and
the statistic used to define the LIV.

Neutralizing Base Value Dependency

Whether or not difference scores must be corrected for initial value
dependencies obviously depends on the amount of initial value dependen-
cy present in the data and the design of the study. In a group comparison
study, the researcher is always on more save grounds if results obtained
using uncorrected gain scores are confirmed after eliminating initial value
dependencies. Nevertheless, to obtain an optimal definition of autonomic
responsiveness, the handling of base-level dependencies will often be
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indicated before actual data analysis. To remove dependencies of change
scores with basal values, scale transformations, trend correction
procedures and range-correction procedures may be applied.

Regression analysis is a widely applied means to correct base-level
dependencies, and the one and only way to eliminate base-level effects
completely. To eliminate initial effects only, one can calculate the regres-
sion of Y-on-X. That is, the final value (Y) that is linearly predicted from

the initial value (X). The "true" response then consists of Y-r (i.e„ Y-

by*·X-40, which equals the observed difference score minus the dif-
ference score that is predicted from X. This procedure is identical with an
Analysis of Covariance procedure in which initial values are specified as
covariate. An example of such a score is Lacey's (1956) Autonomic Lability
Score (ALS) that is a standardized version (mean=50; s.d.=10) of correc-
tion by a simple regression formula: ALS=50+10{Z,-rq·ZJ/4(1-r*,2).

To get rid of the error associated with the prediction of final values
from initial values and of the error associated with the prediction of
initial values from final values, a "true" change score that equals the dis-
tance between the observed score and the principal component axis may
be calculated. Fahrenberg, Walschburger, Foerster, Myrtek, and MOller
(1983) do call this AHA-scores, which can be translated in Distance from
Principal Axis scores. A very straightforward way to remove effects of
unequal contributions of initial and final values to difference scores has
been proposed by Heath and Oken (1965). They calculate standard (Z)
scores for initial and final values separately, and standardize the dif-
ference (D) between these standardized scores (so-called ZDZ-scores). By
calculating AHA-scores or ZDZ-scores, the researcher values the merits
of "true" change, but risks to throw away the true score parts of the ex-
perimental, i.e., final, scores that may be really interesting.

The assumptions required for proper application of regression
procedures (i.e., linearity, normality, and homoscedasticity) are often not
met (e.g., Fahrenberg, Schneider, Foerster, Myrtek, and Mfiller, 1985;
Green et al., 1975; Jamieson, 1988; Lacey, 1956; Lykken and Venables,
1971; Myrtek and Foerster, 1986; Norusis, 1985). Moreover, adjusted
change scores are dependent on the sample from which these are cal-
culated, but may not apply to individual cases. Finally, regression
procedures are very sensitive for extreme data points. Therefore, simple
arithmetic differences have been recommended as a means to define
responsiveness (e.g., Myrtek, 1984; Myrtek and Foerster, 1986; Fahren-
berg et al., 1985).In these studies only one baseline registration is used.
Provided that the variance of difference scores, i.e., the size of reaction,
is not related to the basal level, the use of uncorrected change score may
be more warranted than the use of residual change scores. In the current
study, experimental conditions are alternated with baseline (washout)
periods. Using uncorrected difference scores here means that spurious
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variations in the washout period are included in the difference score.
Neither the use of raw difference scores nor the use of corrected gain
scores are warranted in this case, because there are too little observations.
In the current study, describing autonomic responsiveness in terms of
response patterns, there is another reason to be reluctant towards using

regression techniques either intra-individually or interindividually.
Regression procedures do not only affect the size of reactions, but also the
direction of reactions. However, the combination of response increases and
decreases in distinct autonomic variables may reveal which branch of the
autonomic system is active. By applying regression techniques to remove
base level dependencies, the sign of distinct physiological responses may
change, providing response pattern definitions that are hard to interpret in
terms of underlying autonomic activity or in terms of functional behavior
they stand for (chapter 7).

Curve-fitting procedures may be a good alternative to remove intra-
individual base-level effects. By defining basal level. i.e.. the physiological
level observed during baseline intervals alternating with experimental con-
ditions. as a function of duration of the experiment, "noise" in initial levels
is removed. Consequential upon this definition, difference scores, defined
as the score during the experimental stimulus minus the predicted basal
level may vary more with experimental levels than with predicted basal
levels.

Moreover, nonlinear scale transformations may give scores more room
to move at the end of the distribution during experimental stimulation
than during "rests". Power transformations, e.g., of Heart Period scores
into Heart Rate scores, may serve this purpose, but also, square root or
logarithmic scale transformations. From a statistical point of view there
are some risks in such transformations. That is, from a numerical point of
view, HP perfectly complies with an interval scale and HR does not.
However, from an empirical point of view, HR may be the better scale.
That is, a change in HR from 60 to 75 bpm (i.e., a change of 200 msec) "as
a biological phenomenon" may have an equal chance of occurrence and
may be as large as a change in HR from 75 to 90 bpm (i.e., a change of
133 msec).

Levey summarizes six reasons for transforming raw data: (1) to provide
a  more  useful  and  understandable  description  of  the  data:  ( 2)  to  describe
functional relationships in such a way that the transformation may aid in
identifying  the  nature  of  the  underlying  processes:  (3)to  test  or  to conform
to  theoretical   assumptions  about   the   process  being   measured:   (4)   to   satisfy
the   assumptions   of   statistical    analysis:   (5)   to   eliminate   non-linearity   in
functional relationships, including interactions among treatment effects:
(6) to minimize the contribution of deviant scores (1980, p.611).Often
these goals will be incompatible. The satisfaction of statistical concerns
may be in conflict with the purposes of sensitivity to effects of ex-
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perimental conditions and interpretability of results. For instance, seen
above, initial and final level dependency are by definition manifested in
distributions being awkwardly skew from a statistical point of view. In
striving for maximum sensitivity to experimental effects, the researcher
must be aware not to create spurious effects. Exploratory analysis of data
before and after transformation, assessment of base-level dependencies,
and reliability analysis may help in deciding whether transformations are
desirable.

In psychophysiological research, base-related change has been studied
traditionally in experiments using simple stimuli consistently causing
responses to increase or decrease. In the present study, more complex
stimulus material is used, and it is assumed that responses may either
increase or decrease depending on the individual responding and the
specific stimulus presented. Consequently, interindividual relationships
between range of reaction and basal levels may be more prevalent than
relationships between mean reactions and basal levels. As has been argued
above, such differences between subjects are assumed to be of little
psychological validity. As an alternative for regression procedures,
measures for the reactivity of individual systems may be used to correct
base-related dependencies in between-subject designs (cf. Lykken, Rose,
Luther, and Maley, 1966; Lykken, 1975). To prevent deflation of ex-
perimental scores to occur, such a range-correction, or intra-individual-
standardization, measure is preferably not looked for in the experimental
scores themselves, but in baseline-intervals forming a representative
datum for reference of the range of reaction of the individual response
system. An asset of this approach over regression techniques is that the
group does not provide the standard according to which scores of in-
dividuals are defined. Moreover, distinct autonomic measures, after intra-
individual standardization, have the same scale units making them suited
to define response patterns. Finally, if scores during experimental con-
ditions, e.g., after application of trend correction procedures, are divided
by the standard deviation observed during baseline intervals, then the sign
of the reaction score during experimental conditions is not affected by the
data reduction procedure. Since the size and not the direction of respon-
siveness is affected by range-correction, the procedure may yield results
differing pronouncedly from correction with linear regression techniques.
E.g., if subjects having higher initial values tend to decrease during ex-
perimental stimulation, while subjects having the lower initial levels tend
to rise, the range-correction procedure preserves these individual dif-
ferences in responsiveness, whereas regression techniques removes them.

In conclusion, to deal with base-related change, apart from linear
regression procedures, other techniques are available for the researcher,
i.e., scale transformation, curve-fitting, and range-correction. Whether or
not it is desirable to use one of these techniques depends on the par-
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ticularities of the data-set and the aims of the study. For instance, when
time trends are present in the serial data, removal of these trends seems to
be the most obvious step to deal with base-related change. Before ap-
plying range-correction or regression techniques, it is always advisable to
inspect whether base-level dependencies may be eliminated by simply
transforming the scale of measurement. Finally, especially if the aim is to
study response profiles instead of responsiveness in distinct autonomic
variables, and, autonomic levels may rise as well as decline during ex-
perimental stimulation, intra-individual range correction may be the
method of choice over interindividual regression techniques.

The Data of The Present Study

Having outlined the specifics associated with the intra-individual and
interindividual study of base-related change, we are now able to test the
data of the current study, before and after definition of within-session
trends, with respect to base level impact.

Within-Subject Analyses

In this paragraph, the data of the current study will be explored for some
of the points made above: (a) whether intra-individually initial value
dependency is observed more than final value dependency; (b) whether
the removal of time trends (chapter 5) does eliminate initial value depen-
dencies, or whether an additional correction of base-related change is
needed; (c) whether the LIV is observed more for physiological systems
controlled by both branches of the autonomic system; (d) whether the
shape of the time trend is systematically related to initial value dependen-
cy, and; (e) whether nonlinear transformations of the scales of
measurement influence LIV occurrence.

The study is not designed to test the LIV as a physiological homeostatic
law. In contrast, the decisive criterion for the LIV is defined more strictly
than the measures often used, baselines between films have been created
that are as steady as possible, and the experimental session was preceded
by a long adaptation period in which subjects were reassured and elevated
physiological levels could stabilize. Moreover, there are too little obser-
vations to apply a fair test of the LIV as an intra-individual mechanism.
Finally, relationships between sustained responses during films and basal
levels is looked at, and not phasic-tonic relationships. There are, however,
neither physiological nor statistical grounds (cf. Myrtek and Foerster,
1986, Wilder, 1967) to prevent us from looking systematically at relation-
ships between sustained responses during films and basal levels. In
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contrast, this study may add to our knowledge of the characteristics of our
data set an thus guide our search for an optimal definition of autonomic
responsiveness.

Method
As a measure of responsiveness during films, the mean physiological level
during blocks of 2 minutes duration representing salient situations of
specific films (chapter 2) are used. Since at the end of the baseline interval
anticipatory responses may occur (cf. Linden and McEachern, 1985),
initial levels are defined as the mean physiological level during a later but
not the final segment of the adaptation period, i.e., the interval from 1
min 30 sec through 3 min 30 sec. Basal values of the data-set after correc-
tion of time trends are the predicted physiological levels during the salient
scenes of the films. Only combinations of persons (P) and physiological
variables (R) during a specific session (T) that did not have missing values
during any of the films will enter analyses. Of the 896 PxRxT com-
binations, 56 had missing values (Table 2.1). Hence, 840 cases are left for
analyses.

To classify the Law of Initial Values and other relationships between
initial levels and sustained responses during films, the scheme presented in
Table 6.1 will be followed. For seven Rest-Film combinations per case, a
correlation of.754 is significantly different from zero (df=5; p<.05). For-
mula 6.3 is used to test the difference between the variances of rest- and
film-scores. A t-values of 2.571 is required for significance (df=5; p<.05).

To test whether LIV-occurrence is systematically related to the shape
of the within-session trend, we will proceed as follows. For each
autonomic variable possibly displaying a trend (i.e., rv is significantly
positive), the Mean Square Error (MSE) is computed for the linear fit and
the logarithmic fit. MSE is defined as the mean of the squares of 'the ob-
served physiological level during recovery intervals minus the level
predicted from the duration of the experiment'. The MSE of the linear fit
(MSEJ will be divided by the MSE of the logarithmic fit (MSE4). If the
logarithmic curve provides the best fit, then the logarithm of this ratio
will be larger than zero, whereas this ratio will be less than zero if the
linear function provides the best fit. The logarithm of this ratio is chosen
as dependent to keep in check the influence of single outliers. Additional-
ly, a Chis contingency test with Yates' correction for continuity (Chassan,
1979) will be applied to test whether the LIV is observed more for cases
showing a logarithmic trend during the experiment.

Results
Although the number of cases showing the LIV exceeds those showing
"reactivity", the LIV does hardly occur in our data set. Of the 236 subject-
variable combinations displaying a significant correlation between initial
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and final levels, 17 (7.2 pct) display the LIV and 8 (3.4 pct) display "reac-
tivity" (Table 6.2). For 211 (89.4 pct) cases (expected 95 pct) no significant
initial or final level dependencies are observed.

After definition of trends in more cases the variance of final levels ex-
ceeds the variance  of rest levels. Since   in  only   11   of 840 cases  the
contribution of initial values to the responsiveness score exceeds the
contribution of final values, there is no reason to eliminate initial value
dependency intra-individually.

There are no clues for physiological variables being under dual
autonomic control to show a larger prevalence of the LIV.

Table 6.2 Classification according to the scheme presented in Table 6.1 of intra-individual relation-
shipG between mean physiological levels during films (Y) and preceding baseline intervals
(X) or base-lcvcl scores predicted with a curve-fitting procedure (X') (N=&40)

RAW BASELINE SCORES PREDICIED BASELINE SCORES

4>SY SI =Sy SI<SY 5/>Sy Sle=SY SX'<SY

r„>0 HP (Hit) 0 (0) 17 (16) 1 (2) 0 (0) 13 (15)    11 (10)
FIT                      1               29              0                       0               24              9
1WA                     0               58              1                        2               45             16
RP (RR) 1 (0) 1 (2) 0 (0) 0 (0) 4 (4) 2 (2)

DBP                      1                24              2                       0               30              6
SBP                      4               17              0                       3               23              9
GSL (GSR) 4 (0) 25 (2D 2 (3) 2 (0) 25 (28) 9 (16)
FIT                      6               40              2                       3               38              2
ALL 17 (12) 211 (213)   8 (10) 10 (8) 202 (207)  64 (70)

rq =0     HP (HR) 1 (2) 79 (80) 8 (6) 0 (0) 35 (38) 46 (42)
FIT                       1                74              1                        0               32             41
TWA                     3               39              3                       0               24              17
RP (RR) 22 (14) 79 (89) 2 (1) 1 (0) 45 (44) 52 (54)

DBP                      0               73              4                       0               46              22
SBP                       1               74              8                       0               37             32
GSL (GSR) 0 (1) 68 (70) 5 (3) 0 (0) 36 (36) 32 (24)

FIT                    0              53            5                     0              38            25
ALL 28 (22) 539 (552)  36 (31) 1 (0) 293 (295)  267 (25D

rxy < 0 HP (HR) 0 (0) 0 (0) 0 (0) 0 (0) 0 (1) 1 (0)
FIT                    0               0             0                     0               0              0
TWA                     0                0              0                       0                 0                0
RP (RR) 1 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (2)
DBP         0      0      0         0       0      0
SBP                    0               0             0                     0               0              0
GSL (GSR) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Frr                    0               0             0                     0               0              0
ALL 1 (0) 0 (0) 0 (0) 0 (0) 0 (1) 3 (2)
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Although the number of cases showing initial or final dependency is too
small to permit a definitive test, the results indicate the shape of within-
session trends to be related to initial and final value dependencies (Table
6.3).

Especially the nonlinear transformation of the scale of pace of
respiration alters the frequency of instances in which the variance of
initial levels exceeds the variance of scores during films (Table 6.2).
During films, the RP is relatively short as compared to RP values during
recovery intervals.

Table 6.3  The relationship bct,wwn the shape of within-Gession trends in physiological levels and the
frequency of occurrence of the Law of Initial Values (L/10, no initial mlue dependency
(nuU),  and  reactivity  (N=236)

logarithmic linear log,(MSEb/MSE,q)

N freq Prop) frcq (Prop) mean (s.d.)

LIV 17 11 (.65) 6 (35) .185 (.857)

null 211 78 (.37) 133 (.63) -.133 (399)  F=4.195 (p=.016)
reactivity 8 2 (15) 6 (.75) -.194 (324)     X' =4.21   (p<.20)

mean (39) (.61) -.122

The RR-scale is less affected by low pace of respiration than the RP-
scale. Nevertheless, also the frequency of instances in which sx exceeds sy
is high for RR as compared to other variables. This result suggests that
initial value dependency is not solely a function of the scale of
measurement used.

Between-Subject Analyses

After definition of time trends, the scores of the current study will be
explored for interindividual dependencies between basal physiological
levels and (a) mean reaction scores and (b) the ranges of reaction. Al-
though it is desirable to test with Analysis of Covariance techniques
whether specific effects are also found if basal levels are eliminated from
reaction scores, it is considered to be not desirable to remove these depen-
dencies with regression techniques. Two alternative procedures have been
proposed. First, non-linear scale transformations of HP, RP, and GSL to
HR, RR, and GSR, respectively, may give scores more room to move at
the end of the distribution during experimental stimulation. Secondly,
intra-individual range-correction procedures may remove inter-subject
dependencies between basal levels and size of reaction.
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Four criteria have guided the choice for a specific procedure: (a) to be
able to define autonomic response patterns, and to study the consistency
of these patterns, scale units of distinct autonomic responses must be
equal; (b) to be able to interpret these patterns in terms of autonomic
branches excited or inhibited, the sign of these distinct responses must not
be affected by the standardization procedure; (c) to prevent deflation of
scores during films to occur, the index for reactivity of individual
response systems must not be looked for in the experimental scores them-
selves; (d) finally, the correction measure must be a representative datum
for reference of the range of reaction of the individual response system.

Following these criteria it was decided to take the standard deviation of
scores during baseline intervals as a measure of range of reaction of in-
dividual response systems. For each variable, per subject, standard
deviations of the scores in each rest period were computed. Consistency
analysis was carried out to test whether this measure is representative for
the response system, and to find out whether standardization of scores
over sessions would suffice or whether standardization of scores within
sessions was indicated. Subjects with missing values during an entire rest
interval (see Table 2.1) did not enter this analysis.

The generalizability of the reaction range of subjects during a session
over rest intervals proves to be quite high (Table 6.4 row D and row E)
and exceeds the consistency of reaction ranges of persons over sessions
and recovery intervals by far (row B).

Table 6.4  The gencralizability of the range of trend-corrected reaction scores of 50(+ 1) persons (P)
over 8 recovery intervals (S), and 2 occasions (T) or within occasions

test

length HP FIT TWA RP DBP     SBP     GSL     FIT     type of consistency

(A) 16 .72 30 31 .76 .65 36 .68 .20
P / P(Pxgn

(B) 8 36 33 .34 .63 A9 .39 31 .12 p' p(p*Sir) when ner is 1;

(C) 8 110 .73 .85 .66 .63 .79 .90 .71
P' pr(Pxs Il

(D) 8 .93 .86 .91 .86 .77 .87 .96 .72 PE PCPXS)
during session one

(E) 8 .87 .75 .89 .86 .82 .87 .94 .72 P, pcl'xs) during session two

The latter generalizability is seriously affected by systematic person-oc-
casion interactions (row C). Hence, the standard deviation of all scores
during rest intervals within sessions after removal of time trends was
concluded to be a representative baseline measure for the range of reac-
tion of individual response systems. Trend-corrected reaction scores
during films were divided by this range measure. This procedure retains
the sign of scores and leaves open the possibility for relatively large reac-
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tions during specific films. What are the consequences of this response
definition for interindividual base-level dependencies?

Method
The dependencies will be explored using the same cases as in the intra-
individual analysis. The means and standard deviations of scores during
salient situations of films (chapter 2) are taken as measures for mean reac-
tion and reaction range of persons during the two sessions separately.
Basal levels are defined as the mean of the predicted (i.e., by the curve-
fitting procedure) physiological level during these scenes. In classifying
base-related change for trend-corrected scores, again, the scheme
presented in Table 6.1 will be followed. To compare the scores before
range correction with the scores after range correction, the correlations of
reaction scores with basal and mean film levels will be computed. Com-
parison of the correlations between mean basal levels and the standard
deviations of reaction scores during films before and after range correc-
tion, will reveal whether the standardization procedure does significantly
alter mean level dependencies.

Results
Results of the analyses of interindividual base-level dependencies are
presented in Table 6.5 (columns A through J). The range correction
procedure removes the sizable positive dependencies between basal levels
and variances of reaction scores existing for some variables, i.e., HP/HR.
RP, and GSL/GSR (column J), but does hardly affect the balance of
contributions of initial and final levels to the reaction score (column G and
H versus E and F). The only exception is FI'T. This variable does show an
almost significant basal level dependency before (p<.10; column D) but
not after (column G and H) range correction. The positive dependency
between basal FIT-values and the standard deviation of range-corrected
scores (column J) is explained by the five cases having the highest reaction
range during films also having high basal levels. Though this dependency
is against the rationale for adopting a range correction procedure, it is
perfectly in agreement with the interpretability of size of reaction during
films relative to the baseline reactivity of the system: these cases all have
relatively constant levels during baseline intervals and show high dif-
ferential reactivity during films.

Before range-correction. more variables are characterized by final value
dependency than initia/ value dependency (table 6.5, column D). Blood
pressure and electrodermal reaction scores are determined more by
physiological levels during films than by basal physiological levels. HP,
HR, FIT, TWA, and FIT take intermediate positions. As in the intra-in-
dividual analysis, the pace of respiration reaction is an exception. Both
before and after correction, reaction scores for this variable are deter-
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mined to a larger extent by variations in basal values than in final values
(column D through H). Not the size of reaction (column J), but the direc-

tion of reaction explains this effect. Of 53 cases scoring above the basal

median, 43 show a mean decline during films and only 10 a rise. In
contrast, of the cases scoring below the basal median, 23 decline and 30
rise. Regression analysis would have removed this base level effect.

Table 65 Statistics for the between-subject analysis of dependencies between reaction scores and
initial and final values before and after intra-individual range correction

(A)   (B) (C) (D)  (E)   (F) (G) (H) (I) (J)
VAR N  SDx SDy TXY   , rX,D ry,D rx.z rYZ rXSDd rx.SDz

HP 106 130.23 130Al  .963 -.05 -.13 .14 -.21 .04 37 -.18

HR 106 10.01 9.73 .967 1.14 -.24 .02 -.14 .10 36    .16

FIT 106 2237 22.75 .993 -.68 .01 .13 .06 .17 .20    .04

TIVA 104 1.77 1.80 .995 -1.66 .11  .21  .14 .23 .12 -.02
RP 106 65931 519.64 .863 4.85 -.63 -.15 -30 -.08 32 -.14

RR 106 234 2.23 .864 2.64 -.48 .03 -30 -.04 -.06        .05

DBP 104 8.65 9.20 .974 -2.72 .14 .37 .10 .32 .17 .01

SBP 104 12.66 14.01 .920 -2.61 .04 .43 -.05 .32 -.03 -.01

GSL 104 832 8.73 .993 -2.08 .14 .26 .22        .32 .72 .16

GSR 104 178.95 184.00 .996 -3.32 .27 35 .25 .30 .74 -.08
FIT 106 330 143 .993 1.70 -.22 -.11 -.03 .01 -.27 .33

X   = predicted basal level during films
Y  = observed level during films
D  = reaction score: Y-X
Z   = range-corrected reaction score

SDZ SDy, SDd, SDz   = the standard deviations of X Y, D, and Z, respectively
:    =  tcst of homogencity of variance; a t-value  of 1.98 is significant (p=.05)

Since both the intra-individual analysis (Table 6.2) and the interindividual
analysis (Table 6.5, column D) reveal RR to better map the variation
during films, this scale is preferred to the RP-scale. Neither the inter- nor
the intra-individual analyses give reason to abandon HP or GSL in favor
of their nonlinear counterparts.

We should not overemphasize the correlations presented in the columns
E through H. Given the high and consistent individual differences in
physiological levels during occasions (column C), even minor fluctuations
in the high correlation between initial and final levels may dramatically
alter the correlation between the reaction score and initial and final levels,
especially the level having the lowest variance (see the steep slopes of the
latter correlation in Figure 6.1 and Figure 6.2). Moreover, despite the high
correlation between initial and final levels, apart from respiration rate, the
proportion of variance of change scores explained by initial or final levels
is relatively low.
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The Final Data Set

In a last step of response definition, we have to decide on the sign of
autonomic responses. Decrease in HP, PTT, TWA, and FIT, and increase
in RR, DBP, SBP, and GSL are indicative for general activation, that is,
for sympathetic excitation and/or parasympathetic inhibition (chapter 7).
Consequently, the signs of the first four variables will be reversed. With
this manoeuvre, the occurrence of response fractionation is not ruled out.
Distinct autonomic responses can still point in different directions depen-
dent on individual and situational demands. In the remainder of the book,
the notation of these standardized reaction scores will be as follows:
-HP, -PTT, -TWA, RR, DBP, SBP, GSL, and -FrT.

The two data reduction procedures that have been applied intra-in-
dividually may be summarized in one formula.

f(X) = X - (cl + (2 ' f(t))

E(x-x)2 (6.4)

1   N-1

where X denotes the observed score during the experiment, the function
(1•1€2,1'(t) describes basal levels as predicted from the duration of the ex-
periment (formula 5.3 through 5.5), and 4XX-X')2/(N- 1) is the standard
deviation of scores during baseline intervals after removal of time trends
(formula 5.8). The final responses are independent of the size and the
goodness-of-fit of trends. Intra-individually, reversing the steps in the
data reduction procedure, i.e., trend correction after range correction,
produces the same results as obtained with the procedure here. However,
in between-subject comparisons, reversing the steps in the data reduction
procedure, results in individual-specific responsiveness scores that are
confounded by the magnitude of the time trend (the larger the trend, the
smaller the resulting responsiveness score) as well as by the goodness of fit
of the trend (the better the fit, the larger the resulting responsiveness
scores).

After data reduction, two features are worth noticing regarding the
responsiveness scores observed during the experimental scenes of the film
(Table 6.6 and Table 6.7). First, since mean responsiveness scores observed
during films do not vary as a function of time, and the correlation
matrices do not have a superdiagonal structure, we may be confident that
individual time trends are removed. Secondly, mean responsiveness scores
are not necessarily zero and correlations tend to be positive. Hence,
despite the fact that all persons have a mean score of zero during baseline
intervals, the data reduction procedures have not eliminated individual
specific reactions during films.
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Table 6.6  Mean values (bold digits) and correlations between responsiveness scores of 52 through 56
subjects during seven films (occasion onc) 1:Ovenvork 2:Intrigue  3:I»ve-Making
4:Lesson 5.Driving-Test 6:Dcathicd 7:Museum

1234 567 1234 567

-,29 -35 +94 -1.23 .32 -1.02 ..86 -HP AS .26 .58 12 1AS .22 .20 -FIT
.68  .40  35 39 37  30 1 -31 -.05 .24 .41 .06 .20 1

.40 .47 A9 .47 A7 2 -.01 .15 .22 .27 .37  2
.61 33 33 Al 3 .35 .16 .18 -.15 3

.66 33 35 4 .30 .23 .16   4

.72 .67 5 17 .09 5
.66 6 .27  6

AA 46 -Al ..66  AS ..33 ..00 -TWA 32-38 18 39 31.39 37 RR
33 .21 35 .44 .47 .43 1 .72 .41 .72 38 37 36 1

.31 .39 .48 A6  34 2 .46 .71 36 A9 36 2
.64 .40 .60 A9 3 .26 .40 A9 .44 3

.46 .45 .44 4 .67 32  34   4
31 .39 5 .63 .62 5

.72 6 .78   6

10 ..37 1.61 <13 .89 ..11 -34 DBP 1.09 -.14 1.62 .48 1.09 .39 .01 SBP
A3 .30 Al 34 .35 .34 1 .37 .26 A3 33 A3 .25 1

.26 31 .45 .40 A9 2 .25 .19 .10 A9 .44 2
.48 .16 .17 .26 3 A3 .28 .22 .15 3

.33 .30 39 4 37 .26 .23   4

39  30 5 .40 .29 5
.72 6 .61    6

35 -33 1.62 .87 .60 49 .17 GSL .01 ..76 +09 32 1.50 .19 +78 -FIT
.48 .14 33 .22 .03 A7 1 .48 .10 10 .28 .10 .28 1

.02 .00 -.02 .06 37 2 -.03 .02 -.03 .22 .27  2
30 .32 32 .17 3  38 38 .04 -.22 3

35 28 24 4 .47 .18 .09 4
.47 .27 5 .09 -.25 5

39 6 A8   6
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Table 6.7 Mean values (bold digits) and correlations between responsiveness scores of 51 through 53
subjects during seven films (occasion two) 1:Ovenvork 2:Intrigue 3:Love-Making
4:Lesson 5.Driving-Test 6:Dcathbcd 7:Museum

1 2 3 4 567 1234 567

-1.04 -1.01 -1.11 -1.13 -.50 -1.09 +95 -HP .13 ..25 A9 -28 .15 ..31 ..32 -FIT
.73 37 .69 .41 36 .35 1 30 .01 AS .39 .39 .28 1

.60 .76 33 34 .37 2 .05 .45 .39 A3 .33  2
.65 A7 37 .37 3 .45 38 .11 -.18 3

A9 .67 .46 4 .65 36 .32 4
35 .60 5 35 .28 5

366 .42  6

09 40 ..54 41 -15 .56 +32 -1WA .06 .14 .02 19 .78 .10 17 RR
.43 JO .46 IA .46 .28 1 .67 .26 .65 A8 A8 39  1

.48 29 18 29 .21 2 .44 .74 34 38 A4  2
AO .40 .29 .14 3 .41 .38 .39 33 3

30 37 .29 4 .68 .66364
.40 .26 5 .69 35  5

33 6 .68   6

-91 ..83 31 +70 -.43 -*40 -43 DBP-.44 -62 37 -34 11 +06 -.46 SBP
.65 .19 .32 .42 .49 .34 1    33 -.00 .29 .37 AS .18 1

.27 .48 .32 .66 35 2 .13 .41 .22 35 A3 2
37 29 11 .09 3 .38 .11 .18 .08 3

37 35 .22 4 .39 31 AO  4
.60 .47 5 .60 .42 5

Al 6 A9 6

-33 Jl 33 11 +71  23 -35 GSL ..54 +45 37 <08 .43 -.49 -1.34 -FIT
-.04 -.03 -.05 .18 -.06 .18 1 .28 .11 .01 .13 /2 .11   1

.19 .21 -.02 -.00 .06 2 .16 14 -.11 :04 20 2
.27 .18 .23 57 3 .40 .01 .07   13  3

A8 A8 .29 4 .37 .08 .27 4
AO  .32 5 35 .24   5

27 6 .33   6

Let us now summarize the data reduction procedures of the current study
as outlined in chapter 5 and chapter 6 as well as the characteristic features
of the final response definition of autonomic reactions.

- Within occasions, scores were corrected for time trends with a linear,
logarithmic, or exponential curve-fitting procedure predicting the
physiological level during baseline intervals from the duration of the
experiment. Resulting scores have a mean of zero during baseline
intervals, but not during films.
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- Following the intra-individual curve-fitting procedure removing
"noise" of baseline recordings, the contribution of variation in scores
during films to the reaction score has increased relatively to the
contribution of basal levels.

- Reaction scores of subjects during occasions were divided by the stan-
dard deviation of scores during baseline-intervals. Resulting standar-
dized scores have a standard deviation of one during baseline intervals,
but not necessarily during films.

- The signs of standardized HP, PTT, TWA, and FIT scores were
reversed in the direction of general activation.

-  All final response definitions, with exception of FIT, exhibit variances
that are not related to basal values.

-  Interindividually, the contribution of basal values to respiration reac-
tion-scores remains high (25 pct); blood pressure and electrodermal
reaction scores are determined more by physiological levels during
films; the other variables take intermediate positions.

Summary

Base-related change is the most important metric issue the researcher in
psychophysiology has to deal with. However, it is also one of the most
controversial topics in psychophysiology. The prevalence of base-related
change in physiological studies may be explained by physiological systems
having natural boundaries beyond which these cannot change and by the
numerical inevitable overlap between initial values and change scores.

Psychophysiologists have traditionally studied base-related change
within the perspective of the Law of Initial Values (LIV; Wilder, 1967)
predicting with higher initial values lower responsiveness to function-
raising stimuli and higher responsiveness to function-depressing stimuli.
The homeostatic physiological mechanism that is assumed to underlie the
LIV (Lacey, 1956) may explain some of the controversial results in em-
pirical studies of the LIV. However, a large part of the inconsistent fin-
dings may be explained by researchers adopting different numerical
criteria to define the LIV.

In tests of the LIV, account should be taken of the sharing of common
elements of baseline scores and change scores and of other influences that
may explain base-related change, such as, the shape of time trends and the
scale of measurement used. A straightforward and simple procedure to
assess base-related change is to test whether the variance of initial values
exceeds the variance of final levels

Dependent on the particularities of the data-set and the aims of the
study, to deal with base-level dependencies, the researcher in psycho-
physiology may use curve-fitting procedures, scale transformations, or
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range-correction procedures as an alternative for linear regression
techniques. The final responses of the current study are screened for
initial and final level dependencies resulting in a response definition of
the data-set to be used in the remainder of this study: scores observed
during the film after trend-correction are divided by the standard
deviation of scores observed during baseline intervals. Individual scores
after data reduction have a mean of zero and a standard deviation of one
over all baseline intervals, but not necessarily during films.



Chapter 7

Autonomic Response Patterns

Growing knowledge of the structure of the Autonomic Nervous System
(ANS) as well as empirical results have urged researchers in
psychophysiology to study patterns of autonomic responding composed of
distinct physiological variables instead of, or along with, non-specific
activation (chapter 1). Whereas, in psychophysiological research,    the
necessity to look at response profiles instead of single variables or ag-
gregated scores, is generally accepted, models to classify and interpret
autonomic response patterns are still scarce.

If in experimental research autonomic responding is studied as a
function of a limited number of stimuli or tasks, a taxonomic clas-
sification of patterns is usually not needed. The researcher can present
mean values of distinct physiological variables found during specific
stimulation and leave it at that. However, the personality psychologist
scrutinizing functional units like traits and states needs to cluster patterns
in meaningful groups. Only after having classified autonomic response
patterns in one way or another, the researcher can study the coherence
between these patterns and other variables as, e.g., obtained with self-
report measures. Another motive inciting researchers to systematize
response patterns in terms of functional units is that it offers a means to
generalize beyond the specific experimental setting (cf. Jennings, 1987).
For instance, if during attending always a specific pattern is observed, we
may, without being relieved of validation, conclude that such an
autonomic pattern found in our setting is highly indicative for attending.

The physiological measures, used in the current study, are assumed to
be differentially affected by specific branches of the autonomic nervous
system, have proven to be sensitive for environmental variations, and are
broadly applied in psychophysiological studies. Much attention has been
paid to the data reduction techniques employed and to the definition of
autonomic responsiveness in distinct autonomic variables (chapter 5 and
chapter 6). The last step of response definition consists of searching for a
meaningful classification of autonomic patterns. This classification is
made in terms of underlying physiological processes to be interpreted
psychologically with the aid of existing theories. To achieve this goal, a
literature study on the physiological origins of autonomic patterns as well
as the functional overt and covert behaviors accompanying these patterns
has been carried out. The results of this literature review will be used to
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interpret clusters of autonomic response patterns obtained with a mul-
tidimensional scaling technique.

Physiological Origins

Many autonomic organs are dually innervated by sympathetic and
parasympathetic (vagal) branches of the ANS differently affecting
physiological responding. The presence of more than one transmitter
substance within the sympathetic nervous system as well as the existence
of more than one type of noradrenergic receptor, suggest that changes in
the activity of one of these systems may not be indicative of changes in
the activity of other systems. Also other physiological processes such as
hydration of the skin, arterial length and rigidity, and blood volume, as
well as intrinsic regulatory mechanisms may affect physiological respon-
ding. These influences jointly contribute to the physiological response in a
specific modality with predominance of one or more effects in certain
responses.

In this section the main physiological origins of variation in the
autonomic variables used in the current study are outlined. For a more
extensive survey, the reader is referred to handbooks (e.g., Andreassi,
1980; Carlson, 1980; Coles, Donchin, and Porges, 1986; Goodman and
Gilman, 1970; Greenfield and Sternbach, 1972; Iversen and Iversen, 1981;
Obrist, 1981; Randall, 1977; Stern, Ray, and Davis, 1980) and concise
(e.g., Blascovich and Kelsey, 1990; Linden, 1985) or comprehensive (e.g.,
Fowles, 1986; Koelle, 1970; Larsen, Schneiderman, and DeCarlo Pasin,
1986) review articles.

The nervous system can be anatomically categorized into the Central
Nervous System (CNS) which includes the brain and the spinal cord, and
the peripheral nervous system, consisting of the remaining neuronal tissue.
This peripheral nervous system can be further subdivided into two sub-
systems: the somatic nervous system composed of neurons serving skeletal
muscles, and the autonomic nervous system composed of neurons
regulating the "vegetative" functions, that is, functions that are usually not
under direct voluntary control. For example, respiration, circulation,
digestion, body temperature, metabolism, sweating, and the secretions of
certain endocrine glands are regulated, in part or entirely, by the ANS and
its CNS connections. The ANS can be further subdivided anatomically and
functionally into two interacting parts: the Sympathetic Nervous System
(SNS) and the Parasympathetic Nervous System (PNS).
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Sympathetic Nervous System

The sympathetic division of the ANS tends to be dominant when catabolic
processes are required (i.e., those involved with expenditure of energy
from reserves that are stored in the body). For example, increased blood
flow to skeletal muscles, or secretion of epinephrine resulting in increased
heart rate and a rise in blood sugar level, are effects that are mediated by
the SNS.

Sympathetic nerves originate in the thoracic and lumbar segments of
the spinal cord and project to chains of interconnected ganglia (i.e.,
groups of cell bodies and nerve terminals) just outside the spinal cord.
Neurons entering this chain of ganglia may synapse at that level, may
extend up or down the chain to other ganglia, or may directly synapse
onto cells that are located away from the spinal cord between the target
organs. Post-ganglionic sympathetic stimulation usually involves adrener-
gic (i.e., noradrenaline, NA) neurotransmission. However, sympathetic
stimulation of certain targets, e.g., the sweat glands and certain limb
muscles, involves cholinergic (i.e., acetylcholine, ACh) transmission.

At least two types of (nor)adrenergic receptors exist, alpha and beta.
Alpha-receptors, for example, mediate adrenergic action in smooth muscle
contraction of the blood vessels, i.e., vasoconstriction, thus raising blood
pressure when stimulated. Beta-adrenergic receptors accompany alpha-
receptors in skeletal muscle and some other vascular beds, but appear to
be the only type of adrenergic receptors in the heart and the smooth
muscle of the bronchi and intestines. Though both stimulated by
norepinephrine (NE), the receptors are differently stimulated and blocked
by different hormones and neurotransmitters (e.g., Carlson, 1980; Iversen
and Iversen, 1981; Larsen et al., 1986; Obrist, 1981). For instance, the
adrenergic transmitter NE increases myocardial rate and force, and
produces vasoconstriction. Also Epinephrine (E), a hormone that is
produced by the adrenal gland, has this influence on the myocardium, but
it can evoke either vasoconstriction or vasodilation depending on the vas-
cular site stimulated (see e.g., Innes and Nickerson, 1970). Moreover,
adrenergic a- and 4-receptors have been further subdivided in subtypes
which are supposed to be uniquely sensitive. Receptor populations should
not be thought of as invariant, but may increase as well as decrease as a
function of hormonal influences (Larsen et al., 1986).

Parasympathetic Nervous System

The parasympathetic division of the ANS tends to dominate when
anabolic processes are required (i.e., those concerned with preservation,
accumulation, and storage of the body's supply of stored energy). The PNS
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plays an important role in routine functioning that is vital to maintain life.
For example, salivation, gastric and intestinal motility, secretion of diges-
tive juices, and increased blood flow to the gastrointestinal system, are
effects that are mediated by the PNS.

Parasympathetic nerves originate in the brain and in the sacral seg-
ments of the spinal cord. Pre-ganglionic neurons in the cranial division of
the PNS descend to local ganglia from which post-ganglionic fibers inner-
vate the heart and thoracic and abdominal viscera. Neurons in the sacral
division of the spinal cord innervate the genitalia and organs of the pelvic
cavity. Post-ganglionic parasympathetic stimulation involves cholinergic
(ACh) neurotransmission.

Two major categories of cholinergic receptors are known, muscarinic
and nicotinic. Muscarinic receptors are found in all the post-synaptic cells
innervated by the PNS. For instance, the action of the vagus in slowing
the heart is mediated by such receptors. Nicotine receptors, which can also
be activated by the SNS, are found on neuromuscular junctions and
autonomic ganglia.

Autonomic Influences

Many autonomic functions are under the dual influence of both the sym-
pathetic and the parasympathetic branch of the ANS. These two branches
can act independently, antagonistically, and synergistically. Moreover,
dependent on the specific neurochemical agents and hormones active,
different receptor sites may be sensitized. Since organ systems are sup-
posed to differ in the degree to which these are sensitive for PNS-effects,
and a-adrenergic, 4-adrenergic, or cholinergic SNS-effects, more can be
learned about the physiological nature of autonomic response changes by
using multiple variables simultaneously. Before presenting some guidelines
for the interpretation of response patterns composed of multiple variables,
let us first look at the autonomic variables used in the current study.

Heart Rate (HR)
PNS effects on the heart are mediated by cholinergic (ACh) transmission
via the vagus. SNS-effects are mediated by 4-adrenergic transmission
involving NE released by the cardiac sympathetic nerve. Release of the
hormone E by the adrenal medulla also affects 4-adrenergic receptors.
Though heart rate is dually affected by the sympathetic and parasym-
pathetic branches of the ANS, most researchers suppose PNS influences to
be more pronounced than SNS-effects, especially under conditions of rest,
or mild or intermediate exercise (e.g., Blascovich and Kelsey, 1990;
Furedy and Heslegrave, 1983; Larsen et al., 1986; Levy, 1977; McCabe,
Young, Ackles, and Porges, 1985; Obrist, 1981; Stern et al., 1980). SNS
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influences on heart rate are negligible if not simultaneously PNS
stimulation is inhibited (Levy, 1977; Obrist, 1981).

Respiratory Sinus Arrhythmia (RSA), i.e., the degree to which rhyth-
mic variations in HR are associated with breathing, as well as Heart Rate
Variance (HRV) have been proposed as indices of PNS-activity (see e.g.,
Allen and Crowell, 1989; Coker, Koziell, Oliver, and Smith, 1984;
Grossman and Svebak, 1987: McCabe et al., 1985; Porges, 1985; Steptoe
and Wardle, 1988). Grossman, Stemmler, and Meinhardt (1990) warn that
RSA may only be a good index for PNS activity if respiratory parameters
(i.e., rate and volume) are checked statistically, but this remains
problematic; or experimentally, for instance, by letting subjects pace their
respiration throughout the experiment, but this is artificial and may
prevent the study of adaptation manoeuvres.

Heart rate is also influenced by intrinsic regulatory mechanisms such as
the baroreflex: increase in Blood Pressure (BP) is detected by barorecep-
tors which fire at a rate proportional to BP upon which the CNS may
counteract BP-increase with PNS-mediated reduction in heart rate and
SNS-mediated reduction in peripheral resistance (see e.g., Carlson. 1980;
Karemaker, 1985; Larsen et al., 1986; Wesseling and Settels, 1985).

Pulse  Transit  Time  (PTT)
Pre-ejection period (PEP), the interval extending from the ECG Q-wave
to the initial point of ejection of blood from the left ventricle, has been
supposed to reflect cardiac contractibility, which is primarily controlled
by B-adrenergic mechanisms (chapter 3). PTT defined as the interval
between the R-wave of the ECG and arrival of the pulse in the right ear,
a pulse site close to the heart, includes much of PEP and relatively little
arterial transmission time. Hence, it is a potential indicator of SNS-ac-
tivity. Bunnell (1985) prefers PEP, or a P'IT measure that consists for the
larger part of PEP, over T-wave Amplitude (TWA) as an index of SNS
activity, because with the former measure between-subject comparisons
are more valid. In our study, pulse arrival was measured at the top of the
pulse in the ear. Since such PlTs are affected by variations in pulse
height this procedure complicates the interpretation of this measure.

