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CHAPTER 1.
INTRODUCTION

Pain is not merely a physical phenomenon. In a restricted sense, pain refers to'a neuro-
logical signal indicating that the body has been damaged; it seems therefore to be based on
a purely physical process. However, pain can also be-experienced without any discernable
injury, and a severe wound may not lead to any pain experience or expression at all
(Wall, 1979). In less extreme cases, clear psychological influences can be observed on
pain. Thus, there is no one-to-one relationship between physical damage and experiences
or expressions of pain.

If there is no direct relationship between tissue damage and pain, then what is pain?
The International Association for the Study of Pain (IASP) has defined pain primarily as a
psychological phenomenon: ’an unpleasant sensory and emotional experience, associated
with actual or potential tissue damage or described in terms of such damage' (IASP,
1979). Various psychological dimensions of pain are distinguished in this definition: per-
ception (sensation), evaluation, emotion and behaviour {description). The relationship with
tissue damage is described as being loose. Thus, it is generally accepted that pain is a
multidimensional psychological phenomenon, experienced by the subject as if there is tis-
sue damage (which sometimes there is, and sometimes there is not). Therefore, we should
expect that pain shows the same sort of plasticity (i.e. the experience of pain and pain re-
sponses can be strongly influenced by various psychological factors) as other psychologi-
cal phenomena, notably the emotions with which it has much in common considering the
TASP definition. There are clear neurological reasons to expect such plasticity, since the
signal that finally leads to the various pain phenemena can be amplified or reduced at
various levels of the nervous system, starting at the spinal level, by higher processes
(Wall & Melzack, 1985).

Within the psychological domain, three factors relating to pain can be discerned: (1) the
psychological dimensions of pain itself;, (2) the psychological influences on pain; and (3)
the psychological effects of pain. In this thesis, research on some aspects of the latter two
factors will be reported. The first factor is important, however, and given that pain is not
a unidimensional phenomenon, any study on pain should take into account its multidimen-
sionality.

DIMENSIONS OF PAIN

The multidimensionality of pain refers to the loosely interrelated aspects of pain.
Various distinctions have been put forward, The differentiation between the inensity of
the experienced stimulation, referring to a more objective, nonevaluative dimension, and
the affective aspect of the experience, referring to the evaluative, emotional reactions
(pleasure, anxiety, anger, etc.) is well-known (e.g. Gracely, 1979; Price er al., 1980).
Others have further differentiated the affective domain into an evaluative and a motivation-
al dimension (e.g., Melzack & Wall, 1965). Three factor models, well known from the
behavioural studies of emotions (Lang, 1985), add overt behaviour and physiological re-
actions to the cognitive-experiential domain (Viaeyen er al., 1989). Typical behavioural
pain reactions are: withdrawal reflexes, flight, avoidance of stimuli or activities (that are
expected to cause or worsen pain), recuperative activities, verbal utterances, grimaces,



eic. Examples of physiological reactions are: beart rate acceleration, skin conductance
résponses, vasoconstriction, blood pressure increase, efc. In psychophysiology, three kinds
of ’reflexes’ to acuie aversive stimuli, like pain, have been distinguished, each character-
ized by a distinctive combination of physiological responses: startle, defensive and orient-
ing reflexes (Turpin, 1986}, In addition to intensity and affective aspects of the cognitive-
experiential factor, various other types of pain cognitions  have been described: e:g:

thoughts about causes ‘of the pain, about the development of pam about-the significance of
the pain, about the coping pﬂmbﬂme&, ete,

The various dimensions of pain are not necessarily strongly interrelated, and therefore
each dimension has its"owr meaning. In most of the experiments reported in this thesis,
pain has begn measured multidimensionally, without striving for ‘completeness. The
emphasis is on subjective experiences of pain and physiological reactions to pain. The sub-
jective: experience of pain-has been measured by asking the § to rate the experienced pain-
fulness; for instance of an-electrically produced aversive stimulation. Most studies did not
employ separate intensity and affective/evaluative ratings, because in our laboratory cir-
cumstances these dimensions; 'when separately ‘measured, were found to be strongly inter-
related (Arntz & Lousberg, 1990).

PSYCHOLOGICAL INFLUENCES ON PAIN

Much reésearch has been done on various psychological influences on pain. In the fol-
lowing, an overview of various psychological factors assumed to influence pain will be
presented, resulting in-the selection of some factors that will be explored further. Only
those factors are presented that are elaborated upon in the present thesis. Thus, a factor
such ag personality will not be discussed.

Arousal

In one of the most important theories of habituation, Groves and Thompson’s (1970)
dual-process theory, it is assumed that two processes play a major part in response decre-
ment. Firstly, it is assumed that in the direct neural pathway between stimulus detector
and response effector a gradual decline in efficiency of transmission builds up, leading to
a decrement in responding. Secondly, a more tonic state of the organism is assumed to in-
fluence the general level of responding. This state is not very precisely defined by Groves
& Thompson, but apart from circular definitions (this "state is the general level of excita-
tion, (..) tendency to respond (..) of the organism", p.440), arousal is the most precise
definition given by Groves & Thompson (p:.440). The dual-process theory predicts that
with high arousal, pain responses are stroriger and habituate less. In particular, sensitiza-
tion (increase in responding) is assumed to be caused by increased arousal.

Without a precise definition of ’arousal’ as an independent variable from its effects, it
is of course difficult to test the contribution of this factor to the responses to noxious
stimuli, However, if we assume that arousal manifests itself in physiological activation,
indicators like Skin Conductance Level (SCL) and Heart Rate (HR), and possibly the size
of physiological responses like the Skin Conductance Response (SCR), vasoconstriction
and the Heart Rate Response (HRR) to painful stimulation, should be related to reduced
habituation (see Groves & Thompson, 1970, p.439 & 441, for similar operationalization
of “"state"). The same might be expected from subjective anxiety, which as most would
agree, is accompanied by heightened arousal. However, in an experiment in our laborato-
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1y these variables appeared to be unrelated to subjective habituation to pain {Arntz & Pe-
ters, 1990). Moreover, there is no evidence that chronic pain patients; clearly displaying a
lack of (subjective) habituation to their own pain, have highér grousal levels as indicated
by physiological or subjective indices: (Arntz er-@l., 1991c; Sternbach, 1974): This thesis
includes an experiment on the influence of anxiety and attention on pain, which is even
more relevant for the arousal hypothesis because arousal was experimentally manipulated
via manipulating anxiety. It should be noted, however, that the dual-process theory has
been developed on the basis of experiments with spinal reflexes. Therefore, the theory
might be applicable to habituation and sensitization of spinal reflexes, without being
applicable to habituation on higher neurological levels. Eysenck (1967) has differentiated
the concept of arousal into physiological activation and cortical arousal. Especially cortical
arousal is assumed to be related to pain sensitivity. Although autonomic activation is
different from cortical arousal, it is assumed that “Awmonomic activation, as in fear,
produces higher degrees of (cortical) arousal, and hence lowers sensory thresholds for
pain, and also lowers pain tolerance.” (Eysenck, 1980, p.308). According to Eysenck, the
personality dimension of extraversion-introversion corresponds with cortical arousal;
introverts displaying high levels of cortical arousal. It has been reported that this dimen-
sion is connected to pain sensitivity, high arousal (introversion) being related to lower
pain thresholds and lower tolerance levels (Eysenck, 1980). Thus, like the dual-process
theory, Eysencks view predicts that arousal (and fear) are related to pain sensitivity.

Emotions

Of the various emotions, anxiety has attracted most attention with respect to its influ-
ence on pain. Clinical views often assume that anxiety increases pain impact (e.g., Chap:
man & Turner, 1986; Turk & Fernandez, 1990), as do some theories (e.g., Eysenck,
1980; Furedy & Doob, 1971a; Melzack, 1973; Melzack & Wall 1982). However, in some
cases it has been observed that anxiety was accompanied with an absence of pain (for
instance in severely wounded, scared soldiers; Wall, 1979). There has even been formu-
lated a theory which states that fear and anxiety inhibit pain (Bolles & Fanselow, 1980).
Empirical evidence for either view is inconclusive (see the sections 4.1, 4.3 & 4.4 for
more cxtensive overviews of these studies and the theoretical views). Therefore, the
hypothesis was formulated that a third, hitherto overlooked, factor is responsible for the
lack of empirical convergence: attention. This factor might explain why anxiety sometimes
is accompanied by increased pain impact (for instance when the § is attending to the pain
because of pain related anxiety), and why anxiety is sometimes accompanied by reduced
pain impact (when attention is diverted away from pain by anxiety about another stimu-
lus). The three views on the anxiety-pain relationship are put to test in two crucial experi-
ments (see sections 4.3 & 4.4).

Depressed mood and its counterpart, elation, have received less attention. This is
amazing, given the wide domain of psychological processes that is affected by this affec-
tive dimension (Clark, 1983). Moreover, depressed mood and affective disorders are very
common in chronic pain problems (Romano & Turner, 1985), leading some authors to
hypothesize that chronic pain problems characterized by an absence of underlying physical
pathology are instances of masked depression (Blumer & Heilbronn, 1982). Although
there might be more theoretical (and empirical) reasons to assume that chronic, uncontrol-
lable pain leads to depressed affect, for instance via learned helplessness, instead of
depression leading to pain (Turk & Salovey (1984), see also section 4.1), it is interesting
to investigate whether depressed mood influences pain. Instead of depression causing pain,
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depressed mood might intensify pain, whereas elated mood might decrease the impact of
pain. Only one experimental study addressing this issue was found. In this study the mood
of hieadache patients was influenced by means of the musical mood induction procedure.
Elated §s reported less pain than depressed Ss. (Martin er al., 1988). In this thesis one
study is included that explores the influence of depressed versus elated mood on pain, in
conjuncmn with ‘the influence of conlrol over pain (see section 4.2).

Even less is known about the influence of anger on pain. On the other hand, it is well
m@wn that pain might lead to increased levels of anger, especially when the § fails to find
& controlling response (Wall, 1979). For this reason, measurements of angry mood were
included in the dbovementioned study on the effects of mood and control on pain.

Attention

There is clear evidence that attention directed to pain results in a larger pain impact
than attention distracted from pain (e.g., Blitz & Dinnerstein, 1971; Bloom et al., 1977;
lacono & Lykken, 1984). Of spontaneously employed pain coping strategies vivid distrac-
tion appears to be the most effective (Rosenbaum, 1980). Research comparing several
coping strategies indicates that attending to vivid distracting (internal or external) stimuli
leads to the most effective pain reductions {Beers & Karoly, 1979; Grimm & Kanfer,
1976; Kanfer & Goldfoot, 1966; Worthington, 1978).

Attention might be an important mediating factor in the effects of other psychological
influences on pain. As was hypothesized above, the influence of anxiety on pain might be
mediated by attentional factors. In the theoretical section (4.1) on the effects of control on
pain it is hypothesized that the pain-reducing effect of controilability might be related to
attention. In short, it is argued that when the § can execute control over important aspects
of pain, the S is more certain that the pain can be endured without becoming dangerous,
intolerable, or neverending. Consequently, the pain becomes less significant for the § and
less (unintentional) attention is directed to the pain. Attentional effects might also play an
important role in the effects of predictability of occurrence. Miller (1981) has argued that
most effects of predictabilitity of occurrence are only found when the § cannot divert his/
her attention (or in some other way ’blunt’ the aversive situation). According to Miller,
predictable aversive events generally attract more attention than unpredictable aversive
gvents. In contrast, Matthews et al. (1980) have demonstrated that predictable aversive
noise is less attended to than unpredictable noise, and that the positive effects of predict-
ability disappear when the § has to attend to the aversive stimulus. Thus, on the one hand
warning signals or temporal regularity might attract attention to the coming aversive
event, on the other hand, signaled or regularly occurring aversive eévents might be less
surprising, thereby leading to a more superficial processing (Berlyne, 1960).

Representational and cognitive theories also predict that more attention is directed to
the pain stimulus when it does not match an internal representation (Chapman, 1980; So-
kolov, 1963), Wagner’s theory (1981), for instance, assumes that the responses to a stimu-
lus aré proportional to the amount of the stimulus representation activated. Since the
capacity of activation is limited (cf. the notions of the limited capacity of working memo-
ry, Atkinson & Shiffrin, 1968, and of the 'central processor’, Broadbent, 1958, Kahne-
man, 1973) distractors reduce the amount of stimulus activation and consequently result in
smaller responses. Moreover, Wagner's theory states that the responses to a stimulus are
reduced proportionally to the amount of stimulus representation which has already been
activated by automatic (e.g. conditioning), or perhaps controlled processes, and is in a
phase of deactivation. Consequently, the larger the already activated representation, the
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smaller the responses clicited by the stimulus. Thus; *surprising’ stimuli (the more surpris-
ing a stimulus is, the less its representation is already activated, i.e: exp%med} require
more attentional capacity and result in:stronger responding and stronger learning.!

In conclusion, attentional factors appear to be very important for the mmpact of pmn,

and might play a mediating role in various psychological influences on pain. In some in-
stances, attentional processes may obscure the influence of other factors, a problem fre-
quently encountered in laboratory research with human Ss. The clinical relevance of atten-
tion seems evident: when pain is not in awareness, it cannot be felt and consequently there
is no subjective suffering due to pain. Much of the suffering that is caused by pain-is
directly related to the claim it lays to attention: when in pain, the § is less free to pay
attention to other stimuli.

Operant Conditioning

The large numbers of patients with chronic pain problems that are apparently unrelated
t0, or excessive compared to, any underlying physical pathology, have prompted behav-
iour theorists and therapists to develop conditioning theories to account for these phenom-
ena. Of the operant conceptualizations, Fordyce's is the best-known (Fordyce, 1974).
According to this view, pain behaviours can come under control of non-pain stimuli, like
any behaviour. Thus, factors like attention from others and avoidance of negatively evalu-
ated situations might reinforce pain behaviour, which might then be displayed in excessive
form, given the physical constraints. In addition, healthy behaviour might not receive po-
sitive reinforcement, or even criticism. A variable more closely related to pain that might
contribute to pain behaviour is the expectation of the patient that healthy behaviours, like
physical exercise, work, social activities etc., may worsen the pain problem, and that
taking rest and avoidance of certain activities is the best strategy. Such expectations may
have been formed on the basis of experiences during the acute phase of pain, but they do
not necessarily hold later. Treatment programs for chronic pain based on manipulation of
operant factors are well-developed and seem to be especially suited for patients with ex-
cessive overt pain behaviour (like avoidance, postures and complaining). The operant
theory is silent about the subjective experience of pain: no prediction can be made about
the effect of operant conditioning of either pain behaviour or healthy behaviour on the
subjective experience of pain. In treatment programs, generally much success is achieved
on the behavioural level, but the results on the subjective levels are disappointing (e.g.
Linton, 1986; Vlaeyen er al., 1989). The operant views are beyond the scope of this
thesis. Nevertheless, some factors that may be related to the acquisition of pain behav-
iours, notably avoidance behaviour, are treated: pain expectations (chapter 2), expetiences
with unpredictable pain (chapter 2 & 3) and learned helplessness (chapter 4).

Classical conditioning

Three issues can be raised pertaining to the influence of classical conditioning processes
on pain. Firstly, can the experience of pain be classically conditioned? Secondly, can re-

'For the sake of simplicity, the fact that expectations or anticipatory activation of stimulus repre-
sentations themselves cause responses is left out of consideration. It should be noted that in case of
pain these responses are not pain responses, but anticipatory or conditioned responses. Whether
these responses add to the pain responses is discussed under predictability’.
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gponses opposite to pain be conditioned? And thirdly, what is the influence of responses
conditioned to a warning stimulis o sibsequent pain?

The first issue has not received much attention in basic research, but somé clinicians
claim, and sometimes explain o patients, that pain can be felt without any noxious stimu-
lation because it has become conditioned (e.g., 2 dentist claimed that he had observed that
some very frightened patients report pain just before he started drilling (personal commu-
nication); a self-help book for chronic pain patients explains that the experience of ‘pain
can be classically conditioned to- situational stimuli and activities, Corey, 1989, p.40-41).
Most learning theorists would - however seriously doubt the existence of classically condi-
tioned pain. In a classical paper, Mowrer (1939) defined fear as the ‘conditiohed form of
the pain reaction. Thus, by definition fear is conditioned to the €S, and not pain. Accord-
ing to the so-called stimulus substitution rule of clagsical conditioning (Gray, 1975) the CS
becomes capable of eliciting (a subset of) the same responses as the UCS. But, the experi-
ence of pain is strictly speaking not a response, although it is often treated as such by the
experimenter. As has been pointed out by Eysenck (1979), the operational definitions of
WS and UCR as employed by the experimenter should be distinghuished from the pheno-
menological UCS and UCR in the view of the subject. For the experimenter, the objective
stimulus is the UCS, and the observed responses (including verbalizations and ratings of
scales) are the UCRs. ‘For the subject, however, there is no objective UCS, there is only
the experierice of the UCS (and ‘sometimes the experience of UCRs): the subject experi-
ences sensations and pain, afid possibly bodily reactions (sweating, heart rate acceleration,
etc.). Thus, for the subject, the experience of pain is not an UCR, but the phenomenoclo-
gical UCS. Consequently, the experience of ‘pain cannot be conditioned. The uncondi-
tioned responses to pain that are conditioned are, following the nomenclature of Mowrer,
fear responses, accompanied by the subjective experiences of fear (apprehension, tension,
etc.). It should be noted, however, that some unconditioned responses, like muscle tension
or intestinal spasms, when conditioned might themselves cause pain. Thus, some condi-
tioned responses might cause pain, but this does not implicate that the experience of pain
has been conditioned (see also Eikelboom & Stewart {1982) for a theoretical rejection of
the possibility that phenomena at the inpur side of the central nervous system can be
conditioned).?

In modern views of classical conditioning, it is assumed that the CS becomes capable of
eliciting a representation of the UCS, and that the organism reacts to this representation
takihg into account othér momerntary factors (e.g. context, information, possibility of
avoidance/escape, etc.). On the basis of this modern classical conditioning theory, Chap-
man & Gagliardi (1980) raise the question whether somatic conditioned stimuli (CS) might
be able to elicit a vivid memory of a painful unconditioned stimulus (UCS), leading to an
experience of pain. Thus, the question remains open whethér under certain conditions re-

*In the past there have been put forward claims that perceptions can be classically conditioned.
Most of the studies are poorly documented or have severely methodological shortcomings (see
Davies, 1987). More recently, Davies (1987) claimed that perceptions can be conditioned. This
claim cannot be taken literally because Davies demonstrated that visual affer-images can be conditi-
oned. Since an after-image is an experience of 8 UCR and not a UCS (as is acknowledged by
Davies), it is hardly astonishing that it can be conditioned. Thus, this does not imply that percepti-
ons can be conditioned (Paul Eelen is acknowledged for mentioning the studies by Davies).
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presentations of pain might be experienced so vividly, that they lead to an experience of
pain.® However, most theorists would object that the representation activated by a C8-in
its’ most emotional form would lead to the expecration of a new encounter with the UCS,
and consequently lead to fear; or to & memiory of pain with reactivation of associated emo-
tional responses. Moreover, to the best of the present authors’ knowledge, nobody has
ever observed, in controlled circumstances, that CSs are experienced as painful. But, in
most laboratory experiments the CS is obviously incapable of eliciting pain (e.g. tones,
light signals, slides)*. Therefore, a CS should be used that is intrinsically more capable of
gliciting pain: the belongingness should be as large as possible. In a pilot study Anja Meij-
boom and I tried to test this conditioning hypothesis. The control group received 25 stimu-
li just below pain threshold (produced by means of electrical stimulation at the §’s ankle).
The experimental group also received these 25 stimuli, but at the beginning of the series
the low intensity stimulus was followed by stimulation of higher intensities, at clearly
painful levels a number of times, so that the stimulation at threshold was functionally a C8
for the painful stimulation that followed it. We succeeded in inducing elevated subjective
fear, but there was no indication of increased subjective pain experiences of the CS or
increased physiological responding (figure 1). In this thesis the issue of classically condi-
tioned pain is not explored further. For theoretical and empirical reasons such an enter-
prise seems unfruitful.