T-wave Amplitude (TWA)
Since the more rapid depolarization associated with an increase in
contractibility might well be accompanied by more rapid repolarization,
the T-wave amplitude has been proposed as a non-invasive index of B-
adrenergic influences on the myocardium (e.g., Bunnell, 1985; Carroll and
Roy, 1989; Furedy, 1985; Furedy and Heslegrave, 1983; Guazzi, Fioren-
tini, Polese, Magrini, and Olivari, 1975). Furedy (1985) proposes to use
HR- and TWA-changes conjointly to interpret the relative dominance of
autonomic branches: HR-increase without changes in TWA is supposed to
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indicate PNS-inhibition, while HR-increase and concurrent TWA-at-
tenuation are assumed to indicate sympathetic excitation. Since many
other influences may alter TWA, Obrist (1981), among others, warns
against a too easy interpretation of TWA in terms of sympathetic ex-
citation. Bunnell (1985) offers data that support the use of TWA as a
within-subject index of sympathetic activity. The use of TWA as a be-
tween-subject index of B-adrenergic activity is warned against in that
study.

Respiration Rate (RR)
Respiration is under control of both the CNS and the ANS (e.g., Stern et
al., 1980). Respiration centers have been located in the pons, medulla,
cortex, hypothalamus and reticular activation system. Particularly the
parasympathetic branch of the ANS is supposed to influence respiration.
RR is also modified by ANS reflexes from the lungs, heart, and vas-
culature (e.g., stretch receptors in the lungs transmit impulses through the
vagus nerve to respiratory centers that subsequently inhibit respiration,
the Hering-Breuer reflex; and, respiratory activity is sensitive to changes
in carbon dioxide and oxygen in the blood). Of the physiological variables
used in the current study, respiration rate is most influenced by voluntary
control of the subject.

Diastolic (DBP) and Systolic (SBP) Blood Pressure
Blood Pressure reflects the activity of vascular and myocardial processes,
which are both sensitive to several neuronal and hormonal influences and
intrinsic, often local, regulatory mechanisms such as the baroreflex. Since
changes in BP may follow from changes in cardiac output, arterial resis-
tance, blood volume, or a combination of these effects, it is extremely
difficult to interpret these changes in terms of underlying physiological
processes. Neural regulation of vascular resistance is accomplished
exclusively by sympathetic branches of the ANS in a number of ways
(e.g., Blascovich and Kelsey, 1990; Larsen et al., 1986; Obrist, 1981):
vasoconstriction may be accomplished by NE and E stimulation of a-
adrenergic receptors on vascular smooth muscles; and, vasodilation may be
accomplished by a decrease in a-adrenergic stimulation, by stimulation of
0-adrenergic receptors by E in certain vascular beds, and by stimulation
of cholinergic receptors by SNS nerves in certain limb muscles. Although
the release of NE plays an important role in increasing BP, the most
potent pressor agent known is the peptide angiotensin II (see e.g., Douglas,
1970b; Larsen et al., 1986). The strong pressor effects of this peptide are
due to a number of factors, e.g., direct stimulation of cardiac and vascular
muscle receptors, presynaptic facilitation of synaptic transmission, and
stimulation of CNS pathways controlling sympathetic outflow.
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DBP is primarily influenced by vascular resistance and HR (e.g., Blas-
covich and Kelsey, 1990; Obrist, 1981). At higher heart rates, the blood
has less time to ebb from the arterial side to the venous side. Hence, a
larger blood volume remains in the arteries, thereby elevating DBP. There
are instances in which HR and DBP correlate negatively. Also HR and
SBP may rise appreciably while DBP decreases momentarily, for instance,
during the onset of a shock-avoidance task (Obrist, 1981) or after
intravenous injection of adrenaline (Frankenhaeuser and Jiirpe, 1963 cited
by Lader, 1982). Below, these specific patterns will be ascribed to a-
adrenergic and 4-adrenergic activity, respectively.

SBP seems to be primarily influenced by vascular resistance (as DBP)
and by the volume of blood pumped into the arteries, which is influenced
by contractile force. Though both the SNS and PNS influence BP, SBP
seems to be influenced more by sympathetic activity than DBP. Evidence
comes from pharmacological studies and from studies in which changes in
SBP rather than in DBP are associated with changes in PEP.

Galvanic Skin Level (GSL)
Because sympathetic fibers innervate the sweat glands, effects on GSL are
primarily sympathetic with exclusion of parasympathetic effects (Blas-
covich and Kelsey, 1990; Fowles, 1986, Stern et al., 1980). Since only the
neurotransmitter ACh is involved, electrodermal measures may not reflect
general SNS activity across target organs, that is, activity inclusive
adrenergic sympathetic stimulation. Apart from cholinergic activation,
skin hydration influences are pronounced. Fowles (1986) suggests that
especially time dependent GSL-changes may have more to do with
hydration than with autonomic changes. Dehydration may be a function of
duration of abstinence of water, and, more troublesome in psycho-
physiological research, it may follow from excessive sweating (hence,
water-loss) previously in the experiment (Welt, 1970).

Finger-tip  Temperature  ( FTT)
The chief internal factor in determining skin temperature is peripheral
blood flow (e.g., Blascovich and Kelsey, 1990; Hord, Johnson, and Lubin,
1964; Houdas and Ring, 1982; Jamieson, 1987; Jennings, Tahmoush, and
Redmond, 1980; Kurki, Smith, Head, Dec-Silver, and Quinn, 1987; Lar-
sen et al., 1986). Because most changes in blood flow are related to
temperature regulation, which is primarily controlled by the CNS (i.e., the
hypothalamus), changes in blood flow reflect neural mechanisms rather
than local autoregulation. Decreases in regional blood flow, and conse-
quently lower FIT, may reflect increases in vasoconstriction, decreases in
cardiac output, or both, while increases may reflect vasodilation, or
increased myocardial performance. Regional blood flow is inversely
related to vascular resistance which is exclusively under sympathetic
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control. If cardiac performance remains constant, blood flow changes are
most likely vascular in origin, and consequently reflect primarily SNS
innuences.

Concentration of red blood cells varies directly with blood flow.
Photoplethysmography is the most direct method of measuring red cell
concentration (Blascovich and Kelsey, 1990; Dorlas et al., 1985; Larsen et
at., 1986): the amount of light transmitted through or reflected from the
skin, is inversely related to the amount of red blood cells present. This
measure, not used in the current study, gives a more direct estimate of
blood flow than skin temperature.

Interpreting Autonomic Response Patterns

Although the ANS is predominantly considered to be an efferent system,
it is undoubtedly dependent on afferent information and central in-
tegration (cf. Mathias, 1987). Many hormonal influences (see e.g., Hinton,
1988; Larsen et al., 1986; Usdin, Kvetnansky, and Kopin, 1980; Vinger-
hoets, 1985) and central processes affecting autonomic responding have
been omitted in the overview presented here. However, whatever the
precise nature of the underlying mechanisms of autonomic response pat-
terns, these influences can only operate within the limits set by the ANS.

Much of our knowledge of autonomic processes comes from phar-
macological studies in which the effects of specific drugs on autonomic
responses were studied (see e.g., the overview edited by Goodman and
Gilman, 1970), and from studies in which drug-task interactions or drug-
situation interactions were studied.

Weiss, del Bo, Reichek, and Engelman (1980) have carried out an
interesting pharmacological study of ANS response patterning. Six drugs
either enhancing or blocking PNS, a-SNS, or B-SNS activity were ad-
ministered to six subjects. Data-analysis revealed characteristic patterns of
change in HR, PTT, and Mean Blood Pressure (MBP). PTT was defined
about the same as in our study: 50 pct of the height of the R-wave was
taken as first reference point, and 50 pct of the height of the pulse in the
right ear was taken as pulse arrival point. Using these three physiological
measures all drugs induced characteristic autonomic patterns:

-  HR decrease without change in PTT indicates increased PNS activity or
increased a-SNS activity; in the latter case MBP rises, in the former
case it does not;

-  decrease in HR and MBP, and increase in FIT indicates decreased 0-
SNS activity;

-  increase in HR and PTT and decrease in MBP indicates decreased a-
SNS activity;
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- finally, increase in HR and decrease in PTT indicates enhanced 0-SNS
activity or blocked PNS-activity; in the former case the drop in PTI'
exceeds the rise in HR, while in the latter case the rise in HR is more
pronounced.

In this study, enhancement of PNS, a-SNS, and B-SNS activity were es-
tablished with edrophonium, phenylephrine, and isoproterenol, respec-
tively, while blockade was established with atropine, trinitroglycerin, and
propran0101.

Other studies of pharmacologically induced changes in autonomic
responding can be used to extend these findings and lead to a clas-
sification of psychophysiological response patterns in terms of the under-
lying branches of the ANS supposed to be active.

Beta-adrenergic activity
In the study of Weiss and coworkers, after administration of the B-enhan-
cer isoproterenol, HR increased and PTI' decreased, but MBP did not
change. In other studies, differentiating between DBP and SBP, evidence
is found that SBP tends to rise after administration of 4-enhancers (see
e.g., Guazzi et al., 1975; Inness and Nickerson, 1970; Krantz et al., 1987;
Linden, 1985, Manuck, Krantz, and Polefrone, 1985). The findings of
Weiss and coworkers can be explained by the use of isoproterenol which
stimulates 42-receptors causing vasodilation in the peripheral vasculature.
Consequently, DBP, MBP, and SBP drop. However, since cardiac output is
raised, and, hence, also the venous return to the heart, SBP rises (Inness
and Nickerson, 1970; Krantz et al., 1987; Muranaka et al., 1988). Allen,
Sherwood, Obrist, Crowell, and Grange (1987) hypothesize the dis-
sociation between SBP and DBP to follow from the interaction between
vasodilation following from 4-adrenergic enhancement and vasoconstric-
tion following from increased levels of circulating catecholamines ac-
tivating a-adrenergic receptors. More evidence of SBP-rise as part of B-
enhancement comes from studies showing PEP or PEP-included PTT-
measures to correlate with SBP (Geddes, 1984; Geddes, Voelz, Babbs,
Bourland, and Tacker, 1981; Gribbin, Steptoe, and Slight, 1976; Lane,
Greenstadt, Shapiro, and Rubinstein, 1983; Marie, Lo, van Jones, and
Johnston, 1984; Newlin, 1981; Obrist, Light, McCubbin, Hutcheson, and
Hoffer, 1979; Steptoe, Godaert, Ross, and Schreurs, 1983). Apart from
changes in SBP, decrease of TWA, PEP-included PTT, and FIT over and
above increase in HR have been proposed as indices of B-adrenergic en-
hancement.

Effects of B-blockade are less clear than those of 4-enhancement.
Decrease in HR, and prolongation of PEP and mechanical systole (which
PEP is part of) are confirmed in other studies. Findings regarding 4-
blockade on BP are less conclusive though most often a decrease in SBP is
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observed. Following B-blockade, DBP may even rise. This may follow
from a-adrenergic activity inducing vasoconstriction that is normally
balanced by B-adrenergic activity inducing vasodilation (Albus et al.,
1989; Erdmann, Janke, Kochers, and Terschliisen, 1984; Fredrikson,
Danielssons, Iremark, and Sundin, 1987; Guazzi et al., 1975; Krantz et al.,
1987; Light, 1985; Nickerson, 1970; Obrist et al; 1978; Sherwood, Allen,
Obrist and Langer, 1986).

Results of pharmacological studies of TWA are quite inconsistent. 4-
blockade tends to result in TWA-augmentation (Guazzi et al., 1975).
However, after administration of B-enhancers not only TWA-attenuation,
but also TWA-augmentation has been found. These divergent results may
be partially explained by the dose applied, the subjects participating, and
the ECG-electrode placements used (Fredrikson et al., 1987; Furedy and
Heslegrave, 1983; Furedy, 1985, 1987; Guazzi et al., 1975; Heslegrave and
Furedy, 1983; Schwartz and Weiss, 1983; Weiss et al., 1980). Worse, an
important determinant of ventricular repolarization, hence TWA, is
coronary flow, which is regulated by alpha-mediated vasoconstriction as
well as beta-mediated vasodilation. These opposing influences may result
in no change in TWA during general adrenergic sympathetic activation
(Schwartz and Weiss, 1983).

Alpha-adrenergic activity
In the BP-subsection above it was noted that DBP is influenced by vas-
cular resistance and HR. In the study of Weiss and coworkers, however,
HR and DBP are clearly dissociated following a-adrenergic drugs. Hence,
in this case peripheral vasodilation (a-) and vasoconstriction (a+) are
probably the main causes of MBP change. Nickerson (1970) notes a-
blocking agents to produce vasodilation and increase in peripheral blood
flow. Hence, also FIT is expected to be higher if an a-adrenergic block-
ade pattern is observed. Parasympathetic mediated HR decrease during a-
enhancement may be secondary to BP-increase due to vasoconstriction and
may be explained by autoregulative mechanisms such as the baroreflex
(e.g., Larbig, Elbert, Rockstroh, Lutzenberger, and Birbaumer, 1985;
Obrist, 1981) although this explanation alone may be too simple (Wolk,
Velden, Zimmermann,    and    Krug    1989). Also others have ascribed   the
typical dissociation between HR and BP to enhanced or blocked ot-
adrenergic activity (Allen and Crowell, 1989; Obrist et al., 1978; Obrist,
Light, Lanke, and Koepke, 1986). Along with the dissociation between
HR and BP, PTT can be used to differentiate a-adrenergic enhancement
from 4-adrenergic enhancement (Weiss et al., 1980).

Parasympathetic activity
Whereas a-adrenergic activity can be clearly distinguished from other
autonomic processes by the dissociation between HR and BP, it is hard to
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distinguish PNS-inhibition from 4-excitation, and PNS-excitation from
4-inhibition. Nevertheless, this distinction is very essential as drug-task
interaction studies proved. In such research, only after application of
specific pharmacological agents, was it possible to distinguish between
PNS-inhibition and B-excitation during specific tasks (see e.g., Albus et
al., 1989; Grossman et al., 1990; Krantz et al., 1987; Langer et al, 1985;
Light, 1985; Manuck et al., 1985: Obrist et al., 1986; Sherwood et
al.,1986). Moreover, aspects of specific behavior (e.g., panic attacks), have
been possibly wrongly ascribed to 4-enhancement, since most studies have
neither demonstrated increased levels of catecholamines nor effects of 4-
antagonists, making PNS-inhibition a more likely explanation (see e.g.,
George et al., 1989).

Most researchers assume PNS influences on HR and RR to be more
pronounced than SNS influences. Especially if HR changes exceed changes
in other variables (e.g., TWA, PTT, SBP, and FIT), this is highly in-
dicative for predominance of PNS activity, while SNS-influences are more
likely if changes in these four variables exceed those of HR. Finally, RSA
and HRV have been proposed as indices to distinguish between PNS and
B-adrenergic effects. For instance, if one assumes to have a reliable
measure of vagal activity in RSA, one can remove RSA-effects from HR
and use the residual as an estimate of sympathetic influences on HR
(Grossman and Svebak, 1987). RSA is abolished by vagal blockade by
means of atropine (Coker et al., 1984). In a study in which subjects paced
their respiration, RSA proved to be quite unaffected by adrenoreceptor
blockade (Grossman et al., 1990).

Cholinergic sympathetic activity
The sweat glands respond to ACh and to cholinomimetics and are in-
hibited by the cholinergic blocker atropine (Fowles, 1986). Albus et al.
(1989) showed also minor tranquilizers to be effective in reducing GSL.
Moreover, there have been several pharmacological studies in which
adrenergic influences on sweating have been indicated (Fowles, 1986). Of
the variables used in the current study, GSL is the best candidate to map
cholinergic SNS-effects.

It may be clear from the overview presented here that it is very dif-
ficult to find pure indices of the specific branches of the autonomic sys-
tem; even in pharmacological studies. Moreover, it may be unrealistic to
assume pure indices of specific ANS-responding to exist (cf. Furedy and
Heslegrave, 1983). Results of ANS-responding in pharmacological studies
cannot be generalized automatically to drug-free responding. If branches
of the ANS are not blocked or enhanced by external agents, finer tuned
CNS- and peripherally mediated interactions between separate ANS-
branches are possible as well as the unrestricted working of auto-
regulative mechanisms. However, if patterns consisting of several
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parameters of autonomic functioning are found to be in agreement with
pharmacologically induced patterns, these are highly indicative of
predominant activity of one of the branches of the ANS.

Psychological Interpretations

The criteria outlined here can be used to label response patterns in terms
of the degree to which these are more or less prototypical for blockade or
enhancement of a specific branch of the ANS. It would be interesting to
fill in, in this taxonomy, situations that do quite consistently trigger these
prototypical patterns. For instance, differentiating between the two
branches of the SNS-system, a-adrenergic enhancement is typically found
in the interval between the warning stimulus and the imperative stimulus
in signaled reaction time or discrimination tasks, and when males look at
erotic slides or films (Davis, 1957 cited by Lacey, Kagan, Lacey, and
Moss, 1963; Obrist et al., 1978,1986: Wolk et al., 1989); while B-adrener-
gic enhancement is more often found during shock-avoidance tasks and
during mental arithmetic (see below). The conclusion of this expenditure
would be that there are many situations and tasks eliciting specific
autonomic patterns.

More fruitful it will be if we have translation rules at our disposal, e.g.,
couched in the language of contemporary behavioral and information
processing concepts (Gale, 1981), showing us the functional behavioral
characteristics being specific for the behavior observed during the ex-
perimental situations listed under one prototypical autonomic pattern.
Below, we will present four interpretations of autonomic processes in
terms of functional behavioral equivalents.

In    chapter 1, three recommendations    for the interpretation    of
behavioral concomitants of autonomic response patterns were listed: (a)
physiological response patterns map multiple elements that are of
relevance for psychology; (b) it is important to define the psychological
response in formal behavioral terms instead of in terms of gross
psychological constructs, and; (c) the ultimate validation of behavioral
concomitants of autonomic patterns must occur in sophisticated ex-
periments in which the behavior of individuals is systematically
manipulated, e.g., by letting persons do tasks that must unequivocally
trigger the behavior of interest.

The current study is not designed to validate behavioral functions that
tend to accompany specific autonomic patterns. Using the results of the
theoretical review of physiological origins of autonomic patterns, we may
be able to describe and categorize empirically clustered patterns in terms
of autonomic processes and, subsequently, study the consistency of these
patterns without reference to behavioral functions. Nevertheless, it is as-
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sumed that the systematic classification of behavioral concomitants of
autonomic patterns offers a means to generalize beyond our specific ex-
perimental situation (cf. Jennings, 1987). The characterization of
autonomic patterns in behavioral terms will aid in the interpretation of the
prevalence of specific patterns with specific psychological antecedents.
Stimuli, emotions, or global descriptions of coping mechanisms in stressful
situations that seem to be very different at first hand but trigger similar
autonomic patterns, may seem very alike if one knows the behavioral
equivalent the prototypical autonomic pattern stands for. For instance, the
orienting response is supposed to be accompanied by a unique pattern of
autonomic activity that is relatively independent of the specific content of
the stimulus.

In the current literature review, to obtain more insight in the short-
term adaptation mechanisms of individuals in concrete situations, we will
not review the literature for gross antecedents of specific autonomic
behavior (e.g., emotions or temperament), but we will concentrate on
models specifying autonomic correlates of specific functional energizing
and control behavior. Four theoretical frameworks which link autonomic
behavior to "psychological" behavior and which received considerable
attention in the past decades meet this criterion: (a) unidimensional ac-
tivation theory, assuming autonomic activation to be diffuse, non-specific,
and closely connected with the intensity of human consciousness and
behavior; and three models in which physiological differentiation is con-
nected with the direction and character of interactions between the or-
ganism and the environment, viz., (b) Lacey's intake-rejection theory, (c)
Obrist's cardiac-somatic hypothesis, and (d) open-system models in which
is differentiated between arousal, effort. and  activation.

Unidimensional Activation

The concept of arousal, activation, or mobilization of energy as a
unidimensional construct has been proved widely applicable in psychol-
ogy. The historical roots of unidimensional activation theory lie (a) in the
work of Cannon on the generalized response of the SNS to threatening
stimuli by way of preparation for fight or flight, (b) in the concept of
generalized drive of Hullian learning theory in which nonspecific ener-
gizing arousal is supposed to be associated with aversively as well as ap-
petitively based drive, and (c) in the finding that the Reticular Activation
System appears to offer an anatomical substrate for nonspecific arousal
(Fowles, 1980; Lader, 1982). Duffy (e.g., 1957, 1972) and others have used
this construct to describe the intensity aspect of all behavior: activation
refers to "the extent to which the organism as a whole is activated or
aroused" (Duffy, 1957, p.266).
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In many studies, scores on the unidimensional activation dimension
have proved to consistently vary with individual and situational
variability. For example, Wenger (1941) showed scores of individuals on
an "autonomic balance" factor, that is, the balance between sympathetic
and parasympathetic nervous system activity, to be quite consistent and
characteristic for individuals. Even so, scores on the activation continuum
have been demonstrated to differ consistently as a function of situational
demands. Moreover, in many tasks, level of activation has been found to
be related to performance by an inverted U-shaped function, that is, less
performance at lower or higher levels of activation than at intermediate
levels.

In early theories of unidimensional activation, physiological variables
are assumed to be more or less interchangeable referring all to the amount
of energy needed for any form of behavior, be it to orient to a stimulus,
to execute a task, or to perform some other form of behavior. In later
theories (e.g., Duffy, 1972), it is acknowledged that profiles of
physiological responses are specific for stimulus conditions. This argument
of response patterning has been used against the use of unidimensional
activation theory as a research paradigm (cf. van Olst, Kok, and Orlebeke,
1980).

Intake-Rejection

Lacey (1967) lists three arguments that are broadly accepted nowadays
pleading against the conception of undifferentiated activation as ranging
on a unidimensional continuum: (a) dissociation, that is, lack of coherence,
of somatic indices of arousal and behavioral indices of arousal; (b) dis-
sociation of physiological functions said to be indices of arousal; and (c)
the occurrence of situation-specific response patterns. A fourth argument
dealing with the specific mechanism underlying response dissociation is
not generally accepted (see e.g., Obrist, 1981; van Olst et al., 1980;
Pribram and McGuinness, 1975; Wolk et al., 1989).

Research by Lacey and coworkers (e.g., Lacey, 1967; Lacey et al.,
1963; Lacey and Lacey, 1970) has strongly indicated that different frac-
tions of autonomic, electro-encephalographic, and motor response are
mediated separately by perhaps intimately related but clearly dissociable
mechanisms. As a clear example of response patterning, Lacey and
coworkers have observed that during (sustained) attentiveness to external
stimuli cardiac deceleration as well as BP-decrease or attenuation of BP-
increase were observed, whereas simultaneously sympathetic-like changes
characteristic for arousal were observed for other autonomic responses
(e.g., vasoconstriction and increase in GSL). In contrast, during ex-
perimental manipulations involving rejection of the environment (e.g.,
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during tasks demanding mental problem solving), GSL as well as heart
rate increased. Finally, intermediate effects on heart rate were observed in
situations requiring both acceptance and rejection of external stimuli (e.g.,
Lacey et al., 1963).

The work of Lacey on environmental intake versus rejection overlaps
the work of Russian psychology on Orienting (OR) and Defensive (DR)
Responses (Sokolov, 1963; Sokolov and Vinogradova, 1975). Some
behavioral characteristics of the OR and DR have been listed by Graham
and Clifton (1966), Manuck et al. (1985), Stern et al. (1980), and
Thompson (1975). During both the OR and the DR, irrelevant motor ac-
tivity and respiration rate decrease, general muscle tone and skin conduc-
tance increase, and peripheral vasoconstriction occurs. However, whereas
the DR is characterized by decrease of sensitivity of sense organs, a tur-
ning away from the stimulus by the organism, vasoconstriction in the
head, and increase of heart rate, during the OR the sensitivity of sense
organs increases, the organism turns towards the stimulus (pupil dilation),
vasodilation occurs in the head, and heart rate slows. Additionally, in
contrast with the OR, the DR habituates slowly.

Cardiac-Somatic (un)Coupling

The cardiac-somatic hypothesis of Obrist and coworkers (e.g., Obrist,
1981; Obrist, Webb, Sutterer, and Howard, 1970) states that when the
heart is under control of the PNS, cardiovascular and somatomotor activity
are integrated by the CNS, i.e., cardiac-somatic coupling. Because of this
integration, any event initiating an alteration in somatomotor activity will,
to some extent, also modify cardiac output. Cardiac-somatic coupling is
supposed to prevail during rest and exercise as well as during conditions
involving passive intake of environmental stimulation, i.e., during passive
coping. In contrast, during cardiac somatic-uncoupling, sympathetic,
especially 4-adrenergic influences on the heart prevail. Cardiac-somatic
uncoupling, is supposed to emerge in situations involving active  coping.
For instance, in situations requiring active attempts to control the occur-
rence of noxious stimuli. In the latter case, the cardiovascular response is
exaggerated beyond metabolic requirements. It is the nature of this coping
response rather than the aversive component, the noxious stimulus, that
elicits the excessive cardiac response (Lovallo et al., 1985; Obrist et al.,
1978; Sherwood et al., 1986).

The active and passive coping concepts share features with the concepts
of environmental rejection (DR) and environmental intake (OR), respec-
tively. In the theory of Lacey, since both a mental arithmetic task and a
cold pressor task lead to an increase in heart rate, both are classified as
environmental rejection. However, according to Obrist, since during men-
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tal arithmetic, the HR-increase is mediated by PNS-withdrawal and SNS-
activation, the latter task must be classified as active coping. In contrast,
HR increase in the cold pressor task is supposed to be mediated almost
entirely by withdrawal of PNS restraint, so the cold pressor test must be
qualified as a passive coping task (Blascovich and Kelsey, 1990). Even so,
heart rate increase during bicycle exercise is mediated by other branches
of the ANS than tachycardia during an unsignalled shock avoidance reac-
tion time (RT) task. Beta-adrenergic blockade with propran0101
hydrochloride only partially diminishes the increase in HR during physical
exercise or during a cold pressor test, but entirely abolishes tachycardia
during aversive RT-tasks or mental arithmetic tasks. Also PEP-shortening
during RT-tasks proves to be mediated by 4-adrenergic influences, more
than either during rest, the cold pressor test, or physical exercise. 4-
adrenergic involvement in tasks such as mental arithmetic and vagal in-
hibition in physical exercise tasks has been shown in several drug-task
interaction studies (e.g., Albus et al., 1989; Guazzi et al., 1975; Grossman
et al., 1990; Langer et at., 1985; Light, 1985; Sherwood et al., 1986).

In the theory of Gray (e.g., 1987), an operational distinction is made
between escape, passive avoidance, and active avoidance. In an escape task,
one cannot prevent the onset of an aversive stimulus, but one can ter-
minate the stimulus, e.g., by running away. In a passive avoidance task,
one can avoid the aversive stimulus if one refrains from making a
response, e.g., by remaining completely still. Finally, in an active
avoidance task (cf. Obrist's active coping), one can prevent the aversive
stimulus to occur by making an appropriate response. The SNS seems to be
actively involved in active avoidance, but neither in passive avoidance nor
in escape which certainly involves energy mobilization. Gray cites animal
studies in which the SNS was destroyed surgically or pharmacologically,
but neither passive avoidance nor escape were impaired. In contrast, ac-
tive avoidance behavior was deteriorated, especially in more complex
tasks.

Arousal.  Effort.  and  Activation

Pribram and McGuinness (1975) present a comprehensive overview of the
work of Pribram (and coworkers) who developed an integrated theory on
neurophysiological processes controlling information processing or atten-
tional control. Three separate, but interacting, neuronal systems that seem
to be differentially involved in arousal, effort, and activation are distin-
guished.

Arousal as defined in the theory of Pribram must not be confused with
arousal as defined in unidimensional activation theory, but is said to occur
when an input change (e.g., presentation of a novel stimulus, or a change
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in the intensity or the timing of the stimulus) produces a measurable
increment of a physiological response over a baseline O.e., phasic
desynchronization). Hence, arousal is concerned with regulation of input,
behavioral inhibition ("stop"-mechanisms), or feedback, and predominates
in tasks or situations requiring selective attention. As with the "classical"
Orienting Response, arousal is supposed to increase with increasing novel-
ty or complexity of the stimulus (see e.g., the sensitization concept in
chapter 5), and habituates rapidly under repetitive input.

The organism is not just a switchboard for incoming stimulation, but is
spontaneously active and generates changes in the environment. Pribram
and coworkers postulate a second system controlling activation defined as
tonic physiological readiness to respond. Hence, activation is concerned
with regulation of output, behavioral activation ("go"-mechanisms),
motivational directed action, or feedforward, and predominates, for
example, in tasks requiring reasoning.

Whereas arousal is concerned with input regulation at the expense of
activation, and activation involves output regulation at the cost of arousal,
Pribram and McGuinness assume a third process to exist which allows
uncoup/ing of input and output, and is responsible for an active, effortful
regulation between arousal and activation. This process, called effort,

coordinates stimulus and response oriented processes and has the function
of bringing about a change in the response originally intended.

Specific neuronal systems are hypothesized to be involved in arousal,
activation, and effort, respectively (Pribram, 1981; Pribram and McGuin-
ness, 1975). Tucker and Williamson (1984) have studied the neurotransmit-
ter substrates of these systems. The amygdala, a basal ganglion of the lim-
bic forebrain, and related frontal structures seem to be involved in
arousal. Removal of the amygdala eliminates the visceral and autonomic
responses that ordinarily accompany orienting and alerting to a change in
stimulus conditions, and prevents habituation of response as a function of
repeated stimulation. Serotonin (5-HT) and NE, which has been proved to
facilitate orienting to novelty and to decline with stimulus repetition, are
supposed to support alert wakefulness and the brain's responsiveness to
environmental input. Neuronal substrates of activation are supposed to be
located on the nonlimbic basal ganglia of the forebrain, the caudate
nucleus and putamen. Dopamine has been proposed to be an important
neurotransmitter in the activation system. Neuronal substrates of effort
are supposed to be found in the hippocampal circuit where innervations of
both neuronal systems involved in arousal and activation are present. The
hippocampal system is involved in the pituitary-adrenal hormonal
controls, selectively absorbing the adrenocortical hormone and being acted
on by the adrenocorticotrophic hormone (ACTH) and related enkephalins.

Hettema (1979, 1989) integrated the theory of Pribram, who focused
primarily on internal regulatory processes, and the work of Lacey, who
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stressed the importance of transactions between the organism and the en-
vironment, in a control system model of psychological adaptation. In the
'open-systems adaptation model', the three processes outlined by Pribram
and McGuinness (1975) -arousal, activation, and effort- are all
represented to describe the short-term adaptation mechanisms the person
utilizes to maintain and regain control over the environment. Moreover, a
distinction is made between overt and covert tactics. Within the model six
State Transition (ST-) mechanisms are defined in terms of input- and
output-regulation processes.

Both reflection and exploration have to do with input-regulation, i.e.,
arousal, that is with covert or overt scanning for cues that may aid in

restoring or maintaining equilibrium. On the other hand, redirection and
persistence have to do with output-regulation, i.e., activation, with the
aim of bringing about a change in the situation to regain control by chan-
ging the previously intended goals (redirection) or by intensifying the
previously chosen behavior (persistence). Finally, uncoupling and
substitution have to do with input- and output regulation at the same
time, i.e., effort, and are aimed at generating new means to regain control
by generating a new plan (uncoupling) or by insertion of alternative
operations (substitution) within the context of existing goals.

Based on the conceptual framework of the 'open systems adaptation
model' and empirical findings of Lacey and other researchers, Hettema,
Vingerhoets, and Van Heck (1989) using four autonomic measures (HR,
TWA, GSL, and FTT), were able to identify six sustained autonomic
response patterns that are assumed to accompany the ST-mechanisms.
Activation was hypothesized to be represented by relatively high HR and
low TWA; arousal by relatively low HR and high TWA; and, effort by
intermediate levels of HR and TWA. To discriminate between patterns
operative at the cognitive-symbolic and sensomotor-operational levels,
GSL and FIT were used.

Integration of Models

Before pointing at some similarities between the models presented here, I
want to point at an operational distinction. Pribram defines arousal as a
phasic response change following environmental change interrupting the
ongoing stream of behavior. In contrast, heart rate deceleration observed
during sustained attentiveness is classified under tonic activation, that is,
it is assumed to accompany a motivational state or readiness to "go". It is
agreed with Lacey and others that during this state, the organism is more
open to environmental cues that may trigger phasic arousal (Pribram and
McGuinness, 1975). In contrast, the research groups of Lacey, Obrist, and
Hettema seldom looked at phasic responses, but more often at sustained
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responses. Jennings et at. (1981 ) call longer lasting changes in
physiological levels due to an ongoing situation, sustained responses to be
distinguished from tonic, or resting, levels which refer to control or
baseline periods before or after the situation of interest, and to be distin-
guished from phasic, or event-related, physiological changes of very short
duration. In the discussion to follow, we will use this operational
definition of sustained responses, and only the conceptual definition of
Pribram to refer to predominance of input regulation (arousal), output
regulation (activation), or uncoupling or coordination of input and output
processes at the same time (effort).

Let us now look back at the taxonomy of autonomic patterns. We may
expect that during input regulation at the cost of output regulation
(arousal, environmental intake, passive intake, orientation, feedback,
reflection, exploration) parasympathetic enhancement will prevail. In
contrast, during output regulation at the cost of input regulation (ac-
tivation, physical exercise, escape, redirection, persistence) parasym-
pathetic inhibition will prevail. This statement is in accordance with the
conceptual frameworks as well as the empirical results from the research
groups of Lacey, Obrist, and Hettema. When input regulation as well as
output regulation are required (effort, active coping, uncoupling,
substitution), sympathetic excitation is expected over and above parasym-
pathetic inhibition. One could speculate that it depends on relative
dominance of input regulation or output regulation processes whether
alpha- or beta-enhancement will prevail. For instance, a-enhancement
will prevail during input regulation with a preparedness for output
regulation, and 4-enhancement will prevail during output regulation
while uncoupling input regulation processes.

In psychophysiological research, most attention has been directed at
increase of autonomic function in response to stressful stimuli. Only
recently, there has been more attention for parasympathetic excitation
and/or sympathetic inhibition (see e.g., Allen and Boquet, 1989; Grossman
and Svebak, 1987; Steptoe and Wardle, 1988; Vingerhoets and Schomaker,
1984). It may be interesting to study whether there are specific behavioral
equivalents for parasympathetic enhancement and sympathetic inhibition.
Such a distinction may be of utmost importance to distinguish environ-
mental intake or receptivity for environmental stimuli from behavior that
is characterized by neither input regulation nor output regulation (e.g.,
sleep, fainting, freezing, passive avoidance, helplessness or lack of
control, depression, suppression, conservation-withdrawal).

Not increase of behavioral output, but decrease of behavioral output as
well as elimination of input regulation are typical for many emotions
(Pribram, 1981), as well as, for instance, for fainting in response to the
sight of blood and injury (e.g., Steptoe and Wardle, 1988; Vingerhoets and
Schomaker, 1984). Discarding of input as well as output regulation may
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serve satiety processes of reequilibration, (Pribram, 1981) or conservation
of energy as in the case of the conservation-withdrawal response (Engel
and Schmale, 1972 cited by Henry and Stephens, 1977). "Conservation-
withdrawal is a response of the organism to its failure to control the en-
vironment: depression develops with this perception of helplessness. There
is avoidance of others and failure to move around ..., and adrenocor-
ticotropic  hormone  ( ACTH)  and  adrenal-cortical  activity  increase"   (Henry
and Stephens, 1977, p.266).

These coping mechanisms are hypothesized to be elicited when the
organism has learned that it can neither predict nor control the environ-
ment (Seligman, 1975); when all attempts to maximize control fail (Het-
tema, 1979). For instance in the case of bereavement, all mental processes
and also ways of overt behaving that mitigate the painfulness of mourning
can be understood as examples of the defensive mechanism of unwelcome
information; and all of them differ only in regard to the completeness
and/or the persistence of the exclusion (Bowlby, 1981). In a majority of
cases these adaptation mechanisms are fully compatible with a healthy
outcome. Behavioral inhibition may serve the goal to shut out the or-
ganism from the environment by minimizing non-control (Hettema, 1979).
Whereas an emotion as anger is optimistic in the sense that there is still an
attempt to keep interrupted motivation going despite obstacles, in
emotions like depression, fear, and disgust, relinquishment of motivation
comes more to the fore; i.e., organisms are more clearly "out of motion"
(Pribram, 1981).

Considering that long term adaptation mechanisms, characteristic for
discarding of input and output regulation, are so clearly recognizable, it is
surprising that in psychophysiological research so little attention has been
paid to environmental stressors that establish decrease of function. Since

both are accompanied by behavioral suppression as well as reduced central
noradrenaline (Dienstbier, 1989), it may be difficult to distinguish
autonomic states being characteristic for comfort, i.e., the opposite of ef-
fort, from autonomic states that are characteristic for conservation-
withdrawal. Perhaps the inclusion of endocrine variables, in

psychophysiological studies, more than electro-physiological variables,
may serve the distinction between comfort and conservation-withdrawal.
Particularly the pituitary gland releasing ACTH into the blood so that ul-
timately the adrenal cortex is stimulated to release cortisol is important
during conservation-withdrawal (Dienstbier, 1989; Henry and Stephens,
1977; Vingerhoets and Schomaker, 1984).

In the current study, we will tentatively reserve the label 'inhibition' to
denote the behavioral antipole of effort, i.e., functional behavior that is
characterized neither by input-regulation nor by output-regulation. In
Table 7.1, a hypothetical scheme is presented relating longer lasting input-
and output regulation processes to sustained autonomic responsiveness.



152

Table 7.1 Hypothetical scheme relating sustained input- and output regulation processes (arousal,
effort, inhibition, and activation) to autonomic processes

Ourpur REGUIATION NO YES

parasympathetic sympathetic
YES excitation exatation

(arousal) (effort)

INPUT REGUIATION
sympathetic parasympathetic

NO inhibition inhibition

(inhibition) (activation)

Like Sanders (1980) and Lader (1982), I have problems with abandoning
the unidimensional activation concept. In numerous studies, it has been
proven to be valuable to define a nonspecific energizing dimension on
which scores differ as a function of several antecedents. Not only in
western psychology, but also in eastern psychology, several concepts (e.g.,
the optimal level of arousal, the strength of the nervous system) refer to
assumed and verified individual differences in degree of responsiveness to
external stimulation (chapter 1). Moreover, several     operational
specifications of unidimensional activation have been proven to consis-
tently vary with situational power and time. Of the autonomic subsystems
specified, perhaps cholinergic sympathetic activity is most consistently
related to this energizing or intensity dimension. It is interesting in this
respect that minor tranquilizers proved to be effective in reducing GSL
(Albus et al., 1989). However, also for other variables constituting
response patterns, over and above qualitative distinctions in response
profiles, quantitative distinctions may be worth noticing.

Classification

In this chapter, studies were reviewed with the option to be able to
interpret physiological response patterns in terms of relative dominance of
autonomic branches, and to tentatively interpret these patterns in terms of
the functional behavior they are supposed to represent. Both reviews
underscore the necessity to include in psychophysiological studies multiple
measures that are supposed to be differentially affected by specific
autonomic branches. Having removed time trends from physiological
scores (chapter 5) and having standardized the physiological scores (chap-
ter 6), we are now able to rubricate reaction patterns that are more or less
the same under one heading.

To classify patterns, use will be made of the multidimensional scaling
(MDS) program ALSCAL, Alternating Least-Squares sCALing, an SPSS*
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procedure to systematize data by representing the similarities or distances
between objects, as in a map with two dimensions, a cube with three
dimensions, or a multidimensional space (see e.g., Davison, 1983: Schiff-
man, Reynolds, and Young, 1981). If response patterns are close together
in this space, these will have the same rating on all dimensions; a rating
differing very much from patterns that are at the other end of the more-
dimensional space.

Method

The data subjected to ALSCAL include separate 'person-occasion-
filmscene' combinations (56 subjects * 2 occasions * 83 filmscenes).
Response patterns with one or more physiological scores missing, i.e., 528
out of 9296 cases (see Table 2.1), are omitted from this analysis. Hence,
8768 patterns will enter this analysis.

Since Alscal   can   handle a maximum   of 100 cases,   in a first stage   of
analysis the set of 8768 response patterns has to be reduced to a set of
maximal 100 patterns forming a representative sample of all cases. This
will be established as follows. Cluster-analysis (method WAVERAGE, i.e.,
average linkage within groups, Norusis, 1985) will be performed on 8 sets
of 1096 cases each. In these data-sets, persons, film-scenes, and occasions
are equally represented. A metric criterion will be used to decide on the
number of clusters to be derived: the squared euclidean distance between
the two most dissimilar patterns within clusters has to be less than eight.
Of the resulting clusters,  the 100 clusters containing most patterns  will  be
chosen for MDS analysis.

With the SPSS' Proximities procedure, squared euclidian distances bet-
ween the cluster means of the 100 clusters will be calculated yielding the
input for the ALSCAL program.

Three criteria will be used to decide on the number of dimensions
describing the patterns (see Schiffman et al., 1981). First, the "goodness of
fit" measures 'stress' and 'squared correlation' that are provided by
ALSCAL, are plotted against the number of dimensions to inspect
whether an "elbow" is in the curve. The number of dimensions at this el-
bow is generally considered to be the maximum number of dimensions
that might be chosen. Secondly, it will be inspected whether a split-half,
i.e., odd-even, replication of the MDS-program, with distances between
50 clusters as input, reveals the same dimensions. The final criterion for
number of dimensions is interpretability. The most obvious step in
interpreting dimensions is to look at the properties of response patterns at
each end of the dimension. However, this may not necessarily lead to a
sensible interpretation as has been shown by Shepard (1962; cited by
Schiffman et al., 1981). For instance, it is possible to describe a conven-
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tional color circle with colors arranged in order of increasing wavelength
with a two-dimensional MDS-solution, without being able to interpret the
two dimensions as such. In this example, similarity ratings of paired
combinations   of 14 colors ranging in wavelength   from  434 nm (violet)   to
674 nm (red) made by a number of subjects formed the input. Analogous-
ly, to interpret the more-dimensional solution of physiological response
patterns, I will not only look at dimensions as such (i.e., with a multiple
regression procedure), but also at patterns being located in different com-
partments of the multidimensional space. This analysis will reveal where,
in the multidimensional space, clusters of patterns are located that are
most prototypical for specific autonomic activity.

Results

Cluster analysis according to the metric criterion outlined above yielded
1024  clusters of patterns.  The 100 clusters selected  for MDS analysis  con-
tained 24 to 58 patterns each.
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Figuur 7.1 Changes in squared correlations (up) and stress values (below)
as a function of number of dimensions

In these clusters 3194 cases are contained. The "elbow" criterion (Figure
7.1) indicates the choice of the two dimensional solution (stress= .20; RZ=
.82). Moreover, the split-half replication reveals the same two dimensions.
In contrast, different third dimensions are revealed in a three-dimensional
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solution of odd and even clusters. Thus, the two-dimensional solution is
scrutinized with respect to interpretability.

Dimensions
Multiple regression analysis is used to interpret the two dimensions. The
following functions describe the loadings on the two dimensions as
predicted   from the eight physiological   variables   of   the 100 clusters   that
formed the input for the MDS procedure.

dim. 1 =   .754+.202·(-HP)+.192·(-PTT)+.224·(-TWA)+.102·RR+.491·DBP+.485·SBP
+.2390SL+.376·(-FIT)

dim. 2 =  -.363-.517·(-HP)-.139·(-PTT)-.532·(-TWA)-.199·RR+.042·DBP+.222·SBP
+.0900SL+.294<-FIT)

The signs of the regression weights of the function predicting the loadings
on the first dimension are the same for all variables as all physiological
variables have a plus-sign in the direction of general nonspecific "a-
ctivation". Patterns located at the higher extreme show blocked parasym-
pathetic activity and enhanced sympathetic activity (predominantly),
while patterns located at the lower extreme represent enhanced parasym-
pathetic activity and blocked sympathetic activity (predominantly). Since
the regression weights of DBP, SBP, and FTT are higher than the weights
of other variables, especially influences on the degree of peripheral
vasoconstriction and vasodilation seem to be described by this dimension.
Consequently, dimension one is concluded to arrange patterns on a con-
tinuum of sympathetic activity with synergistical parasympathetic influen-
ces.

In contrast, dimension two shows a clear dichotomy between especially
HR and TWA, but also Pll" and RR on one side, and FTT, SBP, GSL, and
DBP on the other. On this dimension, enhanced and blocked parasym-
pathetic patterns are represented at the extremes. The weight of HR is
very high. As in the first function, the sign and the weight of TWA follow
those of HR closely. The weights of the blood pressure values and FIT
have opposite values from that of HR. As we have seen in the theoretical
review of physiological origins of autonomic response patterns, this is
typical for a-adrenergic activity. Dimension two is concluded to arrange
patterns on a continuum of parasympathetic activity with antagonistic sym-
pathetic influences.

More than other variables, heart rate and T-wave amplitude as well as
blood pressure responsiveness are important in the classification derived
with the MDS-program. Respiration rate reactivity is represented least
clearly in the autonomic response pattern classification. Multiple cor-
relations between physiological variables as criterion and scores on the two
dimensions as predictors are: .79 (-HP), .73 (-TWA), .39 (-PTT), .12 (RR),
.68 (DBP),.82 (SBP),.29 (GSL), and .49 (-FIT), respectively (8768 cases).
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P'IT, FTT, DBP, SBP, and GSL are connected more with the first dimen-
Sion, whereas HR, TWA, and RR are connected more with the second
dimension.

Patterns
To interpret the patterns that are located in the two-dimensional space,
scores on the two dimensions were obtained for all 8768 patterns using the
functions described above. Subsequently, the two-dimensional space was
partitioned in 9 compartments of patterns by partitioning each edge of the
plane into three parts: scores  less  than  - 1,  more  than  1, and between  -1
and  1.  For each of these groups of response patterns,  the mean values  for
the eight variables were computed (Table 7.2).

Table 7.2  Mean values of clusters of eight physiological variables located in a 2-dimensional space

Cluster  dim 1  dim 2 fre* -HP -TWA -PIT RR DBP SBP .Frr GSL

1 -111 1.75 425 -2-68 -1.90 -1.06 -.33 -1.71 -1.08 -A6   -32
2 .01 1.75 602 -2.20 -1.48 -.43 -.01 -31 32 .22     .10

3 258 1.80 650 -139 -37 .24 .26    1.15 1.85 131 1.31

4 2.43 -.05 1844 -.24 .29 .75 .66 .80 1.35 .60 .74

5  2.92 -1.95 959 1.19 1.79 139 .98 36 1.19 .08 .99

6  08 -1.64 594 .32 .86 39 .82 -.90 -36 -39 -.18

7 -2.01 -133 250 ..26 26 -36 A2 -1.81 -207 -1.79 -.78

8 -2.09 .02 1172 -1AO -31 -.64 .03 -1.73 -136 -1.23 :79
0 .01 .00 2272 -.90 -.27 -.16 .42 -30 -.13 -38 -.27

Subsequently, the guidelines presented in the theoretical overview above
were used to interpret these patterns in terms of autonomic subsystems
supposed to be active.

The cluster most prototypical for enhanced parasympathetic activity is
cluster 2 (Table 7.2). The mean values of this cluster indicate HR-decrease
for the patterns included to be more pronounced than changes in any
other variable. Cluster 1 seems to contain patterns for which both
parasympathetic enhancement as well as sympathetic blockade are
pronounced. Since in cluster   1,  simultaneously with HR-decrease,   the
values of TWA, PTT, DBP, and SBP significantly change in the direction
of deactivation, especially 4-adrenergic inhibition seems to be involved.

In cluster 3, in contrast, many of the patterns included show the typical
dissociation between HR on one side and BP and FIT on the other that is
indicative for a-adrenergic enhancement. The cluster most prototypical
for enhanced sympathetic activity is cluster 4. In cluster 5, apart from HR-
increase, the mean values of FIT and TWA are highly indicative for
increased cardiovascular output following 4-adrenergic enhancement. The
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lower values of BP and FIT in cluster 5 as compared to the clusters 3 and
4,may be explained by stimulation of 42-receptors causing vasodilation in
the peripheral vasculature.

For both the clusters 5 and 6, HR is relatively high, this being in-
dicative for blocked parasympathetic activity. However, the overall means
of pattern-cluster 5 are much more indicative for 0-enhancement than for
parasympathetic inhibition. In cluster 6, several patterns are included that
are indicative for a-adrenergic blockade as maybe derived from the
blood pressure means as well as the FIT-mean. The pattern most
prototypical for decreased PNS-activity, i.e., HR-increase without much
change in BP, can be supposed to be located somewhere between cluster 5
and cluster 6. However, the incidence of this pattern is probably very low.

The cluster most prototypical for decreased sympathetic activity is
cluster 8 as is apparent from negative values of DBP, SBP, and FIT poin-
ting at vasodilation, and the low GSL value. This cluster is located in the
middle between a cluster containing patterns that are indicative for B-
adrenergic inhibition (cluster  1)  and  a cluster containing patterns  that are
indicative for a-adrenergic inhibition (cluster 7). As at the opposite edge
of the two-dimensional space, i.e., the clusters 3 through 5, SBP-change is
most pronounced in the "alpha"-corner (cluster 7), while change in PTT is
more  pronounced  at the "beta"-side  of  the edge (cluster  1).

PNS+
beta- _ dlrn.2

alpha+

0 0
SNS  ·
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Figure 7.2 Description of the empirically derived structure of response

patterns in terms of autonomic activity
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It is concluded that the two-dimensional solution can be meaningfully
interpreted in terms of underlying parasympathetic and (a- and B-
adrenergic) sympathetic activity. A third, cholinergic, dimension is not
found. GSL, the autonomic variable being most indicative for cholinergic
sympathetic activity, varies with general sympathetic activity. The
interpretation of the response pattern solution is summarized in Figure
7.2. In this figure, the position of the circles refers to the mean scores of
the nine groups of patterns on dimension one and dimension two of the
response pattern classification, whereas the size of circles indicates the
frequency of patterns included in these groups.

Discussion

In the paragraph on physiological origins it was concluded that, in non-
pharmacological studies, it is hard to disentangle PNS-inhibition from 4-
excitation, and PNS-excitation from 4-inhibition. In the current study,
using an empirical tool to order patterns in a two-dimensional space, the
location of patterns can be meaningfully interpreted in terms of relative
dominance or suppression of parasympathetic and alpha- or beta-adrener-
gic activity. Moreover, cases showing a high decrease in HR and relatively
less change in other variables can be clearly distinguished from patterns
showing decrease in HR and other physiological variables at the same
time. This is highly indicative for a distinction between predominantly
parasympathetic excitation and B-adrenergic inhibition, respectively.
However, we are not able to distinguish between PNS-inhibition and B-
adrenergic excitation. In the nine-cluster solution (Table 7.2), HR-
increase is never more pronounced than change in other variables. The
low incidence of very pronounced HR-increase as compared to changes in
other variables is confirmed by inspection  of  the 100 clusters forming  the
input of the ALSCAL program. Whereas in the case of 29 clusters HR-
decrease was more pronounced than change in any other variable, none of
the 100 clusters showed a mean HR-increase exceeding changes in other
variables.It is very likely that parasympathetic inhibition without concur-
rent 0-adrenergic excitation does hardly occur in our study. It is tempting
to tentatively conclude that this may follow from the specific experimen-
taI set-up. That is, one might argue that "pure" activation patterns, i.e.,
output regulation at the cost of input-regulation, will hardly occur in a
setting using films as eliciting stimuli. Since there is continuously chan-
ging stimulation to attend to, there will be always some amount of input-
regulation. Despite these limitations, the structure of the two-dimensional
space in which response patterns are ordered is rather clear.

In Table 7.1, a hypothetical scheme was presented relating sustained
input- and output- regulation processes (arousal, effort, inhibition, and
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activation) to autonomic processes. Filling in this hypothetical scheme in
the two-dimensional plane acquired via ALSCAL (Figure 7.2), it is hard
to distinguish between effort and activation. However, a three-cluster
solution meaningfully describes the qualitative distinction between arousal
(located at the top of the second dimension), inhibition (located at the
bottom of the first dimension), and activation/effort (located in the right
lower corner of the two-dimensional solution).

In subsequent analyses, the mean scores on the two dimensions will be
used to study the consistency of differences in response patterns as a
function of specific sources of variance. To map the coherence between
autonomic response patterns and self-report measures, along with
product-moment correlations, multiple correlations between the two
dimension-scores and the self-report measure under study will be com-
puted.

Summary

There are physiological and empirical reasons to expect that response
increase in one autonomic variable may be accompanied by increase, zero
change, or even decrease in another variable. Dependent on the specific
neurochemical agents and hormones active, sympathetic and/or parasym-
pathetic branches of the autonomic nervous system may be affected and
within these subsystems different receptor sites may be sensitized causing
autonomic subsystems to act synergistically independently, or antagonis-
tically. In this chapter, the guidelines were presented to interpret the
autonomic patterns of the current study in terms of relative dominance or
suppression of parasympathetic effects, and alpha-adrenergic, beta-
adrenergic, or cholinergic sympathetic effects.

Since the fifties, it has been shown repeatedly that specific behaviors
are accompanied by specific autonomic patterns. Four theoretical
frameworks linking autonomic behavior to "psychological" behavior have
received considerable attention in the past decades: unidimensional ac-
tivation theory, Lacey's intake-rejection theory, Obrist's cardiac-somatic
hypothesis, and models in which is differentiated between arousal, effort,
and activation (Pribram). Findings of these models are used to fill in a
hypothetical response taxonomy linking input- and output- regulation
processes to sustained autonomic responses.

Using a multi-dimensional scaling (MDS) technique, the autonomic
patterns of the current study were located in a two-dimensional plane.
The resulting MDS-solution can be meaningfully interpreted in terms of
underlying activity of autonomic subsystems.



Part IV

Results

In personality psychology, the assessment of actual behavior as it occurs
from moment to moment in continuously changing, complex situations has
been relatively neglected (cf. Fiske, 1978). However, insight into such
instantaneous behavior is considered to be of crucial importance to obtain
a complete view of individual functioning in everyday life and is essential
to the growth of knowledge in several areas of psychology, such as,
emotions, information processing, stress and coping, and the etiology and
maintenance of, for instance, psychosomatic and psychoneurotic
complaints. Since many acts, thoughts and feelings occur spontaneously,
beyond the conscious control of the actor and out of view of external
spectators, more conventional assessment methods will often not suffice to
learn more about actual behavior in complex situations (chapter    1).
Psychophysiological measures seem a promising alternative.

Most typically, autonomic responding has been studied as a function of
simple stimuli instead of complex, everyday situations (Averill,
Malmstrom, Koriat, and Lazarus, 1972), in single recording sessions

(Fahrenberg, Schneider, and Safian, 1987; Robinson, Whitsett, and
Kaplan, 1987; Smith and O'Keeffe, 1988), with very small samples
(Waters, Williamson, Bernard, Blouin, and Faulstich, 1987), often using a
limited set of physiological variables and poor psychometrics (Gale and
Edwards, 1983), and seldom studying the stability of response profiles
(Waters et al., 1987). In the current study, persons are confronted on two
occasions with films depicting divergent everyday situations that were
especially designed for assessment purposes. Much attention has been paid
to a careful definition of autonomic responding. Hence, in this final part,
we may address the major question of this study, and investigate the con-
sistency of autonomic responding as a function of multiple independents
and the potential relevance of the dependent variables for the assessment
of the functioning of individuals in everyday life.

In chapter 8, psychophysiological consistency is scrutinized as a
function of the person responding, the situation prevailing, and the time
of the act. A descriptive approach will be taken, studying not only the
generalizability of specific sources over other facets, but also the sys-
tematic effects attenuating consistencies. To explore the potential benefit
of individual measures of autonomic functioning for classical personality
assessment, the coherence between these measures and self-report
measures that are traditionally considered to be important in personality
psychology is mapped in chapter  9.



Chapter 8

Psychophysiological Consistency

In the general outline of the present thesis, the complexity and the multi-
determinedness of the everyday functioning of individuals were stressed
as aspects personality psychology has to embrace if it wishes to advance.
The conception of the person as an open system in constant interaction
with the environment was considered as a rising paradigm of present-day
psychology. Neither an all-or-none reliance on individual differences per
se, nor an absolute restriction to the study of Stimulus-Response laws
alone, but an open-minded, systematic, descriptive approach of human
individuality taking account of several sources of behavioral consistency
simultaneously, has been adopted.

The current study is designed specifically to obtain more insight into
the functioning of the physiological system in complex everyday situations
by mapping the consistency of physiological reactions as a function of
multiple independents. Films representing divergent everyday situations
are used to elicit short-term behavioral adjustments in a controlled ex-
perimental context that does not give in to the complexity and flavor of
daily situations. Each score within the data-set is characterized by five
independents: the person responding (P), the film presented at the moment
of responding (S) and within this film the scene presented (s), the occasion
during which the response is measured (T), and the type of response (R).
The amount of psychophysiological consistency in this universe of
generalization may be described as a function of all or a combination of
these facets and their interactions.

From a psychometric point of view, autonomic responding is an
extremely complex dependent. In the current study, physiological and
statistical considerations guided the methods and data reduction
procedures adopted to come to an optimal definition of autonomic respon-
siveness. To correct for time-trends and spurious fluctuations in baseline
levels, curve-fitting procedures were used. Subsequently, scores observed
during films were divided by the standard deviation of physiological
scores during baseline intervals to neutralize interindividual dependencies
between reaction ranges and mean levels. The resulting scores have
equivalent ranges making these suited for a comparison of responsiveness
in different response classes and for a definition of response patterns.

It was argued that interindividual differences in (a) mean physiological
levels, (b) time-trends in physiological levels, and (c) autonomic
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variability must necessarily be dealt with to be able to optimal study the
consistency of short-term behavioral variations during films. Nevertheless,
these gross physiological measures may represent interesting aspects of
individual functioning in and of themselves. In psychophysiological
research surprisingly few attempts have been made to assess the consisten-
cy of gross physiological measures such as pace of adaptation (cf. Koriat,
Averill, and Malmstrom, 1973). However, studying the relationships with
self-report measures, these gross physiological measures may even exhibit
more coherence than differences in physiological responsiveness to dif-
ferential stimulation. For instance, during experimental stimulation, the
physiological levels of people who score high on neuroticism may be equal
to the levels of those who score low. However, people who score low on
self-reported neuroticism may exhibit a larger increase in response from
lower baselines than persons who score high. (cf. Zuckerman, 1990).
Moreover, the impaired rate of recovery from stressful stimulation, e.g.,
adaptation to the experimental setting as such, may be more characteristic
of specific individuals than differential responsiveness or arousability
(e.g., Anderson, Stoyva, and Vaughn, 1980; Lader, 1967; Lichstein, Sallis,
Hill, and Young, 1981). Consequently, not only the consistency of
autonomic reactivity of distinct physiological systems and autonomic
response patterns will be studied, but also the consistency of these three
gross physiological measures that were removed from the reaction scores.

Generalizability theory (Cronbach, Gleser, Nanda, and Rajaratnam,
1972) is considered to be the most appropriate instrument for both es-
timating the amount of behavioral, e.g., physiological, consistency arising
from multiple controllable sources and inspecting which specific sources
attenuate consistencies. Before presenting the specific outline of the cur-
rent consistency study, let us look at the computational decisions that have
to be taken before a consistency study is carried out.

Estimating Behavioral Consistency

The generalizability coefficient, indexing the percentage of variation in
observed scores due to a specific facet or combination of facets, is con-
sidered to be the most appropriate statistic to describe the degree to which
specific consistencies hold, or, more specifically, to assess which per-
sonality model is most suited to describe psychophysiological consistency
(chapter  1).  As  part  of the consistency study, the researcher  has to decide
whether and how scores are standardized; whether the levels of the dif-
ferent facets are treated as a random sample from the population or
universe of generalization, or whether these levels are treated as fixed;
whether all facets are crossed or whether some facets are nested within
other facets; how negative values of variance components are to be
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treated; what has to be done with generalizability coefficients obtained
from universes with different sample sizes, and; finally, how general-
izability coefficients are calculated.

Standardization

To study the consistency of response patterns, the scales of measurement
of distinct response classes have to be equivalent. If scores are standard-
ized over persons, films, and occasions (e.g., Anderson et al., 1972), then
all the main effects and interactions are easy to interpret and account is
taken Of the fact that some persons on some occasions hardly react in a
specific response modality. However, in psychophysiological research,
such z-scores will chiefly reflect individual differences in basal level.
Moreover, relevant information regarding the direction of reactions during
experimental stimulation with regard to baselines will disappear if scores
are standardized in this way. Consequently, such a procedure is not
adopted here. In the current study, the scores of separate physiological
variables have been standardized within persons within occasions by
dividing the trend-corrected reactivity scores during films by the standard
deviation of scores observed during baseline intervals (chapter 6).

Random-effects Model

Despite the fact that not all facets have been sampled randomly by stan-
dard definitions, I will use a random effects model to estimate variance
components. Many other experimenters have treated all facets, including
situations, as random (see e.g., Cronbach et al, 1972; Endler, 1976; van
Heck, 1981; Ozer, 1986; Joe and Woodward, 1976; Mariotto and Paul,
1975; Shavelson and Webb, 1981; Shavelson, Webb, and Rowley, 1989).
There are several reasons to use a random-effects model (cf. Ozer, 1986).

First and most importantly, only the random-effects model permits
estimation of all variance components without assuming interaction com-
ponents to be zero. For instance, in a Person-Situation (PxS) design, the
situations will seldom be a random sample of the universe of possible
situations. Consequently, choosing other situations from this pool will
probably affect generalizability estimates. However, by treating situations
as a fixed facet, interactions of situations with other facets are concealed,
being pulled into the main effect or into the interactions of other variables
(cf. Cronbach, 1975). From a psychological point of view it is unwar-
ranted to assume the PxS interaction to be zero, because this component
certainly has a psychological meaning (cf. Endler, 1976). Statistically,
treating a facet as fixed implies that it is averaged over all levels of the
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facet and that the generalizability of these averages over the random
facets is studied. In a sense such a procedure contradicts the rationale of
generalizability theory that is in essence a random facet measurement
theory (cf. Shavelson et al., 1989). Especially in a first step of analysis, an
all random model will give the researcher the best information on all pos-
sible sources of variation. "To suppress a variable that might not recur [e.g.,
from an environmentalist point of view,] is bad observing...[and] shaping
conditions to represent a hypothesis" (Cronbach, 1915, p.124).

Secondly, random-effects models provide lower generalizability es-
timates (Cronbach et al., 1972; Ozer 1986). Hence, any bias introduced
through the use of an inappropriate model will be in a conservative direc-
tion.

Thirdly, traditional definitions of random sampling (e.g., Ferguson,
1976; Winer, 1971) may be unnecessarily narrow. Instead of demanding
full specification of a universe of observations and subsequent random
sampling from it, one could argue that the facet may be considered ran-
dom if the obtained observations could be exchanged with un-obtained
but potential observations (e.g., Ozer, 1986; Shavelson and Webb, 1981).

Using a random effects model to estimate variance components does
not mean that we simply want to generalize the results of analyses to other
un-sampled members of the population. Such generalizations ought to be
based upon replication (Endler, 1976; Ozer, 1986).

Crossed Design

In the design of the current study, four facets (persons, films, responses,
and occasions) are treated as crossed, while scenes are treated as nested
within films. A design involving nesting confounds two or more of the
variance components. Consequently, unless there are very clear reasons to
nest facets, to assume completely matched data or crossings is more infor-
mative (Cronbach et al., 1972; Shavelson and Webb, 1981).

If we treat occasions as different because these occur on different
calendar dates (with different weather, etc.), occasions are to be conceived
as nested within persons, that is, there are separate occasions for each
individual. Since extinction of response is hypothesized to occur when an
individual is confronted with the same experimental session a second time,
there is good reason to distinguish between the occasions and treat them as
crossed with other facets. Treating all facets as crossed is the only way to
obtain insight into the consistencies of all effects; that is, all variance
components can be estimated. In a later step of analysis, after having pic-
tured all sources of systematic variation, I might decide to treat some
facets as nested. For instance, occasions may be treated as nested, if there
are no systematic effects associated with this facet.
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Treatment of Negative Values

Sometimes, especially with small sample sizes, estimates of variance com-
ponents will be negative because of sampling errors. In that case, I will
substitute zero for the negative estimate of the component when it enters
any equation higher in the table of estimated mean squares. If many es-
timates of variance components are negative, the model may be specified
wrongly (e.g., Cronbach et al., 1972; Shavelson and Webb, 1981; Webb and
Shavelson, 1981).

Estimating Variance Components

In generalizability analysis, estimated variance components are the basis
for indexing the relative contribution of distinct sources of variation.

The first step in computing variance components is to perform a usual
analysis of variance. This produces the familiar table of sums of squares,
degrees of freedom and mean squares. Such mean squares cannot be added
since each is a composite of variance due to several independent variables,
their interactions, and error. Nor can they be used to describe the relative
contribution of each source of variance. For that aim, the mean squares
are broken down into the variance components that contribute to it. In a
model with all facets crossed, the obtained mean square is taken as an un-
biased estimate of the expected mean square (EMS) for the particular ef-
fect, that is, the mean square that could be "expected" given the specific
facets that are studied. In a model with one or more facets nested, the
sums of squares and degrees of freedom resulting after analysis of
variance are added over the confounded sources, and the combined sums
of squares are divided by the combined degrees of freedom to yield the
expected mean squares for the confounded sources. The EMS's can be
shown to be weighted sums of the components of variance. In a design
with three or less facets crossed, so-called Venn diagrams (Cronbach et
at., 1972) can be used to write down the variance components contributing
to the EMS's.

As an example and to make the reader familiar with the notation used
in the current study, the equations for expected mean squares in a PxsS
design, consisting of np persons (P) and n, scenes (s) nested in ns films (S),
are presented in Table 8.1. More details for estimation of variance com-
ponents in random and mixed effects models can, e.g., be found in Cron-
bach et at. (1972), Endler (1976), Shrout and Fleiss (1979), and Vaughan
and Corballis (1969).
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Table &1  Equations for Expected Mean Squares in a PxsS design; estimates of variance components
arc computed by solving the sct of equations starting from the bottom

Ps.Pss;  +  npa: S.ss   +  nsvE ps  +   npn,12 s
EMS,       =  0' p,16&  +  n,vi ps  +  n*·nsg' p

EMSps        =  0' P'J':S   +   49' PS
EMSS's      =  02 Ps,Pssi  +  npv: 8, S

EMSPs,PAS&        =  " Ps"S 

Generalizability Coefficients

In generalizability theory as originally formulated by Cronbach and
coworkers, the objects of measurement, often people, are not a source of
error and are, therefore, not defined as a facet (cf. Shavelson and Webb,
1981). However, in testing laws that are assumed to apply to the human
species in general (Situation-specific Consistency), the persons belong to
the universe of generalization and are interpreted as a source of error.
Consequently, to do justice to the multidimensional nature of lawful
variability in behavior, I will follow Ozer (1986) in the conception of the
person as a facet.

Table &2 Equations for estimating gencralizability coefficients in a PxsS design

a: p

P , P(Px.)                                =
tp  +  02 Ps/ni  +  02 1•:.P:SJ(n''m's)

ts
P , S(p=S)                             =

0' s + 0' ps/n'p + 02·,S/11,8 + a, P,VBJ(n'p·n'*)

O/ps

P, ps(Pxss)                 =
02 ps   +  a' ps;P,S /n''

(,p + aips

P' P+PS(Pns)                 =
ai P  +  aips  +   02 psbs,e/n's

As an example of the computation of generalizability estimates, equations
for four generalizability coefficients (pzp, pss, pzps. and psp+ps) in a
PxsS design are shown in Table 8.2 (see Table 8.1 for the computation of
estimates of variance components). The number of conditions or levels to
be sampled of facet i is indicated by n'i. In the generalizability estimate,
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ps, two parts of information are represented: first, the kind of consisten-
cy that is studied (i.e., the universe score) and, secondly, between brack-
ets, the universe of generalization. Nested factors are denoted in small let-
ters. Throughout this study, this notation will be used. For instance,
P2PSR(PX,S*RiD will refer to the generalizability of scores of person (P), film
(S), and response modality (R) combinations in a universe of
generalization in which scenes are nested within films, and films have
been presented on more than one occasion (T). And, the generalizability
of scores of persons during a specific film (i.e., the mean score during all
scenes of a specific film) on a specific variable over occasions, is indicated
by pspcpm, which is computed as follows: 02p/(aEp+azpr/n'J. More
details for computation of variance components and generalization es-
timates can be found, e.g., in Cronbach (1984), Cronbach et al. (1972),
van Heck (1981), and Shavelson and Webb (1981).

Test-length

To estimate, for instance, the score of an individual on a trait, a long test
is generally better and less influenced by chance than a short test (cf.
Cronbach, 1984). An observation of autonomic responsiveness during one
distinct scene of a film is a poor sample of autonomic responsiveness
during films. The more films are presented, the better the estimates of
autonomic responsiveness of persons during films will be. The more obser-
vations are included in a facet. the higher the generalizability of the
universe score will be. When confronting 44 subjects (P) with 7 films (S)
on 2 occasions (T), the sample sizes of these facets are 14, 88, and 308,
respectively. Consequently, the generalizability of scores during occasions
over persons and films will have a high chance of being larger than the
generalizability of the other two universe scores. In the same design, the
generalizability of PxT interactions over situations may be higher than
that of PxS interactions over occasions, because 3.5 times as many obser-
vations are included in the universe score of the first effect.

The vulnerability of variance components for sample size is considered
to be the achilles heel (Shavelson and Webb, 1981) of generalizability
theory. For several questions, the vulnerability of variance components
and, consequently, of generalizability coefficients for test-length is not a
problem. For instance, we can compare p:pR(Px,zii, (i.e., the Individual-
specific Consistency of response profiles) observed during one film with
the consistency observed during another film without problems, because
the number of levels of all facets are equal in both tests. However, it is
difficult to compare generalizability coefficients when sample sizes differ.
For instance, when comparing unidimensional activation models of
autonomic responsiveness with models assuming response patterns to oc-
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cur, the consistency of nonspecific responsiveness is favored since more
observations are included in the universe score. For the same reason, the
generalizability of person-situation interactions over time, P:ps(p*sir), is
favored above the generalizability of scores of persons over time and
situations, P.pgun' because the test-length of the latter consistency is ns
times as large as the test-length of the first consistency.

These sample size influences are not artifacts. but sound reflections of
the reality that the consistency or reliability of scores tends to rise if more
measurements are taken. Nevertheless, it is unsatisfactory to conclude that
the generalizability of specific prediction models is larger if over and
above differences in variance differences in sample size explain consisten-
cies. For instance, in the person-situation debate, the personologist might
prove his prediction model to be superior by sampling behavior of few
(heterogeneous) individuals in many (homogeneous) situations, while the
situationist might support his model in a setting in which many (homoge-
neous) subjects are confronted with few (heterogeneous) situations.

To deal with problems of interpretation following from unequal sample
sizes, three not mutually exclusive, but overlapping means have been
proposed: the calculation of unit sampling generalizability coefficients
(Golding, 1975), the use of the Spearman-Brown prophecy (see e.g.,
Cronbach, 1984; Cronbach et al., 1972; Ozer, 1986; Murphy and Davids-
hofer, 1988; Rust and Golombok, 1989; Shavelson and Webb, 1981), and
the changing of specific frequencies within the universe score, i.e., n'i in
the generalizability formula (Cronbach et al., 1972).

Unit sampling generalizability coefficients are estimates of coefficients
that would have been obtained if only one level per facet had been
sampled. Such coefficients are calculated by replacing all ni's by one in
the generalizability formula (see Table 8.2).

Another way to correct for unequal sample size, is to apply the Spear-
man-Brown formula to estimate coefficients for an equal hypothetical
number of levels of specific facets in the universe of generalization. One
can, for instance, arbitrarily choose a test of n observations as the standard
against which coefficients observed in tests of different lengths may be
compared, and subsequently apply the Spearman-Brown formula to
predict the effect on generalizability estimates of lengthening or shor-
tening the test to a length of n observations:

2              k · PL 
(8.1)P imatcd I

1 + (k-1)· PL.a
where piobseNed is the generalizability estimate calculated in a specific

study, and *.imjted is the estimated generalizability of a test made k times
as long to a test-length of n.
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In a two-facet design, shortening the test-length to one with the Spear-
man-Brown formula, leads to the same results as unit sampling coef-
ficients. The same holds for the two-way interaction consistency in a
three-facet design, the three-way interaction consistency in a four-facet
design, etc. However, this relationship does not hold for all the other con-
sistencies. To make generalizability coefficients of different sample sizes
comparable, the Spearman-Brown formula is preferred over unit-sampling
coefficients. The more the "new" sample size departs from the actual
sample size in the universe of generalization, the worse the sample-size-
corrected generalizability estimate will be. Unless sample sizes in a study
are small, the unit-sampling procedure is always a very radical procedure
to take account of test-length influences.

In a multifacet design, accuracy of generalization is a function of the
sample size for each facet (Cronbach et al., 1972). Although the
generalization is improved by increasing the number of observations
sampled for a specific facet, there is no simple formula relating the
overall generalizability to the total number of observations. Therefore, as
a multifacet alternative to the Spearman-Brown formula, Cronbach and
coworkers propose a more sophisticated procedure to take account of the
sample size of specific facets. One can study the effects of increasing or
decreasing sample size of specific facets by changing the frequency of one
or more of these facets in the generalizability formula, i.e., n'i.

For instance, by changing  n'T in a generalizability formula from 2  to  1,
an estimate is provided of the generalizability of scores during one oc-
casion as predicted from the generalizability estimate observed over two
occasions (see e.g., Table 6.4).If interaction effects of the time-facet with
other effects are pronounced, then the generalizability estimate will
change considerably as a result of this procedure. The effects on
generalizability may be compared with effects resulting from dividing n'S
by two. The resulting test-length of, for instance, Individual-specific
Consistency, p:p*s*T), is equal for both manoeuvres. However, the
generalizability estimates resulting after the two procedures may differ
considerably showing PxT-effects or PxS-effects to more attenuate the
consistency of person-effects over situations and time.

These procedures to correct for sample size are only used to statistical-
/y compare generalizability estimates of different test-lengths. From these
estimates we cannot infer what the generalizability will be if the sample
size of specific facets is made k times as long in reality. Such inferences
have to be based on replication.
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The Study of Psychophysiological Consistency

Consistency can be studied from several perspectives. First of all, as has
been explained in part I of this book, competing personality paradigms
emphasize different types of consistency. Many studies have been devoted
to this issue, but physiological consistency has scarcely been dealt with
from that perspective. Accordingly, the data will first be scrutinized from
the point of view of different personality paradigms, notably the per-
sonologist and the interactionist positions (study 1).

In addition, other types of consistency merit attention as well. The
situationist position emphasizes consistency as a function of different
situations. A major question to be answered is, whether different films
have the power to elicit specific patterns of autonomic responding.
Another question to be answered is what the effects are of presenting the
same films twice. Both issues, the effects on autonomic responsiveness of
films and of different occasions, will be investigated in study 2.

Finally, an intriguing problem left still unresolved concerns the consis-
tency of gross physiological measures. Although discarded from respon-
siveness scores in Part III of this book, it is important to know whether
the pace and magnitude of trend, as well as the mean level and autonomic
variability observed during baseline intervals, are consistent aspects of
responding, and to what degree these gross measures are related to the
residual reaction scores used in the main analysis. Study 3 will be devoted
to this issue.

Method

The procedural specifications of the current study are described in chap-
ter 2. The data reduction procedures adopted to optimally define
autonomic reactions are summarized in the final paragraph of chapter 6.
The equations for the calculation of responsiveness scores on the two
dimensions of the response pattern classification have been presented in
chapter 7.

In the computation of estimates of variance components an all-random
model is chosen. Except for scenes (s) that are nested within films, all
other facets, i.e., persons (P), films (S), response classes (R), and occasions
(T), are treated as crossed. Negative estimates of variance components will
be replaced by zero. The generalizability equations to be used to answer
the    questions of 'study    l' are listed   at   the    end   of this chapter. Other
generalizability equations used in the current study may be written by
symmetry.

In 'study l' and 'study 2', for the analyses of consistency of autonomic
responsiveness, persons having missing values during one or more film-
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scenes on one or more physiological variables (Table 2.1) will be deleted
from analyses, leaving us with 44 subjects. The 53 subjects participating
on both occasions will enter in the stability-analyses of gross physiological
measures. Since two subjects had missing electrodermal scores during oc-
casion one, 51 subjects will enter in the analyses of this variable.

As a measure for basal physiological level, the mean score during
baseline intervals will be taken. The slope of the linear regression line

predicting physiological levels during baseline intervals from the duration
of the experiment, will enter analyses as a measure for pace of within-
session adaptation. Finally, the standard deviation of scores during
baseline intervals, after correction for trends, will be taken as a measure
for autonomic lability.

Within-session trends, autonomic variability, and mean autonomic
responsiveness, may all be related to mean physiological levels of persons
(chapter 6). Therefore, in addition to the consistency analyses of these
gross physiological measures, the consistency will be inspected after
having neutralized base-level dependencies with a linear regression
procedure. Since between-session habituation effects may be expected to
occur for all gross physiological measures and since also data reduction
procedures have been carried out within occasions, correction for base-
level dependencies will be carried out within occasions.

Study  1.  Personality  and  the  Consistency of Autonomic Responsiveness

Three types of consistency-models of autonomic responsiveness will be
compared. First, the "classical" personality model, assuming Individual-
specific Consistency, irrespective of situational variability and time, i.e.,
/sC. Secondly, the interactionist personality model, assuming Individual-
Situation-specific Consistency to occur over and above IsC, i.e.,
IsC+ISsC. Finally, the degree of consistency of person-situation interac-
tions will be looked at without taking account of overall individual dif-
ferences, i.e., ISsC.

These analyses will be carried out within occasions, using scenes within
films as replication facet, as well as over occasions. In the analyses of
Individual-specific Consistency, close attention will be paid to the sources
attenuating generalizability. To explore which films are involved in sys-
tematic person-film interactions, for distinct films individual-specific
generalizability estimates will be calculated. These consistency estimates
will be compared with the cross-occasion stability of autonomic respon-
siveness of persons aggregated over films. If person-film interactions are
pronounced, then the individual-specific generalizability estimates of
scores during distinct films will be higher than the estimates of aggregated
responsiveness scores.
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The three types of consistency, IsC, IsC+ISsC, and ISsC, will be studied
for four definitions of autonomic responsiveness: (A) responsiveness as
manifested in distinct physiological scores and on the two dimensions of
the response pattern classification as derived in chapter 7, (B) respon-
siveness as manifested in autonomic response patterns, (C) general, i.e.,
nonspecific, responsiveness, and (D) responsiveness as manifested in
autonomic response patterns and general responsiveness at the same time
(B and C). For each type of autonomic responsiveness, specific
generalizability estimates will be obtained to reflect the three models.

Table 8.3  The generalizability estimates that will be used to estimate Individual-specific Consistency
(IsC),  IsC and Individual-Situation-specific Consistency combined (IsC+ISsC),  and  ISsC
alone, for four types of autonomic responsiveness during films: (A) responsiveness as
manifested in distinct physiological variables and in scores on the two dimensions of an
cmpirically derived response pattern classification, (B) autonomic response patterns, (C)
general responsiveness, and (D) autonomic response patterns and general responsiveness
combined

At                    B                     CD
IsC Plp P'PR P:p Prp+PR

IsC + ISsC P'P+ps P'PR+PSR P,P+ps P2P+PS+PR+PSR
ISsC P' ps PI PSR P/ps P'PS+PSR

1    Qnsistency for this type of responsiveness will bc computed in the PxsS and P=SxT universes of
generalization, whereas the other consistencies are computed in the PxsSxR and PxsSKRxT univer-
Ses

( A)  Distinct  physiological  variables.
The universe scores to be compared for distinct physiological variables
and the dimensions of the response pattern classification, are P, P+PS, and
PS, respectively. The generalizability coefficient pE indicates theP(Pns)
amount of generalizability of scores of specific persons over scenes and
films, i.e., it is a measure for the accuracy in predicting the score of a
specific person during any scene of any film from knowledge of the mean
score of the person alone. The interactionist counterpart, PEP+ps<px,s), in-
dicates the amount of generalizability of scores of specific persons in
specific films over scenes of films; i.e., it is an estimate for the accuracy
in predicting the score of a specific person during any scene of a specific
film from knowledge of the overall mean score of a person and the mean
deviation score of the person during a distinct film (where deviation
stands for deviation from the mean score of the person during all films
and deviation from the mean of all persons during the specific film).
Finally, /ps(P=S) indicates the amount of generalizability of person-film
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combinations over scenes of a film, i.e., it is a measure for the accuracy of
predicting the deviation of a score of a person during any scene of a
specific film on the basis of the mean deviation of the person during the
film. The cross-occasion stabilities of these types of consistency are es-
timated with PEP(hiwn' Pz,+ps(kiwo, and PEPS(P=S:m, respectively.

(B) Autonomic response patterns. The universe scores to be compared
for autonomic response patterns are PR, PR+PSR, and PSR, respectively.
The interpretation of the six types of consistency, P*PR(Px,S*R),

P PR+PSR(Pd<R), P PSR(Px,ScR), P2PR(Px*S*R:tr), PEPR+PSR(P=SIR:tr), and P2PSR(PDS*10*D,
is the same as the interpretation for distinct physiological variables.
Moreover, since sample sizes are equal, the consistencies found may be
compared with these of the distinct variables.

(C) General responsiveness. As in the analysis of distinct physiological
variables, the universe scores to be compared are P, P+PS, and PS.
However, in the case of general responsiveness, the universe score is the
mean score of a person over all eight physiological variables. The sample
sizes of these generalizability estimates are eight times as large as those of
the other definitions of autonomic responsiveness. The generalizability
coefficients reflecting consistency in general responsiveness, are:
PZP(PX,SIR)• PEP+PS(Px,SIR)• PRPS(Px,SIR), PEP(Px.S*Rin' PRP+PS(Px,S:,Rin, and
PIPS(P=SIRil)·

(D)  Autonomic  response  patterns  and  nonspecific  responsiveness.  In  the
generalizability coefficients of autonomic response patterns (definition B),
variations in general responsiveness, i.e., increase or decrease in all
variables, are ignored. In contrast, the two-dimensional response pattern
taxonomy that has been found to meaningfully order the response patterns
observed in the current study, does allow for qualitative differences in
response patterns as well as quantitative differences in general respon-
siveness. The contribution of nonspecific activation over and above
amount of variation explained by response profiles per se is described by
the following generalizability estimates: pip+PR(P=SxR), PEP+PS+PR+PSR(P=S*R),
P PS+PSR(P*8*R),  /P+PR(P=S*RM,  P2P+PS+PR+PSR(h,SIR,tr),  and  PEPS+PSR(PuS*,btr)•  The
generalizability coefficients used to estimate the consistency of the three
models are summarized in Table 8.3. The equations used to calculate
generalizability estimates are appended at the end of this chapter.

The generalizability obtained with the fourth response specification
does best describe the consistency of responsiveness scores as located in
the two-dimensional response pattern taxonomy derived in the previous
chapter. That is, consistency for this type of response specification
includes consistency as manifested on one of the vectors of the two-
dimensional plane, e.g., the first or second dimension, the diagonal vectors
assumed to arrange patterns according to alpha- and beta-adrenergic ac-
tivity, as well as differences in general responsiveness (Table 7.2 and
Figure 7.2). Moreover, this type of consistency will be high if consistent
patterns are distributed over the entire two-dimensional plane.
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Within-occasion analyses

The results of the within-occasion and cross-occasion analyses are brought
together in Table 8.4.

Table 8.4 Individual-specific Consistency  (IsC),  IsC and Individual-Situation-specific  Consistency
combined (IsC+ISsC), and ISsC alone for four types of autonomic responsiveness during
films: (A) responsiveness as in distinct physiological variables and in scores on the two
dimensions of the response pattern taxonomy, (B) autonomic response patterns, (C)
general responsiveness, and (D) autonomic response patterns and general responsiveness

test-length                              (A)                        (B) (C) (D)
(A,B,D) (C) model -HP -PIT -1WA RR DBP SBP GSL .FIT diml dind

Occasion 1 (PISS) (PxsSxR)

(1)  28 224 IsC .87 33 .86 .89 .78 .73 .69 30 .78 .84 .74 .61 .76

(2)         4      32      IsC + ISsC  .91 .95 .92 .88 .93 .94 .97 .98 .96 .92 .93 .68 .94

0) 4 32 ISse .82 .94 .85 .76 .90 .92 .96 .98  .95  .85 .90 .63 .91

Occasion 2

(4)  28 22A IsC .89 .75 .80  .88 80 .74 30 39 .80 .79 .69 .70 .75
(5)         4      32      IsC + ISsC  .88 .96 .92 .89 .94 .94 .97 .98 .97 .90 .93 .74 .94

(6)   4  32 ISsC .74 .94 .87  .78 .90 .91 .97 .98 .95 .85 .91 .66 .92

Occasion land 2  pxss*r) (rxssxI;in

(7)  56 448 IsC .68 35 .71 .78 .68 .33 .46 .25 .63 .65 30 39 38

(8)         8      64      IsC + ISsC  .63 .44 34 .69 .64 30 31 27 .65 37 .43 37 32

(9)   8  64 ISsC .46 .32 15 .45 31 31 .46 .23 38 39 32 .47 .40

The consistency estimates of the within-occasion analyses are generally
quite high, ranging  from  .50  to .98 (Table  8.4,  rows  1-6). But there  are
clear differences with regard to the definition of autonomic respon-
siveness as well as the personality models. Single variables and the two
dimensions of the response pattern taxonomy (A), response patterns (B),
and response patterns and general responsiveness combined (D) exhibit
more consistent results in any personality model than general, nonspecific,
responsiveness (C). Of the personality models, the combined model
(IsC+ISsC) exhibits more consistency than the interactional model (ISsC)
with almost any type of autonomic responsiveness. Though rather high,
the consistency estimates of the personologist model (IsC) are smaller than
the consistency results of the interactional model (ISsC) with almost all
types of responsiveness studied. It is concluded that, within occasions, in-
dividuals show over and above unique autonomic patterns (traits), consistent
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differential reactions to specific films that cannot be explained on the
basis of individual differences per se (states).

Cross-occasion analyses

The cross-occasion analyses generally reveal lower consistency values than
the within-occasion analyses (Table 8.4, rows 7-9). This is not surprising,
since a new facet (T) has been added to the universe of generalization.
There are, however, some marked differences with the results obtained in
the within-occasion analyses. Regarding response definitions, the order of
consistency has been more or less reversed: most consistent over time are
responsiveness as manifested on the two dimensions of the response pat-
tern taxonomy, especially dimension one (A) and general responsiveness
(C), whereas autonomic patterns (B) are least consistent in that respect. A
remarkable change has also appeared with the personality models tested.
Only for responsiveness as manifested on the first dimension of the
response pattern taxonomy, the stability observed for the combined model
(IsC+ISsC) equals the stability observed for the personologist model (IsC).
In general, however, the personologist model (row 7) turns out to yield the
most stable results, whereas the interactionist model is the least consistent.
For instance, with the autonomic pattern definition of responsiveness with
general responsiveness included (row D), the personologist model gives a
coefficient of .58 which is not very much below the values obtained in
occasion one (.76) and occasion two (.75). However, the interactionist
model gives a coefficient of only .40 which is well below what might be
expected on the basis of the values obtained in occasion one (.91) and oc-
casion two (.92). This can only mean that (a) individuals have a general
preference for using specific patterns; (b) within occasions these patterns
are linked consistently with specific situations, and; (c) the links between
patterns and situations are unstable over time. In conclusion, as measures

of personality, patterns of physiological responding are rather consistent
across situations and stable, but not very stably linked to specific situations.
In more general terms this finding means that persons draw from a unique
and limited resource of response possibilities, a response to be applied
during a specific situation at a specific moment, irrespective of minor
fluctuations in the situation.