The second issue, the possibility that responses that oppose pain can be conditioned, is
much clearer. Classically conditioned responses that counteract pain {responses) have been
found: the release of endorphins, morphine-like substances produced by the organism, can
be classically conditioned (Bolles & Fanselow, 1980; Maier ef al, 1980; Watkins &
Mayer, 1982). An important factor in the initial release of endorphins is uncontrollability:
exposure to escapable shocks does not result in endorphin release, and consequently no
conditioning occurs, whereas exposure to unescapable shock does result in conditioning
(Dantzer, 1989; Jackson er al.; 1979). So far, only contextual cues have been used as
CSs. It is unknown whether signals preceding the UCS with a short interval can lead to

In more general terms, Melzack (1973) claims that pain is partly learned - not merely the respon-
ses, but the perceprion of pain. This claim implies that not only the reactions to pain are potential-
ly subjected to learning processes (e.g. operant conditioning, information, modeling), but that the
§ (in many cases a child) has to learn to perceive what is pain and what is not. A possible classical
conditioning pathway for such learning is the experience that certain somatic stimuli are associated
with somatic stimuli that already are perceived as painful. See for a test the pilot study discussed
in the following.

“There have been reports, however, that painful stimuli can become less aversive by association
with strongly appetitive UCSs. Paviov (1928) for instance, observed that dogs took an electric
shock calmly and salivated to it, after it had been paired with food a number of times. At first, the
dogs reacted to the shock with howling, barking and struggling to get out of the apparatus. This
observation does, however, not imply the reverse, i.e. that a non-painful stimulus can become
painful, or a mildly painful stimulus can become intensely painful, Nevertheless, whereas signal-
conditioning might not lead to an increased pain experience, evaluative conditioning might. Howe-
ver, evaluative conditioning is supposed to influence the evaluative dimension of a painful stimu-
lus, and probably not its experienced intensity.
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temporary endorphin release®. If not, it can be concluded that the designs of predictability
studies aiming at testing the pain reducing effects of warnirg stimuli are incapable of de-
tecting effects of endogenous opioid release (see below). Endogenous analgesia can also be
caused by other substances than endorphins (Watkins & Mayer, 1982), which possibly can
also be conditioned to contextial cues (¢f. Dantzer, 1989),

The third issue, the influence of a conditioned warning stimulus on resporises to the
pain stimulus, has received much attention from researchers, albeit under different names
(predictability, conditioned diminution, perception, informational control, etc.). This issue
i also intringically linked tothe theory that classically conditioned responses should: have
a funmetion, namely that of reducing the impact of the aversive UCS. This interpretation of
the function of classical conditioning has been the subject of heated debate for more than
20 years, without much progress (cf. Turkkan, 1989).

Besides the functionality theory, there are at least three other conditioning theories that
would predict reduced pain impact when the painful stimulus is preceded by a CS. Firstly,
the possibility of opposing responses conditioned to associated stimuli has already been
mentioned. It should be noted that it is unclear whether' pain-opposing responses can be
conditioned to warning stimuli preceding the UCS with a short interval. For the time
being, it seems safe to limit the class of stimuli capable of eliciting pain-opposing respons-
es like the release of endorphins to contextual stimuli. Secondly, the preparatory set hypo-
thesis (see Miller, 1981) states that conditioned responses (arousal) dampen the impact of
the UCS (note the contrast between this theory on the one hand and on the other hand
Groves & Thompson’s two-process habituation theory and theories about the alleged pain
increasing influence of anxiety). Thirdly, representational theories (Sokolov, 1963; Done-
gan & Wagner, 1987, Wagner, 1981) assume that stimuli that are correctly expected are
less surprising and are therefore inhibited more. According to Sokelov’s theory, the so-
called neuronal model of a stimulus growths more rapidly the more the stimulus is pre-
dictable (especially regularly occurring stimuli of constant quality). The more a stimulus
matches this neuronal model, the more its responses are inhibited. A related, but quite
differently stated theory has been developed by Wagner and associates. According to
Wagner, the CS automatically leads to responses by bringing the stimulus representation
into the deactivation phase (A2). Hence, less stimulus representation is left for activation
by the UCS presentation, resulting in less strong responding (in other words, because the
stimulus is expected, it is less surprising). The net response depends, however, on the
summation of the responses evoked by the C8 (during UCS presentation) and the UCS. If
the responses evoked by the CS mimick the responses evoked by the UCS, only strong
UCSs will lead to weaker UCRs when preceded by a CS; a €8 preceding a weak UCS can
even lead to stronger UCRs compared to an unsignaled UCS (see Donegan & Wagner,

*See, however, Fanselow & Bolles (1979) for the endorphin dependency of conditioning of reducti-
on in post-shock freezing of rats to a tone CS preceding the UCS. It is however unclear whether
treduction in post shock freezing is an adequate pain reactivity measure (MacLennan et al.; 1980).
Ross (1986) has demonstrated in 3 experiments that analgesia can be conditioned to a long-lasting
CS which starts 30 sec before UCS onset. It is unclear whether this conditioned analgesia was
endorphin-mediated, and whether this conditioning is still found with shorter intervals between CS
onset and UCS onset. Finally, Fanselow (1979) found that naloxone attennated rats” preference for
signaled shock, which suggests that preference for signaled shock is endorphin-mediated and that
endorphin-release can be conditioned to the signal of the shock. However, no direct pain-responses
were tested.
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1987, for a mathematical derivation). When the CS evokes an opposing response, "the
effect of a CS will always be to diminish the related UCR. :
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Figure 1. Responses to a stimulus at pain threshold intensity in an experimental (n==12) and in a
control group (n=11), During the acquisition phase, the threshold pain stimulus was during 10
trials followed by a very painful stimulus in the experimental group (this strong stimulus was ap-
plied to the S's ankle via the same. stimulation electrodes at as the threshold stimulus by increasing
the intensity level), whereas the control group received unpaired trials only. Five test trials during
acquisition are depicted, which were not followed by the strong stimulus (denoted by “test").
During extinction, none of the threshold stimuli was followed by a strong stimulus. During acqui-
sition, subjective anxiety (0-100 Visual Analogue Scale (VAS)) was significantly higher in the
experimental group (F(1,21)=4.63, p<0.05) than in the control group, but skin conductance
responses (in microSiemens*®), subjective pain (0-100 VAS) and subjective aversiveness (0-100
VAS) were n.s. different from the control group (F's < 1), During extinction, subjective anxiety in
the experimental group quickly diminished to a level comparable to that of the control group
(F(1,21)=1.18, p=0.29), SCRs remained comparable (< 1), and subjective pain and aversive-
ness were even lower in the experimental group than in the control group (F(1,21)=3.88, p=0.06;
F(1,21)=4.37, p<0.05). These findings do not support the hypothesis that pain at threshold level
can be intensified by means of classical conditioning (pairing with a very painful stimulus). On the
contrary, a contrast effect seems to describe the results: the threshold stimulus is evaluated as less
painful and aversive after having been paired with a more painful stimulus.

‘Wagner's theory is silent about subjective impact. But, if we assume that activated re-
presentations are equivalent to, or at least have high probability to become, the object of
awareness, two possibilities follow. First, we can assume that only representations in the
so-called active state Al correspond with awareness. Then it follows that activation of the
pain stimulus by conditioned stimuli automatically leads to a reduced subjective pain expe-
rience, since CSs are assumed to bring the representation directly into the deactivation A2
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state, ‘which is inaccessible for activation. If, However, it is assumed that representations
in the AY staté can also be the object of awareness (which seems unlikely in Wagner’s
model; however, it should be noted that Wagner’s model has been developed for aummal
1eammg processes; note that human Ss clearly have the capacity to vividly remember an
experience with the help of associated stimuli), the same analysis can be made as above
for the other UCRs: only strong pain stimuli are experienced as less intense when sig-
naled.

To summarize, several conditioning theories pmdlct that CSs should be capable to
reduce the impact of pain; especially when the pain is intense. Some theories predict that
the subjective impact will also be reduced with a CS, others are silent about this issue.
The empirical evidence will be presented below, since this issue overlaps for the most part
with the issue of predictability.

Predictability

Various theories have been proposed implying that aversive stimuli, like pain, are expe-
rienced as less distressing when their occurrence is predictable (see above; see also Miller,
1981, for a review). Predictability of occurrence has been operationalized by presenting a
warning signal before the presentation of the UCS vs no warning signal or a randomly
occurring signal; by regular vs irregular presentation of the UCS; by immediate vs delayed
application of the UCS after a certain point in time; by giving the Ss a way to track time
until the UCS is presented vs absence of this possibility; or by letting the Ss count up to a
specified number which coincides with the UCS ws counting with unrelated presentation of
the UCS; etc.

Two ways of testing this prediction have been employed. Firstly, by assessing the pre-
ference of Ss for predictable vs unpredictable aversive events (either by actual choice or
by. rating preference (which is sometimes done ajfer the exposure to predictable or unpre-
dictable aversive events, assuming that preference is based upon less distressing 1mpact)
Secondly, by measuring subjective impact and physiological responses to the aversive
events under predictable and unpredictable conditions. Table 1 presents a summary of the
results of various preference studies with human Ss that were either found in review arti-
cles (Furedy, 1975; Miller, 1981) or in a (limited) search in the literature. It will be clear
that most studies have f@und a preference for signaled aversive évents. The studies that
failed to find such a preference are mainly from Furedy’s laboratory, and there are several
reasons why they might divert (e.g. low intensities of shock (just at pain threshold); post
exposure ratings; designs that mix predictable and unpredictable UCSs in a unpredictable
way; designs that might have been confusing for §s; see also Miller, 1981). Three studies,
not included in the table, found that Ss prefer unpredictable occurrences of the UCS when
a distractor is available (Averill & Rosen, 1972; Miller (cited in Miller, 1981); Rothbat &
Mellinga, 1972). It should be noted that all these studies involved low-intensity UCSs,
thus it remains to be demonstrated which condition Ss prefer with really painful stimuli.
But, most importantly, the designs were asymmetrical: in the predictable conditions a
distractor was nor available - which leaves the possnblllty open that Ss prefer predictability
when they have the opportunity to use the same coping technique (distracting) with the
predictable UCS.

Furedy (1975) has furiously criticized the belief that most Ss prefer predictability, but
now seems to believe that this notion may be true only for strong stimuli. The reason for
post-test measured preference of unpredictable low intensity stimuli might be, as is also
suggested by Miller (1981), that under certain circumstances it is more difficult to pay
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little attention to predictable UCSs than to unpredictable UCSs. Most importantly, howev-
er, it should be noted that the preference studies cannot answer our question whether
predictable pain is less painful than unpredictable pain.

Table 1. Preference for predictable occurrence of aversive events

Badia er al. (1966) exp. 1
. exp. 2

4+ +

Badia et al. (1967)
Biederman er al. (1984)
Cook & Barnes (1964)
D’Amato & Gumenik (1960)
Elliot (1969}

Furedy (1975)

Furedy & Doob (1971a)
Furedy & Doob (1971b)
Furedy & Doob (1972)
Furedy & Klajner (1972a)
Furedy et al. {1972)

Jones et al. (1966)

Katz (1984)

Lanzetta & Driscoll (1966)
Maltzman & Wolff (1970)
Monat et al. (1972)

Perkins et al. {1966)
Pervin (1963)

+

+ |4+ |+

{only for high intensity UCS)

il

|+ |+ [+ ]|+ |+ ]|+]+]+

+ denotes significantly (p <0.05) more preference for predictability than for unpredicatability.

= denotes NS difference between preference for predictability and for unpredictability.

- denotes significantly (p <0.05) more preference for unpredictability than for predictability.

Only studies with human Ss are included. Various aversive events have been used, mostly shocks
and loud tones. Generally three forms of predictability have been employed: a CS preceding the
UCS; regular vs irregular occurrence of the UCS; and immediate vs delayed UCS.

The § might prefer predictability for other reasons: the total distress during UCS and non-
UCS periods might be less with predictable aversive events, because the § knows he/she is
safe when there is no CS, because then there will be no UCS (safety-signal hypothesis, cf,
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Seligman, 1968°%); or there may be an intrinsic drive to choose situations which yield the
highest amount of information (information seeking hypothesis, cf. Mineka & Hendersen,
1985). Therefore, impact studies are more suitable for our question.

Table 2 presents an overview of impact studies with human Ss which were found in the
abovementioned reviews or in our own search. The two most employed impact measures
aré presented, i.e. subjective intensity ratings and SCRs to the UCS. Subjective and physi-
ological parameters reflecting stress, anxiety etc. during non-UCS periods are not present-
ed. The non UCS-period should be divided into a "safe’ period and the anticipation period
following the C8 (or immediately before the UCS in case of regular UCS presentation). In
most research only the anticipation period has been investigated. There is evidence that in
the anticipation period arousal is higher with predictable UCSs than with unpredictable
UCSs (Miller; 1981), which is of course obvious given the process of conditioning. Con-
sidering the possibility that with predictability stress is higher during anticipation, but
during safe periods stress is lower, the net result depends on the proportion between safe
and anticipation periods (see Epstein, 1973, p.101, for a similar conclusion). Thus, the
safety hypothesis would predict that with relatively long safe periods, predictability leads
to reduced net stress; but that with relatively short safe periods, the advantages of the safe
period may be outweighed by the disadvantage of the anticipatory stress (a related point
was made by Miller (1981), but she - implicitly - concluded that with each proportion
between safé and anticipation periods the safety hypothesis would predict reduced stress -
a conclusion that cannot be made in our view). To the best of the present authors know-
ledge, no study has systematically investigated this factor. It should be noted that most
laboratory studies use relatively short intertrial periods, whereas life outside the laboratory
is probably more characterized by long periods between important aversive events. In
sum, the finding that predictability leads te more stress during the non-UCS period is
probably biased by not considering the real safe periods and by designs with short safe
periods.

As will be clear from table 2, there is sufficient evidence for the hypothesis that pre-
dictable aversive events lead to reduced SCRs. With respect to subjective impact, howev-
er, the results are more equivecal. There is a tendency towards reduced impact with pre-
dictability, but this might be an artefact of biased publishing (Furedy, 1975). On the other
hand, there might be several reasons why some studies failed to find positive impact ef-
fects of predictability. Firstly, the intensity of the UCS might have been too low, or not
appropriately calibrated to the individual § (e.g. Katz, 1984). Two theories predict that

“There is evidence that the absence of the warning signal should not be considered as a safety
signal, as was originally done in the safety signal theory (Seligman, 1968). Explicit safety signals
do not lead to preference of rats for predictability, whereas danger signals do (Fanselow, 1980).
Fanselow has proposed an explanation based on learning theory: safety signals may inhibit extinc-
tion of fear to contextual cues; whereas danger signals - being explicitly associated with the UCS -
reduce the association between context cues and the UCS, promoting extinction of fear to contex-
twal cues. Thus, rats are assumed to prefer the situation with the safest context cues. It should be
noted that the safety signals in the study of Fanselow were presented only for a small part of the
safe period. With safety signals presented during the whole safe period, a simpler explanation is
based on the assumption that presentation of a non-noxious stimulus is more easily detected than
decontinuation. In other words, it might be so that with an almost permanent safety signal, the
organism has to remain vigilant to perceive its absence. Danger signals, on the other hand, are
more easily perceived because they are presented instead of stopped, and therefore the organism
needs less vigilance to detect them.
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with low intensities a decrease of UCS impact will not take place: (1) Wagner's theory
(see above) and (2) the notion that warning signals (and counting till UCS delivery, etc.).
may direct attention to the UCS: with low intensities it might be easier to direct aitention
away from unpredictable UCSs (see also Miller, 1981). If an attention-attracting warning
stimulus is presented in both conditions, but in the unpredictable condition there is much
more temporal uncertainty about the occurrence of the pain stimulus, predictability results
in less pain impact (Katz, 1984; Pecke & Grings, 1968). It should be noted that this criti-
cism applies to all studies from Furedy's laboratory, which mainly found negative results.
Secondly, the subjective pain impact might be reduced by predictability as far as the emo-
tional dimension is concerned. In contrast, objective intensity estimations might be identi-
cal in predictable and unpredictable circumstances (see Lykken & Tellegen (1974) for the
same hypothesis). Thus, ratings of aversiveness or pain might be more easily influenced
by predictability than objective intensity estimations, a result observed by Price et al.
(1980). Since most studies used intensity ratings rather than aversiveness/annoyance/pain
ratings, there may be in fact more positive effects of predictability on subjective impact
than is suggested in table 2. Thirdly, there may be an even more specific effect of unpre-
dictable (strong) aversive stimuli that has not received much attention yet: the startle re-
sponse might be larger with unpredictability. Thus, a specific, hitherio overlooked aspect
of the UCS impact might be reduced by predictability. Fourthly, many studies employed
within § alternations between (blocks of) warned and unwarned aversive stimuli, or em-
ployed unsignalled changes in UCS intensity, which may have led to such high levels of
(perceived) unpredictability that the potential positive effects of the warning signals may
have been nullified. It should be noted that predictablility is defined by a strong and reli-
able CS-UCS relationship (see below for a discussion of the effects of unpredictability of
UCS intensity). Fifthly, with low UCS intensities regular presentation of the UCS might
be more helpful than a warning signal, presumably because of attentional effects. Warning
stimuli might have only positive effects with strong, painful stimuli. Sixthly, the laborato-
ry in which the Ss received the aversive stimuli may have functioned as a contextual CS,
making the UCS relatively predictable (within the time scope of the laboratory study,
which is very small compared to life outside the Iaboratory). Thus, a more global kind of
predictability may have overridden the experimental predictability manipulation (see also
the section on classical conditioning, notably the part on endorphins).

In conclusion, despite the large number of negative findings, there is some reason not
to reject the hypothesis that predictable pain has less impact than unpredictable pain. This
hypothesis may hold for relatively intense pain, for emotional aspects of the pain impact
rather than for the judgment of its objective intensity, and when attentional effects are
adequately controlled for. Moreover, indirect measurements (performance, reported symp-
toms, attentional load) suggest that predictability gemerally leads to less disruption than
unpredictability, an effect, however, which may also be attributable to other effects than
reduced UCS impact. Given the large number of studies on the subject, and the absence of
real progress in the heated discussion about effects of predictability, this thesis does not
include any study on predictability of occurrence of pain. The focus is directed to other
dimensions of predictability, notably pain intensity (see below).
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Table 2. Impact of aversive events: reduced with predictability?

study

subjective impuact

SCR

other findings

Averil] & Rosenn (1972)

Averill et al,: (1977)

Bowers (1971)

Breitner (1971)

Burger & Arkin (1980

Coles et al. (1975)

D’Amato & Gumenik (1960)

~Dimitriivicer.al. {1972)

reduced flexor reflex

' Epstein & King (Epstein; (1972)

+3

reduced HRR

Epstein & Roupenian (1970)

reduced HRR

Furedy (1970)%

]

Furedy (1973)

"Furedy & Chan (1971)

exp. 1'%

exp.2'?

|

it

equal HRR
equal HRR

Furedy & Doob (1971)*

it

Furedy & Doob (1972

Furedy & Ginsberg (1973)

i

Furedy & Klajner (1972b)

I

equal HRR

Gaebelein et al. (1974)

Geer & Maisel (1972)

1

Glass et al. (1969)

Grings & Schell (1971)

Jones & Furedy (198%)!

Katz (1984)

Kimmel (1966)

Kimmel (1967)

Kimmel & Pennypacker (1962)°

+ |+ |+ |+

‘Klemp & Rodin (1976)°

Lanzetta & Driscoll (1966)

Lovibond (1968)

Lykken (1959)

Lykken (1968)

Lykken et al. (1972)

reduced HRR & P300

Maltzman & Wolff (1970)

‘Mercketbach & De Jong (1988)

+ |+ [+ ]+ ]+]+

reduced FPV

Orlebeke & van Doornen (1977)

increased HRR
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Peeke & Grings (1968) , +
Pervin (1963) ' + : 7
Price & Geer (1972) + {=with longer CS-
MCS intervals)
Price er al. (1980) +3 ‘
Schell & Grings (1971) + +
Suboski er al. (1972) +
Waid (1979) + reduced HRR
related findings effect of predictability
Finkelman & Glass (1970) less errors on task
Matthews et al. (1980) exp.1 faster reaction times (predictable UCS attracts
less attention)
exp.2 less physical symptoms
exp.3 less physical symptoms
Roth (1973) reduced P300 ,
Sanders (1961) less variable performance
Weidner & Matthews (1978) less physical symptoms

+ denotes reduced impact with predictable UCS (p<0.05)

= denotes equal impact with predictable and unpredictable UCS {p>0.03)

-- denotes larger impact with predictable UCS (p<0.03)

SCR: skin conductance response to the painful UCS; HRR: heart rate response to the painful UCS
FPV: finger pulse volume response to the painful UCS; P300: specific evoked potential compo-
nent.