Analyses per film
For most response definitions, the stability of individual differences ob-
served during any film (IsC+ISsC) is lower than the stability of individual
differences in responsiveness during the entire occasion (IsC). This may be
explained by the larger sample size of the latter component as well as by
marked PxT interactions occurring for specific films. In Table 8.5, the
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consistencies presented in Table 8.4 (row 7), but now for scores ag-
gregated over scenes, are displayed for distinct films and compared with
the mean responsiveness score observed during all films.

Table 8.5 Cross-occasion stability of individual differences in autonomic responsiveness during films
and during occasions for four types of autonomic responsiveness: (A) responsiveness as
manifested in distinct physiological variables and in scores on the two dimensions of the
response pattern taxonomy, (B) autonomic rcsponsc patterns, (C) general responsiveness,
and (D) autonomic response patterns and general responsiveness (N=44); scores during
films have been aggregated over scenes

(A)                       (B)  (C)  (D)
FILM -HP   -PIT .TWA RR DBP SBP GSL .FIT diml dim2

Overwork 33 .44 37 36 .45 .19 .00 .00 35 38 .24 31 29
Intrigue  .75 .49 39 .75 .73 .68 A2 .00 .72 .70 32 .62 .60

Low-Making .74 39 .67 .67 .79 .64 .64 .18 .70 .65 36 36   .61
Lesson .60 10 36 33 .37 .19 35 .25 38 37 3 .60 A4
Driving-Test .67 .64 .50 .74 39 .35 36 .36 .63 .61 .46 35 33
Deathbed .68 .43 .63 .73 .74 .78 .63 34 .82 .67 31 .72 .64
Museum .49 A4 35 39 .65 .44 .36 33 .67 30 38 38  A8

all films .73 .64 .74 .83 .78 .48 .62 .35 .74 .71 39 .67 .67

The sample sizes of these universe scores are equal. Since, in general, the
responsiveness scores of persons aggregated over films are more stable
than the responsiveness scores observed during distinct films, these
analyses confirm the conclusion arrived at above.

Systematic sources attenuating Individual-specific Consistency
More than systematic person-film interactions, systematic person-occasion
interactions reduce the consistency of individual differences (Table 8.6).
From a psychometric point of view, given the number of levels included
in the facets Of the current study, the universe score P+PT, i.e., individual
differences per se and individual between-session habituation, is more
interesting than the universe score P+PS. Though less marked, this dif-
ference persists if account is taken of differences in sample size (Table
8.7).



Table 8.4 Truc scorc percentages and "crrof score percentages of Individual- (IsC), Situation- (SGC), and Occasion- (OsC) specific Consistencies of
distinct physiological variables, response patterns, and response patterns and unidimensional responsiveness

SOURCE .Hp .prr .TWA RR DBP SBP GSL -FIT SOURCE SOURCE

Pasc) 67.8 552 70.7 78.3 683 333 46.0 24.9 PR OSC) 503 p+PR OSC) 58.2

PS                      4.7 8.9 3.0 4.1 8.8 119 15.6 9.7 PSR 7.7 PS+PSR 8.3

Pr no 16.9 17.6 117 143 39.2 20.0 337 PKT 25A PT+PRT 21.2

PEr 3.6 17A 7.2 3.1 11 113 17.3 30.9 PSRT 143 pEr+psxr 10.8

Ps,PsS              .7         .2 .3 A 3 .6 .3 .3 PsR,PsSR 3            Ps,PsS+PsR,PsSR                           .4

PsT#sSI, 1.2 1.3 13 1.4 1.0 1.4 .8 .6 Pslrr,P,SKr, 1.6 PsT,PsST+PsRT,PsSRT,e       1.1

S (SSC) 70.0 683 63.3 841 80.6 83.0 79.0 803 SR (Sse) 79.0            S + SR (SsC) 78.6

*SS 4.4 1.1 33 62 1.8 11 .9 3              sRASR                            2.2             s,sS + sRASR 1.7

PS 16 3.0 2.8 43 1.7 2.4       2.3 1.0 PSR 2.2 PS+PSR    2.1
Er 17.6 19.1 19.3 .0 13.9 93 14.7 14.6 SRT 11A sr+SKT 13.9

Ps#sS .4 .1 3 .4 .1 .1 .0 .0 PsRPBR .1 Ps,PsS+PsR,PsSR  .1
ir,ssr 23 1.8 23 .0 3 .3 3 .1 sRT,ssirr .6            sT,sST+BRT*SRT                          .6

Tsr 10 50 7.0 33 1.4 2.0 16 11 PSRr 4.0           PST+ART                                        2.7

Pir#sgr, 1 3 1.2 13 1 .2 .1 .1 PsRTASRT,e .4 PsT,PsST+PsRT,PsSRT,e         .3

T(OsC) 663 77.6 82.9 913 91.6 94.0 816 64.0 wr (OsO 52.8 T+ RT (OsC) 86.9

Tr 11.7 3.9      6.2      63      13      11      13 5.7 PRT 143 Fr+PRI                                              3.1

sr 111 12.9 7.0 .0         63 3.0 11.7 24.7 SRr 218          ST+SRI 7.9

ir= 2.2              1.2               .9                .0               .1                .1                .2                .2            sxr,sSRT                 1.2           sT+SI'+ swr,sSRT                          .3

PSr                   1.9 4.0 23         13          .6 .6 10 53 PSRT 8.0 Pir+PSRr 1.6

PsT,PsST,e .7 3 A .7 .1 .1 .1 .1 PsRr,PsSRT,e .9 PsT,Pssr+Ps'Kr,psSKr, 2
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Table 8.7  Estimated Individual-specific Consistency coefficients as a function of halving the sample
size of the scene-facet (row 2), the film-facet (row 3), or the occasion-facet (row 4), for
four types of autonomic responsiveness: (A) distinct physiological variables, (B) autonomic
response patterns, (C) general nonspecific responsiveness and (D) autonomic response
patterns and general responsiveness

test.  frequency                    (A)                 (B) (C)(D)
lengthi within persons                                                                        P                                                                           PR    P      P+ PR

n', n'S n,T   -HP -FIT -'IWA RR DBP SBP GSL -FIT diml dim2
(1) 56 4 7 2  .68 35 .71  .78 .68 33 A6 .25 .63 .65 30 39 38

(2) 28   2  7 2 .67 34 .70 .77 .67 .33 .45 3 .62 .63 .49 38 37

(3) 28 4  33 2 .61 A3 .63 .72 38 .2634 .18 33 36 .41 31 A8

(4) 28   4  7 1 33 Al 36  .67 36 .22 .33 .15 30 30 .36 .48.43

t the test-length of general nonspecific responsiveness is 8 times as large

Composite responsiveness scores
With regard to the stability of individual differences in autonomic respon-
siveness, if it is very important to consider response patterns instead of
general responsiveness, then the stability of response patterns with general
responsiveness included (D) must exceed the stability of general respon-
siveness alone (C). This is not the case. However, the stability of in-
dividual reaction scores on the two dimensions of the empirically derived
response pattern taxonomy (Table 8.4 and Table 8.5) is relatively high.
Hence, although little is gained by considering response patterns instead
of general responsiveness, the stability of composed reactions is higher if
distinct variables weigh differently in the composite score. In the case of
the films Deathbed and Museum, the stability of individual differences as
manifested on dimension one even exceeds the stability of the most stable
reactivity scores in single variables (Table 8.5). Moreover, Person x Film
interactions prove to be more stable for responsiveness as manifested on
dimension one of the response pattern classification than for all other
types of autonomic responsiveness (Table 8.4, row 8-9). Hence, of the two
dimensions of the response pattern taxonomy, the first dimension that was
interpreted to reflect sympathetic responsiveness comes more to the fore
as a state factor, whereas the second dimension that was interpreted to
reflect primarily parasympathetic responsiveness is more clearly a trait
factor. That is, in taking account of endurable differences in autonomic
response patterns of persons during specific films, it is more important to
consider the interactive influence of traits and situations for respon-
siveness on dimension one than for responsiveness on dimension two.
Since Respiration Rate hardly weighs in the response pattern taxonomy as
derived empirically in the previous chapter, and individual differences in
RR-reactions are quite stable, it is valuable to consider these reactions
over and above reactivity scores on the two dimensions of the response
pattern taxonomy.
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Study 2. Film Effects and Occasion Effects

Apart from behavioral consistency as a function of the person responding,
other types of consistency will be present in the PxsSxRxT universe. It
may be expected that the films used in the current study, representing
divergent situations, will trigger unique autonomic response patterns.
Moreover, between-occasion effects may be expected to occur. The map-
ping of these consistencies as well as inspection of the consistencies of
second-order interactions is the aim of 'study 2' of psychophysiological
consistency. These consistencies will be studied for the four types of
autonomic responsiveness studied in 'study 1' (Table 8.8).

Table 8.8  Gencralizability coefficients  representing the consistencics of main effects as well  as
second-order interactions of autonomic responsiveness in (A) distinct physiological response
classes and scores on the two dimensions of the response pattern taxonomy, (B) autonomic
response patterns, (C) general responsiveness and (D) the combination of autonomic
response patterns and general responsiveness

SOURCE A   B   C   D

P          P 'p(P=Sir) P ' PR(P SIRiT) P / P(Pl xRX'r) P' P+PR(P=SIR,(r)
S            P 22 S(P=SiX) P' SR(PzaR<T) P   s(PxISIRir) P' S+SR(PIES<R£
T pzT[P=Sm P  RT(PlaSxRiI') P, T(P=sxfio P  T + RT(Px,SxlliT)

PS              p'ps p,ssin p 2 PSR(PDSXR T) p 2 Ps(px:SxRxT) P' PS+PSR(Px,SIR r)
Fr        p' Frchian P , PRT(PxsS*Ri D P   FT(PxsS*R,tr) P  Fr+PRT(PxsSx r)
sr   p:ST(p„51% P  SRT(P=SIR, ) P' ST(Pi,RA P 'ST+SRT(P=SIRM

To make comparisons, the individual-specific consistencies obtained in
the cross-occasion analyses of 'study l' are also given.

Film Effects

Consistency of autonomic responsiveness as a function of the film pres-
ented is generally high (Table 8.9). Taking account of test-length, SBP and
FIT follow the situationist prediction model more closely than the per-
sonologist prediction model; GSL about equally complies with both mod-
els; and, for the other five variables, especially HR and TWA, pronounced
higher IsC estimates than SsC estimates are obtained. Comparing these
results  with  the  results of study 1, situational differences as manifested  in
SBP, GSL, and FIT reactivity are pronounced. Whereas the strict per-
sonologist might decide to discard these variables because individual dif-
ferences in reactivity are less consistent and stable, the situationist will be
very glad with these variables since these are highly "reliable".
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Table 8.9  Six types of generalizability in the PxsSxRxT-universe for four types of autonomic respon-
siveness: (A) rcactivity in distinct physiological variables and as manifested in scores on
dimension 1 and dimension 2 of the response pattern classification, (B) responsiveness as
manifested in autonomic response patterns, (C) general nonspecific responsiveness, and (D)
reactivity as manifested in autonomic response patterns and general nonspccific respon-
siveness

test-length            A       B C D
A,B,D  C   SOURCE   .HP -Prr  -TWA RR  DBP SBP  GSL -FIT dimt diml

56 448 P   .68 35 .71 .78 .68 .33 .46 .25 .63 .65 30  39 38
352 2816 S .70 .68 .63 .84 .81 .83 .79 .81 .81 .88 .79 .66  .79

1232 9856 T .66 .78 .83 .91 .92 .94 .84 .64 .93 .00 33 .91 .87

864 PS .46 32 .25 .45 31 31 .46 .23 38 39 .32 .47 AO

28 224 Pr .82 .48 .67 .74 .64 .75 32 32 .71 .71 .62 A9 .64
176 1408 ST .78 .70 .64 .00 .88 .79 .83 .82 .90 36 .69 .80  .79

Part of the power of the films to trigger specific autonomic responsiveness
is lost when films are presented for the second time. That is, with the ex-
ception of RR, all single physiological variables vary more consistently
with situational variability during occasion one than during occasion two.
However, reduction of consistency of film effects hardly occurs for
responsiveness as manifested on the two dimensions of the response pat-
tern classification.

T      -HP   -PIT  -TWA RR DBP SBP GSL -FIT diml dind B C   D

1 .90 36 .85 .75 .94 .92 .94 .95 .95 .87 .89 .84 .92
2 .62 .74 .38 34 .92 .90 .89 .89 .92 .87 .85 .72 .87

In comparison with person- and time-consistencies, the situation-specific
consistency of autonomic response patterns is markedly higher than the
consistency of general responsiveness (Table 8.8). The consistency on the
two dimensions of the response pattern classification is the type of
responsiveness most consistently associated with films.

As   in the consistency analyses of 'study 1', effects attenuating consis-
tencies of scores during films have been studied. Taking account of
sample-size, interaction effects with scenes of films are generally low,
although variables having a short latency time, i.e., HR, TWA, and RR,
tend to exhibit more scene-bound variability during films (the s,sS-effect
in Table 8.6). As in the case of IsC, the interaction between films and oc-
casions reduces Situation-specific Consistency considerably (Table 8.6).
Again, the sample size of this component exceeds the sample sizes of the
PS- or PST-components, which may be the main reason for predominance
of the attenuating influence of ST-interaction on SsC.
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It is concluded that the medium film is a suitable stimulus to trigger
specific autonomic responsiveness. Especially when films are presented for
the first time, differences in reactivity observed during films are
pronounced. With repeated exposure, some reduction of Situation-specific
Consistency occurs. Pronounced is the stability of film-specific response
patterns. More than in the case of persons or occasions, to map autonomic
responsiveness as a function of the film presented, the response pattern is
preferred over nonspecific responsiveness.

Film-specific response profiles
The mean reactivity scores during films for distinct physiological variables
and for autonomic response patterns according to the two-dimensional
classification scheme derived in the previous chapter, are displayed in
Table 8.10 and Figure 8.1.

Table 8.10 Mean autonomic responsiveness during films for eight physiological variables and for
autonomic response patterns according to the two·dimensional response pattern taxonomy
presented in chapter seven

FILM occas on -HP   -PIT -TWA RR DBP SBP GSL -Frr diml dim2

Oven¥ork 1+2 -.66 .18 .03 .19 -34 .33 .12 -.26 .60 -.11
1 -.29 A8 .44 .32 10 1.09 35 .01 1.68 -.2S

2 -1.04 -.13 -.39 .06 -.91 ..44 -33 -34 -50 .06
Intriguer 1 + 2          -.98 -.26 -.13 .26 -.60 -38 -.42 -.61 -30 -.13

1 -.95 :26 -.06 38 -.37 ..14 -33 ..76 -.12 -.20
2 -1.01 -.25 -.20 .14 -.83 -.62 -31 ..45 -.48 -.06

Inve-Making 1 + 2 -1.03 33 -31 .15 1.26 1.25 1.28 .14 2.13 .82
1 -.94 38 -.47 .28 1.61 1.62 1.62 -.09 253   .78
2 -1.11 A9 -N .02 .91 37 .93 37 1.73 35

Lesson 1+2 -1.18 -.03 -.61 A9 -Al .07 N .12 .43 36
1 -1.23  12 -.60 39 -.13 .48 .87 32 .97    .72

2 -1.13 -.28 -.61 39 :70 -34 .21 -.08 -.12 39

Driving-Test 1+2 -.08  .81 .12 .85 nA .66 -.04 .97 1.80 -13
1 32 1.45 .48 .91 .89 1.09 .60 130 2.97 -39

2 -30 .15 -.25 .78 -.43 .21 -.71 A3 39 -.06
Deathbed 1+2 -1.05 -.05 -.45 .24 -26 .17 -31 -34 .21    -27

1 -1.02 .22 -33 39 -.11 39 -39 -.19 32   -22
2 -1.09 -31 -36 .10 -AO -.06 -.23 -.49 -.11 33

Museum 1 + 2         :90 -.26 -.16 32 -39 -.22 -36 -1.06 -36 -26
1 -36 -.20 ..00 37 -34 .01 ..17 -.78 ..01 -13
2 -.95 -.32 -32 .27 -.63 -.46 -35 -134 ..71 -18

owralI mean occasion     1+2 -.84 .13 -„24 36 ..10 27 .12 ..14 .65 .13
overall mean occasion 1 -.71 36 -.M .46 23 .65 37 .01 1.23 .09
overall mean occasion 2 -.98 -.09 -.41 .25 -.43 -.12 -.14 -30 .06 .17
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Figure 8.1 Location of autonomic response patterns observed during
seven films on two occasions

The most salient responsiveness is observed during the film Love-Making.
Although, especially along the first dimension of the response pattern
classification, some between-occasion habituation occurs, during both
occasions clear a-adrenergic response patterns are observed.

There is a striking resemblance the resemblance between response pat-
terns observed during the films Intrigue and Museum on both occasions.
Apart from yhe respiration rate, which tends to rise following a film
presentation per se (cf. Allen and Boquet, 1989), all other reactivity scores
decrease indicating sympathetic inhibition.

The patterns observed during the first presentations of the film
Driving-Test, and, to a smaller extent, Overwork, reflect sympathetic en-
hancement and parasympathetic inhibition. For both films the between-
occasion habituation of responsiveness is marked. The response pattern
during the second presentation of the film Driving-Test is still located
more in the direction Of sympathetic enhancement than most other pat-
terns, but the pattern observed during the second presentation of the film
Overwork has shifted to the other end of the response pattern clas-
sification.

The pattern most prototypic of parasympathetic enhancement without
simultaneous sympathetic influences is observed for the film Deathbed on
both occasions.

Whereas the pattern observed during the first presentation of the film
Lesson is located in the direction of enhanced a-adrenergic activity, the
pattern observed during the second occasion is located more in the para-
sympathetic-enhancement region of the response pattern classification.

An inspection of the mean reactivity scores observed during films con-
firms what has been found in the consistency analyses. Films are a
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suitable medium to trigger specific response patterns, and much, but not
all, of the Situation-specific Consistency is lost when films are presented
for the second time. For three of the four films that are located relatively
Closely together on the first and second occasion, i.e., Intrigue, Love-
Making, and Deathbed, the cross-occasion stability of Individual-specific
responsiveness is relatively high (Table 8.5 column D). For the fourth
film, Museum, the stability of individual-specific response patterns is less
marked. This follows mainly from systematic PxT interactions on the
second dimension of the response pattern classification (Table 8.5).

Occasion Effects

Consistent occasion effects are restricted to the first dimension of the
response pattern classification (Table 8.9): marked extinction of sym-
pathetic responsiveness is observed for all films (Figure 8.1). In contrast,
time-effects of parasympathetic responsiveness are not consistent at all.
With the exception of heart rate and finger-tip temperature, the consis-
tency of differences between occasions is more pronounced than IsC or
SsC. For both variables, systematic film-with-occasion interactions at-
tenuate the consistency of between occasion effects (Table 8.6). In the case
of heart rate there are also clearly marked systematic interactions between
persons and occasions. The larger consistency observed for occasion ef-
fects than for person- or situation-effects may be a result of the larger
sample size of this type of consistency.

Whereas in the case of Situation-specific Consistency especially
autonomic response patterns had to be considered to take account of sys-
tematic differences between films, to take account of systematic differen-
ces in autonomic responsiveness between occasions, general responsiveness
is much more important (Table 8.9 and Table 8.10).

It is concluded that consistent between-occasion differences occur. More
than in the case of IsC or SsC, this difference is manifested on a
unidimensional activation dimension. Consistent extinction of respon-
siveness with repeated presentation of films is restricted to the sym-
pathetic branch of the Autonomic Nervous System. Hence, again dimen-
sion one of the response pattern taxonomy comes to the fore as a state
factor.

Second-order Effects

As regards sample size, SxT consistencies are expected to be largest and
PxS interactions to be smallest. Three variables do not conform to this
expectation (Table 8.9). In the case of HR, TWA, and RR, the Per-
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son x Time interaction over films is more consistent than the Film x Time
interaction over persons. Correcting the second-order consistencies for
sample size, for instance, by applying the Spearman-Brown formula, PxS
and PxT interactions are about equally consistent, while SxT interactions
are less consistent than the other two. Like situation effects, Per-
son x Occasion interactions in responsiveness are more clearly manifested
in response patterns than in nonspecific responsiveness (Table 8.9). Per-
son x Film interactions  and  Film x Occasion interactions are,  like  be-
tween-occasion effects, most consistent on the first, "sympathetic" dimen-
Sion of autonomic responsiveness.

Study 3. The Consistency of Gross Physiological Measures

The third study of psychophysiological consistency addresses the in-
dividual stability of three gross physiological measures that were
eliminated from reaction scores: (a) mean physiological levels, (b) time-
trends, and (c) autonomic variability during baseline intervals. Hence, the
consistency mapped in 'study 3' is pzp(p r)· The degree of stability of these
three gross measures will be compared with the individual stability of
mean autonomic responsiveness for the eight physiological variables used
in the current study.

Since individual-specific consistencies in basal levels may, for a large
part, follow from non-psychological causes (chapter 6), it is important to
learn whether individual stabilities of physiological measures persist if
dependencies with basal levels are removed from measures of pace of
adaptation, autonomic lability, and autonomic responsiveness.

Basal levels

All correlations between mean physiological levels of the two occasions
are significant at 1 pct level (Table 8.11, column A). The variance
explained by stable differences between individuals is always more than
50 pct. Typically, the individual basal level stabilities of HR, FIT, TWA,
and RR are higher than the stability of the other four variables. In the
two-dimensional taxonomy of autonomic responsiveness, the highest and
lowest cluster means of these four variables are located at the extremes of
the diagonal linking cluster one with cluster five (Table 7.2), while the
maxima and minima of the other four variables are located more at the
extremes of the first, "sympathetic" dimension. Moreover, the Individual-
specific Consistency of autonomic responsiveness over films and oc-
casions, is higher for HR, TWA, and RR, than for SBP, GSL, and FIT
(Table 8.4).
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Table &11  Individual-specific test-retest correlations (r) and stabilitics (a) of four groGG physiological
measures: (A) mean physiological levels during baseline intervals; (B) linear time-trends
before 41) and after M correction for mcan-level dependency; (CD autonomic variability
during baseline-intervals before (ct) and after (cz) correction for mean-level dependency,
and (D) autonomic responsiveness during films before (dl) and after (4) correction for
mean-level dependency

A           4           1'2           4           4           4           4
N r a r a r a r a r a r ara

HP 53 .72b .83 21 .42 32b .48 .650 .79 .650 .78 .610 .75 .63b  .76

Prr 53 34b .69 32b .48 .30* .46 .14 12 .18 .28 34b .49 .33b  .49

TWA 53 .TP £7 .36b 31 .34b A9 .31* .48 .31*  .47   .65b .76 .60  .76

RR 53 .71b   .81   .650 .75 .64b .75 .71b 33 .710 33 .&5  .79 .70 .82
DBP 53 3lb .66 .08 .15 .12 22 .25* .40 .23* 38 .64  .78 .64   .78

SBP 53 .4t 37 32b .49 .36b 33 .470 .64 .470 .64 .37b 35 .44b .61
GSL 51 At .62 .24' 38 .16 .28 51 68 .24* 38 .5+ 74 5+ 74
FIT 53 .44  37 .25a „38 .21 33 .24/ 34 .25. 35 .17 .28 .28* .41

ap< 0       bp<.01 (one-tailed significance)

Considering the high stability of individual differences in HR, TWA, and
RR for basal levels as well as for autonomic responsiveness and the high
correspondence between the cluster means of these variables in the two-
dimensional plane, it is important to know whether it is dependencies of
reaction scores upon basal levels, more than differences in autonomic
responsiveness per se, which have determined the Individual-specific
Consistencies in responsiveness found.

Trends

With the exception of respiration pace, the stability of trends is moderate
(Table 8.11, column B). Neutralizing mean level dependencies does not
significantly alter the individual-specific stability of trends.

Pace of adaptation has been suggested to be related to initial levels
(e.g., Koriat et al., 1973; Lichstein et al., 1981). It may, for instance, be
hypothesized that individuals having higher physiological levels during the
beginning of the experiment, have more room to decrease and will conse-
quently exhibit larger desensitization or acclimatization slopes during the
experiment (chapter 5). Hence, individual-specific stabilities in trends
may follow for the larger part from differences in initial levels. To check
for this effect the consistency of slopes with initial levels neutralized, i.e.,
the physiological levels during the first baseline interval, have been cal-
culated. This procedure did not attenuate the stability of slopes: the cor-
relations between slopes after having partialled out initial levels are .40b,
.36b, .38b, .620, .16, .300, .31b, and .27*, for HP through FIT.
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As has been outlined in chapter 5, circadian rhythms too may underlie
time trends in physiological levels. To check for this effect, both the
stability of trends as well as the stability of mean levels, were compared
for subjects visiting the laboratory at the same time of day and subjects
participating on the two occasions at different times of day. Contrary to
expectation, the latter group exhibits higher stability of trends as well as
mean levels.

Whereas the stability of individual differences in time-trends is most
often not high, trends during separate occasions may represent interesting
aspects of personality that are neither related to differences in initial
levels, nor to differences in basal levels (e.g; following from the part of
the measurement scale in which change occurs), nor to cyclical variations.

Autonomic lability

For GSL, stabilities of autonomic variability scores during baseline inter-
vals are significantly different after mean levels have been removed from
the scores (Table 8.11, column C). Despite relatively high correlations be-
tween basal levels and basal standard deviations for some other variables
(see Table 6.5), neutralizing mean levels from these variability scores does
not alter test-retest stabilities of autonomic lability scores. The stabilities
of HR- and RR-variability clearly exceed the stability of other variables.
Thus, these measures may represent interesting aspects of individual
functioning. The psychological relevance of autonomic lability scores
during baseline intervals may, for instance, be studied by mapping the
coherence with self-report measures of psychological functioning (chapter
9). The cross-time and cross-situation (see Table 6.4) consistencies of
several variables are high enough to be incited to such a study.

Autonomic responsiveness

The individual-specific stability of autonomic responsiveness during films
is quite high for most variables and often exceeds the stability of other
gross physiological measures (Table 8.11, column dl)· In the case of five
variables more than 70 pct of the variation is explained by differences
between individuals. The stability of the composite GSL-score, pip(pir), is
higher than p.p(p.s r) because systematic PxS and PxSxT interactions
disappear in the aggregated score (see Table 8.6). The individual-specific
stability of autonomic responsiveness as defined in the current study is not
the result of individual differences in basal levels. Hence, these measures
are relatively  pure" indices of autonomic responsiveness not affected by
the data reduction procedures adopted in the current study.
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General Conclusions

Within sessions, individuals show over and above unique patterns of
autonomic responsiveness, consistent differential reactions to specific
films. Individual patterns of autonomic responsiveness are rather consis-
tent across situations and stable, but not very stably linked to specific
situations. Although little is gained by considering response patterns
instead of general responsiveness, the stability of individual respon-
siveness is higher if distinct variables weigh differently in the composite
score. That is, the stability on the two dimensions of the empirically
derived autonomic response pattern classification is relatively high.
Moreover, the stability of the Person x Film interactions as manifested on
dimension one of the response pattern taxonomy is higher than the
stability of other types of autonomic responsiveness. Of the gross
physiological measures, individual differences in basal levels and
autonomic responsiveness are more stable than differences in trends and
autonomic variability. Neither responsiveness scores nor trends nor, with
the exception of electrodermal lability, autonomic variability scores, are
markedly affected by individual differences in basal physiological levels.

The medium film is a suitable stimulus to trigger unique and stable
patterns of autonomic responsiveness. More than with individual or time
effects, in the case of film effects, it is important to consider autonomic
response patterns instead of general responsiveness. Part of the power of
films to trigger specific reactions is lost when films are presented for the
second time.

Whereas consistent person and situation effects are manifested in
sympathetic and parasympathetic responsiveness, consistent occasion ef-
fects are restricted to the extinction of sympathetic responsiveness.

Since the benefit of the interactional prediction model is larger for
sympathetic responsiveness than for parasympathetic responsiveness, and
systematic time effects occur exclusively on this reactivity dimension,
sympathetic responsiveness comes to the fore as a state factor here,
whereas parasympathetic responsiveness is more clearly a trait factor
reflecting enduring individual differences irrespective of the situation.

Discussion

In this final part of the chapter, I will return to the answers given to the
main questions that were raised at the start of the study. Moreover, I will
point at some directions research relating to psychophysiological consis-
tency and personality may take in the future. Detailed results as discussed
in this chapter will not be repeated at all here, or only in summary form.
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The study of the meaning of physiological responding for personality
assessment in complex daily life situations was defined as the main aim of
the present study. To grasp the complexity of individual functioning,
instead of a predefined hypothesis to be confirmed or rejected, a descrip-
tive approach taking account of the multi-determinedness of behavior and
the constant interaction between person and environment was adopted.
The mapping of two types of consistency representing trait and state
aspects of individual functioning was defined as the more directed aim of
the present study. Explicit hypotheses with respect to the consistency of
physiological reactions were obtained from the 'open systems adaptation
model'. On biological grounds and according to the generalization as-
sumption, a certain amount of Individual-specific Consistency of
physiological behavior was expected to occur. Additionally, from the con-
ditioning assumption a certain amount of Individual-Situation-specific
Consistency was predicted. Analyses showed the amount of consistency
observed under these models to depend on (a) whether the consistency of
autonomic responsiveness was studied within occasions or over occasions,
and (b) the type of responsiveness studied.

Within occasions, the interactional model proved to be superior to the
classical personality model: over and above unique autonomic patterns
(traits), individuals show consistent differential reactions to specific films
that cannot be explained on the basis of individual differences per se
(states). In these analyses, scenes within films were defined as a
replication facet. Although the results of the within-occasion analyses
suggest that the distinct scenes of a specific film can be meaningfully
interpreted as representing the same situation, the results can hardly be
interpreted as the ultimate proof for the interactional model. That is, the
latency times of autonomic reactions also determine whether Per-
son x Film interactions over scenes of films will be consistent the longer
the latency time, the more consistent this effect will be. To further study
the relative power of the interactional model over the classical personality
model within occasions, a design is needed in which the same situations
are replicated more than one time within an occasion.

Across occasions, trait aspects of autonomic responsiveness tend to be
more consistent than state aspects: as measures of personality, patterns of
physiological responding prove to be rather consistent across situations
and stable, but not very stably linked to specific situations. Integrating the
findings obtained within and across occasions, it was concluded that in-
dividuals, from a unique and limited resource of response possibilities.
draw a response to be applied during a specific situation at a specific
moment irrespective of minor fluctuations in the situation.

Distinguishing between two empirically derived dimensions of
autonomic responsiveness, the dimension that was interpreted to reflect
primarily sympathetic responsiveness comes more to the fore as a state



191

factor, whereas the dimension supposed to reflect primarily parasym-
pathetic responsiveness is more clearly a trait factor: with respect to en-
durable differences in autonomic response patterns of persons during
specific situations, it is more important to consider the interactive
influence of traits and situations for "sympathetic" responsiveness than for
"parasympathetic" responsiveness. The analysis of occasion effects
underscores this conclusion. Consistent extinction of responsiveness with
repeated confrontations with situations is restricted to sympathetic
responsiveness. It may be hypothesized from this result that parasym-
pathetic responsiveness will be more clearly correlated with traditional
trait-measures of individual functioning as assessed by means of question-
naires.

More than Person-Film interactions, Person-Occasion interactions
reduce the Individual-specific Consistency of autonomic responsiveness.
Apart from the larger sample size of the latter component, the
predominance of this type of consistency over Person-Film consistency
may follow from the inclusion of only two occasions in the current study.
In chapter 5, we saw the time-dependent course of physiological measures
to often follow a logarithmic or negative exponential course. From this
phenomenon it follows that it is always more difficult to predict a
physiological score from scores obtained in the beginning of an ex-
periment than from scores obtained at the end of an experiment. This has
also been observed for between-occasion observations. For instance,
Robinson et al. (1987), mapping the stability of individual-specific
physiological reactions over four occasions, observed stable and unique
individual reaction patterns over four occasions. However, the first oc-
casion proved to be less adequate as a predictor of stable response profiles.

Many studies (see e.g., Burchfield, 1979) underscore that the
physiological response to a stressor presented for the first time differs
from the physiological response to subsequent confrontations with the
stimulus. The relatively high Person-Occasion interaction found in the
current study, suggests that individuals are uniquely affected by the
novelty or the unpredictability of stimulus material presented for the first
time. If subjects had been confronted with the same sequence on a third
occasion, they again, as during the second occasion, would have been
familiar with the content of the films. Therefore, the stability of in-
dividual differences in autonomic responsiveness may be hypothesized to
be higher with generalization over second and later presentations of films.

Using the construct extraversion as an example, we saw that over and
above differential responding to distinct stimulation, differential respon-
ding to repeated stimulation may be an important aspect of personality
(chapter  1). The results  of the analyses of psychophysiological consistency
in the current study, confirm the importance of also considering sys-
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tematic Person-Occasion interactions in personality models of autonomic
responsiveness. It follows that when studying the association between self-
report measures and autonomic responsiveness, it is not only worthwhile
to inspect the correlations of self-report measures with autonomic respon-
siveness during distinct films, but also to study the correlations with reac-
tivity observed during distinct occasions.

At the outset of the study, psychophysiological measures were
hypothesized to be powerful dependent variables to assess short-term
behavioral variations as these occur instantaneously and autonomously in
response to ever-changing situations. Since autonomic reactions vary con-
sistently with the person responding, the assessment of psychophysiolo-
gical reactions during films representing common and familiar situations
has proven to be a reliable measure of individual functioning. In the cur-
rent study a thorough consideration of the methods (part II) and data
reduction procedures (part III) to be adopted to optimally define autono-
mic responding were incorporated. Firstly, everything was done to reas-
sure the subjects participating and to allow the physiological levels to
stabilize prior to the experimental session and in a buffer period.
Secondly, a new software-hardware environment was developed to accu-
rately and reliably measure and correct physiological data. Thirdly, ex-
perimental conditions were separated by washout intervals. Finally, data
reduction procedures were applied to observations in baseline intervals
and not to experimental scores. Despite the fact that, after data reduction,
all persons had unit means and standard deviations during baseline inter-
vals, marked individual differences were observed during experimental
conditions. Moreover, measures of autonomic responsiveness as defined in
the current study proved to be relatively pure indices of reactivity, free
from dependencies with mean levels. Both physiological and statistical
considerations guided the choices of data reduction procedures in this
study. The choices made to define autonomic responsiveness in this study
do not put an end to the doubts and problems the researcher is faced with
when using physiological measures as dependent variables. Nevertheless,
several ideas expressed in the data reduction section might prove worthy
of attention for future research. Several of the gross physiological
measures that were removed from reaction scores, i.e., mean levels, time-
trends in physiological levels and autonomic variability during baseline
intervals, proved to be quite stable individual-specific measures of
physiological functioning themselves. Apart from the skin-temperature
stabilities, both the test-retest stabilities of basal levels as well as of
autonomic responsiveness are high as compared to the stabilities observed
in other studies in which about the same number of subjects participated
and the test-retest interval was of equal or shorter duration (e.g., Arena,
Goldberg, Saul, and Hobbs, 1989; Fahrenberg, Foerster, Schneider,
Miiller, and Myrtek, 1986; Fahrenberg et al., 1987; Smith and O'Keeffe,
1988; Waters et at., 1987).
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The current study was not explicitly designed to validate psychological
interpretations of autonomic response profiles. A necessary prerequisite
for any validation study is behavioral consistency. The results of the study
of psychophysiological consistency are promising and strongly incite to
validation studies. Within our research group, autonomic responsiveness
has been used as a dependent variable to obtain more insight into relevant
aspects of stress and coping (Vingerhoets, 1985), information processing
(Hettema, Vingerhoets, van der Molen, and van de Vijver, 1989), and
emotions (Leidelmeijer, 1991). In the present thesis, conventional self-
report measures that are generally assumed to represent relevant aspects of
the everyday functioning of individuals will be used to answer the ques-
tion whether specific groups of individuals are more inclined to use
specific autonomic patterns (chapter 9). Further validation studies are
needed to provide a better understanding of the psychological meaning of
trait and state aspects of individual functioning as revealed in the em-
pirically derived classification of autonomic response patterns. For
instance, the following hypotheses may be derived from the tentative
scheme presented in chapter 7, which may be used to interpret autonomic
reactions in terms of input and output regulation processes: (a) individuals
differ consistently in preferences for input regulation processes (arousal)
or output regulation processes (activation) as preferred coping mechanisms
to maintain and regain control irrespective of the specific content of
situations, and; (b) individual differences on the effort dimension depend
more on the specific content of situations, the time of the act, and the
number of previous confrontations with the specific situation. In applied
psychology, it may be studied whether sympathetic responsiveness is more
susceptible to environmental manipulations than parasympathetic respon-
siveness, and whether, consequently, it is the better measure to, for
instance, evaluate progress or outcome in therapeutic programs.

At the start of the study, a case was made for the study of composite
response patterns instead of or along with general or nonspecific respon-
siveness. The results of the current study, using lawful variability in
autonomic behavior as a function of distinct categorical variables as a
criterion, indicate that the unidimensional activation model is not as bad
as is often suggested in present-day literature. That is, for most facets the
consistency of general responsiveness is quite high. Nevertheless, for three
reasons psychophysiological research can profit from considering, along
with quantitative differences in autonomic responsiveness, qualitative dif-
ferences in autonomic response patterns as well. First of all, mostly one
cannot predict the responsiveness observed for one variable from the
responsiveness observed for another. Secondly, the consistency observed
for most categorical variables is higher if physiological variables weigh
differently in the responsiveness score. And finally, there are clear dif-
ferences in the supremacy of response pattern models over unidimensional
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activation models dependent on the specific effects studied. To take ac-
count of occasion effects, the unidimensional activation model will suf-
fice. That is, consistent differences in responsiveness during occasions are
manifested on a dimension of responsiveness on which all variables have
the same sign. To take account of person effects, a model will suffice
specifying that the two branches of the autonomic system may act either
synergistically or independently. That is, consistent individual differences
in autonomic responsiveness are manifested on one of the two dimensions
of the response pattern taxonomy or on the diagonal of the response pat-
tern taxonomy reflecting synergistic influences of these two dimensions,
but not on the diagonal reflecting antagonistic influences. The consistency
observed for situation effects most strongly motivates abandoning the
unidimensional activation model. To take account of situational differen-
ces, it is important to consider that autonomic subsystems may act syner-
gistically, independently, or antagonistically.

In psychophysiological research, taxonomic classifications of autonomic
response patterns are generally lacking. In this study, strictly psychometric
criteria guided the choice of a two-dimensional response pattern clas-
sification. Responsiveness scores on the two dimensions proved to vary
quite consistently with most facets of the current study. Future research
will tell whether the taxonomic structure as derived in the present study,
is rather unique, or whether about the same structure will be found if
more variables are included or if persons are confronted with other
situations. These studies will also show whether relatively pure parasym-
pathetic-inhibition patterns, not found in the current study, can be clas-
sified with the model. Especially inclusion of blood pressure
measurements within the existing set of physiological variables proved to
be important in interpreting response patterns in the two-dimensional
space. The empirically derived classification scheme may be a good alter-
native for statistically troublesome measures such as Respiratory Sinus Ar-
rhythmia. To further validate psychological interpretations of autonomic
patterns as located in the two-dimensional plane, studies must include
tasks which unambiguously elicit specific behavior. To further validate
the interpretation of patterns in terms of autonomic subsystems active,
pharmacological interventions may be used.

It has been shown that physiological measures may contribute to a bet-
ter understanding of human individuality as reflected in instantaneous
responses to ever-changing, everyday occurrences. Accordingly, in per-
sonality psychology it is valuable to use this technique of assessment along
with more conventional methods such as the questionnaire method and
naturalistic observation.
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Summary

To obtain more insight into the consistency of instantaneous physiological
behavior of individuals in concrete, continuously changing, complex
situations, subjects were confronted with films representing divergent
everyday situations on two occasions. Within the framework of
generalizability theory, an all-random model with four facets crossed
(Person, Film, Occasion, and Response class) was chosen to map the con-
sistency of autonomic behavior as a function of multiple independents.

Individual responsiveness proved to be quite unique and stable. This
suggests that the assessment of autonomic reactivity in response to filmed
situations may be an important tool for personality assessment. Moreover,
individual-specific responsiveness as defined in the current study proved
to be a relatively "pure" index of reactivity, free of basal level influences.
Within sessions, individuals show over and above unique autonomic
response patterns, consistent reactions during specific films that cannot be
explained by individual differences per se. For most of the types of
autonomic responsiveness studied, reaction scores aggregated over films
exhibited more stability than reactions observed during specific films. To
take account of enduring individual differences in autonomic respon-
siveness, it is more important to consider the prevailing situation in the
case of sympathetic responsiveness than in the case of parasympathetic
responsiveness.

The medium film proved to be a powerful stimulus to elicit situation-
specific autonomic reactivity. To be able to account for systematic dif-
ferences in autonomic responsiveness observed during distinct films,
response patterns must be considered. In contrast, consistent between-oc-
casion differences in autonomic responsiveness are manifested in sym-
pathetic responsiveness with the exclusion of parasympathetic effects.

Of the gross physiological measures studied, especially individual dif-
ferences in basal levels proved to be stable over time. Also the cross-oc-
casion stability of autonomic variability during baseline intervals is quite
high for some variables. The least stable of the gross physiological
measures, but not absent, are individual differences in pace of adaptation
to the experimental session as manifested in time trends.

The degree of individual consistency found for the autonomic measures
of the current study underscores the importance of considering these
measures in studies of individual functioning and should encourage more
research into the psychological relevance of autonomic responding for
personality assessment.
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Appendix: Selected Generalizability Equations
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Chapter 9

Personality Coherence

The study of interrelationships between physiological responding and
other measures of individual functioning has been a topic of enduring
interest, and is implicit to assumptions in personality psychology purpor-
ting that unique and distinct ways of behaving of individuals are
manifested in a variety of more specific measurements. Persons tend to
function as organized wholes and it is in the light of such organization and
"wholeness" that personality psychologists try to understand them (Pervin,
1975). The essence of psychophysiology is the integration of physiological
behavior with behavioral and experiential domains (cf. Ax, 1964; Gale,
1981). Since experiential, behavioral, and physiological activities are
products of a single biological system, it is expected that correlations exist
between these classes of variables (cf. Averill and Opton, 1968).

The persons participating in the current study do show unique and
stable patterns of autonomic responsiveness while watching films. Since
individuals with unique biological and experiential histories may be
characterized by consistent differences in autonomic responsiveness
elicited in a controlled setting, it may be expected that these differences
are reflected in other measures of individual functioning. To obtain more
insight in the way in which individual differences in autonomic respon-
ding are related to individual differences that are traditionally considered
to be important in personality psychology, the coherence with conven-
tional self-report measures will be mapped. The word coherence is used
here to refer to the association between physiological behavior and self-
report measures and not to refer to internally consistent or characteristic
patterns of individual behavior (cf. Magnusson and Endler, 1977).

Many personality constructs, as measured with questionnaires, are sup-
posed to have a biological basis. Especially after Eysenck's (1967) influen-
tial publication on 'The Biological Basis of Persona/ity', researchers in
psychophysiology have searched for confirmation of the assumed
biological basis of, for instance, neuroticism and extraversion. But also
without assuming a biological basis for relevant and enduring individual
differences, as measured with self-reports, one might hypothesize consis-
tent individual differences to be manifested in varied behavior as, e.g., in
autonomic responding. However, on the whole, the overlap between
measures of individual functioning as assessed with distinct assessment
techniques is disappointing and many are pessimistic to find high



201

coherence between self-report measures and physiological mechanisms
(e.g; Averill and Opton, 1968; Buss and Plomin, 1984; Fiske, 1978;
Folkman and Lazarus, 1985; Gale and Edwards, 1983; van Heck, 1981;
Hettema, 1989; Hundleby, 1973; Myrtek, 1984; Stemmler and Meinhardt,
1990; Zuckerman, 1990). Why do not all share the optimism of, for
instance, Cattell and Kline (1977) who expected to find some highly
reliable and valid physiological indices of personality factors in the
future? What reasons may underlie the lack of coherence often found?