1) UCS intensity varied unpredictably, which may have nullified possible effects of predictability
of occurrence.

2) Predictable and unpredictable UCSs were alternated within each § (sometimes in blocks), possi-
bly in a perceived unpredictable manner, which may have resulted in (perceived) noncontingen-
cy between CS and UCS.

3) Emotional impact ratings were positively influenced by predictability, intensity ratings were not
(e.g. unpleasantness vs intensity).

4) The lack of effect of predictability may be attributed to the presence of a strong distractor in all
conditions.

5) Below pain threshold UCS

Other dimensions of predictability and the concept of certainty.

In contrast to predictability of occurrence, predictability of other pain-related aspects
has received less attention. Given the importance that other aspects of pain presumably
have, this is, perhaps, amazing. For example, consider dental treatment. Most patients
know when to éxpect pain (e.g. with drilling), but are quite uncertain about how much
pain, and for how long, to expect. Pain intensity, duration, locus, and quality are some
aspects that are important for the organism, and that are presumably integrated into a
mental representation of the pain stimulus (Sokolov, 1963). These relevant aspects may be
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unpredictable for the organism, and to the extent that they are unpredictable, they may
lead to 4 stronger pain impact.

Some research has been done with animals, indicating that (un)predictability of such
aspects might be related to pain impact or to preference for information about them. In a
review of animal research, Imada & Nageishi (1982) concluded that rats prefer situations
involving certainty to those involving uncertdinty about a host of pain related dimensions,
such as occurrence, frequency, duration, intensity, quality, pattern, locus, etc.

Even less is known about effects of (un)predictability of these pain aspects in human
S8, Stochastically varying intensity of pain has been observed to be related to an absence
of habituation of the flexor reflex (Dimitrijevic er al., 1972). Jones er al. {1966) found
that although Ss asked for information about shock intensity, the number of information
requests was much higher for shock occurrence. It should be noted however that the
proportion of information requests for occurrence vs intensity is probably dependent on
the proportion of uncertainties of these aspects. Thus, uncertainty about shock intensity
might have been relatively small. Lykken ef al. (1972) investigated effects of predictability
of locus of pain stimulation (which limb), but found virtually no effect of it, in contrast to
the positive effects of predictability of occurrence. Note, however, the relatively low
degree of uncertainty with respect to bodily locus in this study. More research has been
done on the effects of verbal information about painful stimuli and the responses that are
likely to be évoked. The general conclusion from this research is that information reduces
pain impact and emotional suffering (see below).

In this thesis effects of unpredictable intensiry of pain are explored. Several theories
predict that unpredictable intensity is related to a larger impact. For instance theories that
assume that the inhibition of the processing of a stimulus is a function of the degree in
which it is already mentally represented would consider the modelling of such a represen-
tation more difficult for unpredictable warying intensities. Even the two-process theory of
habituation would predict reduced habituation. According to Groves and Thompson
(1970), for each intensity (partially) different nervous pathways are involved, and because
the. habituation has to build up in every pathway, this process takes much more time with
varying intensity than with constant intensity. Moreover, the arousal would be higher with
varying intensity (because of the lack of habituation), which in turn results in stronger
responding. However, the two-process theory would not predict reduced responding when
the pain intemsity is still varying but is made predictable in some other way.

In sum, the investigation of effects of unpredictable intensity on pain impact seems
worthwhile for several reasons. Firstly, the intensity dimension has largely been ignored
in research on (un)predictability, despite its importance with respect to pain and other
aversive events. Secondly, if varying intensity has less impact when it is made predictable,
then this finding supports the notion that pain representations at higher levels of the CNS
are important with respect to the impact of pain. If however the impact of pain of varying
intensity is not influenced by increasing predictability of intensity, the assumption of these
influences is redundant and a simpler theory, like Groves and Thompson's two-process
theory of habituation, would suffice.

The effects of pain expectations on pain impact,

So far, the terms ’stimulus representation’ and ’'expectation’ have been used as
referring to theoretical constructs, not necessarily corresponding to anything that the
human § can report upon. These terms reflect presumed processes within the neuronal

system, which may or may not be related to expectations and stimulus representations that
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are formed by other ways than by direct experience. Thus, it may be possible that on
different levels of the central nervous system, (partially) independent stimulus representa-
tions develop. To what extent do stimnulus representations and expectations formed by
higher mental processes influence the impact of pain?

The growing interest in cognitive processes has stimulated research exploring the
influence -of other forms of information than direct experience on pain impagct. This
research produces strong evidence that human §s can form a pain stimulus representation
on the basis of verbally transmitted information, which in turn influences the impact of the
pain stimutus. The research of Johnson and coworkers (Johnson, 1973; Johnson er al.,
1973) is perhaps the best known in this respect. For instance in the first experiment
reported by Johnson (1973) it was found that §5 who received accurate descriptions of the
sensations experienced during ischemic pain before application of the painful stimulation
reacted with less distress to the pain stimulus. This effect of stimulus information
appeared to be independent of subjectively experienced fear, perceived danger or (as as-
sessed in a third replication) anticipated distress. Moreover, it was found that the positive
effects of information were especially effective at the start of the pain stimulation,
possibly because Ss who did not receive the information also formed an accurate stimulus
(-sensation) representation by means of their own experience with the stimulus.

Many other laboratory and field studies have been done to assess the effect of informa-
tion on the impact of painful experiences. Two main dimensions of information have been
distinguished: procedural information, that is information about which events will occur;
and sensory information, which describes the sensations the § will probably experience. In
a meta-analysis of 21 laboratory and field studies on the effects of sensory and procedural
information on coping with stressful and painful experiences, Suls & Wan (1989)
concluded that there was clear evidence that sensory preparation is associated with less
pain and less distress. Moreover, sensory information appears to have a significantly
stronger pain-reducing effect than procedural information. Interestingly, a warning about
the extent to which the § can anticipate pain does nor lead to weaker pain-reducing effects
of the information (as has been hypothesized by Leventhal er al., 1979). Thus, there is
ample evidence that the § can form an accurate representation of the pain stimulus
(comprising how the stimulus feels) without direct experience with the stimulus, and that
this representation reduces pain impact, at least on the emotional and behavioural
dimensions.

Whereas the effects of sensory and procedural information on pain have been extensive-
ly studied, much less is known about the isolated effects of information about one
important dimension of the noxious stimulus: its intensity. Various theoretical predictions
can be made. Firstly, accurate information about the intensity might lead to reduced pain
impact. Secondly, information that leads to inaccurately high pain intensity expectations
might lead to an even more reduced pain impact, either because of the (possible) pain
reducing effects of fear, or because of stronger inhibition of the pain stimulus (assuming
that the strength of inhibiting influences is correlated with the expected pain intensity, see
for instance Wagner’s theory), or because of the contrast between expectation and
experience which might influence the stimulus evaluation. However, it can also be
hypothesized that information leading to inaccurately high intensity expectations might
lead to an incregsed pain impact: fear might increase pain, or the final pain impact might
be the result of some combination of expectation and experience (as opposed to the
contrast between expectation and experience), or increased intensity expectations might
direct more attention to the pain stimulus. Similarly, information that leads to inaccurately
low pain intensity expectations might lead to increased or reduced pain impact.
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Two relevant experiments were found: Epstein & Clarke (1970) manipulated Ss’
expectations about the intensity of a loud noise burst. The results were mixed. The group
led to overestimate the loudness reacted with stronger SCR and HRR to the noise, but
with smaller loudness ratings than the group receiving accurate information. The group led
to underestimate the loudness reacted with smaller SCRs, higher HRRs and with similar
loudness ratings to those of the accurate information group. Thus, there is evidence that
two processes influence the effect of intensity information on pain impact: firstly, an
immediate effect (reflected by physiological responses) of imtensity expectations, and
secondly, a later effect which becomes apparent with reassessment of the stimulus (reflect-
ed by the subjective ratings), influenced by the contrast between expectation and real
stimulus. It should however be noted that the results of Epstein & Clarke’s underestima-
tion group give only partial evidence for this conclusion. This may be related to the
limited success of their experimental manipulation in inducing underestimations in this
experiment. In a second experiment, Epstein (1971) compared physiological and subjective
habituation to two aversive stimuli, electric shock and 2 noxious sound, over 5 days.
According to Epstein (1971), most people have highly different expectations about a shock
(most Ss are very concerned) and a sound (most §s are not concerned). In the early period
of expsoure self-fulfilling influences of (presented) expectancy were found, whereas in
later periods a contrast effect became apparent. However, no direct evidence of the
alleged- incorrect expectations was reported and the experimental manipulation was done
by using two qualitatively different stimuli.

In conclusion, there is clear evidence that stimulus representations formed via higher
mental processes can reduce pain impact, and this is especially clear for the formation of
sensory impact representations. There is less known about the effects of expectations about
the stimulus intensity formed at higher mental levels. It will be clear that this issue is of
both practical and theoretical importance. In this thesis this issue is further explored in an
experiment in which it is attempted to lead Ss to either overestimate, underestimate or
correctly estimate the intensity of a pain stimulus by giving information about the coming
pain stimulus.

Controllability

A long tradition of psychological research has been directed to the issue of whether
pain that can be controlled by the § has less impact than uncontrollable pain. This issue is
not further treated in this introduction, because a separate section is devoted to it. Suffice
1o say that a review of the experimental and clinical literature indicates that there is, albeit
not unequivocal, evidence that controllability can reduce pain impact. The underlying
mechanisms of this effect of controllability are largely unknown. In section 4.1 five
theories are discussed. Two possible explanations are réjected: the theory that perceiving
control reduces pain impact by reducing anxiety is rejected because it seems unlikely that
anxiety increases pain impact and because there have been reports of experiments in which
control reduced pain without reducing anxiety; the theory that control reduces pain impact
via promoting endogenous opioid release is tejected mainly because uncomrrollable pain
appears to be related to endogenous opioid release. Three other explanations are proposed:
perceiving control changes the meaning of pain; perceiving control is a positive experience
per s¢ which can compensate negative experiences; and perceiving control allows people
to distract their attention from pain by increasing certainty.

The second of the remaining explanations is further explored in an experiment on the
interaction between mood and controllability. If perceiving control is a positive experience
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per se, this might be evident from emotional indices, in particular on the elation-depres-
sion” dimension. Furthermore, -if the presumed positive subjective ‘state as produced by
perceiving control is a positive mood state, such a state, induced by other ways than by
controlling ‘pain, should also be capable of reducing pain impact: In section 4.2 an experi-
ment is reported in which the interaction between induced mood state (elated vs depressed)
and executing control vs failing to execute control over pain is investigated. If conirol
influences pain by inducing a positive mood state, additive effects of mood and control
should be observed:

The positive effects of control have been assumed to be mediated by perceptions of
control, that is, not actual control but the perception of control is assumed to determine
the effects. It has been found that the perception of control, as measured after the task, is
influenced by the mood of the 5: positive mood is related to higher, even overestimated,
perceptions of control, whereas negative mood is related to lower, often accurate,
perceptions of control. This research (most has been done by Alloy and coworkers) did
not employ aversive stimuli. Moreover, it did not test whether the perceptions of control
as influenced by mood resulted in differential effects of control on pain impact. Thus, it
might be so that elated mood leads to higher perceptions of control, and that these
increased control perceptions lead to a smaller pain impact compared to the lower control
perceptions that might be caused by depressed mood. This hypothesis is also put to the
test in section 4.2.

PSYCHOLOGICAL EFFECTS OF PAIN

Several after-effects of painful experiences can be distinguished. Some effects manifest
themselves during anticipation of a following painful experience: subjective-emotional and
physiological responses, avoidance behaviour, pain expectations, and efforts to acquire
control over the pain stimulus or to cope with the pain. Other effects may be less
restricted to anticipatory periods: emotional effects, learned helplessness and memories of
pain.

Pain expectations and memories of pain

In cognitive and cognitive-learning theories expectations play an important role. The
expectation of an aversive stimulus is assumed to be a major factor in emotional and
behavioural reactions (Alloy & Tabachnik, 1984; Davey, 1989; Gray, 1975; Beck er al.,
1985). In cognitive theories of neurotic disorders it is often assumed that the inappropri-
ately strong affective reactions are based upon inaccurately negative (catastrophic)
expectations (Beck er al., 1985; Butler & Mathews, 1983). In addition, the study of pain
expectations might be of interest in itself, as expectations form an important subject in
human consciousness. It seems obvious that expectations are influenced by experiences,
but often they seem to be less influenced by experiences than could have been expected
(e.g., Nisbett & Ross, 1980). In neurotic problems for instance, overestimation often per-
sists in spite of disconfirmatory experiences (Kent, 1986; Rachman & Bichard, 1988). In
this thesis the hypothesis is explored whether the process of change in expectations of pain
is asymmetrical: are pain expectations more easily increased after an underestimated
experience than decreased after an overestimated experience? Our investigation of pain
expectations is limited to expectations of intensity and aversiveness of the painful
experience, although other dimensions can be distinguished (duration for instance).
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The starting point for studying the change process of pain expectations is Rachman’s
match/mismatch model (Rachman & Levitt, 1985; Rachman & Lopatka, 1986a). It states
that inaccurately high anxiety or pain predictions’ are followed by reductions in the
prediction of the next encounter, that accurate predictions are followed by no change in
the prediction level, and that inaccurately low predictions are followed by increases in
predictions. In several studies it is explored whether this model holds for pain predictions,
and various statistical ways to test the model are used. The main-interest is-however on
the deviations from the model: the possible asymmetry between underpredicted and
overpredicted experiences in influencing subsequent predictions and fear; and the assumed
pergistence of overestimation in neurotic problems.

The study of predictions of pain might profit from Alloy & Tabachnik's (1984) work
on covariation assessment by humans and animals. According to these authors, the
estimation of covariation the organism makes depends on two sources: the current
situational information, and the organisms prior expectations (for instance based on. prior
experiences). Similarly, expectations about intensity of an aversive event may be based on
prior expectations and on current information. In the laboratory, prior expectations are in
most cases weak and the hypothesis follows that most Ss base their pain predictions on
¢urrent experiences. Qutside the laboratory, prior expectations might be strong, and
current information might be less capable of influencing expectations. Rachman and Eyrl
(1989) found that women suffering from menstrual pain reduced their prediction of pain
over their period, even after an underestimated painful day. The authors conclude that the
women use a 'superordinate predictive pattern’: based on experience, they expect that pain
diminishes towards the end of their period. Similarly, pain expected during dental
treatment may be based more upon prior expectations than on the pain that can be
expected from the (modern) treatment at hand (Lindsay, 1983; Kent, 1984). Cognitive
theorists have stressed that strongly believed ideas are often maintained despite disconfir-
matory information (e.g. Nisbett & Ross, 1980). One of the aims of the study on pain
predictions of dental treatment (section 2.3) is to test this hypothesis. A distinction is
made between short- and long-term changes in pain predictions. It might be so that current
situational information has only a temporary effect, but that in the long run the original
prior expectations dominate. It is also hypothesized that memories of pain are similarly
influenced by these strong original expectations: in the long run, memories of pain due to
dental treatment are assumed to be influenced more by the prior expectations than by the
experience proper (Kent, 1985; section 2.4).

In addition to the influence of strong prior expeciations on the processing of current
information, other factors might be important. Anxiety is a candidate: it has been found
that anxiety can disturb attentional and other cognitive processes, which leads to the
hypothesis that anxious 5% poorly process new information (Wachtel, 1968). According to
Eysencks incubation theory (1968), anxiety may become capable to function as a rein-
forcer (despite the absence of any external aversive reinforcer), reinforcing the emotional
reactions to the CS. The incubation theory is silent about expectations, but it is possible
that the expectation of the aversive event is also reinforced by experienced anxiety.
Lastly, Beck et al. (1985) have similarly suggested that experienced anxiety might
function in a positive feedback loop, strengthening the expectations of the feared aversive
events.

*The term expectation is used for the theoretical construct, the term prediction for the rating of
expected pain,
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To summarize, pain expectations might be an interesting research object, for inherent
reasons and because of their (presumed) importance for other psychological variables. In
this thesis change proecesses of pain expectations and the relationship between fear and
pain expectations are explored (chapter 2}.

Emotional effects and learned helplessness

It is well-known that painful experiences can lead to fear and/or avoidance of a next
encounter. In this thesis two possible influences on fear of pain are investigated. Firstly, it
is tested whether there is a separate contribution of the discongruency between expected
pain and experienced pain to changes in fear that can be differentiated from the influence
of the experienced pain intensity itself (see also above). Such an influence has been found
by Kent & Warren (1986) in a study on changes in fear of dental treatment. Chapter 2
offers studies on this issue. Secondly, the hypothesis that unpredictability of the intensity
of the painful stimulus results in increases in fear is put to several tests in chapter 3. It has
already been argued that unpredictability of pain intensity might be an interesting research
topic and that it has received little attention so far (p.21-22). In chapter 3 the hypotheses
are tested that unpredictable increases in pain intensity lead to increased fear on subjec-
tive, behavioural and physiological levels. Increased fear might result from stronger pain
experiences, and not from the unpredictability per se. Therefore, in sections 3.2, 3.3 and
3.4 this attempt is made to control for the effect of objective pain intensity.

The reason for distinguishing between the two influences on fear is that the first
pertains to discongruencies between subjective pain predictions and pain experiences,
whereas the second pertains to procedural unpredictability. Procedural unpredictability of
pain is defined here as an unsignalled deviation of the stimulus’ intensity from a regular
pattern. The influences of these two factors may or may not be based upon one underlying
process.

Whereas brief painful experiences lead to fear of a mext experience, long-lasting pain
can have quite different emotional consequences. It has been described that longlasting
pain leads to deactivation and healing behaviours (Wall, 1979; Bolles & Fanselow, 1980).
Depressed affect and even clinical depression might be related to this deactivation, and
seems to be quite common in chronic pain patients (see reviews by Romano & Turner,
1985; Roy et al., 1984). A possible factor intervening between long-lasting pain and
depression might be learned helplessness, According to learned helplessness theory,
uncontrollable aversive experiences might have a number of negative consequences, which
resemble symptoms which characterize depression (Abramson ef al., 1978). Pain that is
uncontrollable and which leads to disruption of daily functioning (thus reducing control
over daily functioning), might lead to depression via learned helplessness®. This hypothe-
sis is further discussed in section 4.1.

*This hypothesis has recently received further support in a field study by Rudy er al. (1988) which
was not yet published when section 4.1 was written. In this study it was found that the relationship
between depression and pain in chronic pain patients was mediated by perceived life interference
and self-control.
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OVERVIEW OF RESEARCH QUESTIONS

The research questions addressed in this thesis can be globally divided into three
groups. The first group of research questiong pertains to the interrelations between pain
experiences, pain expectations and fear of pain (chapter 2); the second group to effects of
unpredictability of pain intensity (chapter 3); and the last group to influences of control,
attention and emotions on pain (chapter 4). All studies investigated repeated pain experi-
ences, allowing for studying change processes over time:

Chapter 2 is devoted to the relationships between pain éxperiences, pain expectations,
and fear of pain. Two main issues are addressed:

(1) in what way do incorrectly predicted pain experiences influence pain expectations and
fear of pain?
(2) what is the relationship between pain expectations and fear of pain?

In sectiom 2.1 the influence of incorrectly predicted pain experiences, so-called
mismatches, on pain expectations and on fear of pain is explored by investigating the
effects of spontaneous mismatches and the effects of an experimentally induced mismatch.
Pain expectations are measured by letting 58 rate expected pain intensity (pain prediction,
a point estimate) and by letting Ss rate their subjective certainty abont these estimates.
Fear of pain is measured on two dimensions: subjectively by means of ratings and
behaviourly by measuring slowing (avoidance) or quickening (escape from the experiment)
of §s' indications to be ready for the next trial. It is hypothesized that underpredicted pain
results in increased pain predictions and in increased fear of pain, whereas overpredicted
pain is hypothesized to result in decreased pain predictions and in decreased fear of pain.

In section 2.2 it is questioned whether Rachman’s match/mismatch model as applied to
spontaneous mismatches reflects 'true’ psychological processes or is based on a statistical
artefact. More stringent statistical tests are employed to test the model.

In section 2.3 methodological criticism on previous experiments (notably sections 2.1 &
3.1) on incorrect pain predictions is discussed. A more stringent experimental procedure is
used to investigate the effects of incorrect pain predictions on fear of pain, pain expecta-
tions, certainty, physiological responding and habituation.

In section 2.4 the relationships between pain experiences, pain predictions and fear of
pain are investigated in a clinical setting: during two successive dental treatment sessions.
This study aims at (1) validating laboratory findings on the interielations between these
variables in a clinical setting; (2) testing the hypothesis that fearful (phobic) patients are
characterized by a chronic tendency to overestimate pain dué to dental treatment; (3)
investigating change processes in this tendency and in fear of dental treatment; (4)
clarifying the relationship between pain predictions and pain memories.

Chapter 3 is devoted to effects of unexpected changes in pain intensity. In the studies
reported in this chapter, the pain intensity is objectively increased at one or several trials
without the §°s knowledge. Effects of these unpredicted increases in pain intensity on
habituation, fear of pain and pain predictions are investigated. The general theory that is
tested is that unpredictability of pain intensity has a number of negative effects, notably on
fear of pain and on pain predictions.

In section 3.1 the differential effects of an early vy a late unpredicted increase in pain
intensity on physiological and subjective habituation, fear of pain and pain predictions are
tested. It is hypothesized that a late heightened pain stimulus has relatively larger effects
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than an early heightened stimulus, because the stimulus repres&ntamn is less developed in
the early phase of the sequence.

In section 3.2 the hypothesis is tested mat unexp&cta{ily mm‘-:ased pain is related to
escape behaviour, controlling for the level of objective intensity.

In section 3.3 the hypothesis is tested that an unpredicted increase in pain is related to
subsequent avoidance behaviour.

In section 3.4 the relationship between unpredmtable increases in pain and physiological
and subjective indications of fear is further explored, In this study, the hypothesis is tested
that subjective fear and physiological reactions to a warning signal of the pain stimulus are
more profound in a condition with unpredictable increases in pain intensity.

Chapter 4 addresses the influences of control, attention and emotions on pain.

Section 4.1 offers a review of experimental and clinical research on the effects of
perceived control over pain, The question is also addressed whether the suffering of
chronic pain patients can be understood as resulting from their being in a state of learned
helplessness caused by a lack of control over pain and life in general. Finally, possible
mechanisms underlying positive effects of perceiving control over pain are discussed.
From this discussion a number of hypotheses follow. Some are relevant for the experi-
mental studies reported in this chapter. The first (executing control over pain might be a
positive experience per se which can compensate pain) is further explored in section 4.2.
The second (anxiety does not influence pain, but attention does) is addressed in sections
4.3 and 4.4,

In section 4.2 the interaction between mood and control over pain is investigated. The
hypothesis is tested that mood influences perceptions of control, and through these
perceptions the effects of (lack of) control on pain impact. An alternative hypothesis is
that executing control over pain results in a positive mood state which interacts with mood
induced in another way. The resultant mood might influence pain impact. Finally, the
hypothesis is tested that executing control increases certainty over how much pain can be
expected and decreases pain impact by increasing certainty.

In sections 4.3 & 4.4 the influences of anxiety and attention on pain are the matter of
interest. The hypothesis is tested that not anxiety, but attention influences pain impact.
The lack of convergent results of previous studies on the influences of anxiety on pain
may have been caused by the operation of this third factor, attention.
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CHAPTER 2.
PAIN EXPERIENCES, PAIN EXPECTATIONS AND FEAR OF PAIN

Chapter 2 present four studies on the relationships between pain experiences, pain
expectations and fear of pain. Two main issues are addressed: (1) in what way do
incorrectly predicted pain experiences influence pain expectations and fear of pain? (2)
what is the relationship between pain expectations and fear of pain?

The role of conscious pain expectations is a central issue in this chapter. These
expectations are measured by letting S5 rate expected pain intensity (pain prediction, a
point estimate) and by letting Ss rate their subjective certainty about these estimates.
Section 2.3 is the most important section of this chapter, because it discusses the role of
conscious pain expectations most critically and offers the most stringent experimental test.

In section 2.1 the influence of incorrectly predicted pain experiences, so-called
mismatches, on pain expectations and on fear of pain is explored by investigating the
effects of spontaneous mismatches and the effects of an experimentally induced mismatch.
Fear of pain is measured on two dimensions: a subjective dimension (VAS ratings) and a
behavioural dimension (by measuring slowing (avoidance) or quickening (escape from the
experiment) of Ss’ indications to be ready for the next trial). It is hypothesized that
underpredicted pain results in increased pain predictions and in increased fear of pain,
whereas overpredicted pain is hypothesized to result in decreased pain predictions and in
decreased fear of pain.

In section 2.2 it is questioned whether Rachman’s match/mismatch model as applied to
spontaneous mismatches reflects "true’ psychological processes or is based on a statistical
artefact. More stringent statistical tests are employed to test the model.

In section 2.3 methodological criticism on previous experiments (notably sections 2.1 &
3.1) on incorrect pain predictions is discussed. It is argued that unless pain predictions are
experimentally manipulated independently from changes in objective pain intensity, it
cannot be concluded that incorrect conscious pain expectations play a causal role in the
development of fear and in the disruption of habituation processes of pain responses. An
experimental procedure is used to manipulate pain expectations independently from objec-
tive pain intensity. The effects of incorrect pain expectations on anticipatory variables
(fear of pain, pain expectations, certainty, physiological responding) and pain reactions
(subjective and physiological reactions) are studied.

In section 2.4 the relationships between pain experiences, pain predictions and fear are
investigated in a clinical setting: during two successive dental treatment sessions. This
study aims at (1) validating laboratory findings on the interrelations between these
variables in a clinical setting; (2) testing the hypothesis that fearful (phobic) patients are
characterized by a chronic tendency to overestimate pain due to treatment; (3)
investigating change processes in this tendency and in fear of dental treatment; (4)
clarifying the relationships between pain predictions and pain memories, including the
issue whether the hypothesized bias in pain predictions of fearful patients can also be
observed in pain memories.
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SECTION 2.1.
GENERALIZABILITY OF THE MATCH/MISMATCH
MODEL OF FEAR!

SUMMARY

An experiment was carried out with 19 normals to investigate the generalizability of the
match/mismatch model of fear towards a general model of human inforination processing
of experiences with aversive stimuli, The subjects received 10 painful electric shocks and
rated experienced pain, predicted pain at the next trial, certainty of prediction and fear of
shock. The time used to fill out the rating scales was also measured. An experimentdl mis-
match was induced in 10 Ss. Since the Rachman e al. studies used an unsatisfactory sta-
tistical procedure, alternative analyses were tried. Results of the experimental mismatch
and of spontaneous matches/mismatches strongly support the core of the model: underpre-
dictions were followed by increases in predicted pain, overpredictions by decreases. The
experimental mismatch showed long-term effects on fear and certainty, After under-
predictions, acceleration tendencies were found. The results indicate that the §s’ informa-
tion processing is characterized by a strong recency effect and an asymmetry between the
two types of mismatch that is not self-evident. The model seems to offer a powerful para-
digm for aversive information processing.

INTRODUCTION

Unpredictable aversive events can have profoundly disturbing effects by producing mo-
tivational and learning deficits and emoticnal disturbances (Seligman, Maier & Solomon,
1971; Seligman, 1968; Mineka & Kihlstrom, 1978; Mineka & Henderson, 1983). Ac-
knowledging that anxiety and panic often appear to come out of the blue and have there-
fore not been predicted, especially in agoraphobia and panic disorder, Rachman and Levitt
(1985) and Rachman and Lopatka (1986a, b) developed new theoretical notions about
panic and anxiety disorders. Central in their ideas is the hypothesized negative effect of
the underprediction of the fear that phobics expect to éxperience in a fear-provoking situ-
ation: when the anxiety experienced is higher than expected, a strong anticipatory anxiety
will develop, leading to avoidance tendencies. The model states that in spite of the antici-
pation of a high level of anxiety, the anxiety experienced during the next exposure will not
necessarily be as high as expected and habitvation will occur. Rachman and co-workers
report empirical evidence for their match/mismatch model. Rachman and Levitt (1985)
conducted a study with 13 mild claustrophobics. They observed that unexpected panic at-
tacks experienced in a small dark room which the S5 were requested to enter, were related
to increased in the fear that was predicted to be experienced in the next trial. The fear that
was actually experienced was not influenced by previous, unexpected panic. Disconfirma-
tion of predicted fear by lower experienced fear resulted in decreases of predicted fear.
The match/mismatch model of panic was subsequently put to the test by Rachman and
Lopatka (1986a). Forty-four snake phobics were asked to approach an innocuous live

‘Reprinted with permission from Behaviour Research and Therapy, 26, Amtz, A. & Hout, van den
M., Generalizability of the match/mismatch model of fear, 1988, Pergamon Press PLC.
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snake during 10 trials of 15 sec. Rachman and Lopatka found that predictions of fear
tended to increase after underpredictions, and tended to decrease after overpredictions.
Reports of actually experienced fear declined steadily and were not related to the occur-
rerice of mismatches. §s learned to predict their fear more accurately after a number of
trials. Thus, the match/mismatch model seems to explain the results of the panic study as
well as those of the "moderate” fear study.

Finally, Rachman and Lopatka (1986b) tested the applicability of Gray’s theory on the
Behavioural Inhibition System (BIS) (c¢f. Gray, 1975, 1976, 1982, 1985), using 40 snake
phobics in a design similar to that of their previous study. Findings of the previous study
were replicated. In addition, the authors conclude that the effects of (mis)matches on
speed and hesitation may indicate that the BIS is only triggered by an underprediction and
not by an overprediction.

The stimulating findings of Rachman and co-workers raise the question of generalizabi-
lity of the model. Does the match/mismatch model apply solely to phobic Ss, phobic sti-
muli and phobic anxiety, or does it reflect a more general way of information processing
of experiences with aversive stimuli? Generalization of the model is also of interest con-
cerning avoidance- and escape-behaviour. Rachman (1988) rightly points out that the con-
sequences of fear and panic may be more serious than fear or panic episodes themselves.
Avoidance and escape rank among the most probable and disabling results of fear.

Recently, a fear-avoidance model of strategies for coping with pain has been proposed
(Lethem, Slade, Troup & Bently, 1983; Slade, Troup, Lethem & Bently, 1983). Analo-
gous to avoidance models for fear, this model states that avoidance of pain-provoking
activities may lead to chronic pain problems. Thus, also with respect to pain, avoidance
and escape are important issues. Therefore, the question arises how matches and mis-
matches generally affect escape and avoidance from aversive stimuli. The third issue of
generalization relates to certainty. [t has been reported that certainty of prediction
decreases as mismatches between prediction and result occur, and that certainty of pre-
diction influences the effects of match/mismatch {Albersnagel, Amtz & Gerlsma, 1987). It
was decided to investigate not only how matches/mismatches affect the direction of pre-
dictions (more aversive or less aversive), but also whether the certainty of the predictions
decreases after mismatches,

Furthermore, the Rachman er al. studies give rise to a number of methodological and
statistical questions. Firstly, the occurrence of underpredictions, overpredictions and
matches was not experimentally controlled, leaving unclear whether the observed effects
after underprediction were “truly” the result of the underprediction. Secondly, the hypo-
thesis testing used by Rachman et al. is problematic. For determining whether frequencies
of matches, underpredictions and overpredictions, as well as frequencies of changes in
fear, differed from chance, Rachman e al. employed x* goodness of fit tests’. The HO
hypothesis stated equal probabilities of each of the three categories (HO: my=my=1y=
0.33) (cf. Rachman, 1987), However, it is not clear why under HO matched defined by
the arbitrary 2 mm criterion would occur in 33%, and why matches defined by another
criterion, say 3 mm, would not occur in 33% of the cases. Stated otherwise, the distribu-
tion under HO over the three categories defined by an arbitrary criterion cannot be known
a priori. Lastly, the use of VAS scores gives possibilities for analyses on higher levels,

*Underprediction was defined when the experienced fear VAS score exceeded predicted fear by >
2 mm; overprediction was defined when experienced fear was < 2 mm under predicted fear;
otherwise, a match was concluded.
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such as ANOVA and regression analysis because of the continuous level of the responses.

The aim of the present study is two-fold:

1. to study the generalizability of the match/mismatch model; and

2. to overcome some of the methodological and statistical problems of the Rachman et al.
studies.

In order to achieve the aim, the experiment was conducted with normal Ss. An aversive
(painful) stimulus was used that could be controlled by the experimenters: electric shock.
§s were divided into a control group and an experimental group. In the latter group an
experimentally controlled underprediction was induced by increasing the intensity of the
shock at one of the trials, without the §s’ knowledge. Criteria for match and mismatch
were as follows: differences in VAS score between predicted pain and experienced pain of
> + 2 mm on the scale were defined as underpredictions, of < -2 mm as overpredic-
tions and of | < + 2 mm | as matches. In addition to the point predictions of pain, S
were requested to rate how certain they felt about their expectation and how fearful they
were of the next shock. In the present context, avoidance is hard to operationalize. An
attempt was made, however, to measure hesitation and escape tendencies, by registering
slowing or quickening of §s’ indications that they were ready for the next trial. Relation-
ships between match/mismatch and changes in other variables were planned to be analyzed
by means of contingency tables using x? statistics. Since in this type of analysis the HO
probabilities are defined by the marginals, no arbitrary assumptions about them have to be
made.

Statistical analyses based on continuous responses were also used. Hypotheses 1-10 (see
below) were based on the match/mismatch model and were analogous to the hypotheses
confirmed in the Rachman and Lopatka (1986a, b) studies. Two hypotheses concerning
certainty of prediction and avoidance/escape were added. The hypotheses were formulated
as follows:

Pain and predicted pain

Underpredictions will be followed by increases in predicted pain.

Overpredictions will be followed by decreases in predicted pain.

Overpredictions will be followed by decreases in reported pain.

Predicted pain will not change after a correct match.

Reported pain will decrease over trials regardless of the occurrence of correct or
incorrect matches.

Accuracy of prediction of pain will increase with practice.

il o

a

Fear gf shock
7. Fear of shock will increase after an underprediction.
8. Fear of shock will decrease after an overprediction.
9. Fear of shock will not change after a correct malch.
10. Fear of shock will decrease over trials regardless of the occurrence of correct and
incorrect matches.

Certainty
11. Certainty of prediction will increase after a correct match and decrease after a mis-
match.
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Speed
l‘g‘ Time afier shock until the § indicates that hefshe is ready for the next trial will
change after an underprediction; ‘
a. more slowly: evidence for hesitation with respect to the next trial;
b. more quickly: evidence for escape (tendency to terminate the experiment more
quickly).

METHODS
Subjects

The §5 were 19 volunteérs who participated for money. One was a secretary, 18 were
students. The average age was 21.74 years (range 18-34, median=21, 8D=3.68). There
were 12 men and 7 women,

Materials

Materials used included a personality questionnaire (ABV; De Wilde, 1983) that has
four subscales: Neuroticism, Psychosomatic Complaints, Extraversion and Defensiveness.
The §s indicated experienced as well as predicted pain on visual analogue scales (VAS),
10 cm horizontal lines ranging from O ("not at all painful”) to 100 ("extremely painful™).
Certainty of prediction was also measured by means of a VAS ("0, not certain at all” to
“100, completely certain"), as was fear of the next shock ("0, not afraid at all” to "100,
extremely afraid”).

Apparatus

Electric shocks had a duration of 0.5 seconds and were delivered by an a.c. stimulator
approved for use with patients. Shocks were given via a pair of Beckman electrodes,
pasted on to the middle finger of the non-dominant hand. The skin of this finger was
thoroughly rubbed with Hewlett-Packard Redux creme in order to reduce the electrical
resistance of the skin and keep it constant (cf. Tursky, 1974).

Procedare

Ss were randomly assigned to control group (n=9) or experimental condition (n=10).
After introduction to the laboratory and obtaining informed consent, the shock level that
was to be used was determined (calibration phase). From 0.0 mA on, the level was
heightened in steps of 5 mA until the S indicated that the shock became aversive. The §
was then asked to rate its painfulness on the VAS. The shock level was used in the experi-
ment. After this, the Ss were asked to complete the personality questionnaire. After com-
pletion §s were given a small booklet containing the VAS, The §s were instructed to com-
plete four VASs after each shock, rating experienced pain, expected pain of the next
shock, certainty of expectation and fear of the next shock. Before the first shock, Ss rated
only those scales that concerned the shock that had to come. The Ss were asked to indicate
after each trial that they were ready to receive the next shock by saying "yes". The time
between the delivery of the shock and the Ss' indication that they were ready was mea-
sured in seconds. The Ss were neither given any information about the shock levels and
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the number of shocks they would receive, nor about the time they had to wait between
their indication that they were ready and the shock. The booklet contained scales for a
series of 12 shocks. Ten unannounced shocks were given after random time of waiting
(mean time of waiting 30 sec, range 15-45 sec). Ss-of the control group were given shocks
of the level that was determined in the . calibration phase (mean level=43.56 mA,
SD=23.11 mA). §s of the experimental group were also given shocks of the calibration
level (mean=>54.50 mA, SD=16.41 mA), with the exception of the third trial. At thig
trial, the intensity level was heightened with 50%, using the psychophysiological relation-
ship

intensity ~ current) 05

(cf. Lindsay & Norman, 1977). From the fourth pain scores, 10 time scores, 11 pre-
diction scores, 11 certainty scores and 11 fear scores were obtained.

RESULTS

The results will be presented in two parts:

A. the results of the experimentally induced mismatch, and

B. the results concerning matches and mismatches during the whole experiment.

In the first part, the control group and experimental group will be contrasted. In the
second part, no separation is made between these groups.

A. The effects of the experimentally induced underprediction

VAS scores were analyzed by means of MANOVA for repeated measures, testing the
changes within each condition as well as comparing the experimental condition and the
control group. Two types of pre-test scores were used:

1. scores just before the third shock, and

2. the average of scores at the trials before the third shock.

Hypotheses 1, 5-7, 10-12 will be tested in this part, except for 6 and 12 with one-tailed
tests. In other cases, two-tailed tests will be used.

Preliminary: Did the induction succeed?
The pain-scores of both groups are depicted in figure 1. After the third shock, Ss in the
experimental group report a mean increase in pain compared to the second shock (10.2

7 mm, r=3.29, p=0.002, one-tailed), as well as compared to the average first and second

shock (9.6 mm, r=3.84, p<0.006, one-tailed). The control group did not show signi-
ficant changes in pain scores. The between group effect is significant (r=2.69, p<0.01,
one-tailed). Thus, the induction succeeded in increasing the subjectively experienced pain.

*Note that a 50% increase in intensity is equivalent to a current that is 1.213 times higher.
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When the criteria mentioried in the introduction’ are applied, 8 S5 of the experimental
group made underpredictions and two made a match. In the control group, 2 §s made an
underprediction, 2 made a match and 5 made an overprediction (if the matches are ex-
cluded and correction for small numbers is used, the groups differ significantly: x*=5.66,
p<0.02). The differences between predicted and experienced pain for each trial are shown
in table 1. As can be seen, the underprediction of the experimental group at trial 3 is
significant (p<0.01, one-tailed). In sum, the experimental manipulation succeeded in
inducing underpredictions.

Exparionced Fain Linduction Predicted Pain
70 707 Induction
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Figure 1. VAS scores of experienced pain Figure 2. VAS scores of predicted pain for
for experimental and control groups. both groups.

CAL indicates the final VAS score at the
calibration phase.

Effect on predictions (hypothesis 1)

All experimental Ss showed an increase (>2) in predicted pain after trial 3. In the
control group, 5 Ss showed decreases and 4 increases or no change (x* corrected=8.54,
p<0.01). The mean predictions at each trial are shown in figure 2. The between-groups
effect of the change from trial 3 to trial 4 was significant (t=3.34, p=0.002, one-tailed),
as well as the between-groups effect of the change from the average pre-test scores to trial
4 (t=2.54, p=0.01, one-tailed). When the average pre-test predictions were contrasted
with the post-test predictions, it was found that in the experimental group prediction 5 was
still significantly heightened (r=1.75, p<(0.05, one-tailed). From trial 6 onwards,
predictions are not longer significantly higher than in the pre-test. To summarize,
hypothesis 1 was confirmed: predictions 4 and 5, after the experimentally induced
underprediction, were increased. The effect was only temporary.