First, the aspects of individual functioning as assessed with distinct
assessment techniques may be quite different. Personality characteristics as
assessed with self-report measures cannot exceed the introspective power
of subjects and may fail to reveal spontaneous short-term behavioral ad-
justments individuals tend to make when confronted with concrete, ever-
changing situations in everyday life.

Secondly, in coherence studies, a limited set of self-report measures is
often used to assess quite broad personality constructs (cf. Averill and
Opton, 1968; Hettema, 1989c; Zuckerman, 1990). More narrowly defined
personality constructs such as impulsivity may be related more to
biological rhythms governing individual-specific autonomic responding
than more broadly defined constructs such as extraversion which includes
sociability along with impulsivity (cf. Zuckerman, 1990). Stylistic or tac-
tical aspects of individual functioning as measured with temperament- or
coping-questionnaires, may show a stronger overlap with autonomic
responding in concrete situations than very broad personality constructs
having more to do with strategical aspects of individual functioning
(chapter  1).

Thirdly, distinctive definitions of autonomic responding may explain
inconsistent findings in coherence studies. (a) Basal levels of physiological
activity or rate of adaptation to the experimental setting as manifested in
the slopes of the trend of physiological levels during the experiment may
differentiate between some personality characteristics as assessed with
questionnaires, while individual differences in autonomic reactivity
during discrete stimulation may show stronger coherence with other per-
sonality characteristics. (b) It is important to consider the conditions
during baseline intervals. For instance, baseline periods during which
persons are asked to relax and do nothing at all may be more stressful for
some persons than baseline intervals in which subjects are listening to
music or watching slides (chapter 5). Dependent on autonomic respon-
siveness as elicited by baseline conditions, the same task may cause
physiological levels to rise for a specific group of persons in one ex-
periment, while these drop in another study. (c) Additionally, coherence
may depend on the definition of autonomic reactivity per se. Either
general responsiveness or autonomic response patterns may provide a more
valid representation of characteristic responses of individuals in specific
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situations. In the data reduction section of this thesis, it has been shown
how difficult it is to optimally define physiological reactivity. By
neutralizing basal levels from reaction scores, important aspects of
everyday functioning of individuals may be neglected; e.g., self-reported
neuroticism may be related more to elevated physiological levels of in-
dividuals participating in experiments than to autonomic responsiveness to
concrete stimulation (cf. Zuckerman, 1990). In contrast, not removing
basal levels from reaction scores may cause coherence between other self-
reported personality characteristics and autonomic responsiveness to dis-
tinct situations to be not found. (d) In the previous chapter consistent
habituation of responsiveness was observed for sympathetic responsiveness
but not for parasympathetic responsiveness. It may be hypothesized from
this observation that sympathetic responsiveness is more susceptible to
momentary states or moods of subjects, while parasympathetic respon-
siveness more clearly represents trait aspects of individual functioning. (e)
Also the specific standardization procedure chosen, may influence the
coherence found between physiological measures and self-report measures
of individual functioning. If scores are standardized intra-individually by
dividing the scores observed during experimental stimulation by the range
of reaction observed during baseline intervals, individual differences in
the direction of reactivity to experimental stimulation, relative to baseline
measurements, persist. In contrast, if experimental scores are standardized
by transforming scores of individual persons to z-scores with a mean of
zero, individual differences in responsiveness to experimental stimuli per
se disappear. However, the latter standardization procedure is better suited
to detect specific person-situation interactions. The coherence observed
between self-report measures of individual functioning and these distinct
definitions of autonomic reactivity may differ accordingly.

A fourth reason explaining the lack of coherence between physiological
measures and other measures of individual functioning is related to the
generalizability of personality aspects. For instance, extraversion as as-
sessed with questionnaires will certainly not be manifested in differences
in autonomic responding during all situations at all times. In contrast, one
of the defining features of extraversion and related constructs is that per-
sons scoring high and low on extraversion show different responsiveness
to stimulation dependent on the intensity, the content, and the number of
previous exposures    to the stimulation (chapter     1).     Even    so,     the
hypothesized higher autonomic activation of persons scoring high on self-
report measures of neuroticism (Eysenck, 1967) may be related to the
specific stimulus material used. For instance, Eysenck and Eysenck (1985)
state that this coherence will only be manifested under relatively stressful
conditions. Stelmack (1981) underscores this statement but adds that con-
ditions must not be that stressful that only ceiling effects are observed. In
contrast, Gray (1981) depicts neuroticism as a dimension of increased
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sensitivity to aversive as well as appetitive stimuli. As in studies of
extraversion, in psychophysiological studies of neuroticism, results op-
posite to the Eysenck hypothesis have been found. For instance, Othmer,
Netter-Munkelt, Golle, and Meyer (1969, cited in Myrtek, 1984) and Bur-
dick, van Dyck, and von Bargen (1982) did find higher reactivity for a

group of stable subjects than for a group scoring high on neuroticism. In
the study of Othmer et al. persons were subjected to a series of functional
autonomic tests, such as, hyperventilation, the Cold Pressor test, and the
Valsalva manoeuvre. In the study of Burdick et al., autonomic functioning
was measured during rest. Autonomic responsiveness is traditionally in-
vestigated in studies eliciting response increase (cf. Allen and Boquet,
1989; Steptoe and Wardle, 1988). Therefore, it is not at all clear whether
the assumed higher responsiveness of persons scoring high on neuroticism
depends on the type of stimulation presented. Will persons scoring high on
neuroticism show more response decrease during stimulation typically
causing autonomic responses to decrease, and more response increase

during typical activation tasks? Or will they always show more response
increase independent of the stimulation presented? Typically, the films
used in the current study trigger heart rate decrease and therefore differ
widely from stimuli generally used in psychophysiological studies of
neuroticism.

The failure to find consistent relationships between autonomic respon-
siveness in concrete situations and self-report measures may also depend
on the power and the relevance of the stimulus material in
psychophysiological studies. Surprisingly little research has been done on
autonomic responsiveness to stimuli that approximate the complexity and
variety of everyday situations (cf. Averill et al., 1972). In the current
study, divergent everyday situations were used to elicit behavior. As
contrasted with studies in which simple stimuli are used, films have the
flavor of everyday situations and may consequently trigger behavior that
is a more relevant indicator of the functioning of individuals in real life,
and that is reflected to some degree also in self-report measures of in-
dividual functioning.

A final remark concerns the measure of association used in coherence
studies. It is common practice to use the square of the correlation coef-
ficient as an index of the size of a relation (cf. Ozer, 1985). For instance,
in  a  sample  of 158 subjects, Guski (1976, cited in Myrtek 1984) finds  a
multiple correlation (after application of the shrinkage formula) of .43
between emotional lability as assessed with a self-report measure and
physiological activity. This is an outstanding correlation in this kind of
research rarely producing correlations in excess of .30 (Fiske, 1978; Mis-
chel,   1968). Nevertheless, where it concerns absolute prediction,  only   18
pct, i.e., the square of the correlation, of the factor emotional lability
could be predicted by use of the physiological variables. However, if one
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is interested in how well the mean of physiological and self-report
measures of individual functioning represents a specific personality
construct, then not rE, but the a-coefficient or pz, is the better measure
of coherence. If one conceives of neuroticism as measured with a ques-
tionnaire and autonomic responsiveness as measured in a controlled setting
to represent the same characteristic of the person (e.g., the stability-
lability of the person), PRPBR, maps the degree in which the mean score
on stability-lability is reliably reflected in both measures of stability, i.e.,
the observed score variance explained by the universe score variance
(chapter 1 and chapter 8). This measure of coherence exceeds rs by far.
For instance, in the current study, the test-retest correlation between HR-
responsiveness during films is .61, whereas a is .75 (Table 8.10). Fol-
lowing Ozer (1985), we might give the researcher the choice to be
distressed since only about 36 pct of the variance is explained, or to be
impressed since the mean reactivity-score of persons explains about 75 pct
of the variance observed during two occasions. Ozer recommends r and
not rE to be the better measure of coherence. "Most trait models suggest
that some latent variable underlies scores on both measures: and that the
latent variable is responsible for the covariance between the measured
variables. In this model, the correlation coefficient itself provides the ap-
propriate coefficient of determination" (1985, p.312). In the example of
Guski cited, if other sources of covariation such as method variance can
be ruled out, one may conclude that a latent variable, lability, accounts
for 43 pct of the variance in neuroticism and autonomic responsiveness.
"This is not determination of one variable by another, but determination of
measured variables by a latent variable" (Ozer, 1985, p.312).

Some of the reasons explaining the lack of coherence found between
self-report measures and physiological measures of individual
functioning, may be handled by carefully choosing and defining both
measures. However, limited coherence between the two measures may be
the rule rather than the exception since these distinct methods represent
divergent aspects of individual functioning (cf. van Heck, 1981). Never-
theless, for several reasons, I expect to find greater coherence between the
two measures of individual functioning in the current study.

First, the study will not be restricted to limited aspects of autonomic
responding. Not only measures of autonomic responsiveness during films
will enter coherence analysis, but also gross physiological measures, i.e.,
mean physiological levels, time trends in physiological levels, and
autonomic variability. Moreover, the Individual-specific Consistency of
several of these gross physiological measures as well as of autonomic
responsiveness during films proved to be quite high (chapter 8).

Secondly, the study will not be restricted to a limited set of self-report
measures. Along with broadly defined personality measures, temperamen-
tal scales will be used as well as coping-scales assessing how people adapt
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to problematic situations in real-life and state-measures assessing how
subjects felt during the experiment in which autonomic responsiveness
during films was established.

Thirdly, I will not adopt an all-or-nothing approach assuming
coherence between self-report measures and autonomic responding during
all films on both occasions, but I will inspect whether specific Person-
Film or Person-Occasion interactions attenuate the coherence. This
descriptive analysis will also show whether specific groups of persons as
categorized with questionnaire scores show increase in autonomic respon-
siveness during some films or on one specific occasion and decrease in
reactivity during other films or during the other occasion. Or, whether the
Person x Film and Person x Occasion interactions found in the previous
chapter are caused by the differential suitability of films or occasions to
trigger the same differences in autonomic responding in different groups
of persons.

Before presenting the outlines of the coherence study, let us first look
at the self-report measures used.

Self-Report Measures

Different theories of personality tend to lead to different techniques of
personality assessment (cf. Pervin, 1975). The questionnaire-method is an
assessment tool that has been evolved out of "classical" conceptions of
personality stressing enduring characteristics of individuals irrespective of
situational variability. In the current study, personality-, temperament-,
coping-, and state-questionnaires are used to represent aspects of in-
dividual functioning that have traditionally received much attention in
personality psychology.

Personality and temperament

From the personality and temperament scales available, the Eysenck'
scales are assumed to measure aspects of personality that have a firm
genetic basis (e.g., Fulker, 1981 ). Apart from psychoticism that is not
measured  in  the current  study  and  extraversion  (chapter 1), neuroticism is
an important construct in Eysenck's (e.g., 1967) typology. Neuroticism has
several components of which high emotionality, or a tendency to become
physiologically aroused, is a major component. Persons scoring high on
neuroticism tend to be more anxious, depressed, tense, irrational, shy,
moody, and emotional, and tend to have more guilt feelings and a lower
self-esteem. Individuals scoring at the other end of the neuroticism
dimension, are more stable, calm, even-tempered, and are assumed to
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have leadership qualities (Eysenck, 1967, 1981; Eysenck and Eysenck,
1985).

Among others, Buss and Plomin (1975) argue that the Eysenck
constructs are too broadly defined. For instance, extraversion, rather than
being a unitary factor is composed of two separate components, sociability
and impulsivity. Accordingly, in the current study, apart from extraver-
sion and neuroticism, more narrowly defined temperamental stylistic
constructs will be examined. Personality and temperamental variables are
assessed with three questionnaires: the Amsterdam Biographic Question-
naire (ABV; Wilde, 1970), the Adolescent Temperament List (ATL; Fey
and Kuiper, 1984), and the EASI-III (Buss and Plomin, 1975).

The ABV was originally developed to measure the Eysenck (e.g., 1967;
Eysenck and Eysenck, 1985) concepts of neuroticism and extraversion.
The questionnaire consists of 106 items with a yes-?-no format. The items

were chosen to measure four personality variables. The main scales are:

-  neuroticism as manifested in psychoneurotic complaints;
- neurosomatism, that is, neuroticism as manifested in functional

psychosomatic complaints;
- social extraversion; and
-  test-attitude, that is, the extent to which a subject fills in the question-

naire with a self-defensive attitude.

The ATL measures five temperamental features that are derived from the
work of Eysenck on neuroticism and extraversion, and the work of Zuck-
erman on sensation seeking (e.g., Zuckerman, 1971, 1979). The Sensation
Seeking Scale of Zuckerman was developed to assess individual differen-
ces in optimal level of stimulation or arousal. A need for change, variety,
and intensity of stimulation is postulated to be manifested itself in many
aspects of individual functioning, including sensory, social, and thrill-
seeking types of activity. The ATL contains 77 items with a true-false
response format. The five scales are:

- emotionality;
- extraversion;
- impulsivity;
-  thrill and adventure seeking; and
-  disinhibition and experience seeking.

The  EASI-III  Temperament  Scale   consists  of   106   items   with a yes-?-no
format. The items were chosen to measure four temperamental charac-
teristics (Buss and Plomin, 1975). The main scales are:
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-  emotionality (general, fear, anger);
- activity (tempo, vigor);
-  sociability; and
- impulsivity (inhibition(-), decision-time, sensation seeking, and persis-

tence(-)).

In twin studies, emotionality, activity, and sociability proved to have a
firm genetic basis. The genetic basis of impulsivity as assessed with the
EASI is more equivocal (Buss and Plomin, 1975). In a later publication,
Buss and Plomin (1984) discarded the latter scale from the questionnaire.
Since, in the current study, the impulsivity scale is only one of several
measures of impulsivity, the scale is maintained in analyses.

Coping

As Folkman and Lazarus (1985) state, in personality psychology, the
dominant approach of the assessment of adaptation, or coping has been to
assess coping as a trait, that is, as a stable characteristic of the person that
affects actions and reactions under a variety of stressful circumstances.
Coping scales refer to aspects of persons that are not readily assessed by
traditional temperamental scales, and that may be reflected in autonomic
reactions to actual situations. For instance, whether the person uses an
active problem-focused type of coping or whether the person uses a more
passive emotion-focused type of coping. Like temperamental characteris-
tics as assessed with questionnaires, trait measures of coping may be poor
predictors of the actual ways of coping of persons in a specific context.
Whereas actual coping behavior in changing situations can only be assessed

by direct procedures, trait-like coping may be assessed by asking persons
how they generally tend to cope with stressful situations.

Coping is measured here with two Questionnaires: a revised Ways of
Coping Checklist (WCC; Folkman and Lazarus, 1980), and the Utrecht
Coping List (UCL; Schreurs, van de Willige, Tellegen, and Brosschot,
1988). Whereas the WCC contains relatively many items dealing with
covert, cognitive strategies that can be utilized when confronted with
stressful situations, the UCL contains more overt, behavioral, coping
mechanisms (van Heck and Vingerhoets, 1989).

The original WCC contains 68 items describing a broad range of coping
strategies an individual might use in specific stressful situations (Aldwin,
Folkman, Schaefer, Coyne, and Lazarus, 1980; Folkman and Lazarus,
1980). In the Dutch translation of the WCC, subject are asked to indicate
to what extent they use the 68 responses in general when confronted with
stressful situations (Vingerhoets and Flohr, 1984; Vingerhoets, 1985). In
the currently used version (van Heck and Vingerhoets, 1989), eight items
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have been added to the list. These are derived from more recent work of
Folkman, Lazarus, Dunkel-Schetter, DeLongis, and Gruen (1986). The
response format of this version is a 6-points scale with 'not at all charac-
teristic for me' and 'very characteristic for me' as extreme response
categories. Factor Analysis of the items in a sample of 998 subjects
yielded seven scales (van Heck and Vingerhoets, 1989):

-  active and rational problem-focused coping;
- self-blaming;
- distancing;
-  daydreaming and fantasizing;
-  expression of emotions and looking for social support;- positive reappraisal and growth; and
- wishful thinking and palliating.

The UCL has 47 items. Subjects answer on a 4-points scale with 'rarely if
ever'and 'often' as extreme response categories. The list consists of seven
scales (Schreurs et al., 1988):

- active problem solving;
- palliating;
- avoiding;
-  expression of emotions and looking for social support;- reacting depressively;
-  expression of emotions/anger; and
-  soothing and comforting thoughts.

State

People are generally able to report on their feelings during concrete
situations or after situations have ended. To measure individual
functioning during the concrete situation in which subjects participated, a
state-questionnaire has been added to the other self-report measures.
From a list of 30 items originally developed by Kjellberg and Bohlin
(1979, cited by Vingerhoets, 1985), 15 adjectives were selected that had
the largest loadings on three factors in a study of Vingerhoets (1985). The
three scales are (with between brackets the presented adjectives):

- tenseness (restless, calm(-), uneasy, relaxed(-), tense);- drowsiness (sleepy, tired, slow, dreamy, stuffy); and- alertness (curious, attentive, alert, interested, energetic).
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As response-format a 4-points scale was used with 'not at al/' and 'a great
deal' as extreme response possibilities. After each experimental session in
which seven different films were presented, subjects filled in the adjec-
tive checklist as many times as films were presented. The scores used for
current analysis, are sum scores for each occasion separately.

Personality Dimensions

The distinct scales used in the current study are not independent overlap
may be expected between the questionnaires used. For instance, personal
preferences for specific coping strategies may be related with characteris-
tics of persons as manifested in scores on temperament scales (see e.g., van
Heck, 1990). To meaningfully order the self-descriptions, Principal Com-
ponent Analysis (PCA) has been carried out on the personality scores as
assessed with the scales listed above.

Method

There has been some discussion over whether orthogonal or oblique
rotation is the better approach in factor analysis (e.g., Cattell, 1973; van
Heck and Vingerhoets, 1989; Norusis, 1985; Rummel, 1970). The world
cannot be realistically treated as though basic functional units, e.g., per-
sonality characteristics (Cattell, 1973), represented by factors are not cor-
related (cf. Rummel, 1970). However, if factors are not correlated, obli-
que rotation will also result in orthogonal factors. Central members of a
dimension can be better identified by their high loading after oblique
rotation than after orthogonal rotation. In orthogonal rotation, variables
central to a cluster may not have very high loadings on the relevant factor
(Rummel, 1970). Accordingly, in the current study, personality dimen-
sions are extracted from self-report measures with SPSS* PCA with obli-
que, i.e., oblimin, rotation.

PCA was carried out on the self-report measures of the 56 subjects
participating in the study after missing values were replaced by sample
means. Because the two middle response categories had been interchanged,
the self-reported states of seven subjects (subject 2 through 8) during
occasion one have been replaced by missing values. The three subjects not
participating in the second occasion, did not fill in the UCL and the state
questionnaire of occasion two. Finally, part of the state scores of subject
13 during occasion two is missing, because the projector failed in the
middle of the experiment.
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Figure 9.1 Scree plot of eigenvalues in Principal Component Analysis of
self-report measures

Results

The scree plot of the variance associated with the factors (Figure 9.1)
shows a distinct break between the steep slope of the first six factors and
the gradual trailing off of the rest of the factors. Thus, a six-factor
solution,  with all eigenvalues greater than  1.8, was chosen.  The six factors
explain 60.3 pct of the total variance (19.9,12.3, 9.4, 6.8,6.2, and 5.7 pct,
respectively). The solution as has been derived in PCA yields a concep-
tually interpretable set of factors (Table 9.1).

The first factor clearly represents neuroticism. All four scales of per-
sonality questionnaires measuring neuroticism/emotionality merge in this
factor. Not surprisingly, the coping mechanisms that tend to vary with
neuroticism, i.e., reacting depressively, self-blaming, and daydreaming
and fantasizing, refer to emotion-focused coping rather than to active
problem-solving. Self-reported states that load on this factor are drow-
siness and alertness (negative sign) during occasion two.

The second factor represents social extraversion. Although both the
sociability and the impulsivity scales of the EASI are included in this fac-
tor, the former characteristic is more clearly represented than the latter.
Moreover, the extraversion scale of the ATL, undone of the impulsivity
factor, loads most highly on this factor, whereas impulsivity as measured
with the ATL loads on a separate factor (factor 6). Expression of emotions



211

and seeking social support are the coping mechanisms that are most clearly
present in this factor.

Table 9.1 Factor loadings derived from Principal Component Analyses with obliquc rotation (six-
factor solution; eigenvalucs >  1.8, 60.2 pct variance explained; loadings 2 .30 listed)

Fl  F2  F3  F4  FS  F6

Fl Neuroticism Neuroticism (ABV)                             38
Emotionality (ATL) 21

Reacting depressively (UCL)                     .79
Ncurosomatism (ABV)                      .75
Self-blaming (WCC) .69 -31

Active problem-solving (UCL) -35 .48

Emotionality (EASI) 33 A2

Da> reaming and fantasizing (WCC) 32 A9
Drowsiness occasion 2 (state) .49 35
Alertness occasion 2 (state) -.41

F2 Social Extraversion (ATL) .83

Extraversion Expressing emotions/social support (WCC)        .73
Social Extraversion (ABV) .65

Sociability (EASI)                                             .61
Wishful thinking and palliating (WCC)      .36   -37    32
Impulsivity (EASI) .43 A2

Bl      Problem-focused  Problem-focused, rational, coping (WCC) .75

Coping POGitive reappraisal and growth (WCC) .73

Avoiding (UCL) -.63              .45

Activity (EASI) A2 -34

F4      Low Tenseness Tenseness occasion 2 (state) -39

Tcnscness occasion 1 (state) -.63 -.45
ThriU and adventure seeking (ATL)                                 .63
Expressing emotions/social support (UCL) .48 -35       AS

FS Palliating Soothing and comforting thoughts (UCL) .73

Palliating (UCL)                                                                  .65
Drowsiness occasion 1 (state) 37

Distancing (WCC) -31 A9
Alertness occasion 1 (state) -32              31             -.45

F6 Impulsivity Sclf·defensive attitude (ABV) -.68

Expression of anger (UCL) .60

Impulsivity (Al'L) 39
Disinhibition and expcricnce seeking (ATL) 37  .45

Factor three represents problem-focused coping. Only one temperamental
scale, i.e., activity, merges in this factor. The coping factors loading high-
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ly on this factor especially point to a preference for cognitive and
behavioral efforts to master problems. Since also 'daydreaming and fan-
tasizing' as well as 'wishful thinking and palliating' have loadings on this
factor, it may be denoted as a self-employed and positive mastering of
problems. That is, coping mechanisms that may solve problems without
help from others and that do not negatively affect the self-esteem of the
person, are represented in this factor.

Factor four represents a dimension with tenseness located at the one

end, and 'thrill and adventure seeking' at the other.
Factor five is a typical coping factor as well as factor three. The scales

loading high on factor five all point to behavioral (i.e., avoiding) and,
especially, cognitive efforts to internally cope with problems by palliating,
distancing (e.g., "I'm waiting to see what will happen before doing
anything"), or soothing without actively tackling the problem. I will
denote this factor palliating.

The final factor will be named impulsivity. Typically, temperamental
scales having to do with unrestricted, disinhibited, and impulsive handling
as well as expression of emotions such as anger load high on this factor.

The six factor scores are hardly correlated. Most marked in the factor
correlation matrix  is a correlation  of -.22 between 'neuroticism'  and  'pal-
liating' (p<.05; 1-tailed test). Other correlations do not exceed .15.

The Study of Coherence

The study of the coherence between self-report measures of individual
functioning and autonomic responding as manifested in the current setting
is exploratory. It is expected that autonomic responsiveness per se will
show higher overlap with self-report measures than basal physiological
levels. Stable individual differences in basal levels may reflect
constitutional or scaling influences that are not relevant for psychology
(chapter 6). In contrast, autonomic responsiveness as operationalized in
this study is relatively free of basal-level influences. Since consistent
habituation of responsiveness is exclusively manifested on dimension one
of the response pattern taxonomy, it is hypothesized that responsiveness as
manifested on dimension two more clearly represents trait-like aspects of
individual functioning and will correlate more highly with self-report
measures. Since state aspects of individual functioning are more clearly
reflected in responsiveness as manifested on dimension one, scores on this
dimension are hypothesized to correlate more with personality factors on
which the state scales have a high loading, especially the fourth self-
report factor. Although the importance for personality assessment of time
trends in physiological levels is recognized (chapter 5), for most variables,
the stability of trends is only moderate. This may suggest that these trends
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represent psychological adaptation processes better during one occasion
than during the other. Accordingly, associations with self-report measures
may be restricted to one occasion.

In the data reduction procedures adopted, responsiveness scores during
films, after correction of time trends, were divided by the standard
deviation of scores of persons observed during baseline intervals. Conse-
quently, although the mean of the responsiveness scores for subjects may
differ, the range of individual reaction scores will be more or less equal.
In the previous chapter, we saw the individual-specific stability of
autonomic variability, especially for HR and RR, to be quite high, also
when mean level dependencies were removed from these scores. Like
basal physiological levels and trends, autonomic variability of the person
as manifested in relatively monotonous circumstances, may be an interes-
ting variable in itself. Consequently, also the coherence of this variable
with self-report measures will be studied. The measure is not entirely free
of film-effects since waning-out effects of films occur during baseline
intervals.

In chapter 8, for some variables more than for others, systematic Per-
son  x Situation and Person x Time interactions were observed. Conse-
quently, in the study of coherence, correlations of self-report measures
with autonomic responsiveness scores will be mapped per film per oc-
casion. Inspection of the correlation coefficients will show whether for
specific groups of persons, reversed effects are observed during films or
occasions, or whether the same type of coherence is only less pronounced
during specific films or occasions.

Nevertheless, autonomic responsiveness as defined in the current study
may prevent us from finding specific interactions between individual
characteristics as assessed with self-report measures and autonomic
responsiveness during distinct films. To map variations in responsiveness
of persons to distinct films free of the mean reactivity of persons to film-
presentation per se, in addition to responsiveness scores, scores of persons
will be standardized over films. Inspection of the correlations between
self-report measures and z-scores of autonomic responsiveness, will in-
dicate whether coherence between self-report measures of individual
functioning and autonomic reactivity is especially manifested in relatively
high or low reactivity during specific films as compared to reactivity
during other films.

Method

The scores of all 56 subjects will enter coherence analyses. During oc-
casion one, the electrodermal scores of two subjects were missing. Three
subjects did not participate in the second occasion. Incidentally, scores are
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missing during distinct films (Table 2.1) providing 51 through 56 subjects
for the coherence analyses of self-report measures and autonomic respon-
siveness during distinct films.

Our exploratory approach will be top-down. For the self-report
measures factor scores are computed for each of the six factors identified.
First, multiple correlations between self-report measures and respon-
siveness scores on the two dimensions of the response pattern clas-
sification will be computed, as well as correlations between the self-report
measures and the two dimensions separately. Second, correlations will be
computed for distinct variables and, to explore whether specific per-
son(ality)-film interactions occur, for reactivity-scores after intra-in-
dividual transformation into z-scores. To control the extent to which the
correlations computed are affected by confounding of the measures of
autonomic responding with basal levels, the coherence between self-report
measures and reactivity-scores, trend-scores, and basal-variability-scores,
will be computed again after basal-level influences have been eliminated
from the latter scores with a linear regression procedure.

Whereas all reactivity scores have plus-signs in the direction of general
responsiveness, of the basal-level scores as well as of the slope of linear
trends, only the signs of DBP, SBP, and GSL are in the direction of
general activation. In the correlation matrices, significant (p<.05) as well
as almost significant (p<.10) correlations will be marked.

Results

Autonomic responsiveness
Relationships of autonomic responsiveness with neuroticism (factor   1)  as
well as social extraversion (factor 2) are more pronounced than relation-
ships with other self-report measures (Table 9.2). This coherence is more
clearly manifested for reactivity on the second, parasympathetic, dimen-
sion of the autonomic response pattern classification than for reactivity as
manifested on the first dimension.

Especially during occasion one, the correlations between autonomic
responsiveness and neuroticism are higher than may be expected on chance
(Table 9.2). The second, parasympathetic dimension, more than the sym-
pathetic dimension, tends to vary with neuroticism.
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Table 9.2  Multiple correlations of dimension one and dimension two of the response pattern clas-
sification and six self-report measures; and, correlations between these self-report measures
and dimension one and dimension two, separately (51SN556)

Problem-
SELF-REPORT Social focused IA'.

MEASURE Neuroticism Extraversion Coping Tenseness Palliating Impulsivity

OCCASION 1 2 1 2 1 2 1 2 1 2 1      2

FILM (Multiple correlations with dimension one and dimension two)

Overwork 35  26  34b 24* 07   12 02 15     32b  14     18   12

Intrigue 34  16 23* 3P 09 15  20 04 37 03 21 21
Love-Making 25*   13     28b  3*b     12   16     34b 17 14 22 21   28b

Imon 18 12 30 27b 13 10 38  08 25'   13      19   18

Driving-Test 33b  26'    20   26*    12   16     22 20 16   15     16   18

Dcathbed 310 39' 19 05 13 15 23  20 18 09 17   03

Museum 32b 41C 19   09     17   12     12   10     17   19     19   22
all 3(ic 25a 21 20 05 11 23a 13 2'la 18 19   20

(Correlations with dimension one)

Overwork -03 -26' -09 07 -04 06 01 13 -15 13 -04 -03
Intrigue  -39' -07 -17 05 09 -09 -20 -01 -12 02 19   04

Love-Making 01 -11 -22  -20    -09  -04     16   01     09 21 15   -07

Lesson -08 42 -04 -11 03 -08 15 03 16 12 01 15
Driving-Test -17 -22 -07 44 -06 10 -13 15 08 14 -02 05

Dcathbcd  -24* -20 -11 44 12 11 -15 -17 00 08 -11   -02

Museum -22 -08 -18  -05     17   11     12 09 -06 14 10   20

all -21 49 47 -09 04 -02 02 06 03 18 08   03

(Correlations with dimension two)

Over· vork 346 00 34  22 -04   09     01 -09 -23* -04 -16 -11

Intrigue 19 14 20 31b -04   -12     06 -04 -20 -01 -16   -20

Love-Making 24a 06 23* 258 45 -16 -33b -17 -13 -05 -18   -27b

Lesson 15 -00 20 24' 13 -06 -313 -07 -16 -04 -19 -11

Driving-Test 30 15  19 23* 11 12 -17 43 -14 -06 -15  -17

Dcathbed 24* 25* 17 02 -06 -10 44 40 -18 -05 15  -01

Museum 301' 38a 12 -08 -07 -01 -08 -02 -12 -10 -18   11

all 35c 20 26* 20 02 -10 -21 -13   -26' -08 49 -20

ap<.10  bp<.05  cp<.01   (2-tailed significance)
decimal points have been omitted

However, also correlations of neuroticism with the sympathetic dimension,
indicate that the responsiveness of persons scoring /ow on neuroticism is
more in the direction of general activation. This finding stands in sharp
contrast with the Eysenck' hypothesis. Especially heart rate reactivity is
related to neuroticism (Table 9.3).



TIble 9.3 Correlations between six self-report measures and reactivity scores during films (5153556)

FILM Overwork Intrigue IANe-Making Lesson Driving-Test Deathbed Museum
OCCASION 1 2 1 2 12 12 12 12 12

Neuroticism -HP .430 -15 -41C -07 -26a -20 -24' -09 -394 -3(P -33' 43* -34b -37
-FIT -12 -01 -01 12 13 -16 16 04 -08 -05 08 -11 08     04

-TWA -11 03 -07 -21 -14 -03 47 03 41 -19 -18 -26* -19     -23*

RR -238 -26' -24* -18 -03 01 -10 -2-P -13 -23a -15 -27 -19     -20

DBP 04 -21° -37 -11 05 -08 -17 -12 -21 -08 -21 -14 -19 -07
SBP 18 -25' -18 43 11 -08 -02 -10 41 -18 -06 -17 -10 -01

GSL -16 -26* 43 12 45 -22 -07 -16 -TP .:rt' -09 -24* -01     02

-FIT 06 -01 .20 08 22* -08 11 -07 13 -11 -25a 07 -07     08

Social .HP -25' 48 -20 -2'P -jf -21 -21 48 -16 -20 -20 -07 -16 -10

Extrav. -FIT -258 -07 -01 -02 -07 -19 -18 -14 03     01       02     08       -     03

-1WA -15 05 -17 -07 -21 -31 -17 -14 -19 -20 -13 09 -03     18

RR -21 -24' -20 -14 00 -08 44 -22 02     -18       11 -16 06 04 N
DBP 18 07 -09 -06 -03 -15 -01 -18 -07 -12 -07 -21 -10 -12

-
0\

SBP 07 12 -10 05 -14     -20       -03 -07 -02 49 -04 -03 -22 -07
GSL -22 -03 -00 16 -19 -10            07 00 -01 46 -10 45 -03     01

.Firr .10 22      -07     34"      02 -11 09 10 01 02 -02 12 05 -05

pniblem. -HP -00 05  17 15 07 19 -04 09 -00 07 17 23 10     05

focused -FIT -13 12  12 10 -09 -04 11 03 -02 -11 -06 08 03     11

Coping -1WA -09 -13 40 -08 -01 02 -20 8 -25. -06 01 05 14    -02

RR -00 -08            05 -09 -03 05 01 -09 -06     00       06     -02      -10     04

DBP 19 -00 -10 -10 03 -01 06 16 14 10 19 14 09 -00
SBP 00 -01 14 -04 -14 -09 08 -18 00 05 15     08       276    17

GSL 03 20 42 -2'P -16 -19 08 -06 -25/ 42 -03 06 -12     -03

-Frr -03 09 -17 -18 05 -00 03 -05 05 18 04     01       01     11



Table 9.3. Continuation

IA"v .HP -01 06 -14 05 26* 16 4< 44 19 20 09 -12 19     02
Tenseness .PIT -05 07 -08 41 13 12 09 -05 00 08 -09 -22 91 42

-TWA 03 19 -02 05 36  08 1 13 08     17       12     18       09     25*
RR 1206 -11 -03 -01 14 12 08 01 16 -16 -07 -05 -13

DBP -08 -01 41 -12 06 -01 -04     16       -23*    04       -06 -09 -01     -02

SBP 05 05 -19 -09 03 07 01 01 -17 12 -09 -08 03     12
GSL 12 280 27" 25' 02 -03 -01 -10 -13     21       -20    -340      18     14
-FIT   03 08 -14 04 -00 01 21 -03 03 06 47 -10 06     09

Palliating -HP 23* 09 23* 06 18 18 35C 05 25* 18 30 16 06     14
-FIT 01 -12 -00     -07       12     21       05 05 -04     -10       -24* -07 -11     03
-TWA 12 -01 06 -16 15 20 07 01 13 08 11 00 03     11

RR -07 23* 10 30 -16 00 07 16 04 23a -03 22 15     11
DBP -19 20 47     09       01     19       20 07 12 22 04 07 05     12
SBP -2  11 -17 10       06     23'      01     19      -03 02 -12 02 -15 02 N
GSL 43 1, lip In 06 -04 11 02 03 02 -03 06 -20     23            3
-FIT -03 -16 -08 -11 06 20 05 02 04 13 08 08 06     14

Impulsivity -HP 06 13 24* 19 270 13 09 23' 14 20 01 05 22     19
-FIT 06 -10 -10 -08 -19 -14 01 -05 -07 -06 -41c -03 -01 -13

-TWA -03 -03 06     09       16     17       06 07 05     13 -22 -08 06 -04
RR 31b 25a 25'     35<      09     34b      44c 23* 25*    10       14     12       19     08

DBP 06 -03 390 04 24' 44 11     20       02     07       19 00 275    12
SBP -08 -11       13 43 08 -16 04 08 -03 -00 -01 09 08     23a
GSL -01 06 -07 00 -02    41       -33b -12 -05 13 -23* -14 -12     -02

-FIT -14 -01 -05 -05 05 -08 -03 13 -10 -06 -13 -07 -16     20

ap<.10   bp<.a5   cp<.01 0-tailed significance)
decimal points have bccn omittedl
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Table 9,4  Correlations between six sclf-report measures and standardized reactivity scores (515NS56)

FILM   Ovenvork  Intrigue    uve-Making Iksson Driving-Test Deathbed Museum
OCCASION 1 2 1 2 1 2 1 2 1 2 1 2 1    2

Neuroticism.HP . 26* .

RR 25* 31b
DBP 21' . - 9b. . .
SBP 32  . -25' .

GSL . 25a   .    .        .    .    -26' .

.¥rr . -35  .     28  . 25  . -32b. . .

Social 4WA . . -38  30   .   29b
Extrav.   RR . W. . 34 

DBP 258 .
SBP . . -24 

GSL . -27

Problem- .PIT .                    . -265
focused  -nVA . .   . .   .  .     .  .   .             31b .
Coping DBP . -23* .

SBP . -26* .

GSL . 24* . -26* .

IA.. -H P -23' . -40c .            320 .   24* .
Tenseness -PIT . . -31    .

-TWA .     ....
RR . 25* . -24a -24a

DBP .                                        21 .
SBP . Slb .   . . 24* .

GSL . 24'   26' 2                                   -39a 42C
-Frr .. I. 25, .                 23..

Pallia:ing       .            .         .                                         -22*  .
DBP -24* . 23*.

Impulsivity ·HP . -3Ob .

.prr . -37 .
-TWA ..                               .44C .

RR . . 3lb . 36c . . -25a

DBP . 27  .

SBP . .
-23/ . . . . . . . igo

GSL . -25*

-Trr . . . . . . . . . . . . 32 
ap<.10    bp<.05 cp<.01 (2-tailed significance)
decimal points have been omitted

Inspection of scores during distinct films on separate occasions as well as
inspection of reactivity scores for distinct variables (Table 9.3), all in-
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dicate this coherence to reflect reactivity to film presentation per se rather
than specific film effects. Although the first occasion and some specific
films show the coherence between neuroticism and autonomic respon-
siveness better, the signs of the correlation coefficients do not change as a
rule.

One could hypothesize that this relationship is caused by the fact that
baseline intervals are less relaxing for persons scoring high on neuroticism.
However, this hypothesis has to be rejected. As becomes apparent in Table
9.5, with exception of respiration pace, the basal levels of persons scoring
high on neuroticism tend to be located more in the direction of deac-
tivation (it should be remembered that the signs of reactivity scores all
point in the direction of enhanced activation, while the higher basal scores
of HP, P IT, TWA, RP, and FTT point in the direction of deactivation).

Some Person-Film interactions do occur (Table 9.4). For instance,
during the film Intrigue on occasion one, as compared to reactivity during
other films, persons scoring high on neuroticism show extra less respon-
siveness on the first, sympathetic, dimension of the response pattern
taxonomy as manifested in a negative dependency between neuroticism
and standardized z-scores of autonomic responsiveness. Moreover, sig-
nificant correlations are observed between neuroticism and standardized
blood pressure scores during the first presentation of overwork as well as
between neuroticism and respiration pace scores during Love-Making on
the second occasion. These latter person-film interactions prevent the
coherence between neuroticism and responsiveness on film presentation
per se (Table 9.3) to be higher for these variables.

In conclusion, a positive relationship exists between neuroticism and
parasympathetic responsiveness during films. This effect is mainly
manifested in a significant negative correlation between neuroticism and
heart rate responsiveness.

As for neuroticism, the correlation between social extraversion and
autonomic responsiveness during films is higher than may be expected on
chance (Table 9.2). And again, this coherence is most clearly manifested
in a positive dependency between extraversion and reactivity as
manifested on dimension two of the autonomic response pattern clas-
sification. The positive correlation is in accordance with the Eysenck'
hypothesis predicting introverts to react more by raising autonomic
function (chapter 2). Films presented earlier reveal the coherence better.
Since within-session time-effects are confounded with film effects, the
two influences cannot be disentangled. Though better manifested during
some specific films, the coherence observed reflects film effects per se. As
in the case of neuroticism, the relationship is most clearly present for HR
reactivity and is also observed if basal levels are eliminated from reaction
scores (Table 9.3 and Table 9.5).
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Surprisingly little person-film interactions occur. During the second
presentation of Love-Making, the coherence between social extraversion
and standardized TWA- and GSL-reactivity is more negative than may be
expected (Table 9.4). Standardized reactivity scores of RR and TWA
during the second presentation of Museum are positively related to
extraversion. However, these rare interactions cannot be interpreted as
being evidence for the statement that the coherence observed between
extraversion and autonomic responding will depend on the content and the
situational power of stimuli as well as the number of previous exposures.
In contrast, although more significant during earlier films, the coherence
observed refers to film-presentation per se.

The conclusion is that a positive dependency exists between social
extraversion and parasympathetic responsiveness during films.

Associations between problem-focused coping as assessed with self-
report measures and autonomic responsiveness during films are virtually
absent (Table 9.2 through Table 9.4).

Coherence  between the  self-report factor with tenseness located at the
one extreme and Thrill and Adventure Seeking (TAS) at the other is not
manifested during film presentation per se (Table 9.2). However, on the
first occasion, during the films Love-Making and Lesson, persons scoring
high on this factor, i.e., in the direction of TAS, do score relatively low on
the second dimension of the response pattern taxonomy, i.e., the dimen-
sion on which HR and TWA have a high load (see Table 9.3). This
coherence may be confounded a little bit with base-level dependency
(Table 9.5).

More than for any other personality factor, coherence between self-
reported tenseness and autonomic responsiveness seems to depend on the
specific film presented. Especially GSL-reactivity is involved in this
interaction. Moreover, particularly responsiveness during the film
Deathbed seems to be related to tenseness versus thrill and adventure
seeking (Table 9.4). Persons scoring high on tenseness do show a relatively
high increase in GSL during this film on both occasions as compared to
GSL responsiveness during other films (e.g., Intrigue).

The conclusion is that, overall, the coherence between the seu-report
measures 'tenseness versus thrill and adventure seeking' and autonomic
responsiveness is not very pronounced. However, the results indicate that
the potential benefit for assessment of this personality factor must be
looked for in the assessment of autonomic responsiveness to specific films
instead of in reactivity to film presentation per se.

Individual measures of palliating and HR-responsiveness are correlated
positively during occasion one (Table 9.3; Table 9.5). During occasion two,
an almost significant positive dependency is observed between palliating
and respiration responsiveness. This effect is more pronounced if account
is taken of respiration pace during baseline intervals being relatively high
for persons scoring high on palliating (Table 9.5).
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In conclusion, a positive dependency is observed between palliating and
HR reactivity during occasion one. If basal levels are neutralized from
reactivity scores, also the coherence between palliating and RR reactivity
during occasion two is higher than chance.

The coherence observed between impulsivity and autonomic respon-
siveness as defined in the current study is difficult to interpret. Overall,
no clear coherence is observed between autonomic responsiveness accor-
ding to the empirically derived response pattern classification and impul-
sivity (Table 9.2). However, closer inspection of the correlations reveals
some potentially interesting links. For instance, the coherence observed
during the film Deathbed tends to have an opposite direction to the
coherence observed during most other films (Table 9.2). As in the case of
the fourth self-report factor, this suggests that more pronounced
coherence between impulsivity and responsiveness during specific films
would have been found if another procedure of data reduction had been
chosen. If scores of individuals are transformed to z-scores, the resulting
reactivity scores reveal that persons scoring high on impulsivity show
relatively low reactivity in three variables during the first presentation of
the film Deathbed as compared to reactivity observed during other films
(Table 9.4).

Particularly during the first occasion, relatively many significant cor-
relations are observed between impulsivity and autonomic reactivity in
distinct physiological variables (Table 9.3). During occasion one, the cor-
relation with DBP-reactivity is significant and during both occasions im-
pulsivity is positively related to RR-reactivity (Table 9.5). These cor-
relations persist if basal level dependencies are removed from reaction
scores.

The conclusion is that coherence between impulsivity and autonomic
responsiveness is not manifested in the two-dimensional response pattern
classification as has been derived in the current study. Nevertheless, im-
pulsivity is positively related with respiration pace reactivity. During the
first occasion, also a positive correlation between impulsivity and DBP-
reactivity is observed. Significant negative correlations between impul-
sivity and standardized HR-, PlT-, and TWA-reactivity scores are ob-
served during the film Deathbed.

Discussion
Let us review and discuss the main findings of the exploratory study of
the coherence between autonomic responsiveness and self-report
measures. Though relatively few variables are involved, on the whole, a
reasonable number of significant correlations are observed between
autonomic responsiveness following film presentation and self-report
measures of individual functioning.



Table 93 Correlations between six self-report measures and gross physiological measures (5353556)

Problem-
SELF-REPORT Social fo sed I=

MEASURE Neuroticism Extraversion Coping Tenseness Palliating Impulsivity

OCCASION 1 2 1 2 12 12 12 12

BASAL LEVEL
HP 06 21 25' 13 -15 -08       24* 26* -16 -15 24*    06

Frr -09 -01 -04 -09 -11 -24' -02 11 .28  25. 04    40
TWA 15 36  -08 -02 02 -09 -25a    -22       04 -07 16     08

RP -23/ -17 -08 -08 -17 -31b 01     09 -25' 47 16     08

DBP -211 -00 -03 05 48 -03 -15 -17 13 06 47 -06
SBP -23* 13 -12 -01 48 01 -09 44 14 -03 -20     -17

GSL -03 -32b -* -20 02 18 -13 42 -03 39  -06     -13

FIT 20 -02 09 10 13 -00 03 -26* -08 02 -08 -10

AUTONOMIC RESPONSIVENESS before and after' neutralization of basal level dependencies
HR .44c e -20' -25* 09 19 17 07 30 15 20 22      
HIt' -4-F -YP -34e    -28b       12     21       13 02 34c    19       16     21

-PIT 03 -02 -20 -07 -02 03 04 -00 -03 -00 -18 -13

-FIT 03 -02 -20 -m -02 02 04 00 -03 -01 -18 -13

-TWA -20 -17 -21 -16 -09 -06 20 22 14 08 04     09

-TWA' -18 -12 -22  -16 -09 -07       17     19       15 07 06     10

RR -19 -26* -07 -18 -01 -05      -01 05 02 24* 310 270
RR' -08 -22 -00 -17 13 07 -03 02 21 33b 26b    26*

DBP -23* -15 -06 -14 09 -00 -09 -01 04 19 # 05
DBP -24* 45 -06     -14       08 -00 -10 -01 05 20 260 05
SBP -17 -12 -05 09 -06 -06 03 -13 15 05 -03
SBP' -11 -16 46 45 07 -06 -09 03 -10 15 -01     -03

GSL -18 -22 42 -04 -14 -12 03 12 -07 10 49 -04
GSL' -17 -15 -07 00 -14 47 05     14      -07 00 48 -01

-FIT 03 -01 00 15 02 -00 04 01 05 10 -14     01

-Frr wn 41 -03 16 -04 -00 03 -01 09 11 41     40



Table 9.1 Continuation
WITHIN-SESSION TRENDS before and after' neutralization of basal level dependencies

HP 21' 01 -16 -03 16 03 16 alb 05 14 01     03

HF 28b 06 -15 -00 16 01 17 -26' 05 11 01     05

yrr 265 01 -13 -14 00     11       21 -11 -14     -09       -08     02

FIT 28b 01 -12 -16 02 07 22' -09 -10 -13 49     02

1WA 33  -02 .07 07 18     05       01 -32b -05 -14 -04     15

TWA' 31  00 -06 06 18 05 05 -34b -05 -14 -06     16

RP 19 16 32b 35  -00 01 -13 48 -2d  -23  -15   -19

RP' 17 15 32" 35C -02 -02 -13 -17 .28b .25' 44 -18

DBP -24* 03 -18 13 -04 05 -36C 00 10 -06 -14 11
DBY -20 03 -18 13 -01 05 -34C -01 57 46 -11     11

SBP -17 -00 -03 10 -15 -14 -36c -04 03 01 -12 -09
SBF -14 02       -01      10 -14 43 -35( -07 01 -00 -09    -13

GSL -03 -10 -04 -26a 04 14 -09     -01       11     10       05     -08

GSL' -04 06 -09 -19 04 06 -12 05 10 -08 05 -02
Frr 15 -15 16 00 -01 04 18 -04 07 10 17    07

FIT 04 -15 14 -04 47 04 18 06 11 11 22* 12
*3

AUTONOMIC LABIIIIY before and after' neutralization of basal level dependencies W

HP 03 18 24' 12 42     14       16     11      -04 -07 04 -09
HY -01      13       11 09 -07 17 04 04 06 -03 42 -11

FIT -25a 05 -20 03 12 -03 44 41 07 -M 03    -01

FIT -24* 05 -20 04 15 -00 -13 -02 13 -04 03     -01

TWA 02 -01 -21 -01 13 18 -11 45 18 00 47 40
TWA' -04 08      -21    -02       13     16 -03 -12 18 .02 -13     02

RP -04 -16 -22* 41 17 14 07 05 10 12 11 21
RP' -06 -17 -22' -22 16 11 07 06 08 10 12     22

DBP -15 05 -03 25* 08 24* -15 -13 24* 17 47     06

DBP -03 05       -01      258       18     24' -10 -12 20 17 01     06

SBP 15 17 10 18 10 20 -01 -13 07 13 -19 42
SBY 18 17 12 18 11 20 01 -12 05 13 46 -11

GSL 09 -20 -22* -26* 10 07 -13 -19 07 21 -16    -20

GSL' 19 -05 04     -17       14 -12 -05     -16       13 -14 -18 -16

FIT -14 20 5 Crl 41 -11 -15 07 16 09 -29  -06
FIT -08 20 -07 09 02 -11 -15 02       14 09 -39 49

 P< ·10     bp<.05     cp<.01 (2-tailed significance); decimal points have been omitted
56 subjects entered in the analyses of session one (54 in case of GSL); 53 subjects entered in the analyses of session two
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Of the four individual-specific measures of autonomic responsiveness that
proved to be most stable over occasions and most consistent over films
(Table 8.4),only TWA-reactivity to film presentation per se is never sig-
nificantly related to measures of individual functioning as assessed with
questionnaires. Especially the coherence observed between heart rate reac-
tivity and self-report measures is outstanding. In addition, diastolic blood
pressure and respiration rate reactions are related to some self-report
measures. The correlations remain intact if basal levels are removed from
reactivity scores. Contrary to expectation, the classical, broadly defined,
personality measures show more coherence with autonomic responsiveness
as defined in the current study than more narrowly defined temperamen-
tal, coping, or state measures of individual functioning.

Rather than individual differences in responsiveness on the first,
sympathetic, dimension of autonomic responsiveness, differences on the
second, parasympathetic, dimension are related to "classical" personality
characteristics as assessed with questionnaires. State measures as assessed
with self-reports are not more clearly related to responsiveness as mani-
fested on dimension one than on dimension two. Respiration rate hardly
weighs in the response pattern classification as has been empirically
derived in chapter 7. However, significant dependencies are observed be-
tween respiration responsiveness and palliating as well as impulsivity.
More than other variables used in the current study, respiration pace is
influenced by (voluntary) somatic nervous system activity that hardly af-
fects the autonomic response pattern classification. In further research,
inclusion of a specific somato-motor variable, e.g., electromyogram, in the
existing set of physiological variables may lead to a response pattern
taxonomy with a third, somatic, dimension improving the validity of the
response pattern model for some personality measures, e.g., impulsivity.

Finally, specific person-film interactions in autonomic responsiveness
are observed for impulsivity and the dimension with 'tenseness' and 'thrill
and adventure seeking' located at the two extremes. This might indicate
that the hypothesized dependency between autonomic reactivity, situa-
tional power, and extraversion, is more related to the impulsivity
component of the broad construct extraversion than to the sociability
component (cf. Zuckerman, 1971). In general, more significant relation-
ships with self-report measures are observed for the responsiveness
definition chosen in the current study than for standardized measures of
autonomic responsiveness. Intra-individual standardization of respon-
siveness scores over situations will only lead to physiological measures that
are related to "classical" personality constructs if pronounced Person-
Situation interactions occur.
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Gross physiological measures
Correlations between self-report measures and autonomic measures of in-
dividual functioning are more often significant during the first occasion
than during the second (Table 9.5). Moreover, coherence is mostly re-
stricted to some physiological systems and some self-report measures.

Four out of sixteen correlations between basal levels and neuroticism
are significant at 5 pct level. Paradoxically, a negative relationship is ob-
served between neuroticism and elevated physiological levels for DBP and
FIT during occasion one and for TWA and GSL during occasion two. On-
ly one of the eight variables displays an almost significant positive
relationship between neuroticism and elevated physiological levels:
respiration pace during occasion one. Isolated, four other correlations be-
tween self-report measures and autonomic responding are significant.
Since coherence is not reflected in other variables, and since we have only
two replications of the basal level measures, these relationships are dif-
ficult to interpret. Because basal GSL is most often related to self-
reported personality characteristics, this measure comes to the fore as the
most interesting basal measure of individual functioning from a psycho-
logical point of view. The significant negative correlation between extra-
version and basal electrodermal level is in line with the Eysenck hypoth-
esis predicting higher basal activation for introverts. Moreover, this
autonomic variable has been most often shown to be related to extraver-
sion (Stelmack, 1981). Also the coherence between basal GSL during oc-
casion two and palliating is pronounced. However, nothing is found back
of this coherence during occasion one. Like GSL during occasion two,
faster FITs during occasion one are positively related to palliating.

Ten out of 96 correlations between trends and self-report measures are
significant at 5 pct level. The correlations observed are less isolated than
these of basal levels. Pronounced is the coherence between neuroticism
and physiological trends during occasion one (Table 9.5). For HP, PTT,
and TWA, a positive correlation is observed. This coherence is also ob-
served if basal level dependencies are removed from trend-scores. More-
over, during the first occasion, the correlations of neuroticism with slopes
of other physiological levels, though not reaching significance, all point to
more pronounced shifts in basal levels in the direction of deactivation for
persons scoring higher on neuroticism. Although four out of sixteen cor-
relations between tenseness and trends are significant, these relationships
are hard to interpret, since during the second occasion a more pronounced
HR- and TWA-change in the direction of deactivation is observed for
persons scoring high on tenseness, while during the first occasion a
positive association is observed between tenseness and increase in blood
pressure levels throughout the experiment. Finally, time-trends in respira-
tion rate are positively related to social extraversion and negatively to
palliating. Hence, all significant correlations between palliating and
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autonomic responding, i.e., autonomic responsiveness, basal levels, and
adaptation trends, point to a positive dependency between general respon-
siveness and palliating. In conclusion, the magnitude and duration of
adaptation to the experimental setting as reflected in the slope of within
session-trends of physiological levels is related to personality characteris-
tics as assessed with conventional self-report measures. Most clear is the
relationship between neuroticism and adaptation during the first occasion.
Persons scoring high on neuroticism do show more pronounced trends in the
direction of deactivation throughout the first occasion.

Only four correlations between autonomic variability during baseline
intervals and self-report measures are significant at 5 pct level (Table 9.5).
Moreover, one of these significant correlations is entirely explained by
autonomic variability being confounded with basal levels. The individual-
specific test-retest stabilities of the autonomic variability scores that
remain significant after basal level dependencies are neutralized, are
relatively low (Table 8.10). Thus, it may be concluded that autonomic
variability during baseline intervals is not related to personality charac-
teristics as assessed with self-report measures.

Discussion

Individual differences in autonomic responding during films appeared to
be related to some measures of individual functioning as assessea with
questionnaires.

Especially the coherence between measures of autonomic responding
and neuroticism is marked. However, the results are in contrast with the
hypothesis of Eysenck predicting greater autonomic reactivity for persons
scoring higher on neuroticism. Particularly during the first occasion, heart
rate increase during films is negatively related to neuroticism (r=-.44).
Moreover, neuroticism tends to be negatively related to basal physiological
levels and, during the first occasion, basal levels tend to change more in
the direction Of de-activation for persons scoring highly on neuroticism.

The correlations observed in studies of coherence between neuroticism
and autonomic responding are generally low. This has been ascribed to
stimuli or tasks not being stressful enough to elicit individual differences
(e.g., Eysenck and Eysenck, 1985; Stelmack, 1981). The films used in the
current study are not very stressful. Moreover, in contrast with most psy-

chophysiological studies of neuroticism that tend to use function-raising
stimuli, in the current study stimuli were used that more appeal to input-
regulation processes, and elicit heart-rate decrease (Table 8.10). One
might hypothesize that the specific stimulation used is responsible for the
paradoxical results found in the current study and that the greater
autonomic responsiveness is indeed positively associated with neuroticism.
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More specifically, it may be suggested that persons scoring high on neuro-
ticism are more suggestible for environmental stimulation per se, showing
more parasympathetic enhancement during stimulation typically eliciting
parasympathetic increase, and, more sympathetic enhancement during
stimulation typically affecting the sympathetic branch of the autonomic
nervous system. However, since the significant negative correlation bet-
ween HR-reactivity and neuroticism is also found during a typical func-
tion-raising film like Driving-Test, this hypothesis is not very plausible.

Another reason for the coherence found may be that the predominance
of arousal processes over activation processes, i.e., feedback mechanisms
or emotional stop-mechanisms over feedforward mechanisms, is the typi-
cal short-term adaptation response for persons scoring high on neuro
ticism. That is, persons scoring high on neuroticism may tend to be more
inclined to behavioral inhibition than to behavioral excitation, to react
depressive than to react assertive (chapter 7). In contrast, persons with low
scores on the neuroticism dimension may have a higher stress tolerance,
implying "resistance to exhaustion or depression" (Dienstbier, 1989) and be
more inclined to behavioral activation than to conservation-withdrawal.
The latter hypothesis is in line with the results of the current study. As in
the study of situation-specific response patterns, in future research,
varied tasks unambiguously triggering input- or output-regulation proces-
ses may clarify the specific relationship between neuroticism and short-
term physiological adaptation mechanisms.

A hypothesis, not ruling out the previous hypothesis, may be derived
from the work of Burchfield on the stress response, predicting that "adap-
tation to chronic intermittent stress consists of an anticipatory response
accompanied by a decreased overall physiological response and that these
responses are accomplished by learning predictive and consequential cues"
(1979, p.664). It may be hypothesized from this theory that persons
showing a more pronounced decrease of function while watching films are
more anticipating possible stressful situations to come, whereas more
"tough" or "stress tolerant" (Dienstbier, 1989) persons are less inclined to
mobilize anticipatory, antagonistic, homeostatic mechanisms in situations
that cannot be avoided.

The lack of results in psychophysiological studies of "classical" per-
sonality characteristics has been ascribed to personality characteristics
being defined too broadly. In the current study, more narrowly defined
response style, coping, or state-measures of individual functioning were
not related more to autonomic responsiveness than broad self-report
measures. However, both impulsivity as well as the personality dimension
with tenseness located at the one extreme and 'Thrill and Adventure
Seeking' at the other, seem to be related to autonomic reactivity during
some specific films. Particularly responsiveness during the film Deathbed
as compared to responsiveness during other films is marked for persons
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scoring high or low on these personality dimensions. As may be hypothe-
sized from related studies, especially these aspects of extraversion, i.e.,
impulsivity and TAS, rather than sociability are related to the concept of
'strength of the nervous system' or 'optimal level of stimulation or ac-
tivation' (chapter  1).

In the current study, measures of autonomic responsiveness during
films as well as measures of magnitude and pace of adaptation to the ex-
perimental session, are hardly confounded with basal levels. Moreover,
significant correlations between self-report measures and these types of
autonomic responding tend to persist if basal level influences are neu-
tralized from these scores. I thought it valuable to have measures of
autonomic responsiveness and physiological adaptation free of basal level
and, hence, of constitutional and scaling influences, and expected more
coherence between self-report measures and these basal-free measures of
autonomic responding than between self-report measures and basal physi-
ological levels. This expectation is not confirmed. However, the design
does not allow to evaluate the individual-specific consistency of basal
levels and physiological trends as thoroughly as the consistency of
autonomic responsiveness. That is, of the first two measures only the
stability could be mapped, whereas of the latter measures also the
transsituational consistency and person-situation interactions could be
studied. Future research may learn what the influence is of the specific
stimulation used on basal levels and pace of adaptation, and whether
specific person-setting interactions are observed for experimental settings
as used in the current study and, for instance, films that are more stressful
of character or entirely different repetitive stimulation.

In general, the first occasion proved to be more relevant for the coher-
ence with "classical" personality characteristics than the second occasion.
That is, both autonomic reactivity scores as well as trend-scores are more
often related to self-report measures of personality during the first oc-
casion. Surprisingly few person(ality)-film interactions are observed.
Though coherence between autonomic responsiveness and self-report
measures is more pronounced during some specific films, on the whole,
autonomic responsiveness to film presentation per se is more related to
questionnaire scores than autonomic reactivity to specific films.

In the previous chapter, we already saw Situation-specific Consistency
to be more clearly manifested in response profiles than Individual-
specific Consistency. In the coherence study, the signs of the correlations
between self-report measures and reactivity scores on dimension one and
dimension two of the response pattern classification indicate that most
often coherence is observed by virtue of individual differences in
autonomic reactivity on the B-adrenergic diagonal or on dimension one or
(predominantly) dimension two alone, but seldom in consequence of in-
dividual differences on the a-adrenergic diagonal. The most clear excep-
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tion is the coherence observed between palliating and autonomic reactivity
during the first presentation of the film Overwork. During this specific
film, the significant multiple correlation observed follows from individual
differences on the a-adrenergic dimension. In general, however, the
results of this study confirm the results of the study of psychophysi-
ological consistency. To reflect individual differences in autonomic
responsiveness, it is enough to consider that autonomic systems may act
synergistically or independently. Consequently, to take account of in-
dividual differences that are consistent over situations, stable over time,
and correlated with other measures of individual functioning, the unidi-
mensional activation model may give a rather adequate description of
individual differences. In contrast, to take account of consistent situa-
tional differences in autonomic responsiveness, it is much more important
to consider that autonomic systems may act not only synergistically or
independently, but also antagonistically.

Since in the process of computing multiple correlations advantage is
taken of idiosyncracies of the sample, these correlations are always exag-
gerated (Ferguson, 1976). If the multiple correlations computed in the
current study are corrected for this bias by applying the shrinkage for-
mula, these do not exceed the correlations computed for a single dimen-
sion. Efficacy of prediction is improved only if correlations between self-
report measures and reactivity on the two dimensions are explained by
distinct individuals. In this study, most often a single dimension, i.e., the
parasympathetic dimension, explains the coherence observed between
autonomic reactions and self-report measures of personality.

Much was expected of the addition of blood pressure measurements to
the existing set of physiological variables (chapter 3 and chapter 7). In-
deed, these measurements proved to carry much weight in the classifica-
tion of autonomic responsiveness (chapter 7). Moreover, blood pressure
measurements proved to be highly relevant in the definition of film-
specific as well as time-specific effects (chapter 8). However, particularly
the results of the individual-specific consistency analyses for systolic
blood pressure are disappointing. In addition, although individual dif-
ferences in SBP-responsiveness during the films Intrigue, Love-Making,
and Deathbed, are quite stable, SBP-reactivity during these films is not

related to one of the self-report measures of individual functioning.
Except for one variable, respiration pace, the correlation matrix be-

tween self-report measures and autonomic responsiveness as manifested
on the two dimensions of the response pattern classification provided a
good summary of the correlation matrix between self-report measures and
reactivity as manifested in single variables. Especially the multiple cor-
relations observed between impulsivity and autonomic response patterns
may be underestimated since RR does hardly weigh in the response pat-
tern classification. In future research, inclusion of a more specific somato-
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motor variable in the set of physiological variables may improve the ef-
ficacy of the prediction from physiological response patterns to self-
report measures of individual functioning.

In the analyses of psychophysiological consistency, it was concluded
that autonomic responding as elicited while watching films may represent
important aspects of individual functioning. In this chapter, it is added
that there certainly exists overlap between autonomic responding and
measures of individual functioning that are considered to be important in
personality psychology. As future research in the current setting can
profit from the inclusion of typical activation tasks more appealing to
parasympathetic inhibition and sympathetic excitation, psychophysiol-
ogical studies of personality in the tradition of Eysenck can profit from
the inclusion of stimuli or tasks that tend to enhance parasympathetic
activity.

The psychophysiological consistency and stability observed as well as
the coherence with other measures of individual functioning underscore the
importance of inclusion of autonomic responding in personality research
and incite to further validation studies.

Summary

To explore the coherence between individual measures of autonomic
responding during films depicting everyday situations and measures of
individual functioning that are traditionally considered to be important in
personality psychology, gross physiological measures (i.e., basal values, the
pace and magnitude of physiological adaptation to the experimental set-
ting, and autonomic variability during baseline intervals) as well as
autonomic responsiveness during films, were correlated with six self-
report factors: neuroticism, social extraversion, problem-focused coping,
tenseness, palliating, and impulsivity.

The most pronounced coherence is observed between neuroticism and
autonomic responding. A positive dependency exists between neuroticism
and decrease of autonomic function, especially heart rate reactivity, while
watching films. This effect is not confounded with base-level dependen-
cies. Moreover, neuroticism tends to be negatively related to basal phy-
siological levels during baseline intervals alternating with films. Finally,
basal levels during the first occasion on which films were presented tend
to change more in the direction of deactivation for persons scoring high on
neuroticism.

Also social extraversion is positively related to decrease of autonomic
function, especially parasympathetic excitation, while watching films. As
in the case of neuroticism, this coherence is observed relatively free of the

specific film presented. Not the sociability component of extraversion, but
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the impulsivity or thrill-and-adventure-seeking components of extraver-
sion seem to be related most to the optimal level of activation concept.
That is, the occurrence of associations between these latter personality
characteristics and autonomic reactivity seem to depend more on the
specific film presented than the occurrence of coherence between social
extraversion and autonomic reactivity during films. Impulsivity is also
positively correlated with respiration rate reactivity while watching films.
Social extraversion is negatively related with basal galvanic skin level
during both occasions as well as with systematic changes in respiration
pace throughout the session in the direction of deactivation.

Of the two coping factors, problem-focused coping and palliating, only
the latter is related to autonomic responding. Although significant correla-
tions between palliating and autonomic responding are most often res-
tricted to one occasion, correlations between this self-report measure and
autonomic measures scored in the direction of general activation are al-
ways positive.

In the coherence study, quite a number of significant correlations were
observed between several self-report measures and individual measures of
autonomic responding, especially during the first occasion. The results
underscore the relevance of the setting, that is, of both the films used and
the definitions of autonomic responding chosen, for assessment of per-
sonality characteristics that are traditionally considered to be important in
personality psychology. To be able to interpret the associations observed
more unambiguously, future research is needed in which the present stim-
ulus material, that strongly appeals to input-regulation processes and
especially excites the parasympathetic branch of the autonomic nervous
system, is used along with stimuli or tasks that more appeal to output
regulation processes and accomplish parasympathetic inhibition and/or
sympathetic excitation.



References

Aalbers, A.H.J.A., & Geenen, R. (1991). Using Micropower/Pascal in
real-time psychological experiments. In L.J.M. Mulder, F.J. Maarse,
W.P.B. Sjouw, & A.E. Akkerman (Eds.), Computers in psychology:
Applications in education, research and psychodiagnostics (pp. 68-
74). Lisse: Swets & Zeitlinger.

Akerstedt, T., & Froberg, J.E. (1976). Interindividual differences in cir-
cadian patterns of catecholamine excretion, body temperature, per-
formance, and subjective arousal. Biological  Psychology. 4, 277-292.

Albus, M. Zellner, A., Bondy, B., Miiller-Spahn, F., Engel, R., & Acken-
heil, M. (1989). Influence of CGP361A, propran0101 and diazepam
on autonomous reactions to different stressors. Progress in Neuro-
Psychopharmacology  and  Biological  Psychiatry,  13,81-91.

Aldwin, C., Folkman, S., Schaefer, C., Coyne, J.C., & Lazarus, R.S.
(1980). Ways of coping: A process measure. Paper presented at the
meeting of the American Psychological Association, Los Angeles.

Allen, M.T., & Boquet, A.J. (1989). The evaluation of two laboratory tasks
designed to produce increases in parasympathetic nervous system
activity [abstract]. Psychophysiology, 26 (Suppl. 4A), sl 1.

Allen, M.T., & Crowell, M.D. (1989). Patterns of autonomic response
during laboratory stressors. Psychophysiology, 26. 603-614.

Allen, M.T., Sherwood, A., Obrist, P.A., Crowell, M.D., & Grange, L.A.
(1987). Stability of cardiovascular reactivity to laboratory stressors: a
2+ yr follow-up. Journal of Psychosomatic Medicine, 31, 639-645.

Allport, G.W. (1961). Pattern and growth in personality. New York: Holt,
Rinehart and Winston.

Anastasi, A. (1953). Differential psychology. Individual and group differ-
ences in behavior. New York: The Macmillan company.

Anderson, C.D., Stoyva, J.M., & Vaughn, L.J. (1982). A test of delayed
recovery following stressful stimulation in four psychosomatic dis-
orders.  Journal  of  Psychosomatic  Research,  26,511-580.

Andreassi,   J.L.   (1980).   Psychophysiology.   Human   behavior    and    physiol-
ogical responses. New York: Oxford University Press.

Arena, J.G., Goldberg, S.J., Saul, D.L., & Hobbs, S.H. (1989). Temporal
stability of psychophysiological response profiles: Analysis of In-
dividual Response Strereotypy and Stimulus Response Specificity.
Behavior Therapy, 20, 609-618.

Arnetz, B.B., Edgren, B., Levi, L., Otto, U. (1985). Behavioural and en-
docrine reactions in boys scoring high on Sennton neurotic scale
viewing an exciting and partly violent movie and the importance of
social support. Social Science in Medicine, 20.131-136.



234

Averill, J.R. (1973). Personal control over aversive stimuli and its
relationship to stress. Psychological Bulletin, 80, 286-303.

Averill, J.R., Malmstrom, E.J., Koriat, A., & Lazarus, R.S. (1972).
Habituation to complex emotional stimuli. Journal of Abnormal Psy-
chology, 80.20-28.

Averill, J.R, & Opton, E.M. (1968). Psychophysiological assessment:
Rationale and problems. In P. McReynolds (Ed.), Advances in psy-
chophysiological assessment: Vol. I (pp. 265-288). Palo Alto, CA.
Science and Behavior Books.

Ax, A.F. (1953). The physiological differentiation between fear and anger
in humans. Psychosomatic Medicine, 15, 433-442.

Ax, A.F. (1964). Goals and methods of psychophysiology. Psychophysiol-
ogy, 1,8-25.

Babladelis, G. (1984). The study of personality. Issues and resolutions.
New York: Holt, Rinehart, and Winston.

Barratt, E.S. (1983). The biological basis of impulsiveness: the significance
of timing and rhythm disorders. Personality and Individual Differ-
ences, 4, 387-391.

Barry, R.J. (1982). Anticipatory changes in state, dual-process theory, and
preliminary OR processes. Physiological Psychology. 10. 209-214.

Bartfai, A., Edman, G. Levander, S.E., Schalling, D., & Sedvall, G.
(1984). Bilateral skin conductance activity, clinical symptoms and
CSF monoamine metabolite levels in unmedicated schizophrenics,
differing in rate of habituation. Biological Psychology. 18. 201-218.

Beck, J.G., Barlow, D.H., & Sakheim, D.K. (1983). Abdominal tempera-
ture changes during male sexual arousal. Psychophysiology, 20,715-
717.

Bee, V., & Webb, W.B. (1987). Temperature rhythms in native Alaskan
and Caucasian children. Biological Psychology, 24, 101-104.

Bem, D.J. & Allen, A. (1974). On predicting some of the people some of
the time: the search for cross-situational consistencies in behavior.
Psychological Review, 81. pp. 506-520.

Benjamin, L.S. (1967). Facts and artifacts in using analysis of variance to
"undo" the law of initial values. Psychophysiology, 4. 187-202.

Berntson, G.G., Quigley, K.S., Jang, J.F., & Boysen, S.T. (1990). An ap-
proach to artifact identification: Application to heart period data.
Psychophysiology.  27.586-598.

Blascovich, J., & Kelsey, R.M. (1990). Using electrodermal and cardiovas-
cular measures of arousal in social psychological research. In C.
Hendrick & M.S. Clarck (Eds.), Research methods in personality and
social psychology (pp.45-73). Newbury Park: Sage Publications.

Boelhouwer, A.J.W. (1984). Investigations on blink reflexes in humans.
Doctoral dissertation, Tilburg University, the Netherlands.



235

Boucsein, W., Baltissen, R., & Euler, M. (1984). Dependence of skin con-
ductance reactions and skin resistance reactions upon previous level.
Psychophysiology, 21, 212-218.

Bowers, K.S. (1976). Situationism in Psychology: An Analysis and a criti-
que. In N.S. Endler & D. Magnusson (Eds.), Interactional psychology
and personality (pp. 125-165). New York: John Wiley.

Bowlby, 3. (1981). Attachment and loss: Vol. 3. Loss: Sadness and depres-
sion. Harmondsworth: Penguin Books.

Bradley, B.W., & McCanne, T.R. (1981). Autonomic responses to stress:
The effects of progressive relaxation, the relaxation response, and
expectancy of relief. Biofeedback and Self-Regulation. 6,235-251.

Brown, C. Instruments in psychophysiology. (1972). In N.S. Greenfield &
A. Sternbach (Eds.), Handbook of psychophysiology (pp. 159-195).
New York: Holt, Rinehart, and Winston.

Bruner, J.M., Krenis, L.J., Kunsman, J.M., & Sherman, A.P. (1981).
Comparison of direct and indirect methods of measuring arterial
blood pressure. AAMI-Medical Instrumentation Series, 15,1-23.

Bull, R.H.C., and Gale, M.A. (1973). The reliability of and interrelation-
ships between various measures of electrodermal activity. Journal of
Experimental Research in Personality, 6,300-306.

Bunnell, D.E. (1982). Autonomic myocardial influences as a factor deter-
mining inter-task consistency of heart rate reactivity. Psychophy-
siology, 19, 442-448.

Bunnell, D.E. (1985). Non-invasive measurement of sympathetic influen-
ces on the heart. In J.F. Orlebeke, G. Mulder, & L.J.P. van Doornen
(Eds.), Psychophysiology of cardiovascular control (pp.221-236).
New York: Plenum Press.

Burchfield, S.R. (1979). The stress response: A new perspective. Psycho-
somatic  Medicine, 41,  661-612.

Burdick, J.A., van Dyck, B., & Bargen, W.J. von. (1982). Cardiovascular
variability and introversion/extroversion, neuroticism and psycho-
ticism. Journal of Psychosomatic Research, 26,269-275.

Buss, A.H. (1988). Personality: Evolutionary heritage and human dis-
tinctiveness. Hillsdale, NJ: Lawrence Erlbaum Associates.

Buss, A.H., & Plomin, R. (1975). A temperament theory of personality
development. New York: Wiley.

Buss, A.H., & Plomin, R. (1984). Temperament: Early deve/oping person-
ality traits. Hillsdale, NJ: Lawrence Erlbaum Associates.

Cacioppo, J.T., Marshall-Godell, B.S., & Gormezano, I. (1983). Social
psychophysiology: Bioelectric measurement, experimental control,
and analog-to-digital data acquisition. In J.T. Cacioppo & R.E. Pet-
ty (Eds.), Social psychophysiology (pp. 666-690). New York: The
Guilford Press.



236

Cacioppo, J.T., & Petty, R.E. (1983). Foundations of social psychophy-
siology. In J.T. Cacioppo & R.E. Petty (Eds.), Socia/ psychophysiol-
ogy (pp. 3-36). New York: The Guilford Press.

Cacioppo, J. T., & Tassinari, L.G. (1990). Inferring psychological sig-
nificance from physiological signals. American Psychologist. 45, 16-
28.

Campbell, M.E. (1981). Statistical procedures with the law of initial
values.  The  Journal  of  Psychophysiology,  108,85-101.

Carlson, N.R. (1980). Physiology of behavior (2nd ed.). Boston: Allyn and
Bacon.

Carroll, D., & Roy, M.P. (1989). Cardiovascular activity during prolonged
mental arithmetic challenge: shifts in the haemodynamic control of
blood pressurel Journal of Psychophysiology, 3,403-408.

Cattell, R.B. (1965). The scientific analysis of personality. Baltimore: Pen-
guin Books.

Cattell, R.B. (1973). Personality and mood by questionnaire. San Francisco:
Jossey-Bass.

Cattell, R.B., & Kline, P. 0911). The scientific analysis of  personality and
motivation. New York: Academic Press.

Chassan, J.B. 0979). Research design in clinical psychology and psychia-
try. New York: Irvington Publishers.

Chirife, R., & Spodick, D.H. (1972). Densitography: A new method for
evaluation of cardiac performance at rest and during exercise.
American Heart Journal, 83,493-503.

Christensen, L.B. (1988). Experimental methodology. Boston: Allyn and
Bacon.

Christie, M.J., & Todd, J.L. (1975). Experimenter-subject-situational
interactions. In P.H. Venables & M.J. Christie (Eds.), Research in
psychophysiology (pp. 50-68). New York: John Wiley.

Chueng, M.N. (1981). Detection of and recovery from errors in cardiac
interbeat intervals. Psychophysio/ogy, 18, 341-346.

Cleary, P.J. (1986). L.I.V. R.I.P.? Comment on Myrtek and Foerster's 'The
Law of Initial Values: a rare exception'. Biological Psychology, 22,
279-284.

Cohen, 1., & Cohen, P. (1983). Applied multiple regression/correlation
analysis for the behavioral sciences (2nd ed.). Hillsdale, NJ:
Lawrence Erlbaum Associates.

Coker, R., Koziell, A., Oliver, C., & Smith, S.E. (1984). Does the sym-
pathetic nervous system influence sinus arrhythmia in man?
Evidence from combined autonomic blockade. The Journal of Phy-
siology, 356, 459-464.

Coles, G.H., Donchin, E., & Porges, S.W. (Eds.). (1986). Psychophysiology.
systems, processes. and app/ications. New York: The Guilford Press.

Coles, M.G.H., Stratton, G., & Gehring, W.J. (1987). Theory in cognitive
psychology. Journal of Psychophysiology, 1, 13-16.



237

Concordan, D.W. (1972). Studies of individual differences at the applied
psychological unit. In V.D. Nebylitsyn & J.E. Gray (Eds.), Biolog-
ical bases of individual behavior. New York: Academic Press.

Cromwell, L., Arditti, M., Weibell, F.J., Pfeiffer, E.A., Steele, B., &
Labok, J.A. (1976). Medical instrumentation for health care. Engle-
wood Cliffs, NJ: Prentice-Hall.

Cronbach, L.J. (1957). The two disciplines of scientific psychology.
American Psychologist, 12,671-684.

Cronbach, L.J. (1975). Beyond the two disciplines of scientific psychol-
ogy. American Psychologist, 30,116-127.

Cronbach, L.J. (1984). Essentials of psychological testing. New York:
Harper & Row.

Cronbach, L.J., & Furby, L. (1970). How we should measure "change"-or
should we? Psychological Bulletin. 74, 68-80.

Cronbach, L.J., Gleser, G.C., Nanda, H., & Rajaratnam, N. (1972). The
dependability of behavioral measurements: Theory of generaliza-
bility  for  scores  and  profiles. New York: John Wiley.

Davis, M.H., Hull, J.G., Young, R.D., and Warren, G.G. (1987). Emo-
tional reactions to dramatic film stimuli: The influence of cognitive
and emotional empathy. Journal of Personality and Social Psy-
chology, 52,126-133.

Davison, M.L. (1983). Multidimensional scaling.New York: John Wiley.
Dienstbier, R.A. (1989). Arousal and physiological toughness: Implications

for mental and physical health. Psychological Review, 96,84-100.
Dorlas, J.C., Nijboer, J.A., Butijn, W.T, van der Hoeven, G.M.A., Settels,

J.J., & Wesseling, K.H. (1985). Effects of peripheral vasoconstric-
tion on the blood pressure in the finger, measured continuously by a
new noninvasive method (the FinapresR). Anesthesiology, 62,342-
345.

Douglas, W.W. (1970a). Histamine and antihistamines; 5-hydroxytryp-
tamine and antagonists. In L.S. Goodman & A. Gilman (Eds.), The
pharmacological basis of therapeutics (pp. 621-662). New York: The
Macmillan Company.

Douglas, W.W. (1970b). Polypeptides-angiotensin, plasma kinins, and
other vasoactive agents; prostaglandins. In L.S. Goodman & A. Gil-
man (Eds.), The pharmacological basis of therapeutics (pp. 663-676).
New York: The Macmillan Company.

Drever,  3.  0916).  A  dictionary  of psychology. Harmondsworth, Middlesex:
Penguin Books.

Duffy, E. (1957). The psychological significance of the concept of
"arousal" or "activation". Psychological Review, 64, 265-275.

Duffy, E. (1972). Activation. In N.S. Greenfield & R.A. Sternbach (Eds.),
Handbook of psychophysiology (pp. 577-622). New York: Holt,
Rinehart, & Winston.



238

Edelman, R.I. (1970). Effects of progressive relaxation on autonomic pro-
cesses. Journal of Clinical Psychology, 26,421-425.

Egmond, J. van, Hasenbos, M., & Crul, J.F. (1985). Invasive v. non-in-
vasive measurement of arterial pressure. Comparison of two auto-
matic methods and simultaneously measured direct intra-arterial
pressure.  British  Journal  of  Anaesthesia.  57.434-444.

Ekman, P., Davidson, R.J., & Friesen, W.V. (1990). The Duchenne smile:
Emotional expression and brain physiology: IL Journal of Person-
ality and Social Psychology, 58,342-353.

Ekman, P., Levenson, R.W., & Friesen, W.V. (1983). Autonomic nervous
system activity distinguishes among emotions. Science, 221, 1208-
1210.

Endler, N.S. (1973). The person versus the situation - a pseudo issue? A
response to Alker. Journal of Personality, 41, 287-303.

Endler, N.S. (1976). Estimating variance components from mean squares
for random and mixed effects analysis of variance models. In N.S.
Endler & D. Magnusson (Eds.), Interactional psychology and per-
sonality (pp. 412-423). New York: John Wiley.

Endler, N.S., & Magnusson, D. (1976). Toward an interactional psychology
of personality. Psychological Bulletin, 83,956-974.

Endler, N.S., & Magnusson, D. (Eds.). (1976a). Interactiona/ psycho/ogy
and personality. New York: John Wiley.

Engel, B.T. (1960). Stimulus-Response and Individual-Response speci-
ficity. Archives of General Psychiatry, 2,305-315.

Engel, B.T (1972). Response specificity. In N.S. Greenfield & R.A.
Sternbach (Eds.), Handbook of psychophysiology (pp.571-576). New
York: Holt, Rinehart, and Winston.

Epstein, S. Traits are alive and well. (1977). In D. Magnusson & N.S.
Endler (Eds.), Personality at the crossroads: Current issues in
interactional psychology (pp.83-98). Hillsdale, NJ: Lawrence
Erlbaum.

Erdman, G., Janke, W., K8chers, S., & Terschliisen, B. (1984). Com-
parison of the emotional effects of a beta-adrenergic blocking agent
and a tranquilizer under different situational conditions. I. Anxiety-
arousing situations. Neuropsychobiology, 12, 143-151.

Eysenck, H.J. (1967). The biological basis of personality. Springfield: C.C.
Thomas.

Eysenck, H.J. (Ed.). (1981). A model  for personality. New York: Springer.
Eysenck, H.J, & Eysenck, M.W. (1985). Personality and individual dif-

ferences. A natura/ science approach. New York: Plenum Press.

Fahrenberg, J. (1987). Theory in psychophysiology: The multi-component
analysis of psychophysiological reactivity. Journal of Psychophysiol-
ogy, 1,9-11.



239

Fahrenberg, J., Foerster, F., Schneider, H-J., Miiller, W., & Myrtek, M.
(1986). Predictability of individual differences in activation proces-
ses in a field setting based on laboratory measures. Psychophysiol-
ogy,23, 323-333.

Fahrenberg, J., Schneider, H-J., Foerster, F., Myrtek, M. and MOller, W.
(1985). The quantification of cardiovascular reactivity in lon-
gitudinal studies. In A. Steptoe, H. ROddel, & H. Neus (Eds.),
Clinical and methodological issues in cardiovascular psychophysiol-
ogy (pp. 107-120). Berlin: Springer-Verlag.

Fahrenberg, J., Schneider, H-J., & Safian, P. (1987). Psychophysiological
assessments in a repeated-measurement design extending over a
one-year interval: Trends and stability. Biological   Psychology,   24.
49-66.

Fahrenberg, J., Walschburger, P., Foerster, F., Myrtek, M., & Miiller, W.
(1983). An evaluation of trait, state, and reaction aspects of ac-
tivation processes. Psychophysiology, 20, 188-195.

Falkowski, J., & Steptoe, A. (1983). Biofeedback-assisted relaxation in the
control of reactions to a challenging task and anxiety provoking
film.  Behavior  Research and Therapy, 21, 161-161.

Ferguson, G.A. (1976). Statistical analysis in psychology & education.
Tokyo: McGraw-Hill.

Fey, J.A. (1984). The psychophysiological and neurochemical bases of
sensation seeking. In H.C.J. Bonarius, G.L. van Heck, & N.G. Smid
(Eds.), Personality psychology in Europe: Vol. 1. Theoretical and
empirica/ developments (pp. 317-326). Lisse: Swets & Zeitlinger.

Fey, J.A., & Kuiper, C.M. (1984). ATL handleiding. Adolescenten Tem-
perament Lijst. Lisse: Swets and Zeitlinger.

Fiske, D.W. (1971). Measuring the concepts of personality. Chicago: Aldine
Publishing Company.

Fiske, D.W. (19718). The shaky evidence is slowly put together. Journal of

Consulting and Clinical Psychology, 37,314-315.
Fiske,   D.W.   (1978).   Strategies    for   personality   research.   San   Francisco:

Jossey-Bass Publishers.
Foerster, F., Schneider, H.J., & Walschburger, P. (1983). The differen-

tiation of individual-specific, stimulus-specific, and motivation-
specific response patterns in activation processes. An inquiry inves-
tigating their stability and possible importance in psychophysiology.
Biological Psychology. 17.1-26.

Foerster, F., & Walschburger, P. (1980). Zur beurteilung individualspe-
zifischer, stimulusspezifischer und motivationsspezifischer reak-
tionsmuster im aktivierungsexperiment. Zeitschrift fur Experimen-
telle  und  Angewandte  Psychology,  27,112-192.

Folkman, S., & Lazarus, R.S. (1980). An analysis of coping in a middle-
aged community sample. Journal   of   Health  and   Social   Behavior,   21,
219-239.



240

Folkman, S., & Lazarus, R.S. (1985). If it changes it must be a process:
Study of emotion and coping during three stages of a college exami-
nation. Journal of Personality and Social Psychology, 48.150-170.

Folkman, S., Lazarus, R.S., Dunkel-Schetter, C., DeLongis, A., & Gruen,
R.J. (1986). Dynamic of a stressful encounter: cognitive appraisal,
coping, and encounter outcomes. Journal of Personality and Social
Psychology. 50, 992-1003.

Fowles, D.C. (1980). The three arousal model: implications of Gray's two-
factor learning theory for heart rate, electrodermal activity, and
psychopathy.  Psychophysiology.   17.87-104.

Fowles, D.C. (1986). The eccrine system and electrodermal activity. In
G.H. Coles, E. Donchin, & S.W. Porges (Eds.), Psychophysiology.
Systems, processes, and applications (pp. 51-96). New York: The
Guilford Press.