Long-term effect on pain (hypothesis 5)

As can be seen in figure |, the experimental condition shows a rebound effect at trial
4. At this trial, the shock level was reduced to the pre-test level, but Ss reported it as
significantly less painful than the pre-test shocks (1=-2.37, p=0.03). Contrasted with the
control group, this effect was also significant (r=-2.30, p<0.04). From trial § onwards,
no significant effects emerged. There was no significant habituation to shocks (trial 9

“The criteria are:

underprediction: reported pain - predicted pain > 2
match: -2 < reported pain - predicted pain < 2
overprediction: reported pain - predicted pain < -2
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compared to pre-test: p=0.44; trial 10 compared to pretest: p=0.35). Compared to the
calibration pain ratings, pain ratings at trials 9 and 10 were lower to a marginally
significant degree (resp. t=-1.69, p=0.035; r=-1.67, p=0.057; both one-tailed; between-
groups effects were not significant at these trials). Thus, there was no clear evidence for
the hypothesized decrease in reported pain (hypothesis 5). However, the experimental
induction had no long-term effect on (habiteation to) pain.

Long-term effect on matches and mismatches (hypothesis 6)

As shown in table 1, the experimental condition shows a mean overprediction at irial 4
(¢=2.03, p=0.073): prediction increased due to the mismatch at trial 3, but the experien-
ced pain of shock 4 was even lower than at the pre-test. This effect was only temporary:
from trial 5 onwards, the experimental condition - as & group - does not show any signi-
ficant differences between predicted and experienced pain. The number of underpredic-
tions, matches and overpredictions after trial 4 were also analyzed. The groups did not
differ significantly (x?=0.33, df=2). In both groups, approx. 3¢% were underpredictions,
26% were matches, and 40% were overpredictions.

Table 1. Means (and standard deviations) and correlations of predicted and reported pain on a
trial-by-trial basis

Control group (n=9) Experimental group fn=10)
Trial Predicted  Reported tor Predicted  Reported ror
pain pain pain pain

48.56(26.94) 46.56(14.14) 0.25 0.43  38.10(13.55) 52.10(12.11) -2.90*  0.30
49.78(19.51) 44.22(20.63) 0.93 0.61+ 47.40(13.34) 50.80(12.24) -0.64  0.14
49.44(21.74) 45.22(12.05) 0.86 0.77¢  41.60(15.65) 61.00(11.09) -2.98% -0.17
47.00(20.45) 49.67(17.44)-0.61 0.78*  57.20(18.88) 41.00(17.28) 2.30+ 0.03
47.00(27.24) 46.44(25.43) 0.14  0.91%** 51.10(9.87) 47.10(11.24) 1.51  0.69*
48.67(29.43) 44.78(25.32) 0.64 0.79*  50.60(13.99) 50.90(17.52) -0.07  0.59+
47.33(30.25) 49.22(25.44)-0.43  0.90%** 48.40(17.62) 47.70(19.51) 0.32  0.93%*x
43.89(31.79) 45.67(29.75)-0.77 0.98*** 50.30(17.53) 51.90(20.59) -0.61  0.92%*x
48.22(32.38) 47.11(29.12) 0.24  0.91*** 49.00(23.65) 42.50(18.61) 1.39  0.78%*
45.56(32.47) 44.44(30.23) 0.30 0.94*** 44 60(20.85) 43.80(19.55) 0.50  0.97%**

+ p<0.10, p<0.05, ** p<0.01, *** p<0.001 (two-tailed)
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There is some evidence that predictions were better at the end of the experiment than at
the beginning. Table 1 shows that the average differences between predicted and reported
pain tend to decrease. In addition, the correlations between predicted and reported pain
increase over the trials. Thus, hypothesis & could be confirmed: the accuracy of prediction
did increase during the experiment. The experimentally induced underprediction did not
have any long-term negative effect on the accuracy.

Effect on fear of shock (hypotheses 7 and 10)

The mean fear scores of each trial are shown in figure 3. There were no significant
between-groups effects.

Within the experimental condition, the change from pre-test to trial 4 was not signifi-
cant. However, the control group showed significant decreases in fear of shock compared
to the pre-test at trials 5, 6, 8-11 (all p’5<0.026). Within the experimental condition, only
trials 10 and 11 show significantly lower fear of shock scores (r=-2.46, p<0.03; r=
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-2.49, p=0.02).

Hypothesis 10, which stated that fear of shock would decrease in the long run, regard-
less of the uncierpredmwd migmatch, was supported: at the end of the experiment both
groups show significant decreases in fear. Hypothesis 7, which stated that underprediction
would be followed by increases in fear, was not supported, However, the experimental
induction seems to have delayed the feduction in fear of shock.

Effects on cersainty (hypothesis 11)

The mean certainty. VAS scores for each trial are depicted in figure 4. There was no
significant between—gmups effect. Unlike the hypothesis, the experimental condition shows
a significant incredse in certainty after trial 3 (r=2.85, p=0.01). The control group also
showed 2 mgmﬁcant increase (¢=2.30, p<0.04), The between-groups effect was not sig-
nificant (F(1,17)=0.09). However, the experimental manipulation seems to have caused a
long-term effect: at trials 9-11 the control group shows significant increases in certainty
compared to the pre-test (s>2.30, p’s<0.04), while the experimental group does not
show significant changes in certainty at these trials (p>0.11).
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Figure 3. VAS scores of fear of shock for Figure 4. WAS scores of certainty of predic-

both groups. tion for both groups.

In sum, hypothesis 11, which stated that the experimental manipulation would be
followed by an immediate decrease in certainty, was contradicted. However, the manipula-
tion seems to have worked against the long-term increase in certainty that Ss felt about
their predictions: experimental subjects remained more uncertain about their predictions at
the last trials.

Effect on avoidance/escape (hyporhesis 12)

The average time that Ss used to complete the scales and to indicate to be ready for the
next trial are depicted in figure 5. Both groups show a significant reduction in this time
from trial 4 onwards {main effect: r=-2.44, p<0.03; between effect: n.s.). From trial 2
to trial 3, the experimental group shows a significant decrease in time (=-2.72, p<0.02),
whereas the control group does not change (#=0.00, p=1.00). However, the between
effect is only marginally significant (r=1.87, p<0.08), due to small degrees of freedom
and large variances. Contrasting trial 3 with the averaged pre-test times (trials 1 and 2)
yields essentially identical results. Thus, there are indications that hypothesis 12b can be
confirmed: after the experimental induction Ss show an earlier acceleration in speed.
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Figure 5. Time (in sec) following shock at Trial i until 85" indication that they are ready for the
next shock.

B. The effects of match and mismatch leaving the experimental manipulation out of
consideration

In this section, the results concerning the effects of match and mismatch will be pre-
sented, leaving the differences between the control group and the experimental condition
out of consideration. All trials will be analyzed, since it was reasoned that there is no
phenomenological difference between an experimentally induced mismatch and a “sponta-
neous" one. Hypotheses 1-4, 7-9, 11 and 12 will be tested in this section.

Effects of match and mismaitch on predictions (hypotheses 1, 2 and 4)

For each trial the differences (D) between experienced and predicted pain were calcu-
lated and classified as underprediction (D>2), overprediction (D<-2) or match (-
2<D<2). Of the 190 D scores, 71 were underpredictions, 47 were matches and 72 were
overpredictions. Changes in predictions from this trial to the next trial were also calculat-
ed and classified by means of the same criteria. The results of all §s and all trials are
combined in figure 6. A x* test performed on the 3x3 cross-tabulation yielded a highly
significant result (x*=84.15, p<10*. As will be clear, underpredictions tend to be
followed by increases in predictions (66.2% of the underpredictions), overpredictions by
decreases (77.8% of the overpredictions) and matches by minimal changes in predicted
pain (34.0% of the matches) or increases in predicted pain (44.7%).

For each separate trial, regression analyses were performed with D scores as predictors
and change scores in predictions as dependent variables. Figure 7 shows the estimated
regression lines. All trials show significantly positive slopes (r’s ranging from 0.43 to
0.86, p's ranging from 0.03 to < 10% one-tailed). The average explained variance is
45%. When the regression lines of the 10 trials are averaged, the result suggests that the
change in predicted pain may be written as a continuous function of the discrepancy (D)
between experienced and predicted pain:

change in expectancy = 0.22 + 0.57x D 2)

In sum, hypotheses 1, 2 en 4 are supported.
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PREDICTED PAIN
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Figure 6. Number of changes in predicted ted pain (horizontal axis). Depicted for sepa-
pain after match/mismatch. Underpredictions rate trials and averaged over all trials (M).
were mainly followed by increases in predic- To the right, underpredictions; to the left,
tions, overpredictions by decreases (p< 10%). overpredictions.

Effect on subsequent pain (hypothesis 3)

The relationship between match/mismatch and the number of changes in experienced
pain at the next trial is depicted in figure 8.

As can be seen, 50% of the underpredictions were followed by a decrease (<-2) in
pain at the next trial. After a match, there was also a tendency towards decrease in pain
(45%). After an overprediction, most of the pain scores were higher (>2) at the next trial
(57%). The x* test yielded a significant result (x*=13.02, p=0.011). Thus, there was no
evidence for hypothesis 3, which stated that overpredictions would be followed by decrea-
ses in pain. In sum, the results seem to reflect a "regression to the mean" effect: after an
underpredicted (i.e. a relatively high level of) experienced pain, the next score will be
lower; after an overpredicted (i.e. a relatively low level of) experienced pain, the next
score will be higher.

Figure 9 illustrates this relationship by means of the regression lines that were esti-
mated in regression analyses of the separate trials. D scores served as predictors, changes
in pain scores (P,,,-P) as dependent variables. Five out of nine regressions were signifi-
cant {(p <0.05), as was the regression over all trials (F(1,169)=34.38, p<10™"). The mean
regression slope is clearly negative.
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PAIN OF NEXT TRIAL COMPARED TO MATCHMISMATCH TRIAL
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Figure 8. Number of changes in reported
pain after match/mismatch. Underpredictions
and matches tended to be followed by a
reduction in pain level at the next trial. Over-
predictions were mainly followed by an
increase in pain at the next trial (p=0.011).

Figure 9. Regression lines of changes in
experienced pain (vertical axis) following
Trial { as function of the discrepancy (D)
between experienced and predicted pain
(horizontal axis) at Trial i. Depicted for
separate trial as well as averaged over all

trials (M).

Effect of match and mismatch on fear of shock (hypotheses 7-9)

Figure 10 shows the relationship between match/mismatch and increases in fear (change score
> 2), no change in fear (-2 < change scores < 2) and decreases in fear (< -2).

A x* test on the 3x3 contingency table yielded a significant result (*=11.75, p=
0.019). After an overprediction, the chance is greater that fear will be reduced (38.9%)
than after a match (29.8%) or an underprediction (14.1%). Of all reductions in fear,
53.8% was preceded by an overprediction. Increases in fear were not clearly related to
match/mismatch. An ANOVA yielded comparable results: overpredictions were followed
by a significant mean decrease in fear (-2.84 mm, ¢=-2.39, p=0.018). This change was
significantly different from the non significant changes after match and overprediction (t=
<205, p=0.042). For each trial regression analyses were performed with D as predictor
and fear change as the dependent variable. Only trial 9 showed a significant result (p<
0.05, one-tailed). When all trials are entered in one regression analysis, a positive rela-
tionship of little significance is found (r=0.19, F(1,188)=6.87, p<0.05, one-tailed). This
result must be interpreted with caution, since scores at different trials of 1 § are not
strictly independent.

Thus, there is little evidence that there is a linear relationship between change in fear
of shock and the discrepancy between experienced and predicted pain. There is no support
for hypothesis 7: fear of shock was not increased after underprediction. There is some
support for hypothesis 8: there was a reasonable chance that fear was reduced after an
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overprediction. There was also some support for hypothesis 9: afier a match, _fear did not
change substantially in 53.2% of the cases. However, after each type of mismatch, the
chance of no change in fear was highest.

FEAR OF SHOCK
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Figure 10. Number of changes in fear of shock after match/mismatch. Fear of shock did mot
change after most underpredictions and matches. After an overprediction, there were relatively
more decreases (p <0.02).

Effect on certaimy of predictions (hypothesis 11)

Figure 11 shows the relationship between match/mismatch and the number of increases,
decreases or no change in certainty of prediction.

Underpredictions were mainly followed by increases (43.7%) or no change (35.2%) in
certainty, Correct matches were mainly followed by increases in certainty (46.8%), and
overpredictions by decreases (38.9%) or no change in certainty (34.7%). The x* test
yielded a marginally significant result (x*=8.84, p<0.07). Thus, the results gave some
evidence for hypothesis 11: certainty tended to increase after a correct match and to
decrease after an overprediction. Contrary to the hypothesis, certainty tended to increase
or remain stable after an underprediction. These results are also shown by regression
analysis. Taking all trials together, changes in certainty were analyzed separately for
experienced pain < predictions (D<) and > predictions (D>0). For the first group
(D<0) a faint relationship (r=0.25) was found that reflected that stronger overpredictions
tended to be followed by larger reductions in certainty (F(1,95)=6.39, p=0.01). For the
second group (D>0), no significant relationship was found (#(1,99)<0.10%, p= 0.99).
As can be seen in figure 12, matches as well as overpredictions tend to be followed by a
small mean increase in certainty of marginal significance, that is to say, of approx. 3.6
me (¢=1.70, p=0.09).
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CERTAINTY
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Figure 11. Number of changes in certainty
after match/mismateh. Certainty of prediction
tended to increase after a match and after an
underprediction. After an overprediction,
certainty tended to decrease. These effects
were only marginally significant (p <0.07).
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Figure 12. Regression lines of change in
certainty (vertical axis) as function of discre-
pancy (D) between reported and predicted
pain. Underpredictions and perfect matches
(D <0, left-hand line) were analysed separa-
tely from overpredictions and perfect matches

(D=0, right-hand ling), To the right, under-
predictions, followed by a small mean increa-
se in certainty. To the left, overpredictions
followed by decreases in certainty proportio-
nal to the discrepancy D,

Effect on speed (hypothesis 12)

Changes in time from the shock to the Ss indication that they were ready for the next
shock were analyzed by means of ANOVA. As shown in figure 13, underpredictions were
followed by a significant {(p<0.05) reduction in time. Matches and overpredictions are not
followed by significant changes in time. However, the between effect is not significant (F
(168,2)=1.21, p=0.30). Analyses of contingency tables and regression analyses yielded
non significant results. Thus, there is only marginal evidence for hypothesis 12b, which
stated that underpredictions would be followed by reduction in time.

Further investigations

Factors that might play a role in determining predictions and match/mismatch were
investigated. Firstly, the difference between experienced pain and pain experienced at the
previous trial was related to the occurrence of match/mismatch, As shown in figure 14,
underpredictions were preceded by relatively lower pain scores (62%), as were matches
(63%). Overpredictions, however, were preceded by pain scores that were higher than the
pain experienced in the overprediction trial (x*=57.73, p< 104,
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Figure 13. Mean change in time and 95% confidence intervals after match/mismatch. Underpre-
dictions were followed by a significant mean acceleration (p <0.05).

Regression analysis yielded a strongly linear relationship between the difference in
experienced pain at the two trials as predictor (P-P,,) and the difference D between
experienced and predicted pain as dependent variable (r=0.60, F(1,169)=93.80, p<10?,
B8=0.71). This result generated the post-hoc hypothesis, that Ss might have based their
predictions (E) on the previously experienced pain (P,,)°. This linear relationship (E;=P;
o was tested for each separate trial by means of regression analysis. The results are
shown in figure 15.

The second frial yielded a marginally significant result (8=0.40, r=1.41, p=0.09, one-
failed), All other trials yielded strongly positive slopes (B=0.62-1.13; r=2.69-17.53;
p=0.01-<104;, R=0.55-0.97). Over all trials, predictions may be estimated by the
following linear function:

Ei = 3,80 + .‘92 Pi—l (3‘)

This equation explained 65% of the total variance. Thus, strong evidence was found for
the post-hoc hypothesis.

Another investigation was made into the influence of certainty of prediction on the ef-
fects of match/mismatch. Certainty scores were correlated with change scores in predicted
pain, experienced pain, fear of shock and speed. In case of underprediction, higher cer-
tainty scores were related to less increase in predictions (F=-0.20; p<0.05). In the case
of overprediction, the opposite relationship was found: higher certainty scores were
related to less decrease in prediction (r=0.18, p<0.07)%. In case of a correct match, the
relationship was zero (r=-0.02). Thus, high certainty of prediction seems to work against
the effect of mismatch on the next prediction. In case of a match, certainty was related to
a decrease in experienced pain at the next trial (r=-0.29, p=0.02). In case of mismatch,

*This can also be derived mathematically if it is assumed that changes in prediction are linearly
related to the discrepancy between experienced and predicted pain: E-E_ =P, ,-E,, implies E,=P,,
(see section 2.3).

*Note that after an underprediction, Ss increased their predictions, and after an overprediction, §s
decreased their predictions.
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such relationships were absent. Thus; high certainty combined *with a match between
predicted and experienced pain seems to be related to habituation to the pain stimulus.

Finally, the finding of marginal habituation o the stimulus was investigated further.
The mean pain score at calibration and trials 1 and 2 was compared to. the mean pain
scored at trials 9 and 10. Decreases of more than 10 points were assigned to the habituas
tion group (n=10, mean change score -21.00, SD=6.77), other to the non-habituation
group (n=9, mean change score 10.65, SD=13.84). Differences between these groups
were investigated. The habituation group did not differ significantly (p>0.05) from the
non-habituation group with respect to sex, shock level (mA), VAS pain score at calibra-
tion and trials 1 and 2, and VAS prediction and certainty scores at trials 1 and 2. Sur-
prisingly, the habituation group showed a significantly higher anxiety score at trials 1 and
2 (F(1,17)=4.44, p=0.05); The habituation group was also somewhat more neurotic
(F(1,17)=3.91, p<0.07), but did not differ from the non-habituators with respect to
psychosomatic complaints, extraversion and defensiveness. There was neither a difference
between these groups with respect to mismatches at the first two trials, nor with respect to
the number of mismatches during the whole experiment (x*=3.37, p=0.19).
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red to the preceding trial. Most overpredicti- over all trials (M).

ons were based on pain levels that were
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Table 2. Summary of hypotheses and results from parts A and B

Predicted pain

1. Underpredictions will be
followed by increases in
predicted pain

L:Overpredictions will be
followed by decreases im

-predicted pain :

3.Overpredictions will be
followed by decréases in
reported pain

4 Predicted pain will not
change after & cotrect match

5.Reported pain will decrease
over trials regardless of the
oceurrence of correct or in-
correct matches

6.Accuracy of prediction of
pain will increase with
practice

Fear of shock
7.Fear of shock will in-
crease after an under-

prediction

8.Fear of shock will
decrease after an over-
prediction

9.Fear of shock will not

change after a correct match

underprediction
1.Confirmed

7. Not tested
3. Not tested
4 Not tested

5.Rejected. However, the
manipulation had no long-
term influence on reported
pain

6.Confirmed

7.Rejected. However, re-
duction in fear was delayed
after the experimental
underprediction

8.Not tested

9.Not tested

A. Results of the experimental B. Results of the whole experiment

1. Confirmed
2.Confirmed
3.Rejected

4.Copfirmed. However, crosstabu-
lation also showed much chance
of increase in predicted pain
5.Confirmed by the finding that
habituators and non-habituators
did not differ with respect to
mumber of match/mismatch
6.Reported at A.

7.Rejected

8.Confirmed. However, there
was considerable chance
of no change

9.Confirmed

10.Fear of shock will decrease 10.Confirmed. However, re- 10.Not tested

over trials regardless of
the occurrence of correct
and incorrect matches

Certainty of prediction

duction in fear was delayed
after the experimental
underprediction

11.Certainty of prediction will 11.Subhypothesis concerning 11,Partially confirmed, partially

decrease after a mismatch
and increase after a correct
match.

decrease after underpredic-
tion was rejected. However,
experimental Ss were more
uncertain at the last

trials

12.Time after shock until the: 12b.Partially confirmed.

S indicates to be ready for
the next trial will change
after an underprediction
a. more slowly

b. more guickly

{(within effect significant,
betwesn effect marginally
significant)

12a.Rejected

rejected. There was a reasonable
chance of decrease in certainty
after overprediction. However,
underpredictions were mainly
followed by increases or no
change

12b.Partially confirmed. (within

effect significant, between effect
n.s.)