Frankenhaeuser, M. (1975). Sympathetic-adrenomedullary activity, be-
haviour and the psychosocial environment. In P.H. Venables & M.J.
Christie (Eds.), Research in psychophysiology (pp. 71 -94). New
York: John Wiley.

Fredrikson, M., Danielssons, T., Iremark, H., & Sundin, 6. (1987).
Autonomic nervous blockade and phobic fear responses. Journal of
Psychophysiology. 1.35-43.

Fulker, D.W. (1981). The genetic and environmental architecture of psy-
chotism, extraversion, and neuroticism. In H.J. Eysenck (Ed.), A
model for personality (pp. 88- 122). Berlin: Springer-Verlag.

Furedy, J.J. (1985). Joint use of heart-rate and T-wave amplitude as non-
invasive cardiac performance measures. In J.F. Orlebeke, G. Mul-
der, & L.J.P. van Doornen (E(is.), Psychophysiology of cardiovas-
cular control CpI). 237-256). New York: Plenum Press.

Furedy, J.J. (1987). Beyond heart rate in the cardiac psychophysiological
assessment of mental effort The T-Wave Amplitude component of
the electrocardiogram. Human Factors, 29, 183-194.

Furedy, J.J., & Heslegrave, R.J. (1983). A consideration of recent cri-
ticisms of the T-wave amplitude index of myocardial sympathetic
activity. Psychophysiology, 20, 204-211.

Furedy, J.J., & Scher, H. (1989). The law of initial values: Differentiated
testing as empirical generalization versus enshrinement as a method-
ological rule. Psychophysiology. 26. 120-122.

Gale, A. (1973). The psychophysiology of individual differences: Studies
of extraversion and the EEG. In P. Kline (Ed.), New approaches in
psychological measurement (pp. 211-256). London: John Wiley.

Gale, A. (1981). EEG studies of extraversion-introversion: What's the next
stepl  In R. Lynn (Ed.), Dimensions  of  Personality.  Papers  in  honour
of H.J. Eysenck (pp. 181-207). Oxford: Pergamon Press.



241

Gale, A. (1983). Electroencephalographic studies of extraversion-introver-
sion: A case study in the psychophysiology of individual differences.
Personality and Individual Differences. 4,311-380.

Gale, A.,& Edwards, J.A. (1983). A short critique of the psychophysiol-
ogy of individual differences. Personality and Individual Differen-
ces, 4, 429-435.

Gale, E.N., Hyman, E., & Ayer, W. (1970). Psychophysiological measures
during systematic desensitization. Journal of Clinical Psychology,
26,247-250.

Gale, A.,& Smith, D. (1980). On setting up a psychophysiological labora-
tory. In I. Martin & P.H. Venables (Eds.), Techniques in psychophy-
Siology (Pp. 565-582). New York: John Wiley.

Gatchel, R.J., & Mears, F.G. (1982). Personality. Theory. assessment. and
research. New York: St. Martin's Press.

Geddes, L.A. (1984). Cardiovascular devices and their applications. New
York: John Wiley.

Geddes, L.A., Hoff, H.E., Vallbona, C., Harrison, G., Spencer, W.A., and
Canzoneri, J. (1964). Numerical indication of indirect systolic and
diastolic blood pressures, heart and respiratory rate. Anesthesiology,
25,861-866.

Geddes, L.A., Voelz, M.H., Babbs, C.F., Bourland, J.D., and Tacker, W.A.
(1981). Pulse transit time as an indicator of arterial blood pressure.
Psychophysiology, 18,11-74.

Geenen, R., & Aalbers, A.H.J.A. (1991). Computer-assisted recording of
psychophysiological response patterns. In L.J.M. Mulder, F.J.
Maarse, W.P.B. Sjouw, & A.E. Akkerman (Eds.), Computers in psy-
chology: Applications in education, research and psychodiagnostics
(pp. 75-80). Lisse: Swets & Zeitlinger.

Geenen, R., & Vijver, F. van de. (1991). Testing the Law of Initial
Values:  A  new proposal. Manuscript submitted for publication.

George, D.T., Nutt, D.J., Walker, W.V., Porges, S.W., Adinoff, B., & Lin-
noila, M. (1989). Lactate and hyperventilation substantially at-
tenuate vagal tone in normal volunteers. Archives 0/ General Psy-
chiatry, 46, 153-156.

Godaert, G. 0986). Hoge bloeddruk en relaxatie. Klinisch psychologische
en fysiologische aspecten. Amsterdam: Vrije Universiteit.

Godaert, F., & Kruitwagen, J. Use of the Penaz-method for non-invasive,
continuous blood pressure measurement with normotensive subjects
in psychophysiology: Unfiltered versus filtered finger pressure
wave. In J.F. Orlebeke, G. Mulder, & L.J.P. van Doornen (Eds.),
Psychophysiology of cardiovascular control (pp. 285-294). New
York: Plenum Press.

Golding, S.L. (1975). Flies in the ointment Methodological problems in
the analysis of the percentage of variance due to persons and situa-
tions. Psychological Bulletin. 82. 278-288.



242

Goldstein, I.B. (1989). Hypertension. In G. Turpin (Ed.), Handbook of
clinical psychophysiology (pp. 441-467). Chichester. John Wiley.

Goldwater, B.C. (1978). Effects of physical activity on initial level and
response magnitude: An experimental study of the LIV. Biological
Psychology. 7, 125-138.

Goodman, L.S., & Gilman, A. (Eds.). (1970). The pharmaco/ogical basis of
therapeutics. New York: The Macmillan Company.

Graham, F.K. (1980). Representing cardiac activity in relation to time. In
D.A.T. Siddle & G. Turpin (Eds.), Measurement, quantification, and
analysis of cardiac activity. In I. Martin & P.H. Venables (Eds.),
Techniques in psychophysiology (pp. 192-197). Chichester John
Wiley.

Graham, F.K., & Clifton, R.K. (1966). Heart-rate change as a component
of the orienting response. Psychological  Bulletin. 65, 305-320.

Gravenstein, J.S., Paulus, D.A., Feldman, J., & McLaughlin, G. (1985).
Tissue hypoxia to a Penaz finger blood pressure cuff. Journal of
Clinical Monitoring. 1, 120-125.

Gray, J.A. (1981). A critique of Eysenck's theory of personality. In H.J.
Eysenck (Ed.), A model for personality (pp. 246-276). Berlin: Sprin-
ger-Verlag.

Gray, J.A. (1981). The psychology of fear and stress. Cambridge: Cam-
bridge University Press.

Green, B.L., Gleser, G.C., Stone, W.N., & Seifert, R.F. Relationships
among diverse measures of psychotherapy outcome. Journal of Con-
sulting and Clinical Psychology, 43,689-699.

Greenfield, N.S., & Sternbach, A. (Eds.). (1972). Handbook of psychophy-
siology. New York: Holt, Rinehart, and Winston.

Gribbin, B., Steptoe, A., and Slight, P. (1976). Pulse wave velocity as a
measure of blood pressure change. Psychophysiology, 13,86-90.

Grossman, P., Stemmler, G., & Meinhardt, E. (1990). Paced respiratory
sinus arrhythmia as an index of cardiac parasympathetic tone during
varying behavioral tasks. Psychophysiology, 27, 404-416.

Grossman, P., & Svebak, S. (1987). Respiratory sinus arrhythmia as an in-
dex of parasympathetic cardiac control during active coping. Psy-
chophysiology. 24.228-235.

Groves, P.M., & Thompson, R.F. (1970). Habituation: A dual-process
theory. Psychological  Review. 77. 419-450.

Guazzi, M., Fiorentini, C., Polese, A., Magrini, F., & Olivari, M.T.
(1975). Stress-induced and sympathetically-mediated electrocar-
diographic and circulatory variations in the primary hyperkinetic
heart syndrome. Cardiovascular Research. 9. 342-354.

Gunn, C.G., Wolf, S., Block, R.T., & Person, R.J. (1972). Psychophysiol-
ogy of the cardiovascular system. In N.S. Greenfield & A. Sternbach
(Eds.),   Handbook   of    psychophysiology   (pp.    451 -489).   New   York:
Holt, Rinehart, and Winston.



243

Hall, C.S.,& Lindzey, G. (1978). Theories of personality. New York: John
Wiley.

Hambleton, R.K., and Traub, R.E. (1974). The effects of item order on
test performance and stress. Journal of Experimental Education, 43,
40-46.

Hamburg, D.A., Coelho, G.V., & Adams, J.E. (1974). Coping and adap-
tation: Steps toward a synthesis of biological and social perspectives.
In G.V. Coelho, D.A. Hamburg, & J.E. Adams (Eds.), Coping and
adaptation (pp. 403-440). New York: Basic Books.

Hastrup, J.L. (1986). Duration of initial heart rate assessment in psycho-
physiology: Current practices and implications. Psychophysiology.
23,15-18.

Heath, H.A., & Oken, M.D. (1965). The quantification of "response" to
experimental stimuli. Psychosomatic  Medicine, 27, 457-471.

Heck, G.L.M. van. (1981). Anxiety: The profile of a trait. Doctoral disser-
tation, Tilburg University, the Netherlands.

Heck, G.L. van. (1984). The construction of a general taxonomy of situa-
tions. In H.C.J. Bonarius, G.L. van Heck, & N.G. Smid (Eds.), Per-
sonality psychology in Europe: Vol. 1. Theoretical and empirical
developments (pp. 149- 164). Lisse: Swets & Zeitlinger.

Heck, G.L. van. (1989). Situation concepts: Definitions and classification.
In P.J. Hettema (Ed.), Personality and environment: Assessment of
human adaptation (pp. 53-69). Chichester: John Wiley.

Heck, G.L. van. (1990). Temperament and coping strategies. In G.L. van
Heck, S.E. Hampson, J. Reykowski, & J. Zakrzewski (Eds.), Per-
sonality psychology in europe: Vol. 3. Foundations, models, and in-
quiries (pp. 141- 168). Lisse: Swets and Zeitlinger.

Heck, G.L. van. & Vingerhoets, A.J.J.M. (1989). Copingstijlen en per-
soonlijkheidskenmerken. Nederlands Tijdschrift voor de Psycholo-
gie, 44, 73-87.

Hellhammer, D.H., Hubert, W., & Schurmeyer, T. (1985). Changes in
saliva testosterone after psychological stimulation in men. Psycho-
neuroendocrinology, 10,17-81.

Henry, J.P., & Stephens, P.M. (1977). Stress, health, and the social en-
vironment: A sociobiologic approach to medicine. New York Sprin-
ger Verlag.

Herscovici, H., & Roller, D.H. (1986). Noninvasive determination of cen-
tral blood pressure by impedance plethysmography. IEEE Transac-
tions on Biomedical Engineering. 33.611-625.

Heslegrave, R.J., & Furedy, J.J. (1983). On the utility of T-Wave Ampli-
tude: a reply to Schwartz and Weiss. Psychophysiology, 20. 702-708.

Hettema, P.J. (1979). Personality and adaptation. Amsterdam: North-Hol-
land.

Hettema, P.J. (Ed.). (1989). Personality and environment: Assessment of
human adaptation. Chichester John Wiley.



244

Hettema, J. (19893). Principles of personality assessment. In P.J. Hettema
(Ed.), Personality and environment: Assessment of human adaptation
(pp. 31-45). Chichester. John Wiley.

Hettema, J. (1989b). Towards a two-process conception of human adapta-
tion. In P.J. Hettema (Ed.), Personality and environment: Assessment
of human adaptation (pp. 203-221). Chichester John Wiley.

Hettema, J. (1989c). Psychophysiology: From temperament to tactics. In
P.J. Hettema (Ed.), Personality and environment: Assessment of
human adaptation (pp. 107-112). Chichester. John Wiley.

Hettema, J., Heck, G.L. van, & Brandt, C. (1989). The representation of
situations through films. In P.J. Hettema (Ed.), Personality and en-
vironment: Assessment of human adaptation (pp. 114-121). Chiches-
ter. John Wiley.

Hettema, J., & Kenrick, D.T. (1989). Biosocial interaction and individual
adaptation. In P.J. Hettema (Ed.), Personality and environment: As-
sessment of human adaptation (pp. 3-29). Chichester. John Wiley.

Hettema, J., Vingerhoets, A.J., & Heck, G.L. van (1989). Patterns of
physiological and biochemical reaction during films. In P.J. Hettema
(Ed.), Personality and environment: Assessment of human adaptation
(pp. 129-146). Chichester. John Wiley.

Hettema, J., Vingerhoets, A.J., Molen, M. van der., & Vijver, F.J. van de.
(1989). Construct validation of psychophysiological state patterns. In
P.J. Hettema (Ed.), Personality and environment: Assessment of
human  adaptation  (pp.  147- 161). Chichester. John Wiley.

Hinton, J.W. (1988). The psychophysiology of stress and personal coping
styles. In H.L. Wagner (Ed.), Social psychophysiology and emotion.
Theory and c/inica/ app/ications (pp. 175-195). New York: John
Wiley.

Hockey, R. (1986). Temperament differences in vigilance. Performance as
a function of variations in the suitability of ambient noise level. In
J. Strelau, F.H. Farley, & A. Gale (Eds.), The biological Basis of
Personality and behavior: Vol. 2 (pp. 163-171). New York: Hemis-
phere Publishing Corporation.

Holmes, D.S. (1983). An alternative perspective concerning the differen-
tial psychophysiological responsivity of persons with the Type A
and Type B behavior patterns. Journal of Research in Personality,
17,40-47.

Hord, D.J., Johnson, L.C., & Lubin, A. (1964). Differential effect of the
law of initial value (LIV) on autonomic variables. Psychophysiology.
1, 79-87.

Houdas, Y., & Ring, E.F.J. (1982). Human body temperature. Its measure-
ment and regulation. New York: Plenum Press.

Hull, E.M., Young, S.H., & Ziegler, M.G. (1984). Aerobic fitness affects
cardiovascular and catecholamine responses to stressors. Psychophy-
siology, 21, 353-360.



245

Hundleby, J.D. (1973). The measurement of personality by objective tests.
In P. Kline (Ed.), New approaches in psychological  measurement  (pp.
65-88). London: John Wiley.

Innes, I.R., & Nickerson, M. (1970). Drugs acting on postganglionic adre-
nergic nerve endings and structures innervated by them (sympa-
thomimetic drugs). In L.S. Goodman & A. Gilman (Eds.), The phar-
macological basis of therapeutics (pp. 418-523). New York: The
Macmillan Company.

Isenhour, J.P. (1975). The effects of context and order in film editing. AF
Communication Review, 23.69-80.

Iversen, S.D., & Iversen, L.L. (1981). Behavioral pharmacology (2nd ed.).
New York: Oxford University Press.

Jamieson, J. (1987). Bilateral finger temperature and the law of initial
values. Psychophysiology, 24,666-669.

Jamieson, J. (1988, october). The Law of Initial Values: Influences of un-
reliability and skewness. Paper presented at a symposium on the Law
of Initial Values at the Society for Psychophysiological Research
conference, San Francisco.

Jennings, J.R. (1987). The Lacey hypothesis: A classification to avoid
confusion or don't stir the parfait. Journal   of  Psychophysiology,   1,
209-212.

Jennings, J.R., Berg, W.K., Hutcheson, J.S., Obrist, P., Porges, S., & Tur-
pin, G. (1981). Publication guidelines for heart rate studies in man.
Psychophysiology. 18.226-231.

Jennings, J.R., Tahmoush, A.J., & Redmond, D.P. (1980). Non-invasive
measurement of peripheral vascular activity. In I. Martin & P.H.
Venables (Eds.), Techniques in psychophysiology (pp. 69- 137). New
York: John Wiley.

Joe, G.W. & Woodward, J.A. (1976). Some developments in multivariate
generalizability. Psychometrika, 41, 205-217.

Johnson, L.C., & Lubin, A. (1972). On planning psychophysiological ex-
periments: Design, measurement and analysis. In N.S. Greenfield &
R.A. Sternbach (Eds.), Handbook of psychophysiology (pp. 125-
153). New York: Holt, Rinehart & Winston.

Johnston, D.W. (1985, december). The use of pulse transit time in stress
research. In G. Godaert & A. Steptoe (Chair), Non-invasive measures
of cardiovascular function in stress research. Discussion meeting
held at the University of Utrecht, the Netherlands.

Julien, E., & Over, R. (1981). Male sexual arousal and the Law of Initial
Values. Psychophysiology, 18,709-711.

Jung,   1.   (1918).   Understanding   human   motivation:   A   cognitive   approach.
New York: MacMillan.



246

Kahn-D'Angelo, L.A. (1980). Infant habituation: A review of the litera-
ture.  Physical  and  Occupational  Therapy  in  Pediatrics,  7,41-55.

Kandel, E.R. (1981). Environmental determinants of brain architecture
and of behavior; Early experience and learning. In E.R. Kandell &
J.H. Schwartz (Eds.), Principles of neural science (pp. 620-632).
London: Edward Arnold.

Karemaker, J.M. (1985). Short-term regulation of blood pressure and the
baroreceptor reflex. In J.F. Orlebeke, G. Mulder, & L.J.P. van
Doornen (Eds.), Psychophysiology of cardiovascular control (pp. 55-
68). New York: Plenum Press.

Kazdin, A.E. (1978). Methodological and interpretive problems of single-
case experimental designs. Journal of Consulting and Clinical Psy-
chology. 46, 629-642.

Kenrick, D.T. (1989). A biosocial perspective on mates and traits: reuni-
ting personality and social psychology. In D. M. Buss & N. Cantor
(Eds.), Personality psychology: Recent trends and emerging direc-
tions (pp. 308-319). New York: Springer-Verlag.

Kimble, G.A. (1989). Psychology from a standpoint of a generalist. Amer-
ican Psychologist, 44,491-499.

Koelle, G.B. (1970). Neurohumoral transmission and the autonomic ner-
vous system. In L.S. Goodman & A. Gilman (Eds.), The pharmaco-
logical basis of therapeutics (pp. 402-441). New York: The Macmil-
lan Company.

Koriat, A., Averill, J.R., & Malmstrom, E.J. (1973). Individual differen-
ces in habituation: Some methodological and conceptual issues. Jour-
nal  of  Research  in  Personality.  7.88-101.

Koriat, A., Melkman, R., Averill, J.R., & Lazarus, R.S. (1972). The self-
control of emotional reactions to a stressful film. Journal of Per-
sonality, 40, 601-619.

Krantz, D.S., Contrada, R.J., LaRiccia, P.J., Anderson, J.R., Durel, L.A.,
Dembroski, T.M., & Weiss, T. (1987). Effects of beta-adrenergic
stimulation and blockade on cardiovascular reactivity, affect, and
type A behavior. Psychosomatic Medicine, 49, 146-158.

Kurki, T., Smith, N.T., Head, N. Dec-Silver, H., & Quinn, A. (1987).
Noninvasive continuous blood pressure measurement from the fin-
ger: optimal measurement conditions and factors affecting reli-
ability. Journal of Clinical Monitoring, 3.6-13.

Lacey, J.I. (1956). The evaluation of autonomic responses: Toward a
general resolution.  Annals  of  the  New  York  Academy  of  Sciences.  67.
125-163.

Lacey, J.I. (1967). Somatic response patterning and stress: Some revisions
of activation theory. In M.H. Appley & R. Trumbull (Eds.), Psycho-
physiological stress: Issues in research (pp. 14-31). New York, NY:
Appleton-Century-Crofts.



247

Lacey, J.I., Kagan, J., Lacey, B.C., & Moss, H.A. (1963). The visceral
level: Situational determinants and behavioral correlates of auto-
nomic response patterns. In P.H. Knapp (Ed.), Expression of the
emotions   in   man  (pp.   161 - 196). New York: International University
Press.

Lacey, J.I., & Lacey, B.C. (1970). Some autonomic-central nervous system
interrelationships. In P. Black (Ed.), Physiological corre/ates of
emotion (pp. 205-227). New York: Academic Press, 1970, 205-227.

Lader, M.H. (1967). Palmar skin conductance measures in anxiety and
phobic  states.  Journal  of  Psychosomatic  Research,  11,211-281.

Lader, M.H. (1971). The responses of normal subjects and psychiatric
patients to repetitive stimulation. In L. Levi (Ed.), Society, stress,
and disease: Vol. 1. The psychosocial environments and psychoso-
matic diseases (pp. 417-430). London: Oxford University Press.

Lader, M. (1975). The psychophysiology of mental illness. London: Rout-
ledge & Kegan Paul.

Lader, M. (1982). Biological differentiation of anxiety, arousal, and stress.
In   R.J.   Mathew   (Ed.), The biology of anxiety   (pp.    11-22).   New
York: Brunner/Mazel.

Lader, M., & Marks, I. (1971). Clinical anxiety. London: Heinemann
Medical Books.

Lane, J.D., Greenstadt, L., Shapiro, D. & Rubinstein, E. (1983). Pulse
transmit time and blood pressure: an intensive analysis. Psychophy-
siology, 20, 45-49.

Lang, P.J., Rice, D.G., & Sternbach, R.A. (1972). The psychophysiology
of emotion. In N.S. Greenfield & R.A. Sternbach (Eds.), Handbook
of Psychophysiology (pp. 623-644). New York: Holt, Rinehart, and
Winston.

Langer, A.W., McGubbin, J.A., Stoney, C.M., Hutcheson, J.S., Charlton,
J.D., & Obrist, P.A. (1985). Cardiopulmonary adjustments during
exercise and an aversive reaction time task: Effects of beta-adreno-
ceptor blockade. Psychophysiology, 22.59-68.

Larbig, W., Elbert, Th., Rockstroh, W., Lutzenberger, W., & Birbaumer,
N. (1985). Elevated blood pressure and reduction of pain sensitivity.
In J.F. Orlebeke, G. Mulder, & L.J.P. van Doornen (Eds.), Psycho-
physiology of cardiovascular control ipp. 113-122). New York
Plenum Press.

Larsen, P.B., Schneiderman, N., & DeCarlo Pasin, R. (1986). In G.H.
Coles, E. Donchin, & S.W. Porges (Eds.)., Psychophysiology. Sys-
tems, processes, and applications (pp. 122-165). New York: The
Guilford Press.

Lazarus, R.S., Averill, J.R., & Opton, E.M. (1974). The psychology of
coping: Issues of research and assessment. In G.V. Coelho, D.A.
Hamburg, & J.E. Adams (Eds.), Coping and adaptation (pp. 249-
315). New York: Basic Books.



248

Lazarus, R.S., & Monat, A. (1979). Personality Ord ed.). Englewood
Cliffs, NJ: Prentice-Hall.

Lazarus, R.S., Opton, E.M., Nomikos, M.S., & Rankin, N.0. (1965). The
principle of short-circuiting of threat Further evidence. Journal of
Personality, 33,622-635.

Lee, R.M., Caldwell, J.R., & Lee, J.A. (1977). Blood pressure tracking
systems and their application to biofeedback. Biofeedback and Self-
Regulation, 2, 435-477.

Leeuwenberg, E.L.J., & Weert, Ch.M.M. de. (1981). Zien. In H.C.J. Duij-
ker & P.A. Vroon (Eds.), Codex psychologicus (pp. 105-115). Am-
sterdam: Elsevier.

Lehrer, P.M., & Leiblum, S.R. (1981). Physiological, medical, and cog-
nitive measures of assertiveness and assertion anxiety. Behavioral
Counseling  Quarterly.  1,261-214.

Leidelmeijer, K.C. (1991). Emotions: An experimenta/ approach. Tilburg:
Tilburg University Press.

Levenson, R.W. (1988). Emotion and the autonomic nervous system: A
prospectus for research on autonomic specificity. In H.L. Wagner
(Ed.), Social psychophysiology and emotion. Theory and clinical
applications (pp. 17-42). New York: John Wiley.

Levenson, R.W., Ekman, P., & Friesen, W.V. (1990). Voluntary facial
action generates emotion-specific autonomic nervous system acti-
vity.  Psychophysiology. 27.363-384.

Levey, A.B. (1980). Measurement units in psychophysiology. In I. Martin
& P.H. Venables (Eds.), Techniques in psychophysio/ogy (pp. 597-
628). Chichester. John Wiley.

Levi, L. (1912). Stress and distress in response to psychosocial stimuli.
Laboratory and real-life studies on sympatho-adrenomedullary and
related reactions. Oxford: Pergamon Press.

Levinson, D.F., & Edelberg, R. (1985). Scoring criteria for response laten-
cy and habituation in electrodermal research. Psychophysiology, 22,
417-426.

Levy, M.N. (1977). Parasympathetic control of the heart. In W.C. Randall
(Ed.), Neural regulation of the heart (pp. 95-129). New York: Ox-
ford University Press.

Lichstein, K.L., Sallis, J.F., Hill, D., & Young, M.C. (1981). Psychophy-
siological adaptation: An investigation of multiple parameters. Jour-
nal of Behavioral Assessment, 3, 111-121.

Light, K.C. (1985). Cardiovascular and renal responses to competitive
mental challenges. In J.F. Orlebeke, G. Mulder, & L.J.P. van Door-
nen (Eds.), Psychophysiology of cardiovascular control (pp. 683-
701). New York: Plenum Press.



249

Linden, R.J. (1985). Sympathetic and parasympathetic control of the
heart. In J.F. Orlebeke, G. Mulder, & L.J.P. van Doornen (Eds.),
Psychophysiology of cardiovascular control (pp. 5-18). New York:
Plenum Press.

Linden, W., & McEachern, H.M. (1985). A review of physiological pre-
stress adaptation: Effects of duration and context. International
Journal of Psychophysiology, 2.239-245.

Linden, W., & Estrin, R. (1988). Computerized cardiovascular monitoring:
Method and data. Psychophysiology. 25, 227-234.

Linden, W., & Zimmerman, B. (1984). Comparative accuracy of two new
electronic devices for the noninvasive determination of blood pres-
sure. Biofeedback and Self-Regulation, 9.229-239.

Liu, L-M. (1985). Box-Jenkins time series analysis. In W.J. Dixon, M.B.
Brown, L. Engelman, J.W. Frane, M.A. Hill, R.I. Jenrich, & J.D.
Toporek (Eds.), BMDP statistical software manual (pp. 639-660).

Berkeley: University of California Press.
Longenbaker, S.L., & Dujardin, J.L. (1985). Aortic pulse wave velocity is

determined by arterial pressure and by aortic smooth muscle tone. In
J.F. Orlebeke, G. Mulder, & L.J.P. van Doornen (Eds.), Psychophy-
siology of cardiovascular control (pp. 257-266). New York: Plenum
Press.

Lovallo, W.R., Wilson, M.F., Pincomb, G.A., Edwards, G.L., Tompkins,
P., & Bracket, D.J. (1985). Activation patterns to aversive stimula-
tion in man: Passive exposure versus effort to control. Psychophy-
siology, 22, 283-291.

Lykken, D.T. (1975). The role of individual differences in psychophysio-
logical research. In P.H. Venables & M.J. Christie (Eds.), Research

in psychophysiology (pp. 3-15). New York: John Wiley.
Lykken, D.T. (1982). Research with twins: The concept of emergenesis.

Psychophysiology, 19,361-313.
Lykken, D.T., Rose, R.J., Luther, B., & Maley, M. (1966). Correcting

psychophysiological measures for individual differences in range.
Psychological Bulletin. 66.481-484.

Lykken, D.T., & Venables, P.H. (1971). Direct measurement of skin con-
ductance: A proposal for standardization. Psychophysiology. 8.656-
672.

Magnusson, D. (1988). Paths through life: Vol. 1. Individual development
from an interactional perspective: A longitudinal study. Hills(tale,
NJ: Lawrence Erlbaum Associates.

Magnusson, D., and Endler, N.S. (1977). Interactional Psychology: Present
status and future prospects. In D. Magnusson & N.S. Endler (Eds.),
Personality at the crossroads: Current issues in interactional psychol-
ogy (pp. 31-31). Hillsdale: Lawrence Erlbaum.



250

Malmo, R.B. (1972). Overview. In N.S. Greenfield & A. Sternbach (Eds.),
Handbook of psychophysiology (pp. 961-980). New York: Holt,
Rinehart, and Winston.

Mangan, G. (1982). The biology of human conduct: East-West models of
temperament and persona/ity. Oxford: Pergamon Press.

Mangan, G.L., & Hookway, D. (1988). Perception and recall of aversive
material as a function of personality type. Personality and In-
dividual Differences. 9, 289-295.

Manuck, S., Krantz, D., & Polefrone, J. (1985). Task influences on behav-
iourally-elicited cardiovascular reactions. In A. Steptoe, H. Riiddel,
& H. Neus (Eds.), Clinical and methodological issues in cardiovas-
cular psychophysiology (pp. 16-29). Berlin: Springer-Verlag.

Marie, G.V., Lo, C.R., Jones, J. van, & Johnston, D.W. (1984). The rela-
tionship between arterial blood pressure and pulse transit time
during dynamic and static exercise. Psychophysiology,  21,521-527.

Mariotto, M.J. & Paul, G.L. (1975). Persons versus situations in the real-
life functioning of chronically institutionalized mental patients.
Journal of Abnormal Psychology, 84,483-493.

Marton, M.L. (1972). The theory of individual differences in neobehav-
iorism and the typology of higher nervous activity. In V.D. Nebylit-
syn & J.A. Gray (Eds.), Biological bases of individual behavior. New
York: Academic Press.

Matthews, G. (1987). Personality and multidimensional arousal: A study of
two dimensions of extraversion. Personality and Individual Differ-
ences.  8,9-16.

McCabe, P.M., Yongue, B.G., Ackles, P.K., & Porges, S.W. (1985). Chan-
ges in heart period, heart-period variability, and a spectral analysis
estimate of respiratory sinus arrhythmia in response to pharmaco-
logical manipulations of the baroreceptor reflex in cats. Psychophy-
siology, 22, 195-203.

McCanne, T.R. (1983). Changes in autonomic responding to stress after
practice at controlling heart rate. Biofeedback and Self-Regulation,
8, 9-24.

McGuigan, F.J. (1919). Psychophysiological measurement of covert behav-
ior: A guide for the laboratory. Hillsdale, NJ: Lawrence Erlbaum
Associates.

McHugo, G.J., & Lanzetta, J.T. (1983). Methodological decisions in social
psychophysiology. In J.T. Cacioppo & R.E. Petty (Eds.), Social Psy-
chophysiology (pp. 630-665). New York: The Guilford Press.

Mechanic, D. (1974). Social structure and personal adaptation: Some ne-
glected dimensions. In G.V. Coelho, D.A. Hamburg, & J.E. Adams
(Eds.), Coping and adaptation (pp. 32-44). New York: Basic Books.

Mefferd, R.B. (1975). Some experimental implications of change. In P.H.
Venables & M.J. Christie (Eds.), Research in Psychophysiology (pp.
16-49).New York: John Wiley.



251

Mewborn, C.R., & Rogers, R.W. (1979). Effects of threatening and reas-
suring components of fear appeals on physiological and verbal mea-
sures of emotion and attitudes. Journal of Experimental Social Psy-
chology. 15, 242-253.

Meyers, A.W., and Craighead, W.E. (1978). Adaptation periods in clinical
psychophysiological research: A recommendation. Behavior Therapy.
9.355-362.

Miller, G.A., & Buckhout, R. (1973). Psychology: The science of mental
life. New York: Harper and Row.

Millon, T. (1981). Disorders of Personality. DSM-III:  Axis  II.New York:
John Wiley.

Mischel, W. (1968). Personality and  assessment. New York: John Wiley.
Mischel, W. (1976). Toward a cognitive social learning reconceptualization

of personality. In N.S. Endler & D. Magnusson (Eds.), Interactional
psychology and personality (pp. 166-207). New York: John Wiley.

Mischel, W. (1977). The interaction of person and situation. In D. Mag-
nusson & N.S. Endler (Eds.), Personality at the crossroads: Current
issues in interactional psychology (pp. 333-352). Hillsdale: Lawrence
Erlbaum.

Mischel, W., & Mischel, H.N. (1980). Essentials of psychology (2nd ed.).
New York: Random House.

Molhoek, G.P., Wesseling, K.H., Settels, J.J.M., Vollenhoven, E. van,
Weeda, H.W.H., Wit, B. de., & Arntzenius, A.C. (1984). Evaluation
of the Pendz servo-plethysmo-manometer for the continuous, non-
invasive measurement of finger blood pressure. Basic Research in
Cardiology, 79, 598-609.

Montagu, J.D. (1963). Habituation of the psychogalvanic reflex during
serial tests. Journal od Psychosomatic Research, 7, 199-214.

Montagu, J.D., & Coles, E.M. (1966). Mechanisms and measurement of
the galvanic skin response. Psychological Bulletin, 65. 261-279.

Mulder,  L.J.M.   (1988).   Assessment   of   cardiovascular   reactivity   by   means
of spectral analysis. Doctoral dissertation, Groningen University,
the Netherlands.

Muranaka, M., Monou, H., Suzuki, J., Lane, J.D., Anderson, N.B., Kuhn,
C.M., Schanberg, S.M., McCown, N., & Williams, R.B. (1988). Phy-
siological responses to catecholamine infusions in Type A and Type
B men. Health Psychology, 7(Suppl.), 145-163.

Murphy, K.R. & Davidshofer, C.0. (1988). Psychological Testing. Prin-
cip/es and applications. Englewood Cliffs, NJ: Prentice-Hall

Murray, T. M. (1982). The design, development, and implementation of a
microprocessor-based ECG analysis system. Behavior Research,
Methods, and Instrumentation, 14,281-289.

Myrtek, M. 0984). Constitutional psychophysiology. Research in review.
Orlando: Academic Press.



252

Myrtek, M. & Foerster, F. (1986). The law of initial value: a rare excep-
tion. Biological Psychology. 22. 227-237.

Myrtek, M., Foerster, F., & Wittmann, W. (1977). Das Ausgangswertpro-
blem. Theoretische iiberlegungen und empirische untersuchungen.
Zeitschrift f r Experimentelle und Angewandte Psychologie. 3,463-
491.

Myrtek, M., & Greenlee, M.W. (1984). Psychophysiology of type A Be-
havior pattern: A critical analysis. Journal of Psychosomatic Re-
search, 28,455-466.

Neary, R.S., & Zuckerman, M. (1976). Sensations seeking, trait and state
anxiety, and the electrodermal response. Psychophysiology, 13,205-
211.

Nebylitsyn,  V D.   (1912).   Fundamental   properties   of   the   human   nervous
system. New York: Plenum Press.

Nebylitsyn, V.D., & Gray, J.A. (Eds.). (1972). Biological bases of indi-
vidual behavior. New York: Academic Press.

Neus, H., Gogolin, E., & Schulte, W. (1985, december). Time course of
cardiovascular stress reactions and cardiovascular control processes.
In G. Godaert & A. Steptoe (Chair), Non-invasive measures of car-
diovascular function in stress research. Discussion meeting held at
the University of Utrecht, the Netherlands.

Newlin, D.B. (1981). Relationships of pulse transmission times to pre-
ejection period and blood pressure. Psychophysiology, 18, 316-321.

Newlin, D.B., & Levenson, R.W. (1979). Pre-ejection period: measuring
beta-adrenergic influences upon the heart. Psychophysiology. 16,
546-553.

Nickerson, M. (1970). Drugs inhibiting adrenergic nerves and structures
innervated by them. In L.S. Goodman & A. Gilman (Eds.), The
pharmacological basis of therapeutics (pp. 549-584). New York The
Macmillan Company.

Nielsen, D.H., & Holmes, D.S. (1980). Effectiveness of EMG biofeedback
training for controlling arousal in subsequent stressful situations.
Biofeedback and Self-Regulation, 5,235-248.

Norusis, M.J. (1985). SPSS* advanced statistics guide. New York: Mc-
Graw-Hill.

Obrist, P.A. (1981). Cardiovascular psychophysiology. A perspective. New
York: Plenum.

Obrist, P.A., Gaebelein, C.J., Teller, E.S., Langer, A.W., Grignolo, A.,
Light, K.C., & McCubbin, J.A. (1978). The relationship among
heart rate, carotid dP/dt, and blood pressure in humans as a funct-
ion of the type of stress. Psychophysiology, 15,102-115.



253

Obrist, P.A., Light, K.C., Langer, A.W., & Koepke, J.P. (1986). Psycho-
somatics. In G.H. Coles, E. Donchin, & S.W. Porges (Eds.)., Psycho-

physiology. Systems, processes, and applications (pp. 626-645). New
York: The Guilford Press.

Obrist, P.A., Light, K.C., McCubbin, J.A., Hutcheson, J.S., & Hoffer,
J.L. (1979). Pulse transit time: Relationship to blood pressure and
myocardial performance. Psychophysiology. 16. 292-301.

Obrist, P.A., Webb, R.A., Sutterer, J.R., & Howard, J.L. (1970). The car-
diac-somatic relationship: Some reformulations. Psychophysiology, 6,
569-587.

Olst, E.H. van, Kok, A., & Orlebeke, J.F. (1980). Inleiding in de psycho-
physiology. Deventer. Van Loghum Slaterus.

Ozer, D.J. (1985). Correlation and the coefficient of determination. Psy-
chological Bulletin, 97.301-315.

Ozer,  D.J.   0986).   Consistency   in   personality:    A   methodological    frame-
work. Berlin: Springer-Verlag.

Paisey, T.J.H., & Mangan, G.L. (1982). Neo-Pavlovian temperament theo-
ry and the biological bases of personality. Personality and Individual
Differences, 3, 189-203.

Parati, G., & Mancia, G. (1985, december). Sphygmomanometric and am-
bulatory blood pressure measurements in man: usefulness and limi-
tations. In G. Godaert & A. Steptoe (Chair), Non-invasive measures
of cardiovascular function in stress research. Discussion meeting
held at the University of Utrecht, the Netherlands.

Paul, G.L. (1969). Physiological effects of relaxation training and hypnotic
suggestion. Journal of Abnormal Psychology. 74. 425-437.

Paulus, D.A. (1981). Noninvasive blood pressure measurement. AAMI-
Medical Instrument Series, 15,25-28.

Peeke, H.V., & Petrinovich, L. (Eds.). (1984a). Habituation, sensitization,
and behavior. Orlando: Academic Press.

Peeke, H.V.S., & Petrinovich, L. (1984b). Approaches, constructs, and
terminology for the study of response change in the intact organism.
In H.V. Peeke & L. Petrinovich (Eds.), Habituation, sensitization.
and behavior ( pp. 1- 14). Orlando: Academic Press.

Pervin, L.A. (1915). Personality: Theory. assessment. and research. New
York: John Wiley.

Pervin, L.A. (1977). The representative design of person-situation re-
search. In D. Magnusson & N.S. Endler (Eds.), Personality at the
crossroads: Current issues in interactional psychology (pp. 31 1-384).
Hillsdale: Lawrence Erlbaum.

Petrinovich, L. (1984). A two-factor dual-process theory of habituation
and sensitization. In H.V.S. Peeke & L. Petrinovich (Eds.), Habitua-
tion. sensitization. and behavior (pp. 17-55). Orlando: Academic
Press.



254

Phares, E.J. (1984). Introduction to personality. Columbus, Ohio: Charles
E. Merill Publishing Company.

Plomin, R., DeFries, J.C., & McClearn, G.E. (1980). Behavioral genetics.
A primer. San Francisco: W.H. Freeman and Company.

Pollak, M.H., & Obrist, P.A. (1983). Aortic-radial pulse transit time and
ECG Q-wave to radial pulse wave interval as indices of beat-by-
beat blood pressure change. Psychophysiology, 20,21-28.

Popper, K.R. (1918). Conjectures and  refutations. The growth of scientific
knowledge (4th ed.). London and Henley: Routledge and Kegan
Paul.

Porges, S.W. (1985). Respiratory sinus arrhythmia; An index of vagal tone.
In J.F. Orlebeke, G. Mulder, & L.J.P. van Doornen (Eds.), Psycho-
physiology of cardiovascular control (pp. 431-450). New York:
Plenum Press.

Pribram, K.H. (1981). Emotions. In S.B. Filskov & T.J. Bolt (Eds.), Hand-
book of clinical neuropsychology (pp. 102-134). New York: John
Wiley and sons.

Pribram, K.H., & McGuinness, D. (1975). Arousal, activation, and effort
in the control of attention. Psychological Review, 82,116-149.

Pushkin, V.N. (1972). Vigilance as a function of strength of the nervous
system. In V.D. Nebylitsyn & J.A. Gray (Eds.), Biological bases of
individual behavior (pp. 310-324). New York: Academic Press.

Ralston, M. (1985). Derivative-free nonlinear regression. In W.J. Dixon,
M.B. Brown, L. Engelman, J.W. Frane, M.A. Hill, R.I. Jenrich, &
]D. Toporek (Eds.), BMDP statistical software manual (pp. 305-
314). Berkeley: University of California Press.

Randall, W.C. (1977). Neural regulation of the heart. New York: Oxford
University Press.

Robinson, J.W. Whitsett, S.F., & Kaplan, B.J. (1987). The stability of
physiological reactivity over multiple sessions. Biological Psychot-
ogy. 24. 129-139.

Rogosa, D. (1988). Myths about longitudinal research. In K.W. Schaie,
R.T. Campbell, W. Meredith, & S.C. Rawlings (Eds.), Methodol-
ogica/ issues in aging research (pp. 171-209). New York: Springer
Publishing Company.

Rotter, J.B. (1971). Clinical Psychology (2nd ed.). Englewood Cliffs, NJ:
Prentice-Hall.

Rubinsky, H.J, Hoon, P.W., Eckerman, D.A., & Amberson, J.I. (1985).
Groin skin temperature: Testing the validity of a relatively unob-
trusive physiological measure of psychosexual arousal. Psychophy-
siology, 22, 488-492.

Rummel, R.J. (1970). Applied factor analysis. Evanston: Northwestern
University Press.



255

Rust, J., & Golombok, S. (1989). Modern psychometrics. The science of
psychological assessments London: Routledge.

Sanders, A.F. (1980). Stress, activatie en verrichtingen. Nederlands
Tijdschrift voor de Psychologie. 35.185-199.

Sawada, Y., & Yamakoshi, K. (1985). A correlation analysis between pulse
transmit time and instantaneous blood pressure measured indirectly
by the vascular unloading method. Biological Psychology. 21.1-9.

Sawada, Y., Yamakoshi, K., & Shimazu, H. (1983). Vascular unloading
method for noninvasive measurement of instantaneous arterial pres-
sure: Applicability in psychophysiological research. Psychophysiol-
ogy, 20,109-714.

Schachter, S. (1964). The interaction of cognitive and physiological deter-
minants of emotional state. In L. Berkowitz (Ed.), Advances in ex-
perimental social psychology (pp. 49-80). New York: Academic
Press.

Schachter, S., & Singer, J.E. (1962). Cognitive, social and physiological
determinants of emotional state. Psychological Review, 69, 379-399.

Scher, H., Furedy, J.J., & Heslegrave, R.J. (1985). Individual differences
in phasic cardiac reactivity to physiological stress and the law of
initial values. Psychophysiology, 22, 345-348.

Schiffman, S.S., Reynolds, M.L., & Young, F.W. (1981). Introduction to
multidimensional scaling. Theory. methods, and applications. New
York: Academic Press.

Schijndel, M. van, Mey, H. de., & Nhring, G. (1985). Cardiovascular res-
ponses and problem solving efficiency: their relationship as a func-
tion of task difficulty. Biological Psychology. 20,51-65.

Schneider, R.A. (1968). A fully automatic portable blood pressure recor-
der. Journal of Applied Physiology, 24, 115-118.

Schreurs, P.J.G. (1980). Hypertensie. In J.W.G. Orlemans, P. Eelen, &
W.P. Haaijman (Eds.), Handboek voor gedragstherapie (pp. C.5.2.1-
C.5.2.17). Deventer. Van Loghum Slaterus.

Schreurs, P.J.G., Willige, G. van de., Tellegen, B., & Brosschot, J.F.
(1988). De Utrechtse Coping Lijst: UCL. Lisse: Swets & Zeitlinger.