12a.Rejected
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DISCUSSION

Hypotheses and results are summarized in table 2. On the whole, the match/mismatch
model is supported. The core of the model, formulated by hypotheses 1, 2 and 4, is
strongly supported. The experimentally induced underprediction was followed by a mean
raise in prediction until it (57.2) was almost equal to the mean experienced pain (61.0).
The results of the whole experiment also show that the hypothesized relationships (hypo-
thesis 1, 2 and 4) are not solely categorical: they are belter described by linear functions
relating the amount of change in prediction to the magnitude of the mismatch.

Regression analysis showed a strong linear relationship between the amount of change in
predicted pain and the discrepancy between predicted and reported pain at the preceding
trial, Since the average function (equation 2) almost crosses the origin, it may be con-
cluded that predictions do not change after a correct match. However, cross-tabulation of
the categorized differences showed that more matches were followed by increases (44.7%)
than by no change (34.0%) in predicted pain. On the whole, §s may have remained
guarded by somewhat overestimating the next shock.

Hypotheses 3 and 5 were rejected as far as habituation to the pain stimulus was con-
cerned. No clear mean habituation effects were found. The discrepancy with the Rachman
et al. studies may be attributed to differences between their (conditioned) fear stimuli and
the (unconditioned) pain stimulus that was used in this study. However, hypothesis 5 was
confirmed as far as the effect of match/mismatch concerned: the number of matches/mis-
matches and the experimental underprediction did not differentiate between Ss that habitu-
ated and Ss that did not habituate or were sensitized to the pain stimulus. Hypothesis 3
was strongly contradicted by the finding that overpredictions tended to be followed by
increases in reported pain. Since underpredictions tended to be followed by decreases in
pain, the findings may be described as regression to mean: random extreme fluctuations of
experienced pain will, in most cases, be followed by a regression of experienced pain to
the 5°s mean or "true” pain score. Since underpredictions were mainly followed by in-
creases in prediction and overpredictions by decreases, and the next pain score tends to
regress in the direction opposite to the change in prediction, the §s created their own mis-
matches (of the opposite kind) at the next trial. In accordance with this notion was the
finding that Ss based their prediction almost entirely on the pain experienced at the
preceding trial, This relationship (eguation 3) explained more variance (65%) than the
relationship of discrepancy between predicted and reported pain with change in prediction
(45%). The constant (3.89) again shows that Ss tended to be somewhat guarded in their
predictions. These findings also suggest that human information processing of aversive
stimuli and the generation of predictions is characterized by poor statistics (making no use
of regressive tendencies) and a strong recency effect.

They are analogous to the findings in social-psychological and judgemental studies,
showing poor human statistical capacities in making inferences (c¢f. Nisbett & Ross, 1980).
A better strategy from the statistical point of view would be a regressive technique that
uses the mean experienced pain score at all preceding trials as prediction.

This recency effect, or not using a "regressive technique", was modulated by certainty
of prediction. As in the Albersnagel et al. (1987) study, it was found that certainty of pre-
diction influenced the effects of under- and overprediction on the next prediction: certain
Ss were somewhat more stable in their predictions, and thus they used more "regressive
techniques” in their inferences. It may be interesting to study the influence of a strong
experimentally induced mismatch at later trials on the relationship between experienced
pain and predicted pain at the next trial. How far does the $°s experiences at earlier trials
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immunize against the negative effects of such a mismatch? Although, as was discovered,
predictions were based on the pain experienced at the previous trial, the accuracy of the
predictions increased with practice, and predictions converged with pain scores. Thus,
hypothesis 6 was confirmed.

Concerning fear of shock, the most salient deviation from the model that was found,
was that after (experimental as well as spontaneous) underpredictions fear scores did not
increase. Pear scores tended to remain stable after underpredictions and matches, and even
after overpredictions most fear scores decreased only by small amounts. In the long run,
fear scores decreased, though.

Underpredictions may, however, have a long-term negative influence on fear: it was
found that the experimentally induced underprediction delayed the reduction of fear. The
same was discovered about certainty of prediction: experimental underprediction was not
followed by a decrease in certainty, but by an increase in certainty (about a higher pre-
diction) and it had a long term negative influence on certainty.

The findings about certainty in the whole experiment suggest an asymmetry between
the effects of the two types of mismatch. Underpredictions were mainly followed by in-
¢reases or no change in certainty, and overpredictions by decreases in certainty, in which
the amount of decrease is related to the amount of overprediction.

The two types of mismatch have quite different effects on certainty, indeed. The most
puzzling effect is that of underprediction. There is no obvious reason why Ss felt more
certain about their increased prediction of the next trial after an underpredicted mismatch.
It may be theorized, however, that the human organism is inherently alert to underpre-
dicted aversive experiences and weighs them more heavily than overpredicted aversive
experiences. Thus, increased predictions based on underpredictions are more strongly
believed than decreased predictions based on overpredictions, which raise doubt.

Lastly, we did not find any evidence for slowing/hesitation after an underprediction.
The evidence for acceleration was mixed, but both the experimental and the spontaneous
underpredictions tended to be followed by increases in speed. Differences from the Rach-
man et al. studies may be attributed to the different experimental situation. In the Rach-
man ef al. studies Ss were asked to approach the stimulus (c.q. initiate and perform own
behaviour). In the present study, Ss had to receive the shocks passively. By an accelera-
tion 8s could terminate the experimental sitvation more quickly. Thus, the occurrence of
acceleration may indicate the presence of escape tendencies. However, it is, of course,
acknowledged that this measure may not be a valid experimental analogue of clinical
escape.

On the whole, the results of the experimentally induced underprediction indicate that
strong early underpredictions of aversive experiences may have profoundly negative ef-
fects: the next experience is expected to be as aversive as the underpredicted one with
increased certainty, reduction in fear of the stimulus is delayed, the Ss remain more un-
certain whether their expectations are right after repeated less aversive exposure. In the
present situation this leads to acceleration. In free-choice situations, hesitation/avoidance
tendencies will probably dominate. Thus, the experimentally controlled underprediction
gave strong support to the generalizability of the match/mismatch model. Results from
spontaneous matches and mismatches also gave strong evidence for the generalizability of
the model. It seems to offer a powerful paradigm for the processing of information about
experiences with aversive stimuli of phobics as well as of non-phobics.
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SECTION 2.2. .
IS THE MATCH/MISMATCH MODEL
BASED ON A STATISTICAL ARTEFACT ™

SUMMARY

In the match/mismatch model, recently formulated by Rachman and coworkers, it is
stated that incorrectly predicted aversive experiences are generally followed by an imme-
diate adjustment of the predictions concerning aversiveness of the next experience. Thig
model can be considered to reflect a psychological process of the formation of expecta-
tions. In the présent article it is argued that a simple HO model, assuming that predictions
are completely randomly generated by the subject, may account for the same effects. This
HO model is used in a stringent test of empirical data to test if there are any effects of the
discrepancy between prediction and experience on next prediction that exceed the effects
explained by the H0 model. Although the HO model produces effects very similar to the
empirically observed effects, there is clear support for the hypothesized influence of the
discrepancy between prediction and experience. Therefore, the model appears to reflect
‘real” psychological processes and not chance findings.

INTRODUCTION

In 1985 and 1986 Rachman and coworkers published a series of articles on the proces-
sing of experiences of fear, emphasizing the part played by predictions of fear (Rachman
& Levitt, 1985; Rachman & Lopatka, 1986a, 1986b). Central to their ideas are the effects
of experiences which are inaccurately predicted. In the laboratory they asked Ss to predict
how much fear they would experience when confronted with a fear-provoking stimulus.
Following exposure to the stimulus, Ss were asked to rate the amount of fear actually ex-
perienced and to make a prediction for the next trial. It was found that overpredictions of
fear (defined by predicted fear that is larger than actually experienced) were generally fol-
lowed by decreases in predictions: Ss decreased their fear predictions for the next trial.
Following underpredictions (defined as: predicted fear less than experienced fear), S
generally increased their predictions. After a correct prediction (a match) §s generally did
not change their predictions. These findings form the core of the match/mismatch model.
The model states that after mismatches (inaccurate predictions) the predictions are imme-
diately corrected (overpredictions are followed by decreases in predictions, underpredic-
tions are followed by increases), whereas matches (adequate predictions) do not lead to
changes of prediction.

The model is stated generally, and appears to describe the effects of inaccurate predic-
tions on next expectations not only for fear-provoking stimuli, but for all kinds of stimuli.
Further research has indeed shown that the model also holds for pain (Arntz & van den
Hout, 1988; Rachman & Lopatka, 1988; Armtz ef al., 1990a) and for aversive sounds
(Lavy et al., 1990). Probably, it also holds for pleasant experiences.

'Reprinted with permission from Behaviour Research and Therapy, 28, Arntz, A., Hout van den,
M., Lousberg, R. & Schouten, E., Is the match/mismatch model based on a statistical artefact?,
1990, Pergamon Press PLC.
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The central assumption of the model is, that the inaccuracy of a prediction has an
immediate influence on the next prediction. Appealing as the idea might be, it is not that
easy to test it empirically, Spontaneous predictions and experiences of fear, pain, aver-
siveness ete. are outside the experimenters’ control and may be statistically interrelated in
such a way that it is difficult to find the right statistical testing procedure. In an attempt to
bypass this problem, Arntz & van den Hout (1988) tried to experimentally control the
mismatch by unexpectedly increasing the level of painful electric shock. It was found that
5% increased their predictions for the next shock immediately, by which the model was
supported. In following: experiments using this manipulation this finding was replicated
(Arntz & Lousberg, 1990; Armtz et al,, 1990b).

Alithough the experimentally controlled mismatches led to effects that are predicted by
the model, the issue remains whether spontaneous mismatches do lead to "real’ corrections
of predictions. Up to now, the attempts to test this hypothesis used statistical procedures
(goodness of fit tests, crosstabulation with x* tests) that did not adequately control for
possible chance effects (e.g., Rachman & Lopatka, 1986a; Arntz & Van den Hout, 1988).
To get more insight into the problem we proposed a simple statistical model, which repre-
sents the null hypothesis.

THE H0 MODEL

Let us assume that predictions and reports of the experience are independent, that they
have the same statistical distribution, and that predictions are randomly generated by the §
(that is, they do not reflect any 'real’ psychological process: predictions are not influenced
by the experience)®. Let us assume further - for the sake of simplicity - that 1/3 of the
predictions can be classified as "high® (H), 1/3 as 'medium’ (M) and 1/3 as 'low’ (L); and
that the same classification can be made for the experiences. The random combinations of
predictions and experiences can be classified as overpredictions [(H,M), (H,L), (M,L)], as
matches [(H,H), (M,M), (L,L)], and as underpredictions [(M,H), (L,H), (L,M)]. Tt will
be clear that the expected probabilities of these classifications are 1/3 for each (1/3 is
overprediction, etc.).” Since we assumed that predictions are randomly generated, after
each type of (mis)match 1/3 of the predictions will be "H’, 1/3 "M’ and 1/3 'L’. Compu-
tation shows that after an overprediction, the chance that the next prediction will be lower
than the previous prediction is 5/9: that is, considerably higher than the chance that an
overprediction is followed by no change in prediction (1/3) or by an increase (1/9).* By

*Whether experiences are randomly generated or have a ’real’ basis is not important for the model
under HO.

It is interesting to note that these frequencies approximate the empirically observed frequencies
very well (see Rachman & Lopatka, 1986a; Arntz & van den Hout, 1988). There are, however,
exceptions, in that the number of overpredictions is much higher in clinical problems (e.g., Arntz,
van Eck & Heijmans 1990).

“Overpredictions are combinations of (H,M), (H,L) or (M,L), all with a chance of 1/3. After (H,
M), 1/3 of the predictions will be H, 1/3 M, and 1/3 L. The last two predictions are lower than
the previous predictions, each with a chance of 1/3x1/3=1/9. The (prediction-experience-next pre-
diction) sequences (H,M,M) and (H,M,L), as well as (H,L,M), H,L,L) and (M,L,L) are overpre-
dictions that are followed by decreased prediction. Each has a chance of 1/3x1/3=1/9. Thus, the
chance of decreased prediction after overprediction is the sum of the chances of these five sequen-
ces, 5/9.
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the same logic, the chance that after an underprediction the next prediction will be higher
is 5/9, etc. These expected frequencies are depicted in figure | and are remarkably similar
to the patterns that are empirically observed. The expected pattern derived from HO re-

sembles the observed patterns.

PROBEBILITIES BF CHENGES IN PREDICTION BFFER
MATCH/AMISMATCH IN THE RENDOM {(HO) MODEL
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39
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Figure 1. Probabilities of increase, no
change, and decrease in prediction after
underprediction, match and overprediction in
random data (HO model). The distribution
resembles the empirically found distributions
very much.
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Figure 2. Distributions of changes in predic-
tion of fear after (mis)-matches (1) as found
after individually randomizing the predictions
of agoraphobic patients (solid bars), and (2)
as empirically found in the sample (hatched
bars). The numbers of underprediction,
overpredictions and matches in the random-
ized data were held equal to the empirical
numbers. Although the randomization pro-
duced a distribution much alike the empirical
distribution, the empirical findings differ
significantly from the random distribution,
supporting the match/mismatch model
(4 =12.60, p=0.013).

This pattern of course reflects the ’regression to the mean effect’ that occurs when a mea-
surement is repeated after an extreme outcome as far as there is a random error in mea-
surement: after a high prediction, it is most probable that the experience will be relatively
lower (thus, that the prediction will be an overprediction), and this holds of course also
for the next prediction, which will also with (the same) high probability be lower. Al-
though the predictions are assumed to be statistically independent®, overpredictions and

‘Generally, the regression to the mean effect occurs proportionally to the independent random
error of the observations. Here it is assumed that each observation is a completely random "error”.
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decreases in predictions are related by the nature of the random process generating the
predictions, and the same holds of course for underpredictions and increases in predic-
tions. Therefore, the question arises whether the observed effects of spontaneous mismat-
ches reflect a psychological process or dare based on regression to the mean. If there is any
psychologically mcamngf’ul process underlying changes after mismaiches, it must be
demonstrated that changes in predictions after mismatches are more strongly influenced by
the discrepancy between prediction and experience than can be predicted by a regression
to the mean effect alone. In the following, two studies will be described that tried to test
the hypothesis that there is such a process. The studies use real data as obtained in a study
with agoraphobic pa‘z‘igm‘s (Wan den Hout er al., 1989) and in a ]labmratory study on
repeated painful experiences (Amtz & Lousberg, 1990)

STUDY 1

The data in this study were gathered from agoraphobic. patients treated by means of
exposure in vivo at the local mental health centre. Immediately after each exposure
exercise, each patient rated anxiety experienced (on a 100 mm VAS) during the exposure
exercise, and predicted anxiety of the next exercise. There were 15 patients, who all rated
the first 10 exposure exercises of their treatment hierarchy. Because of missing data, there
were - 144-valid observations of predicted anxiety, reported anxiety, and predictions of
anxiety for the next exermse For further details the reader is referred to van den Hout er
al. (1989).

In this study it was assumed that each § generated his/her predictions randomly from
his/her own distribution. The effects of mismatches on next predictions under this null
hypothesis was tested by taking within each § all possible combinations of two predictions
and one experience (complete randomization). A criterion of a 7 mm.® difference between
prediction (P) and experience (E) was used for classifying combinations as underpredicti-
ons (P-E<-7 mm.), overpredictions (P-E>7 mm.) or matches (-7 mm.<P-E<7 mm.).
The same criterion was used for classifying increases in predictions (PP, ,<-7 mm.),
decreases (P;-P,.,>7 mm.) and no change (-7 mm.<P-P,,, <7 mm.).

The randomization was used to estimate the HO distribution of 144 (mis)matches. The
randomization did not produce exactly the same frequencies of underpredictions, overpre-
dictions and matches as the empirical distribution, the randomized distribution resembled
the empirically distribution. If it is submitted to a x* test, as was done in the Amtz & van
den Hout study (1988), the result is significant (x*(4)=17.81, p<0.01), despite the fact
that it was based entirely on chance.

The distribution produced by the randomization procedure was used as a reference to
test the empirically observed distribution in a x* test (the frequencies produced by the
randomization were used as estimates of the expected frequencies under HO). The
empirical relationship was stronger than the relationship produced by the randomization
(x*(4)=16.33, p <0.01).

®This criterion is higher than the 2 mm. criterion proposed by Rachman. It was determined
empirically in order to obtain approximately equal frequencies in each cell of the crosstabulation.
With the 2 mm. criterion the number of matches was very small. A reason for this deviation from
laboratory studies may be the larger interval between ratings of prediction and experience in this
study {up to several days).
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One could argue that the numbers of underpredictions; overpredictions and matches
should be equal in both distributions. Therefore, the randomization was used to estimate
the HO distribution assuming the same numbers of underpredictions, overpredictions and
matches as in the empirical findings. The resulting distribution is depicted in figure 2, as
is the empirical distribution. As can be seen in the figure, the empirical distribution is still
stronger than the HO distribution (x*(4)=12.60, p=0.013): after an underprediction, there
were more increases in prediction and fewer decreases in prediction than expected under
HO; whereas after overprediction, there were more decreases in prediction and fewer
increases in predictions. However, the differences are small. Thus, there is some evidence
that the patients were more influenced in forming new predictions by their experiences
than can be explained by random processes only.

STUDY 2

The data in this study are from 46 normal §§ who participated in a laboratory study on
pain (Amtz & Lousberg, 1990). Each § received 20 painful electric shocks and rated
experienced and predicted pain on 100 mm. VASs. As in study 1, it was assumed that
each § generated predictions randomly from his/her own private distribution. It was
decided to use a different statistical procedure to control for the regression effect that can
be expected under HO. By means of a stepwise multiple regression analysis we tested if
the experience of the § added any significant information to the regression equation, when
the previous prediction level was controlled for (that is, controlling for the regression to
the mean effect). The wvariable expressing the regression effect was the individual
difference between prediction P; and the mean (individual) prediction level M. The change
in prediction was expressed as P;,,-P,. Thus, first the regression model,

PP, = By + B, x (P; - M) (1

was tested.

Table 1. Regression analysis of changes in prediction controlling for regression to the mean,

variable ) B t d.f. p
step 1 (R* = 0.21)
P,-M -0.36 -15.72 918 < 10
step 2 (R* = 0.57)
P, -M -0.14 -1.49 917 < 10
P, - E, 0.54 27.40 917 < 10

Note: P-M denotes the difference between prediction of trial i and the mean prediction of the
subject. This factor controls for regression to the mean. P-E; denotes the discrepancy between
prediction and experience of trial i. This factor represents the hypothesized mismatch effect, The
dependent wariable was P, -P;, the change in next prediction.

It was expected that B; would be negative (a high P, would be generally followed by a
smaller P;,,; a small P, by a larger P,,,). And indeed, this was found, as is shown in table
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1. Again, the regression effect seems o explain the match/mismatch model.

However, entering the discrepancy between prediction P; and experience E; into the
equation dramatically changed the equation, as is shown in table 1. Thus, in the regression
model

PPy =8, % B, x (P, - M) + B, x (P, - Ei) {2

the most important information is yielded by the discrepancy between prediction and
experience, precisely as the model states.

DISCUSSION

Although the HO model, assuming no ’real’ influence of discrepancy between prediction
and experience on next prediction, produced effects that are hypothesized by the match/-
mismatch model, there is clear evidence that the discrepancy is important in the adjust-
ment of predictions as empiricaily found. That is, Ss generally adjust their predictions if
there is such a discrepancy; even if they made an extreme prediction, they did not adjust
their predictions if the experience had been correctly predicted. Furthermore, the
regression analysis clearly indicates that the size of adjustment of prediction is not so
much related to the extremeness of the prediction, as to its inaccuracy. Therefore, there is
convincing evidence that the match/mismatch model reflects a 'real’ psychological process
and not some chance process.

Given the important part that is attributed to predictions in modern learning theory
(e.g., Gray, 1975), and in cognitive theories, this is an important finding. Tt supports the
notion that predictions are more than epiphenomena. With respect to fear, anxiety, pain
and aversive experiences in general, it is supposed that predictions play an essential part
in such areas as dishabituation, anticipatory anxiety, excessive emotional suffering, escape
and avoidance behaviour. The match/mismatch model offers insight in the way predictions
are changed. Of considerable importance are the conditions that do not lead to the
adjustment of inaccurate predictions, as can be observed in clinical problems (Rachman &
Bichard, 1988; Arntz et al., 1990a). It is interesting to note that both the match/mismatch
model and the HO (random) model would predict that very high inaccurate predictions
should decrease quickly. In many clinical cases, however, this is not the case, which gives
further evidence that the HO model cannot be adequate and that there are psychological
influences on expectation,

The results of study 1 gave less evidence for the model than those of study 2. A
number of reasons may be offered. In study 1, the patients had to make predictions of 10
different exercises, which may have produced excessive error variance, whereas in study
2, 8s had to make predictions about the same pain stimulus. However, the most important
reason is probably that in study 1 patients had to make predictions several days before the
exercise, whereas in study 2 the time interval between prediction and experience was less
than one minute. Since predictions probably are state dependent, asking Ss to predict how
anxious they will be several days before the event is an imprecise procedure. Therefore,
stronger support may have been found if the patients had been asked to rate predictions
just before the exercise.