Schwartz, P.J., & Weiss, T. (1983). T-wave amplitude as an index of car-
diac sympathetic activity: A misleading concept. Psychophysiology,
20, 696-701.

Seligman, M.E.P . (1975). Helplessness. On depression, development, and
death. San Francisco: Freeman.

Settels, J.J., & Wesseling, K.H. (1985). FIN.A.PRES: Non-invasive finger
arterial pressure waveform registration. In J.F. Orlebeke, G. Mulder,
&   L.J.P.   van   Doornen   (Eds.),   Psychophysiology   of   cardiovascular
control (pp. 267-284). New York: Plenum Press.



256

Shapiro, D. Greenstadt, L., Lane, J.D., & Rubinstein, E. (1981). Tracking-
cuff system for beat-to-beat recording of blood pressure. Psycho-

physiology.18.129-136·
Shavelson, R.J., & Webb, N.M. (1981). Generalizability theory: 1973-1980.

British Journal of Mathematical and Statistical Psychology, 34, 133-
166.

Shavelson, R.J., Webb, N.M., & Rowley, G.L. (1989). Generalizability
theory. American Psychologist, 44, 922-932.

Sherwood, A., Brener, J., & Moncur, D. (1983). Information and states of
motor readiness: Their effects on the covariation of heart rate and
energy expenditure. Psychophysiology, 20. 513-529.

Sherwood, A., Allen, M.T., Obrist, P.A., & Langer, A.W. (1986). Evalua-
tion of beta-adrenergic influences on cardiovascular and metabolic
adjustments to physical and psychological stress. Psychophysio/ogy.
23,89-104.

Shrout, P.E. and Fleiss, J.L. (1979). Intraclass correlations: Uses in asses-
sing rater reliability. Psychological Bulletin, 86, 420-428.

Siddle, D.A.T., & Heron, P.A. (1975). Stimulus omission and recovery of
the electrodermal and digital vasoconstrictive components of the
orienting response. Biological Psychology. 3. 277-293.

Siddle, D.A.T., & Heron, P.A. (1976). Reliability of electrodermal habi-
tuation measures under two conditions of stimulus intensity. Journal
of Research in Personality, 10, 195-200.

Siddle, D.A.T., & Turpin, G. (Eds.). (1980). Measurement, quantification,
and analysis of cardiac activity. In I. Martin & P.H. Venables (Eds.),
Techniques in psychophysiology (pp. 139-246). Chichester. John
Wiley.

Siddle, D.A.T., Turpin, G., Spinks, J.A. & Stephenson, D. (1980). Peri-
pheral measures. In H.M. van Praag, M.H. Lader, O.J. Rafaelson, &
E.J. Sacher (Eds.), Handbook of biological psychiatry: Part II. Brain
mechanisms and abnormal behavior psychophysiology (pp. 45-18).
New York: Marcel Dekker.

Skinner, B.F. (1953). Science and human behavior. New York: Macmillan
publishers.

Smith, B.D. (1983). Extraversion and electrodermal activity: Arousability
and  the  inverted-U.  Personality  and   Individual  Differences,  4,411-
419.

Smith, N.T., Wesseling, K.H., & Wit, B. de. (1985). Evaluation of two
prototype devices producing noninvasive, pulsatile, calibrated blood
pressure measurement from a finger. Journal  of Clinical  Monitoring,
1.17-29.

Smith, T.W., & O'Keeffe, J.L. (1988). Cross-situational consistency of
cardiovascular reactivity. Biological  Psychology. 27, 237-243.



257

Smith, B.D., Rockwell-Tischer, S., & Davidson, R. (1986). Extraversion
and arousal: effects of attentional conditions on electrodermal ac-
tivity.  Personality  and  Individual  Differences, 7,293-303.

Sokolov, Ye.N. (1963). Perception and the conditioned ref tex. Oxford:
Pergamon Press.

Sokolov, E.N. (1975). The neuronal mechanisms of the orienting reflex. In
E.N. Sokolov & O.S. Vinogradova (Eds.), Neuronal mechanisms of
the orienting reflex (pp. 217-235). New York: Lawrence Erlbaum
Associates.

Sokolov, E.N., & Vinogradova, O.S. (Eds.), Neuronal mechanisms of the
orienting ref/ex. New York: Lawrence Erlbaum Associates.

Sorgatz, H., & Pill, R. (1978). Palmar/dorsal impedance responses to motor
reactions.  Perceptual  and  Motor  Skills, 47.1226.

Spiegel, M.R. (1972). Theory  and  problems  of  statistics  in SI units. New
York: McGraw-Hill.

Stanley, D.C. (1976). Computer simulation of a model of habituation.
Nature, 261, 146-148.

Stelmack, R.M. (1981). The psychophysiology of extraversion and neuro-
ticism. In H.J. Eysenck (Ed.), A model for personality (pp. 39-64).
Berlin: Springer-Verlag.

Stelmack, R.M., & Plouffe, L. (1983). Introversion-extraversion: The Bell-
Magendie law revisited. Personality and Individual Differences, 4,
421-427.

Stemmler, G., & Fahrenberg, J. (1989). Psychophysiological assessment
Conceptual, psychometric, and statistical issues (pp. 71-104). In G.
Turpin (Eds.), Handbook of clinical psychophysiology. New York:
John Wiley.

Stemmler, G., & Meinhardt, E. (1990). Personality, situation and physio-
logical arousability. Personality and Individual Differences, 11, pp.
293-308.

Stephenson, D. (1979). The effects of representation of an habituation
stimulus coincident with a period of high arousal on long-term ha-
bituation of the electrodermal response. In H.D. Kimmel, E.H. van
Olst,  &  3.F.  Orlebeke  (Eds.),  The  orienting  reflex  in  humans  ( pp.
392-400). Hillsdale, NJ: Lawrence Erlbaum Associates.

Steptoe, A. (1980). Blood Pressure. In I. Martin & P.H. Venables (Eds.),
Techniques in psychophysiology (pp. 241-213). New York: John
Wiley.

Steptoe, A., Godaert, G., Ross, A., & Schreurs, P. (1983). The cardiac and
vascular components of pulse transmission time: A computer anal-
ysis of systolic time intervals. Psychophysiology, 20, 251-259.

Steptoe, A., Melville, D., & Ross, A. (1984). Behavioral response demands,
cardiovascular reactivity, and essential hypertension. Psychosomatic
Medicine, 46,33-41.



258

Steptoe, A. Smulyan, H. & Gribbin, B. (1976). Pulse wave velocity and
blood pressure change: Calibration and applications. Psychophysiol-
ogy,13. 488-493.

Steptoe, A., & Wardle, J. (1988). Emotional fainting and the psychophy-
Siologic response to blood and injury Autonomic mechanisms and
coping strategies. Psychosomatic Medicine, 50, 402-417.

Steptoe, A., & Vogele, C. (1986). Are stress responses influenced by cog-
nitive appraisal? An experimental comparison of coping strategies.
British Journal  of  Psychology, 77,243-255.

Stern, R.M., Gaupp, L., & Leonard, W.C. (1970). A comparison of GSR
and subjective adaptation to stressful stimuli. Psychophysiology. 7,
3-9.

Stern, R.M., Ray, W.J., & Davis, C.M. (1980). Psychophysiological recor-
ding. New York: Oxford University Press.

Strelau, J. (1983). Temperament, personality, activity. London: Academic
Press.

Strelau, J. (1984). Temperament and personality. In H. Bonarius, G. van
Heck, & N. Smid (Eds.), Personality psychology in Europe. Theore-
tical and empirical developments. Lisse: Swets and Zeitlinger.

Strelau, J. (1985). Pavlov's typology and the regulative theory of tem-
perament. In J. Strelau (Ed.), Temperamental bases of behavior:
Warsaw studies of individual differences (pp. 7-40). Lisse: Swets and
Zeitlinger.

Strelau, J. (1987). The concept of temperament in research on personality.
European  Journal  of  Personality,  1,  101-111.

Strelau, J., Farley, F.H., & Gale, A. (1986). The biological bases of per-
sonality and behavior: Vol. 2. New York: Hemisphere Publishing
Corporation.

Teplov, B.M. (1964). Problems in the study of general types of higher
nervous activity in man and animals. In J.A. Gray (Ed.), Paviov's
typology. Recent theoretical and experimental developments from the
laboratory of B.M. Teplov (pp. 3-153). Oxford: Pergamon Press.

Thomas, A., & Chess, S. (1977) Temperament and development. New York:
Brunner/Mazel.

Thompson,   R.F.    (1915).    Introduction    to     physiological     psychology.    New
York: Harper and Row.

Thompson, R.F., Berry, S.D., Rinaldi, P.C., & Berger, T.W. (1979). Habi-
tuation and the orienting ref'tex: The dual-process theory revisited.
In H.D. Kimmel, E.H. van Olst, & J.F. Orlebeke (Eds.), The orien-
ting reflex in humans (pp. 21-60). Hillsdale, NJ: Lawrence Erlbaum
Associates.



259

Thompson, R.F., Groves, P.M., Teyler, T.J., & Roemer, R.A. (1973). A
dual-process theory of habituation: Theory and behavior. In H.V.S.
Peeke   &   M.1.  Herz   (E(is.),   Habituation:   Vol.    1.   Behavioral    studies
(pp. 239-271). New York: Academic Press.

Thompson, R.F., & Spencer, W.A. (1966). Habituation: A model pheno-
menon for the study of neuronal substrates of behavior. Psycholog-
ical Review, 73, 16-43.

Thyer, B.A., Papsdorf, J.D., Randall, D., & Vallecorsa, S. (1984). Auto-
nomic correlates of the subjective anxiety scale. Journal of Behavior
Therapy  and  Experimental  Psychiatry,  15,3-1.

Tucker, D.M., & Williamson, P.A. (1984). Asymmetric neural control sys-
tems in human self-regulation. Psychological Review. 91. 185-215.

Turetsky, B.E., Raz, J., & Fein, G. (1989). Estimation of trial-to-trial
variation in evoked potential signals by smoothing across trials. Psy-
chophysiology.  26. 100-1 12.

Turpin, G. (1989). An overview of clinical psychophysiological techni-
ques: tools or theories? In G. Turpin (Eds.), Handbook of clinica/
psychophysiology (pp. 3-44). New York: John Wiley.

Turpin, G., Lobstein, T., & Siddle, D.A.T. (1980). Phase activity: The
influence of prestimulus variability. In D.A.T. Siddle & G. Turpin
(Eds.), Measurement, quantification, and analysis of cardiac ac-
tivity. In I. Martin & P.H. Venables (Eds.), Techniques in psycho-
physiology (pp. 210-224). Chichester. John Wiley.

Tursky, B. (1974). The indirect recording of human blood pressure. In
P.A. Obrist, A.H. Black, J. Brener, & L.V. DiCara (Eds.), Cardio-
vascular psychophysiology (pp. 93- 105). Chicago: Aldine.

Tursky, B., Shapiro, D., & Schwarz, G.E. (1972). Automated constant
cuff-pressure system to measure average systolic and diastolic blood
pressure in man. IEEE Transactions on Biomedical Engineering. 19,
271-276.

Uherik, A. (1986). Personality and regulatory functions. In J. Strelau, F.H.
Farley, & A. Gale (Eds.), The biological basis of personality and
behavior: Vol. 2 (pp. 97-106). New York: Hemisphere Publishing
Corporation.

Usdin, E., Kvetnansky, R., & Kopin, I.J. (Eds.). (1980). Catecholamines
and stress: Recent advances. New York: Elsevier/North-Holland.

Vaughan, G.M., & Corballis, M.C. (1969). Beyond tests of significance:
estimating strength of effects in selected ANOVA designs. Psychol-
ogical Bulletin. 72, 201-213.

Velden, M., & Vossel, G. (1985). How can skin conductance responses
increase over trials while skin resistance responses decrease. Physio-
logical Psychology, 13.291-295.



260

Venables, P.H. (1975). Psychophysiological studies of schizophrenic
pathology. I.H. Venables & M.J. Christie (Eds.), Research in psycho-
physiology (pp. 282-324). New York: John Wiley.

Vingerhoets,   A.J.J.M.   ( 1985).   Psychosocial   stress:   An   experimental   ap-
proach. Life events, coping, and psychobiological functioning. Lisse:
Swets & Zeitlinger.

Vingerhoets, A.J.J.M. (19853). Life events and cardiovascular reactions to
stressful films. In J.F. Orlebeke, G. Mulder, & L.J.P. van Doornen
(Eds.), Psychophysiology of cardiovascular control (pp. 935-946).
New York: Plenum Press.

Vingerhoets, A.J.J.M., & Flohr, P. (1984). Type A behaviour and self-
reports of coping preferences. British Journal of Medical Psychol-
°gy,57· 15-21.

Vingerhoets, A.J.J.M., & Schomaker, L.R.B. (1984). Flauwvallen als
stressreactie: Psychologische en fysiologische aspecten. Gedrag -
Tijdschrift voor de Psychologie, 12,46-59.

Vorwerg, M. (1990). Activity and personality. In G.L. van Heck, S.E.
Hampson, J. Reykowski, & J. Zakrzewski (Eds.), Personality psy-
chology in Europe: Vol. 3. Foundations, models. and inquiries (pp.
67-77). Lisse: Swets and Zeitlinger.

Walrath, L.C., & Stern, J.A. (1980). General considerations. In H.M. van
Praag, M.H. Lader, O.J. Rafaelsen, & E.J. Sacher (Eds.), Handbook
of biological psychiatry: Part II. Mechanisms and abnormal behavior
psychophysiology (pp. 1-43). New York: Marcel Dekker.

Waters, W.F., Williamson, D.A., Bernard, B.A., Blouin, D.C., & Faulstich,
M.E. (1987). Test-retest reliability of psychophysiological assess-
ment.  Behaviour  Research  and  Therapy,  25,213-221.

Webb, N.M., & Shavelson, R.J. (1981). Multivariate generalizability of
general educational development ratings. Journal of Educational
Measurement, 18,13-22.

Weiss, T., del Bo, A., Reichek, N., & Engelman, H. (1980). Pulse Transit
Time in the analysis of autonomic nervous system effects on the
cardiovascular system. Psychophysio/ogy, 17, 202-207.

Welt, L.G. (1970). Agents affecting volume and composition of body
fluids. In L.S. Goodman & A. Gilman (Eds.), The pharmacological
basis of therapeutics (pp. 773-804). New York: The Macmillan
Company.

Wenger, M.A. (1941). The measurement of individual differences in auto-
nomic balance. Psychosomatic Medicine, 3, 427-434.

Wesseling, K.H., & Settels, J.J. (1985). Baromodulation explains short-
term blood pressure variability. In J.F. Orlebeke, G. Mulder, &
L.J.P. & Doornen (Eds.), Psychophysiology of cardiovascular control
(pp. 69-97).New York: Plenum Press.



261

Wesseling, K.H., Settels, J.J., & Wit, B. de. (1986). The measurement of
continuous finger arterial pressure noninvasively in stationary sub-
jects. In T.H. Schmidt, T.M. Dembroski, & G. Bliimchen (Eds.),
Biological and psychological factors in cardiovascular disease (pp.
355-375). Berlin: Springer-Verlag.

Wheeler, D., & Rubin, H.B. (1987). A comparison of volumetric and cir-
cumferential measures of penile erection. Archives of Sexual Behav-
ior, 16, 289-299.

Wieland, B.A., & Mefferd, R.B. (1970). Systematic changes in levels of
physiological activity during a four-month period. Psychophysiol-
ogy, 6, 669-689.

Wil(le, G.]S. (1910). Neurotische labiliteit. gemeten volgens de vragen-
lijstmethode. Amsterdam: Van Rossen.

Wilder, J. (1967). Stimulus and response. The law of initial value. Bristol:
John Wright & sons.

Winer, B.J. (1971). Statistical principles in experimental design. New
York: Mc-Graw-Hill.

Wolk, C., Velden, M., Zimmermann, U., & Krug, S. (1989). The inter-
relation between phasic blood pressure and heart rate changes in the
context of the 'baroreceptor hypothesis'. Journal of Psychophysiol-
ogy, 3, 397-402.

Yamakoshi, K., Shimazu, H., & Togawa, T. (1980). Indirect measurement
of instantaneous arterial blood pressure in the human finger by the
vascular unloading technique. /EEE Transactions on Biomedical
Engineering, 27,150-155.

Zuckerman, M. (1971). Dimensions of sensation seeking. Journal of Con-
sulting and Clinical Psychology, 36,45-52.

Zuckerman, M. (1919). Sensation seeking: Beyond the optimal level of
arousal. Hillsdale, NJ: Lawrence Erlbaum.

Zuckerman, M. (1990). Still another failure of arousal theory: A critique
of "personality, situation and physiological arousability" by G. Stem-
mler and E. Meinhardt. Personality and Individual Differences. 11.
pp. 309-312.

Zuckerman, M., & Como, P. (1983). Sensation seeking and arousal sys-
tems. Personality and Individual Differences, 4,381-386.

Zuckerman, M., Murtaugh, T., & Siegel, J. (1974). Sensation seeking and
cortical augmenting-reducing. Psychophysiology, 11, 535-542.



Summary

This book presents an experimental analysis of instantaneous responses of
individuals in complex situations. Insight into such behavior is considered
to be important to obtain a complete view of individual functioning in
daily life, and is essential to the growth of knowledge in several areas of
psychology, such as emotions, information processing, stress and coping,
and the etiology and maintenance of psychosomatic and psychoneurotic
complaints. The broader context of this study is the area of personality
psychology. Classical approaches to personality have put forward either
inner or environmental determinants of behavior. Recently, this antithesis
has been superseded by the interactional conception of personality, em-
phasizing the person and the situation as well as their continuous interac-
tion as major sources of behavioral variation. The study of psychophysi-
ological reactions is considered to be of crucial importance to obtain a
complete view of the interactions that occur. The present book is meant to
contribute to a better understanding of the functioning of the physiol-
ogical system in relation to everyday situations. For that purpose the con-
sistency of physiological behavior as a function of multiple sources of
variation is estimated.

In the study, everyday situations are represented by means of films.
The medium film is considered to be a powerful and relevant stimulus to
elicit short-term adaptive behavior in a controlled setting without
weakening the flavor of everyday situations. Psychophysiological measures
are used here to assess behavioral variations occurring spontaneously in
response to changing situations. Methods developed within the context of
generalizability theory are used to estimate the amount of behavioral
variation arising from multiple controllable sources (notably, the person
responding, the prevailing situation, the time of the act, and the type of
response) as well as from combinations of these influences. To be able to
optimally study psychophysiological consistency, it is important to cor-
rectly define autonomic responding. Therefore, the study includes a
thorough investigation of psychophysiometric issues, that is, of measure-
ment problems that are inherent in the study of psychophysiological be-
havior.

The book has been arranged in four different parts. In Part One (cha-
pter   1), the purpose  and the theoretical framework  of  the  book  are  out-
lined. Moreover, several methodological choices are elucidated. Part Two
(chapter 2-4) gives a description of the procedural specifications, the
hardware used, and the software developed. Part Three (chapter 5-7)
presents the analyses carried out to optimally define autonomic respon-
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ding. Part Four (chapter 8-9) provides the answers to the questions raised
in the book.

In chapter 1 the view is advocated that personality psychology as a
science may only advance if the complexity of individual functioning and
the multiple sources that may underlie behavioral variation are integrated
in theories, methods, and systematic programs of research. By measuring
physiological reactions during everyday situations, we may understand and
explain consistent aspects of individual functioning that cannot, or only
partly, be assessed with more conventional techniques such as the ques-
tionnaire method or naturalistic observation. The study of psychophysiol-
ogical consistency and of the potential role of physiological assessment in
the study of individual behavior in complex daily situations has been
defined as the major aim of the present book. Within psychology, dif-
ferent paradigms emphasize different types of consistency, of which three
types are dealt with explicitly: Individual-specific Consistency (IsC),
Situation-specific Consistency (SsC), and Individual-Situation-specific
Consistency (ISsC). In classical personality models, distinct and internally
consistent behaviors of individuals (traits) are assumed to be stable and
consistent across situations emphasizing Individual-specific Consistency.
Particularly learning theory provided the impetus to the study of behav-
ioral variation as a function of environmental variation, Situation-specific
Consistency. The present study clearly goes beyond the paradigmatic
struggle between personologists and situationists. Both paradigms have
proven to be valuable in the understanding and explaining of behavior.
However, it is also assumed that a certain amount of systematic variation
in behavior must be understood in terms of systematic interactions be-
tween persons and situations, Individual-Situation-specific Consistency.
The mapping of these various types of consistency is the more direct aim
of the present study. Generalizability theory is considered to offer the
most appropriate instruments to estimate the amount of behavioral varia-
tion arising from multiple controllable sources as well as the degree to
which specific sources attenuate these consistencies.

The procedural specifications of the study, with the exception of the
data reduction procedures, have been put together in chapter 2. The mul-
tifacet design includes five categorical variables: persons (P), films (S),
scenes nested within films (s), physiological variables (R), and occasions
(T). Of 56 male students attending the first occasion, 53 subjects were
confronted with the same fixed sequence of films on two occasions while
eight physiological variables were measured: heart period (HP), pulse
transit time (FIT), T-wave amplitude (TWA), respiration period (RP),
diastolic (DBP) and systolic (SBP) blood pressure, galvanic skin level
(GSL), and finger-tip temperature (FIT). Films were alternated with
baseline intervals of four minutes duration.
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To optimally define psychophysiological reactions, it is necessary to
carefully weigh the pros and cons of specific methods, data reduction
procedures, and data analysis and response interpretation techniques.
However, first of all, it is necessary to monitor physiological signals
reliably, accurately, continuously, and unobtrusively. These four criteria
guided the choice of a Blood Pressure monitor. In chapter 3, several
methods of blood pressure measurement are evaluated. Although the vas-
cular unloading method is not unobtrusive in the psychological sense of
the word, it seems the best method to monitor blood pressure in psycho-
physiological studies at the moment. Findings of studies evaluating
Finapres, a BP-monitor based on the vascular unloading method, are in-
tegrated with experiences we had in our laboratory when using this in-
strument.

In chapter 4, the development, design, and evaluation of a computer-
application built within a newly realized hardware-software infrastructure
are described as well as the data correction and data conversion programs
that were developed along with the system. The major parts of the system
are: a subsystem for analog preprocessing of physiological signals, a SBC-
11/21+ computer for the actual processing of data and for experimental
control, and a computer for on-line data-storage. Correction algorithms
were written to make the artifact-detection procedures more standardized
and less time-consuming.

In chapter 5 the meaning and the definition of monotonical shifts in
physiological levels are studied. These trends are caused by various pro-
cesses which all may serve the adaptation of the individual to the experi-
mental situation. It is unlikely that the magnitude and pace of such
processes will be the same for each person. A study was directed at fin-
ding trend-correction procedures providing a measure for pace of trend
and a definition of the trend to be used in trend correction. Adopting a
least squares criterion, curve-fitting procedures were proved to be slightly
superior to factor-analytic procedures. Consequently, the following trend-
correction procedure was chosen. Scores during baseline intervals were
predicted from the duration of the experiment with a linear, logarithmic,
or exponential function. Subsequently, experimental scores were defined
as the observed score during the film minus the score predicted from the
duration of the experiment according to the best-fitting function.

In chapter 6 the data of the study are checked on dependencies of reac-
tion scores on basal physiological levels. In addition, the physiological
meaning and the numerical definition of base-related change are dis-
cussed. Physiological and methodological considerations result in a
response definition used in the remainder of the study: scores observed

during the film after trend-correction are divided by the standard
deviation of scores observed during baseline intervals. Both data reduction
procedures of the present study were applied to scores during baseline
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intervals which were used as a standardized datum for reference of the
degree of responsiveness during films. Individual scores after data reduc-
tion have a mean of 0 and a standard deviation of 1 during baseline inter-
vals, but not necessarily during films.

In chapter 7, the physiological processes underlying autonomic response
patterns are searched for as well as the functional overt and covert
behaviors accompanying those patterns. The findings of this literature
review are used to interpret the reaction patterns of the current study
which have been located in a 2-dimensional plane using a multi-dimen-
sional scaling (MDS) technique. The MDS-solution was interpreted in
terms of relative dominance of autonomic sub-processes in this way: the
first dimension reflects the degree of sympathetic activity; the second
dimension reflects the degree of parasympathetic activity: and the
diagonals reflect the influence of a- en 4-adrenergic activity. The
unidimensional activation model and models of Lacey, Obrist, and
Pribram were used to fill in a hypothetical response taxonomy linking
input- and output- regulation processes to sustained autonomic responses.

The results of the consistency analyses are reported in chapter  8. To
obtain more insight into the consistency of instantaneous physiological
behavior of individuals in complex situations, subjects were confronted
with films representing divergent everyday situations on two occasions. To
index the percentage of variation in the observed scores accounted for by
variation due to a specific facet or interaction, generalizability coef-
ficients, pl, were used. Most attention was directed at the comparison of
the predictive power of the classical trait model and the interactional per-
sonality model for four definitions of autonomic responsiveness: (a) re-
sponsiveness as manifested in distinct physiological scores and on the two
dimensions of the response pattern classification as derived with the
MDS-technique; (b) responsiveness as manifested in autonomic response
patterns; (c) general, i.e., nonspecific, responsiveness; and (d) respon-
siveness as manifested in autonomic response patterns and general respon-
siveness at the same time (b and c).

Individual responsiveness proved to be quite unique and stable. Within
sessions, individuals show over and above unique autonomic response pat-
terns ("traits"), consistent reactions during specific films that cannot be
explained by individual differences per se ("states"). In the stability
analyses, individual physiological reactions proved to be quite stable and
consistent across situations, but not very stably linked to specific situa-
tions. It was concluded that persons draw from a unique and limited re-
source of response possibilities, a response to be applied during a specific
situation at a specific moment, irrespective of minor fluctuations in the
situation. Of the two dimensions of the response pattern taxonomy, the
"sympathetic" dimension proved to be more a "state" factor, while the
"parasympathetic" dimension proved to be more a "trait" factor: in the case
of sympathetic responsiveness it is more important to consider the interac-
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tive influence of persons and situations than in the case of parasympathet-
ic responsiveness. In the study, the unidimensional activation model suf-
ficed to take account of occasion effects. To take account of consistent
person effects, it proved to be enough to consider that autonomic subsys-
tems may act either synergistically or independently. To take account of
situation effects, it proved to be most important to consider that auto-
nomic subsystems may not only act synergistically or independently, but
also antagonistically.

Apart from the stability of autonomic reactions, the stability of three
other physiological measures was investigated. Especially individual dif-
ferences in basal levels proved to be stable over time. Also the cross-oc-
casion stability of autonomic variability during baseline intervals is quite
high for some variables. The least stable, but not absent, are individual
differences in trends in physiological levels. The degree of individual
consistency found for the autonomic measures of the current study under-
scores the importance of considering those measures in studies of indi-
vidual functioning along with other measures such as questionnaire scores
and scores obtained during naturalistic observation. The results should
encourage more research into the psychological relevance of autonomic
responding for personality assessment.

In chapter 9 the associations between autonomic responding and mea-
sures of individual functioning that are traditionally considered to be im-
portant in personality psychology are explored. The most marked associa-
tion is observed between neuroticism and decrease of autonomic respon-
siveness (especially heart rate reactivity) while watching films. In ad-
dition, correlations between neuroticism and other measures of autonomic
activation are negative. Also social extraversion correlates negatively with
autonomic responsiveness during films. Not the sociability component of
extraversion, but the impulsivity and thrill-and-adventure-seeking com-
ponents of extraversion seem to be related more to the 'optimal level of
stimulation' hypothesis. Of the two coping factors, problem-focused
coping and palliating, only the latter is (positively) related to autonomic
responding. Especially during the first occasion, quite a number of sig-
nificant correlations were observed between several self-report measures
and individual measures of autonomic responding. The results underscore
the relevance of the setting, that is, of both the films used and the
definitions of autonomic responding chosen, for assessment of personality
characteristics that are traditionally considered to be important in per-
sonality psychology. To be able to interpret the associations observed more
unambiguously, future research is needed in which the present stimulus
material, which strongly appeals to input-regulation processes and
especially excites the parasympathetic branch of the autonomic nervous
system, is used along with stimuli or tasks that largely appeal to output
regulation processes and accomplish parasympathetic inhibition and/or
sympathetic excitation.



Samenvatting

In deze dissertatie wordt verslag gedaan van een experimentele analyse
van autonome reacties van personen in complexe situaties. Inzicht in zulk
gedrag is van belang om een volledig beeld te verkrijgen van individueel
functioneren in alledaagse situaties en is essentieel voor de toename van
kennis in diverse domeinen van de psychologie zoals emoties, informatie-
verwerking, stress en het ontstaan en de instandhouding van psychoneuro-
tische en psychosomatische klachten. De bredere context van deze studie is
het domein van de persoonlijkheidsleer. In klassieke stromingen binnen de
persoonlijkheidsleer zijn interne of externe determinanten van gedrag
benadrukt. Recent maakt deze antithese steeds meer plaats voor interac-
tionele opvattingen van de persoonlijkheid, waarin niet alleen de persoon
en de situatie als belangrijke bronnen van gedragsvariatie worden be-
schouwd, maar ook de continue interactie tussen de persoon en de situatie.
De studie van autonome reacties is van essentieel belang om een volledig
beeld van deze interacties te krijgen. De huidige studie is erop gericht om
meer inzicht te krijgen in het functioneren van het fysiologische systeem
in alledaagse situaties. Daartoe wordt de consistentie van fysiologisch ge-
drag als een functie van diverse bronnen van variatie in beeld gebracht.

In de studie worden alledaagse situaties gepresenteerd door middel van
films. Films geven de mogelijkheid om krachtige en relevante stimulatie te
presenteren op een gestandaardiseerde manier, zonder toe te geven aan de
complexiteit en variatie van alledaagse situaties. Fysiologische metingen
worden verricht om variaties in het gedrag te meten die spontaan voorko-
men in reactie op wisselende situaties. Methoden die zijn ontwikkeld bin-
nen de context van de generaliseerbaarheidstheorie, worden gebruikt om
de hoeveelheid gedragsvariatie te schatten als een functie van vier bron-
nen (de persoon die reageert, de concrete situatie waarin de persoon zich

bevindt, het tijdstip van reageren en de soort reactie) en als een functie
van combinaties van deze invloeden. Om de mate van psychofysiologische
consistentie optimaal in beeld te kunnen brengen is een goede operationa-
lisatie van autonome reacties belangrijk. Daarom handelt een groot deel
van het boek over psychojysiometrische onderwerpen, dat wil zeggen, over
meetproblemen die inherent zijn aan de studie van psychofysiologisch
gedrag.

Het  boek is ingedeeld  in vier delen.   In het eerste deel (hoofdstuk  1)
worden het doel en het theoretische kader van de studie beschreven. Ook
worden een aantal methodologische keuzes gemotiveerd. Het tweede deel
(hoofdstuk 2-4) bevat de procedurele specificaties van de studie en geeft
een beschrijving van de gebruikte hardware en de ontwikkelde software.
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In deel drie (hoofdstuk 5-7) wordt verslag gedaan van de analyses die zijn
uitgevoerd om te komen tot een optimale definitie van autonome reacties.
In het laatste deel (hoofdstuk 8-9), worden de vragen beantwoord die het
motief vormden voor deze studie.

In hoofdstuk 1 wordt vooropgesteld dat de persoonlijkheidsleer als
wetenschap vooruitgang kan boeken als de complexiteit van individueel
functioneren en de diverse condities die aan gedrag ten grondslag kunnen
liggen, worden opgenomen in theorieon, methoden en onderzoekprogram-
ma's. Met de meting van lichaamsreacties tijdens alledaagse situaties kun-
nen we wetmatigheden in individueel functioneren begrijpen en verkla-
ren, die niet, of slechts ten dele, zijn te meten met meer conventionele
technieken zoals de vragenlijstmethode of naturalistische observatie. Het
hoofddoel van dit onderzoek is de studie van psychofysiologische consis-
tentie en van de rol die fysiologische metingen kunnen hebben in de stu-
die van individueel gedrag in complexe situaties. Verschillende paradig-
ma's binnen de psychologie benadrukken verschillende soorten van consis-
tentie, waarvan er drie centraal staan: Individu-specifieke Consistentie
(IsC), Situatie-specifieke Consistentie (SsC) en Individu-Situatie-speci-
fieke Consistentie (ISsC). Klassieke persoonlijkheidsmodellen benadruk-
ken Individu-specifieke Consistentie. Binnen dergelijke modellen wordt
verondersteld dat onderscheiden en intern consistente gedragingen van
individuen (trekken), stabiel zijn over tijd en consistent over situaties.
Vooral de leertheorie gaf een krachtige impuls tot de studie van gedrag als
een functie van omgevingsvariatie, Situatie-specifieke Consistentie. In de

huidige studie wordt geen rigide positie ingenomen in de controverse tus-
sen stromingen die individuele verschillen benadrukken en leertheore-
tische stromingen. Beide paradigma's zijn waardevol in het begrijpen en
verklaren van gedrag. Daarenboven wordt echter verondersteld dat gedrag
ook systematisch zal varioren ten gevolge van specifieke interacties tussen
personen en situaties, Individu-Situatie-specifieke Consistentie. Het in
beeld brengen van de verschillende vormen van consistentie is het meer
gerichte doel van deze studie. De generaliseerbaarheidstheorie verschaft
de instrumenten om de hoeveelheid gedragsvariatie die volgt uit diverse
bronnen in beeld te brengen en om te schatten in welke mate specifieke
bronnen van variatie de consistentie verlagen.

De procedurele specificaties van de studie, met uitzondering van de
datareductie procedures, worden beschreven in hoofdstuk 2. Vijf catego-
rische variabelen zijn opgenomen in de studie: personen (P), films (S) en
scdnes binnen films (s), fysiologische variabelen (R) en gelegenheden (T).
Van 56 mannelijke studenten die deelnamen aan een eerste gelegenheid
werden er 53 tijdens een tweede gelegenheid geconfronteerd met dezelfde
vaste volgorde van zeven films. De volgende fysiologische variabelen wer-
den gemeten: harttempo (HP), stroomsnelheid van het bloed (Pl-r), T-top
amplitude (TWA), ademhalingstempo (RP), diastolische (DBP) en systoli-
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sche (SBP) bloeddruk, huidgeleiding (GSL) en temperatuur van de vinger-
top (FIT). Films werden afgewisseld met "baseline" registraties van 4 mi-
nuten.

Om fysiologische reacties optimaal te definioren is het noodzakelijk om
de voor- en nadelen van specifieke methoden, datareductieprocedures en
analyse- en interpretatie-technieken, zorgvuldig af te wegen. Allereerst is
het echter noodzakelijk dat fysiologische signalen betrouwbaar, nauwkeu-
rig en continu worden gemeten. Bovendien is het belangrijk dat de meet-
procedure zelf het natuurlijke gedrag van personen zo weinig mogelijk
verstoort. Deze vier criteria vormden de leidraad bij de keuze voor een
bloeddrukmeter. In hoofdstuk 3 worden diverse methoden van bloeddruk-
meting geovalueerd. Gekozen wordt voor het minst slechte alternatief,
Finapres, een apparaat dat gebruik maakt van de Pe az techniek. Resul-
taten van evaluatiestudies van dit apparaat worden aangevuld met ervarin-
gen die we hadden met dit instrument in een voorstudie.

In hoofdstuk 4 worden de ontwikkeling, het ontwerp en de evaluatie
van een in deze studie gebruikte computerapplicatie beschreven; evenals
de correctie- en conversie-programma's die tegelijk met het systeem wer-
den ontwikkeld. De hoofdonderdelen van het systeem zijn: een subsysteem
voor de analoge voorverwerking van fysiologische signalen; een SBC-
11/21+ computer voor de feitelijke verwerking van data en voor de stu-
ring van het experiment; en een computer voor opslag van data. Correctie-
algoritmen werden geschreven om de procedure voor de detectie van ar-
tefacten meer gestandaardiseerd te maken en minder tijdrovend.

In hoofdstuk 5 worden de betekenis en de definitie van monotoon ver-
loop in fysiologische niveaus besproken. Trends worden veroorzaakt door
diverse processen die de adaptatie van het individu aan de experimentele
situatie kunnen dienen. De omvang en snelheid van deze processen wor-
den verondersteld niet hetzelfde te zijn voor iedere persoon. Een studie
werd verricht om een definitie te vinden voor verloop die als uitgangspunt
kon dienen voor trendcorrectie. Gebruik makend van een kleinste-kwa-
dratencriterium bleken "curve-fitting" procedures iets beter dan factor-
analytische procedures. Daarom werd gekozen voor de volgende correc-
tieprocedure. Scores tijdens "baseline" perioden werden voorspeld uit de
duur van het experiment met een lineaire, logaritmische of exponentilile
functie. Vervolgens werden experimentele scores gedefinieerd als de geob-
serveerde score tijdens de film min de score die werd voorspeld uit de duur
van het experiment volgens de best passende functie.

In hoofdstuk 6 worden de data van de studie gecontroleerd op afhanke-
lijkheden tussen basale fysiologische niveaus en reactiescores. Ook wordt
ingegaan op de fysiologische betekenis en de numerieke definitie van
dergelijke afhankelijkheden. Fysiologische en methodologische overwe-
gingen resulteren in een responsdefinitie die in de rest van de studie
wordt gebruikt scores geobserveerd tijdens films na trendcorrectie worden
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gedeeld door de standaard deviatie van scores tijdens  baseline" perioden.
Beide datareductie-procedures van de huidige studie werden toegepast op
scores tijdens "baselines", die als gestandaardiseerde referentie werden
gebruikt voor de mate van reactiviteit tijdens films. Na datareductie heb-
ben de scores van personen een gemiddelde van nul en een standaard de-
viatie van 66n tijdens "baseline" perioden, maar niet noodzakelijk tijdens
films.

In hoofdstuk 7 wordt gezocht naar fysiologische processen die ten
grondslag liggen aan autonome reactiepatronen en naar de functionele
overte en coverte gedragingen die ze begeleiden. De bevindingen van dit
literatuuroverzicht worden gebruikt om autonome reactiepatronen te in-
terpreteren die empirisch zijn geordend in een 2-dimensionele ruimte met
behulp van een multidimensionele schaaltechniek (MDS). De verkregen
oplossing werd als volgt geinterpreteerd in termen van relatieve dominan-
tie van autonome processen: de eerste dimensie ordent patronen in termen
van sympatische activiteit; de tweede dimensie ordent patronen in termen
van parasympatische activiteit; en de diagonalen representeren de mate
van a- en B-adrenerge activiteit. ilet unidimensionele activatiemodel en
modellen van Lacey, Obrist en Pribram worden gebruikt om een hypothe-
tische responstaxonomie in te vullen, waarin input- en output-regulatie
processen worden verbonden met autonome processen.

De resultaten van de consistentie-analyses worden gerapporteerd in
hoofdstuk 8. Om meer inzicht te krijgen in de consistentie van fysiologi-
sche reacties van individuen in complexe situaties, werden personen bij
twee gelegenheden geconfronteerd met films die diverse alledaagse situa-
ties representeren. De mate van consistentie van diverse effecten werd in
beeld gebracht met generaliseerbaarheidscoefficiBnten, PE, die aangeven
hoeveel variatie in geobserveerde scores wordt verklaard door specifieke
bronnen van variatie. De meeste aandacht ging uit naar de vergelijking
tussen het klassieke trekmodel en het interactionele persoonlijkheidsmodel
voor vier definities van autonome responsiviteit (a) responsiviteit zoals
gemanifesteerd in afzonderlijke fysiologische variabelen en op de twee
dimensies van de met behulp van een MDS-techniek verkregen taxonomie
van autonome reacties; (b) responsiviteit zoals gemanifesteerd in autonome
patronen; (c) algemene, non-specifieke responsiviteit; en (d) responsiviteit
zoals gemanifesteerd in de combinatie van autonome patronen en algeme-
ne responsiviteit (b en c).

Als maten van individueel functioneren bleken autonome reacties ta-
melijk uniek en stabiel. Binnen sessies tonen individuen behalve unieke
autonome reacties ("traits") ook consistente differentiele reacties tijdens
specifieke films die niet verklaard kunnen worden uit individuele ver-
schillen alleen ("states"). In de stabiliteitsanalyses bleek dat fysiologische
reacties van individuen tamelijk stabiel zijn en consistent over situaties,
maar minder stabiel verbonden aan specifieke situaties. De conclusie
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luidde dat personen uit een beperkte en unieke bron van reactiemogelijk-
heden een reactie putten die wordt aangewend tijdens een specifieke situ-
atie op een specifiek moment onafhankelijk van kleine variaties in de
situatie. Van de twee dimensies van de taxonomie van responspatronen
bleek de "sympatische" dimensie meer een "state" factor en de "parasym-
patische" dimensie meer een "trait" factor: voor sympatische responsiviteit
is het belangrijker om de interactieve invloed van personen en situaties te
bekijken dan voor parasympatische activiteit. Het unidimensionele model
voldeed in deze studie goed om rekenschap te geven van verschillen tussen
sessies. Om rekenschap te geven van verschillen tussen personen bleek het

meestal voldoende om er rekening mee te houden dat autonome subsys-
temen onafhankelijk of synergistisch kunnen werken. Om consistente
verschillen tussen situaties te beschrijven bleek het het meest noodzakelijk
om er rekening mee te houden dat autonome subsystemen niet alleen syn-
ergistisch en onafhankelijk, maar ook antagonistisch kunnen werken.

Behalve de stabiliteit van autonome reacties is de stabiliteit van drie
andere fysiologische maten onderzocht. Met name de stabiliteit van indi-
viduele verschillen in basale niveaus bleek hoog. Ook de stabiliteit van
autonome variabiliteit tijdens "baseline" perioden bleek hoog voor een aan-
tal variabelen. Het minst stabiel, maar niet afwezig, waren individuele
verschillen in verloop in fysiologische niveaus. De mate van individuele
consistentie die in de huidige studie werd gevonden benadrukt de nood-
zaak om naast andere maten, zoals vragenlijstscores en scores verkregen
tijdens naturalistische observatie, ook autonome maten te gebruiken in
studies van individueel functioneren. De resultaten geven aanleiding tot
verdere studies naar de psychologische validiteit van autonome reacties en
naar de overte en coverte gedragingen die ze begeleiden.

In hoofdstuk 9 wordt gekeken naar de associatie tussen autonome reac-
ties en maten van individueel functioneren die traditioneel belangrijk
worden gevonden in de persoonlijkheidsleer. De meest duidelijke samen-
hang wordt gevonden tussen neuroticisme en afname van autonome res-
ponsiviteit (vooral harttempo) tijdens films. Ook andere fysiologische
maten laten een negatief verband zien tussen neuroticisme en autonome
activatie. Sociale extraversie correleert eveneens negatief met responsivi-
teit tijdens films. Niet de sociale component van extraversie, maar de
impulsiviteit en "thrill-and-adventure-seeking" componenten lijken meer
gerelateerd aan de 'optimaal niveau van stimulatie' hypothese. Van de
twee "coping" factoren, probleemgericht handelen en palliatief reageren, is
alleen de laatste (positief) gerelateerd aan een aantal maten voor autonome
responsiviteit. Vooral tijdens de eerste sessie worden vrij veel significante
correlaties gevonden tussen vragenlijstscores en individuele maten van
autonoom reageren. De resultaten benadrukken de relevantie van de set-
ting, dat wit zeggen van het gebruikte stimulus materiaal en de gekozen

operationalisaties van autonome responsiviteit, voor de meting van "klas-
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sieke" persoonlijkheidskenmerken. Om de geobserveerde associaties zon-
der ambiguiteit te kunnen interpreteren is onderzoek nodig waarin situa-
ties die een sterk beroep doen op input-regulatie en die vooral de para-
sympatische tak van het autonome zenuwstelsel activeren, worden afge-
wisseld met taken of stimuli die meer een beroep doen op output-regulatie
en die parasympatische inhibitie en/of sympatische activatie bewerkstel-
ligen.
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