Finally, our research indicates that more stringent tests for analyzing the effects of
spontaneous mismatches should be used than has been done in the past. It should be kept
in mind that under HO the effects seem to support the model, whereas the model (if it
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does more than describe chance findings) is not implied. More stringent tests can be done
in a number of ways. Probably the ‘most simple way is to employ:the regression analysis
as described above, where the regression to the mean effect is controlled. If an analysis of
a cross-tabulation is needed, the probabilities under HO should be estimated (for instance
by randomization) and used as a reference to test the empirical distribution.
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SECTION 2.3.
THE EFFECTS OF INCORRECT PAIN EXPECTATIONS
ON ACQUIRED FEAR AND PAIN RESPONSES!

SUMMARY

Previous experimental research on the effects of incorrect inmtensity expectations of
aversive events can be criticized because intensity expectations were not manipulated inde-
pendently from changes in objective intensity. The present study aims at investigating the
effects of incorrect intensity expectations on the immediate and later responses to a painful
stimulus, and on the acquisition of anticipatory responses, with proper experimental con-
trol. Subjects (n=62) received 20 painful stimuli of varying intensity. In the control group
intensities were correctly signalled at all trials by an analogue signal. On 3 trials the signal
was too large in the overprediction condition, and too small in the underestimation conditi-
on. Underpredicted painful experiences were found to be related to subsequent higher pain
responses on the physiological level, but not on the subjective level; and to increased
anticipatory responses (increased pain expectations, uncertainty, subjective fear, skin
conductance responses). Skin conductance level also indicated increased fear after under-
predicted experiences. Overpredicted painful experiences were related to a faster decrease
in subjective fear compared to the control group, but did not influence other variables.
The findings support the notion that underpredictions contribute to the acquisition of fear
and disrupt habituation processes. The asymmetrical processing of the two kinds of incor-
rectly predicted experiences is discussed.

INTRODUCTION

For more than three decades the effects of predictability of the occurrence of painful
events have been investigated®. Recently, the effects of incorrect expectations of the in-
tensity of aversive events have received renewed interest, starting with observations by
Rachman and coworkers that underpredicted aversive experiences are followed by increag-
es in predicted intensity of the aversive event and increased anticipatory fear; and that
overpredicted experiences are followed by decreased predictions and decreased fear (Rach-
man & Bichard, 1988). On the basis of these observations a mismatch model was formu-

'Submitted for publication by Arntz, A., van den Hout, M., van den Berg G. and Meijboom, A.

*The general conclusion that can been drawn from this research is that predictability of occurrence
reduces fear of and physiological responding to the aversive event, but that it is unlikely that the
experienced painfulness of the event is altered by making the occurrence of the painful UCS pre-
dictable (for reviews: Furedy, 1975; Miller, 1981; Mineka & Hendersen, 1985). We traced 43
studies in the literature, 27 of them investigating the effects of predictability of occurrence on
physiological pain responses, 28 of them investigating the effects of predictability of occurrence on
subjective pain experience. Physiological responses are typically smaller when the stimulus is
predictable (observed in 20 studies, whereas 6 studies found no difference and one study the
opposite effect). Subjective experience is typically not influenced (as found in 15 studies; 11 stu-
dies found a positive effect of predictability, and 2 a negative effect).
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lated, stating that the changes in predicted aversiveness and in anticipatory fear are a
function of the discrepancy between predicted and experienced aversiveness.

1t has been pointed out that the amounss of change in prediction and in fear are linearly
related to the size of the mismatch (see Rachman & Bichard, 1988, and Rachman &
Armtz, 1991, for reviews). Closer inspection suggests however that the model can be
reduced to a simpler model, which does-not need the intervening variable of expectation
{which is cailed ’prediction’ when the § makes an explicit rating of it). For if the amount
of change in prediction, say P-P.,, from the subsequent experiences i-1 to i, is equal to
the discrepancy between experienced and predicted intensity of the event, say E -P,,, the
model reduces to P;=E,,, in other words: expectations are equal to the last experience (as
already observed by Arntz & van den Hout, 1988, p. 219). Similarly, if the change in
subjective fear, F-F,,, is linearly related the size of the mismatch, E,,-P,,, the model can
be reduced to F,=cxE;,+k, where ¢ and k are constants. In other words, fear of the next
experience would be solely based on the previous experience, and there would be no
influence of the discrepancy between experience and expectation. If this would be true,
the effects of incorrectly predicted experiences would be reduced to the effects of the
experience itself - the concept of expectancy would be theoretically empty, and the model
would, although correctly, merely describe epiphenomena.

The objection can be made that this simple symmetrical model does not cover the facts.
After an underpredicted experience, Ss generally increase their predictions to this lower
level, The same asymmetry can be observed in subjective reports of fear. Still, the effects
could be ascribed to the stronger pain experience per se, and not to the discrepancy be-
tween prediction and experience. It is conceivable that an intensity painful experience,
whether correctly predicted or not, influences later pain predictions and fear of pain more
strongly than a weaker pain experience. Although a theoretical construct of memory or
expectation is needed to explain this asymmetry, it does not necessarily follow that the
discrepancy between predicted and experienced pain is a causal factor in this process.

Previous tests of the effects of incorrect predictions on subsequent predictions and fear
seem unsuitable to clarify this issue. Some studies investigated spontaneous mismatches.
These studies are problematic because statistical artefacts may lead to spurious correlations
(Amtz et al., 1990c), Furthermore, without experimental manipulation only correlational
interpretations can be made. In other studies, underpredictions were experimentally in-
duced by an unannounced temporary increase in objective stimulus intensity in the experi-
mental conditions (Arntz & van den Hout, 1988; Atz & Lousberg, 1990; Amiz ef al.,
1991b). Because the control groups did not receive this temporary increase, it is possible
that the observed effects of the unannounced increased stimulus (namely, increased pain
expectations, a disruption in the reduction of fear and uncertainty, and (some) disruption
of habituation to the stimulus) are not caused by the discrepancy between expectation and
experience, but by the stronger stimulus itself. A later study (Amiz er al., 1991c) used a
better procedure to control for objective intensity (the control group received always
strong stimuli, and the experimental condition only on a few (unannounced) trials). But, it
is still possible that the observed effects (stronger fear in the experimental group), are
caused by the sudden increases in intensity of the stimulus per se, instead of by the under-
prediction of the experience. It is conceivable that the (autonomic) nervous system is
sensitive for sudden increases in intensity of a stimulus, and that such sudden changes
cause fear, whereas the discrepancy between the consciously made prediction and the
experience, though correlated to a sudden change, is not involved in the acquisition or
extinction of fear. The only way to clarify this issue seems to be the experimental manipu-
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lation of incorrect expectations independent from the objective intensity of the aversive
stimulus. This is the first aim of the present study.

The second aim of the present study is to investigate the effects of experimentally
induced overpredictions (which was not done in previous studies). This may clarify wheth-
er the effects of overpredictions are identical to those of underpredictions, or whether
there are asymmetries between both kinds of mismatches, as has been suggested by Arntz
& van den Hout (1988).

The third aim of the present study is the investigation of the effects of incorrect predic-
tions on the immediate responses to the painful stimwulus, and on the pain responses at
later trials. Tt is still unclear whether incorrect pain-intensity expectations influence pain
responses or not. Previous attempts to test this issue suffer from the same problem as the
studies investigating the effects of mismatches on subsequent expectations and fear: incor-
rect predictions and pain experiences were not independently manipulated. It has been
hypothesized that underprediction might disrupt habituation processes (Arntz & Lousberg,
1990) and that overprediction may have a functional value (namely promoting habituation
to pain and avoidance of the possible disruptive effects of an underprediction; Rachman &
Arntz, 1991). If underpredicted aversive experiences are in some way more aversive than
overpredicted one’s, it is understandable why Ss tend to overpredict aversive experiences
for a considerable time after an underpredicted experience, and why anxious Ss tend to
overpredict pain (as is clearly shown by anxious dental patients). However, as was pointed
out by Rachman & Amtz (1991), a direct test with a manipulation of pain expectations
independent of objective intensity is needed to clarify the influence of pain expectations on
pain responses and their habituation.

What should one presume about the effects of incorrect pain expectations on pain im-
pact? There are at least four theories that suggest different answers. First, stimulus repre-
sentation theories assume that the organism forms a mental model ('stimulus representa-
tion’) of important aspects of a stimulus. If the incoming stimulus matches this model, it
is assumed that the responses elicited by the stimulus are actively inhibited (suppressed).
Thus, it has been proposed that the more the stimulus is predictable in important aspects,
the better the stimulus can be matched against its model, and the better the inhibition of
the responses will be (Gray, 1975; Miller, 1981). It should be noted, however, that this
class of theories is mainly based on research into the so-called orienting reflex (elicited by
all sorts of new stimuli) and it is less clear whether it also applies to responses typically
elicited by painful stimuli, let alone to the experience of pain®.

*The suppression of pain responses {including habituation, referring to the waning of responses
during repeated stimulation) can take place at various levels of the nervous system, whereas the
levels of the nervous system involved in the orienting reflex are more limited. Empirical evidence
for pain-response decreasing effects of predictability is far from conclusive. As stated above, pre-
dictability of occurrence reduces fear and physiological responding to the aversive event (notably
SCRs), but it is less likely that the experienced painfulness of the event is altered by it. Making the
kind of experience more predictable by giving information about the sensations that are triggered
by the event is more likely to reduce the subjective impact of the event (Miller, 1981). In a meta-
analysis of 21 laboratory and field studies, Suls and Wan (1989) concluded that there is clear evi-
dence that sensory preparation is associated with less experienced pain and distress. Thus, it is
clear that (verbal) information about sensations can reduce the experience of pain, demonstrating
that expectations formed in "consciousness’ can influence pain experiences. Generalizing the fin-
dings of the predictability of occurrence and of the predictability of sensations studies, it can be
presumed that pain-intensity expectations at least influence physiological pain responses and possi-
bly the experience of pain.
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8econd, a contrast theory can be formulated: an aversive experience is in some way
contrasted with expectation and impact is related to the contrast. This may be a ’cognitive’
effect: the experience is evaluated by comparing it to the expectation, or a "meuro-physio-
logical® effect: the response suppression may be related to the expected pain intensity
(such an effect is also predicted by Wagner’s habituation theory (1979, 1981), if it is
generalized to the domain of consciously formed expectations). The: contrast theory pre-
dicts that pain responses are smaller in case of an overprediction, anid larger in case of an
underprediction, compared to a correct prediction. Such an effect would also be predicted
by theories that state that anxiety decreases pain, for instance via naturally produced mor-
phine-like sibstances, endorphins (Bolles & Fanselow, 1980; Amtz er al., 19913), becau-
s¢ expectations of intense pain will be related fo increased anxiety. Indirect evidence stems
from an experiment by Willer & Ernst (1986), in which S8 manifested a endorphin-media-
ted analgesia for painful stimuli of low intensity when waiting for a very intense pain
stimullus.

Third, cognitive theories have stressed the influence of (strongly believed) expectations
on perceptual and evaluative processes. Experiences may be processed in such a way that
the discrepancy between expectation and experience is decreased. Moreover, there are also
theoretical views that state that anxiety increases pain (Chapman & Turner, 1986; Amtz et
al., 1991a). Thus, if expectations of intense pain lead to increased anxiety, pain impact
may be Jarger when the § overpredicts the pain compared to a correct estimation.

Fourth, the notion that pain expectations don’t influence pain responses at all should
also be considered. It is conceivable that pain expectations; at least as formed at higher
levels of the nervous system, do not play a part in pain-response suppressing or increasing
processes. *

Besides the above-mentioned study by Amtz & Lousberg, we found only two studies
experimentally assessing effects of incorrect intensity expectations on pain responses. In
the first (Epstein & Clarke, 1970), physiological responses to a noxious stimulus varied
directly with anticipation, whereas the subjective rating of the stimulus was related to the
contrast between the real and the expected stimulus (overestimated stimuli were rated as
less intense than correctly estimated stimuli). The success of the underestimation manipu-~
lation was however questionable. In another experiment Epstein (1971) compared habitua-
tion over 5 days to aversive shocks and aversive sounds. According to Epstein, most Ss
have initially highly different expectancies about a shock (most s are very concerned) and
a sound (most Ss are not concemed). In the early period of exposure self-fulfilling influ-
ences of expectancy on physiological and subjective responses were found, whereas in
later periods a contrast effect became apparent. However, no direct evidence of the al-
leged under-, and overpredictions was reported. Moreover, the experimental manipulation
was done by using two qualitatively different aversive stimuli, thus it cannot be excluded
that the observed effects relate to these differences and not to the incorrectness of the
expectations. In other words, a new study with more stringent experimental control seems
warranted.

To summarize, the aim of the present study is to overcome some of the difficulties of
previous investigations into the effects of incorrect pain-intensity expectations by manipu-
lating expectations independently of pain intensities. Specifically, it was investigated (1)
whether incorrect pain-intensity expectations influence the immediate responses to the pain
stimulus; (2) whether incorrect pain-intensity expectations influence the long-term pain
responses [(dis)-habituation]; and (3) whether incorrect pain expectations influence the
development of pain-anticipation responses (pain-intensity expectations, certainty of expec-
tation, fear of the painful stimulus and autonomic anticipatory responses). With respect to
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the development of anticipatory responses;, it was hypothesized that underpredictions
would have negative effects compared with correct predictions; and that overpredictions
would have relatively positive effects compared with correct predictions. ,

In order to accomplish this aim, pain expectations were manipulated by signalling the
pain-intensity by means of an analogous signal. The control condition received correct
signals. The §s in the two experimental conditions (overestimation and underestimation)
received incorrect signals (respectively, too large and too small) at three trials interspersed
between 17 trials with signals corresponding perfectly to the objective pain-intensity. It
was assumed that expectancies influenced by information provided by the signal are equiv-
alent to expectancies that the § forms by own reasoning.

METHOD
Subjects

Subjects were 63 female students, who volunteered to participate. One § (of the overes-
timation condition) had to be excluded because of a failure of the computer controlling the
experiment: this § did not receive the 13th trial. Mean age was 21.5 yr (SD 2.4). Subjects
received a small remuneration for participating.

Materials

Subjects rated expected pain, certainty of this prediction, and fear of next trial, as well
as subjective pain intensity and aversiveness experienced during the stimulus on 100 mm
visual analogue scales (VAS). Ratings were measured in mm. A loose-leaf file contained
two alternating types of pages, the first with the expected pain, certainty and fear VASs,
the second with the experienced pain and aversiveness VASs, for more than 50 trials.

Apparatus

Painful stimulation was delivered by a Siemens Neuroton 627 via two Beckman Ag-
AgCl electrodes (8 mm diameter), filled with HP Redux Creme, at the 5's right ankle.
The skin of the ankle was thoroughly rubbed with HP Redux Creme in order to reduce the
resistance of the skin and keep it constant (cf. Tursky, 1974). The electrical stimulation
consisted of a train of square waved pulses and had a duration of 2 sec. The stimulus had
instantaneous rising and fall times. The stimulation produces a painful sensation, and is
generally not described as an ’electric shock’.

A PC colour monitor was placed approx. 50 cm before the S, in her line of vision. On
the monitor a centered horizontal bar could be shown as indication of the intensity of the
next pain stimulus. The red-coloured bar had a height of 10 mm and a width which could
be varied from 0 to 100 percent of 247 mm. An Olivetti M250 controlled the experiment.

Physiological recording
Skin conductance was measured via two Beckman Ag-AgCl electrodes (8 mm diame-
ter), placed on the medial phalanges of the second and third finger of the non-dominant

hand. The electrodes were filled with an isotonic paste and were connected with a Beck-
man Skin Conductance Coupler (type 9844, maximum sensitivity 0.05 microSiemens),
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using the method of constant voltage (0.5 Volts). The skin was cleaned with distilled
water. The response window was 4 sec after stimulus onset for the pain SCR. Anticipato-
ry SCR was defined as the largest fluctuation during anticipation (between onset of the bar
signalling the next pain stimulus and pain onset). SCRs were square root transformed
(Levey, 1980).

Respiration was recorded from a Beckman Respiration Belt fastened around the §'s
chest and - connected to 2 Beckman Voltage/Pulse/Pressure Coupler (type 9853A). There
were no SCRs to the pain stimulus attributable to respiratory irregularities: Anticipatory
SCRs attributable to réspiratory irregularities were excluded.

Procedure

After introduction to the laboratory, the § was told that he/she could participate in a
study on subjective and physiological reactions to pain. No § refused to participate. The §
was gseated at a table in a dimly lit, sound-attenuated room. Following fastening of the
glectrodes the stimulation level was determined by increasing the level in steps of 0.2 mA.
After reaching pain threshold, VAS pain-intensity ratings were obtained and the level was
further raised until it was rated approximately 80 mm on the VAS. A 5 min resting period
was announced and the S wag left alone. Following this, the § was instructed by the ex-
perimenter to fill in the 3 anticipation VASs after the presentation of a bar on the screen,
and the 2 pain-impact VASs after each stimulation. The §s were told that the objective
features of the pain stimulus would be different on various dimensions, such as frequency,
wave form, intensity, etc. (in fact only intensity varied), from trial to trial and that the
object of the study was to investigate subjective and physiological aspects of these dimen-
sions. The 55 were further told that the coming stimulus intensity would be indicated by
the width of the bar on the monitor in front of them, in order to help them prepare for the
coming stimulus. It was however stressed that the widths of the bars were based upon the
subjective’ experiences of previous Ss and that the § should always make her own judge-
ment of the pain stimulus, and not copy the judgement of the previous §s. No information
was given about the number of stimuli they would receive. After these instructions were
given, the experimenter left the room and the series started. Following the series of 20
trials, the § was debriefed, thanked and paid.

A double-blind procedure was followed, in that the experimenter who instructed the §
was unaware of the experimental condition, which was determined by a second experi-
menter who had no contact with the §. This second experimenter formed matched trios on
the basis of two variables (the objective stimulation levels corresponding to the $'s pain
threshold and the §’s VAS=80 rating) and allocated the first § of a matched trio randomly
o one of the 3 conditions (control, overestimation and underestimation), the second §
randomly to one of the 2 remaining conditions, and the third S to the last remaining condi-
tion.

The stimulation-intensity levels that were used were based on the 5's pain threshold
level (denoted by °'t’) and the level corresponding to a rating of appr. 80 on the VAS
during the working-up procedure (denoted by *m’). Twenty stimulations were given with
objective intensity levels in mA determined by

t+yx(m-t), 1



with y; denoting the relative intensity of trial i. The values of vy, were for i = [;2,..20:
0.5, 0.8, 0.2, 1.0, 0.0, 0.7, 0.3, 1.3, 0:9, 0.6, 0.1, 0.7, 1.2, 0.4, 0.9, 0.1, 1.1, 0.5, 0.2,
1.0

In the control condition, these levels were signalled via bars on the monitor with widths
perfectly correlating with y;, namely 30, 42, 18, 50, 10, 38, 22, 62, 46, 34, 14, 38, 58,
26, 46, 14, 54, 30, 18, and 50 percent of the maximum width of the bar. In the overes-
timation condition, intensity levels higher than the actual level were signaled at trials 8, 12
and 17. The widths of these bars were 99, 72 and 99 percent, respectively. In the under-
estimation condition, intensity levels lower than the actual level were signalled at these
trials: bars of 18, 14 and 18 percent were used.

The interval during which the bar was shown (the bar disappeared with pain stimulus
onset) varied from 11 to 29 sec with a mean of 20 sec. After pain offset an interval vary-
ing from 21 to 39 sec with a mean of 30 sec was employed before the next bar was pre-
sented. Intervals were quasi-randomly varied so that each Ss, and - within each condition -
each trial, had a mean interstimulus interval of 20 sec and a mean interirial interval of 30
$ec.

Statistical analysis

It was planned to use for-each variable the mean response to the first seven trials (be-
fore the experimental manipulation) as a covariate. The hypotheses were tested by means
of MANCOVA’s with two-planned contrasts, namely the overestimation condition vs the
control condition and the underestimation condition vs the control condition. The respons-
es of the nonexperimental trials were collapsed in four blocks (block I: trial 1-7; block IL:
trial 9-11; block III: trial 13-16; block IV: trial 18-20) and analyzed by means of MANO-
VA trend analyses with the first block as a covariate. Linear and higher order trends will
only be reported if the experimental effects on them are not already reflected by the zero-
order trend.

RESULTS
Pretest differences

The objective intensity levels of pain threshold and of the VAS=80 level differed n.s.
between conditions (mean=1.05 mA, F(2,59)=0.08; mean=2.74 mA, F(2,59)=0.28), as
did the skin conductance level (SCL) at the end of the resting period (F(2,59)=0.36). The
mean responses to the first seven trials (before any experimental manipulation was done)
differed n.s. between conditions (predicted pain F(2,59)=0.14; certainty F(2,59)==1.10,
p=0.34; fear F(2,59)=0.35; anticipation SCR F(2,59)=0.06; experienced pain-intensity
F(2,59)=0.09; experienced aversiveness F(2,59)=0.59; pain SCR F(2,59)=1.68,
p=0.20). Because of the n.s. condition effects and the relatively large between § varian-
ces, it was decided to use the mean responses to the first seven trials as covariates for the
analysis of the later trials.

Manipulation check

Figure 1 depicts the mean expected pain and fear ratings, as well as the anticipatory
SCRs at the experimental trials 8, 12 and 17 (adjusted for the covariates). The éxperimen-
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tal effects were significant at each of these irials. Therefore, responses were collapsed
over these trials, Expected pain was significantly higher in the overestimation condition
than in the control condition (#(38)=7.26, p<0.0001), and significantly lower in the
underestimation condition compared to the control condition (#(39)=-18.3, p<0.0001).
Subjective fear was also higher in the overestimation -condition than in the control group
(1(38)=2.86, p<0.01). Ss in the underestimation condition rated less fear than the control
§s at the experimental trials (#(39)=-6.98, p=0.0001). Anticipatory SCRs were stronger
in' the overestimation condition than in the control growp (1(38)=2.65, p=0.01}, and
weaker in the underestimation condition than in the control condition (#(39)=-2.90,
p<0.01). In sum, subjective expectancy and fear ratings as well as anticipatory SCRs
indicate that the experimental manipulation was effective.

ANTICIPATION OF EXPERIMENTAL TRIALS

expected pain subjective fear anticipatory SCR

Figure 1. Mean anticipation of the experimental trials (adjusted means). Pain-intensity predictions,
subjective fear and anticipatory SCRs were significantly influenced by the experimental induction:
they were higher in the overestimation condition (O), and lower in the underestimation condition
(U), compared to the control condition, which received correct signals. (SCRs are expressed in
microSiemens* x 100).

Immediate influences of incorrect information

Subjecrive pain

The mean pain ratings of the experimental trials are depicted in figure 2 (adjusted for
the covariate). Ratings were collapsed over these trials. The planned contrasts revealed
that the overestimation condition did not differ from the control condition (#(38)=0.13).
The underestimation condition had lower mean pain ratings than the control group
(#(39)=-3.37, p<0.002). To summarize, the underestimation information was associated
with lower pain ratings compared to the control condition. There was no effect of overes-
timation information,

Subjective aversiveness

As is shown in figure 2, the mean aversiveness ratings of trials 8, 12 and 17 were less
influenced by the experimental manipulation than the pain-intensity ratings. The overes-
timation condition did not differ from the control condition (#(38)=-0.15, p=0.61) and the
underestimation condition did just differ significantly from the control condition (#(39)=-
2.01, p<0.05), showing relatively lower aversivéness ratings.
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Impact SCR

Figure 2 also depicts the mean SCRs to the pain stimulation at the experimental trials.
Both experimental conditions showed stronger SCRS to the pain stimulus at the experimen-
tal trials than the control condition, but the differences were ms. {overeéstimation vs con-
trol: 1(38)=0.87); underestimation vs control #(39)=0.58). Thus, incorrect pain-intensity
expectancies did not result in significantly larger or weaker SCRs compared to correct
expectancies.

RESPONSES TO EXPERIMENTAL TRIALS

100 -
90 4
80+

704

pain intensity aversiveness SCR

Figure 2. Mean responses to the experimental trials (adjusted means). Subjective ratings were
lower when the stimulus was underpredicted (U) than when correctly expected (C) or overpre-
dicted (0). SCRs were not influenced by incorrect expectations. (SCRs are expressed in micro-
Siemens® x 100).

Indirect influences of the incorrect information

Subjective pain

The mean pain ratings of the non-experimental trials 9-11, 13-16, 18-20 are depicted in
figure 3 (adjusted for the covariate). There was no experimental effect on the rean pain
ratings of these trials: both contrasts were n.s. (p’s>0.35).

Subjective aversiveness

Figure 3 shows that aversiveness ratings of the non-experimental trials were not influ-
enced by incorrect information. There was no experimental effect on the mean
aversiveness ratings (F(2,58) < 1; planned contrasts n.s.).

Impact SCR

A trend analysis on the SCRs to non-experimental trials collapsed in 4 blocks showed
that the underestimation condition differed significantly from the control condition with
respect to the linear trend (#(39)=2.24, p <0.05). The underestimation condition showed a
slower decrease in SCRs to the pain stimuli than the control group (figure 4).
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Figure 3. Mean subjective ratings of the
nonexperimental trials 9-11, 13-16, & 18-20
(adjusted means). The overestimation (O) and
the underestimation (U) condition did not
differ signifcantly from the control group
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Figure 4. Mean pain-8CRs to the nonexperi-
mental trials depicted in 4 blocks {I: trial 1-
7 4L trial 9-117 trial 13-16; IV: trial 18-20).
For illustrative reasons, the SCRs are depict-
ed as changes (in microSiemens*) with re-
spect to block I. Compared to the control

condition (C), the underestimation condition
(U) shows less habituation of the SCR to the
pain stimulus. The overestimation condition
(0) did not differ significantly from the
control condition, nor from the underpredic-
tion condition.

Although the overestimation condition showed a pattern initially similar to that of the
underestimation condition (figure 4), the trends did not differ significantly from those of
the control group (#'s> (. 10). More specifically, the linear trend did not differ significant-
ly between these conditions (#(38)=1.56, p=0.12; note the smaller responses in the over-
estimation condition during block IV). On the other hand, post-hoc tests revealed that the
linear trends in both experimental conditions did not differ significantly (#(38) < 1), where-
as the contrast between both experimental conditions vs the control condition was signifi-
cant (r=2.20, p<0.05). Thus, a clear disruption of habituation of SCRs to the pain stimu-
lus was observed in the underestimation condition, whereas the findings in the overestima-
tion condition were equivocal.

Subjective fear of the next stimulus

Figure 5 depicts subjective fear ratings in four blocks of non-experimental trials. The
planned contrasts revealed that the overestimation condition did not differ from the control
group as to the average fear rating (#(38)=-1.33, p=0.19), but the underestimation condi-
tion had on the average higher fear ratings than the control group (#(39)=3.73, p<0.001).
A trend analysis revealed significant experimental effects on the linear trends
(F(2,58)=10.04, p<0.001). The overestimation condition differed from the control condi-
tion with respect to the linear trend (#(39)=-2.30, p<0.05). The overestimation condition
showed a decrease in fear (the linear decrease within this condition was significant,
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1{(18)=-2.67, p<0.01), which was not shown by the control condition (#(19)=0.55,
p=0.58; figure 5). The underestimation condition also differed from the control condition
with respect to the linear trend (#(39)=2.22, p<0.05), which was positive within the
underestimation condition (¢(19)=3.69, p<0:001) and »n.s. within the control group.

To summarize, overestimation was related to a stronger decrease in fear at the non-
experimental trials than the correct information, whereas the underestimation led to a
steady increase in fear.
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Figure 5. Subjective fear of the next trial in
4 blocks corresponding with the nonexperi-
mental trials 1-7, 9-11, 13-16, & 18-20. The
underestimation condition (U) shows an
increase in fear, whereas the overestimation
condition shows a decrease in fear. Both

Figure 6. Expected pain in 4 blocks of pon-
experimental trials. Pain expectations were
higher in the underestimation condition (U)
than in the control condition (C). Pain expec-
tations in the owerestimation condition (O)
did not differ from those of the control

conditions differed significantly from the group.
control condition (C), which shows a con-
stant level of fear,

Expected pain ratings

Figure 6 depicts the mean expected pain ratings in 4 blocks of non-experimental trials.
The overestimation condition did not differ significantly from the control condition
(1(38)=-0.93, p=0.36), but the underestimation condition had higher pain predictions
during the last 3 blocks than the control condition (#(39)=2.93, p<0.005). The discre-
pancy between expected and experienced pain also differed significantly between the unde-
restimation and the control condition during these blocks (#(39)=3.88, p<0.001). The
contrast between overestimation and control condition was n.5. (#(39)=-1.08, p=0.28).
Thus, there is clear evidence that underestimation led the Ss to increase their pain expecta-
tions so that they overpredicted their experiences. There was no clear effect of the overes-
timation manipulation.

Certainty of prediction

The planned contrasts revealed a n.s. effect of overestimation (#(38)=-0.11) and a sig-
nificant effect of underestimation (£(39)=-3.92, p<0.005) on the mean ratings of certainty
of prediction of the nonexperimental trials.
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Figure 7. Certainty of pain-intensity predic-
tion in 4 blocks of nonexperimental trials,
The underestimation condition (U) remained
at a lower level of certainty than the control
condition (C), whichtogether with the overes-
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Figure 8. Anticipatory SCRs in 4 blocks of
nonexperimental trials. The underestimation
condition (U) showed a slower decrease in
anticipatory SCRs than the other two condi-
tions.

timation condition (O) - increased in certain-
ty.

As is shown in figure 7, the underestimation condition was more uncertain than the
control condition, and did not show an inerease in certainty, whereas the overestimation
and the control conditions showed linear increases in certainty (linear trend: underestimati-
on vs control contrast: 1(39)=-3.12, p<0.005; overestimation vs control contrast: 1(38)=
0.49, p=0.43). In sum, the hypothesis that underestimation leads to uncertainty about next
pain predictions is supported.

Anticipatory SCRs

A trend analysis revealed no significant differences belween overestimation and control
conditions {(p's>0.40), The underestimation condition differed, however, from the control
condition in the mean (¢(39)=2.04, p<0.03), quadratic (#(39)=-1.84, p=0.07) and the
cubic trend (#(39)=2.08, p<0.05). As is shown in figure 8, anticipatory SCRs decreased
more slowly in the underestimation condition than in the control condition.

SCL

As is shown in figure 9, the mean SCL during the intertrial intervals between trials 8-
20 increased compared to trials 1-8 in the underestimation condition (within effect
1(20)=2.06, p=0.05), whereas it did not change significantly in both other conditions
('s<1, p's>0.50). The contrast between underestimation and control conditions was
significant (1(39)=2.10, p<0.05), whereas the overestimation condition did not differ
significantly from the control group (#(38)=0.39). In sum, the underprediction manipula-
tion resulted in increased SCL, in contrast to the overprediction manipulation and correct
information.
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Figure 9. Mean intertrial SCL before (SCL 1-8) and after (SCL 8-20) the first experimental trial.
The underestimation condition showed an increase in SCL due to the experimeéntal manipulation,
the other two conditions remained constant.

DISCUSSION

The present study investigated the effects of incorrect pain-intensity expectations on the
impact of the painful stimulus and on the development of anticipatory responses. The
results ¢an be readily summarized.

First, with regard to the immediate impact of an incorrectly expected painful stimulus,
it was found that only the underestimation information influenced the subjective reports
about the incorrectly expected pain stimulus. The overestimation information did not seem
to have any influence. In addition, the physiological reaction to this stimulus was not
influenced by incorrect information. Second, with regard to the responses to pain stimuli
following the incorrectly signaled trials, a discordance between subjective and physiologi-
cal reactions was found. Subjective reports about the pain stimulus were not influenced,
but physiological reactions decreased more slowly in the underestimation condition than in
the control condition, whereas the overestimation condition showed a pattern somewhere
in between those two. Thus, habituation was interrupted by underestimated experiences,
but only at the physiological level. Third, anticipatory responses were clearly influenced
by incorrect pain expectations. Overall, the underestimation condition manifested stronger
anticipatory responses than the control condition. Pain expectations, uncertainty, subjec-
tive fear and anticipatory SCRs were larger in this condition. The overestimation manipu-
lation did not lead to negative effects compared to correct information. Positive effects of
overprediction were only observed with respect to subjective fear, which decreased in the
overestimation condition, whereas it remained constant in the control condition. That
underestimation led to increased fear is also indicated by the increased SCL in this condi-
tion, whereas it remained constant in the other two conditions.

Returning to the issue of the influences of incorrect intensity expectations on the imme-
diate impact of a painful stimulus, the results partly support the (cognitive) theory that
discrepancies between expectations and experiences are decreased by distorting the ex-
perience into the direction of the expectation. This finding should be interpreted cautious-
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ly, however. Pirst, a similar effect was not observed in the overestimation condition. And
second, this effect was not found with the SCRs. Thus, the distortion of subjective pain
fatings may have been a superficial effect, possibly caused by some sort of social confor-
mity, which may have played a role despite the instruction emphasizing independent jud-
gements. But why did the overestimation condition not manifest such an effect? It is con-
ceivable that this was an effect of the specific series of intensities used in the present
study. Before the first experimental trial, the 8th trial, weak intensities were presented,
but high intensities were not given. Thus, the underestimation condition had experienced
some references for wesk intensity signals, whereas the control and overestimation condi-
tions did not have any experience with intensities of the level that was signalled at the 8th
trial. The absence of clear anchors for the high intensities signals at the experimental trials
in the overestimation condition may have caused an undistorted subjective report of the
experience. This possibility gives rise to the question whether expectations that are formed
without such clear external anchors have the same influence on immediate pain responses.
In fact, in the Epstein (1971) and Epstein & Clarke (1970) studies, in which under- and
overexpectations were induced without a clear external reference, results were found that
divert from the present study. In the absence of a signal that serves as a strong external
anchor there may be less neccessity to decrease the discrepancy between anchor and expe-
rience by distorting the experience, and a contrast effect may become apparent (as was
observed in both Epstein studies). Clearly, further research is needed to clarify this issue.

Despite the lower subjective ratings of the underestimated trials, compared to the cor-
rectly and over-predicted trials, anticipatory fear and physiological responses to later pain
stimuli were larger in the underestimation group than in the other two groups. Thus, the
hypothesis that incorrect pain expectations, and especially underpredictions, disrupt habitu-
ation processes was supported only on the physiological level. Even for the (chronic)
experience of pain this finding may have significance. Various physiological feedback
systems, some involving the sympathetic nervous system, can play a role in amplifying
pain experiences (Chapman & Bonica, 1983). Thus, underpredicted painful experiences
may in the long run lead to increased pain problems via increased autonomic activity
which may influence physiological feedback mechanisms. However, the lack of direct
influence of incorrect pain expectations on later pain experiences contradicts earlier sug-
gestions of such an influence (Arntz & Lousberg, 1990; Rachman & Armntz, 1991).

The effects of underpredictions match in a considerable extent to the effects of unpre-
dictability of eccurrence of painful stimuli. Physiological responses to the pain stimulus,

underestimation condition. The reason seems clear: the § cannot trust the sign
because they are sometimes followed by higher intensities than expected

Overestimation does not have dramatic effects - more specifically, there is Ii
the subsequent pain predictions and on certainty of predictions. Can modern® learning
theory explain these findings? Rachman & Bichard (1988) commented earlier on the simi-
larities between the Rescorla-Wagner conditioning theory and the findings with respect to
incorrect expectations of aversive events. In both models, the change in the strength of an-
ticipatory variables is related to the difference between (in some formal way) expected and
experienced event. However, Rachman’s earlier formulation, as well as the Rescorla-
Wagner (1972) model (and Wagner's later model, see Wagner, 1981, pp 39-40) predict
symmetrical effects: discrepancies of both kinds lead to changes in opposite direction but
of comparable size. The processing of aversive events follows probably different (asym-
metrical) rules, as was already noted by others (Furedy et al., 1983; Rachman, 1991).
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Moreover, from conditioning theory one might speculate that in the underestimation condi-
tion fear responses are especially elicited by the smuall signals (because they were followed
by high intensities at the experimental trials). However, a careful (post-hoc) analysis of
the fear responses showed that responses to the signals immediately following the experi-
mental trials were most elevated, and not the responses to signals of low intensities. The
conclusion seems therefore warranted that the asymmetrical effects of incorrect expecta-
tions are not based on ’simple’ conditioning to low intensities signals, but on a general
distrust of the signal, which gradually reduces with disconfirmatory experiences.

All in all, the present study seems to give further support for various earlier claims.
Because pain-predictions and objective stimulus intensities were independently manipulated
in the present study, problems with the interpretion of earlier studies do not play a part
now. It seems clear now that the discrepancy between expected and experienced pain
plays a role in the development of anticipatory responses (and in (habituation of) physio-
logical responses to the pain stimulus), and that this effect cannot be reduced to the effects
of the experience itself. Moreover, underpredictions and overpredictions seem to have
quite different effects: underpredictions are clearly related to increased fear and autonomic
responding, but overpredictions neither have a similar effect, nor an opposite effect. The
only specific effect of the overprediction manipulation seems to be the faster decrease of
subjective fear. The absence of other effects may have various reasons. As was suggested
earlier (Arntz & van den Hout, 1988), the asymmetries between both kinds of incorrectly
expected experiences suggest that after an overpredicted aversive experience, Ss keep at
the safe side and are reluctant to lower their predictions as much as §s increase their
predictions after an underpredicted experience*. Such a reluctance would suggest that it is
in some way more aversive to experience an underestimated aversive event than an over-
estimated/correctly estimated event of equal objective intensity. However, the present
study indicates that the immediate and later experience is not negatively influenced by
incorrect expectations (although in the long run autonomic responding is influenced). This
‘functionality’ explanation seems therefore unlikely.

Another possibility is that in some way underpredicted experiences receive a greater
weight in the processing of the experience, or are more accessible from memory for for-
mation of new expectations, than correctly and over-predicted events (cf. Rachman &
Arntz, 1991). But what may be the reason of this bias? If it is not related to decreased
impact of correctly or overpredicted events, the reason for the asymmetrical processing is
probably related to avoidance behaviour. Under conditions of lessened predictability
caused by experiences that exceed expectation, it seems safe to avoid future encounters,
since the direction of the discrepancy is towards the dangerous side and the stimulus can-
not be trusted anymore. If, however, the experience is less aversive than expected, the
possible consequences of this loss of predictability are not at all dangerous for the organ-
ism. The asymmetrical effects of the two kinds of incorrect prediction on certainty of
prediction are in support with this view. It is therefore suggested that the asymmetrical
processing of incorrectly expected experiences, manifested as a conservative bias, serves
as the basis of conservative overt behaviour (avoidance, preparation for actions like
fight/flight). It is interesting to note that in the present study this conservative bias was
observed both on the physiolopical and the cognitive level. Cognitive variables related to

“Detailed inspection of the discrepancies between predicted and experienced pain showed that the
Ss in the overestimation condition did mot underpredict any of the trials after the experimental
trials, not even the trials immediately after the experimentally induced overprediction.
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expected aversive events do not always behave so ’rationally’ as some authors suggest
{e.g. Furedy et al., 1983y, which has of course been observed before (e.g. de Jong, Merc-
kelbach & Amtz, 1991; Mineka & Tomarken, 1989; Nisbett & Ross, 1980).
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SECTION 2.4.
PREDICTIONS OF DENTAL PAIN: THE FEAR OF ANY
ANY EXPECTED EVIL, IS WORSE THAN THE EVIL ITSELF.*

* Thomas Nashe (1594} Terrors of the Night.

SUMMARY

In a study of 40 §s, who twice underwent extensive dental treatment, the relationships
between expectations and experiences of pain and of anxiety were investigated. Inaccurate
expectations were adjusted in the same way as observed in the laboratory. Especially
anxious Ss expected more pain and anxiety than they experienced, and they appeared to
need more experiences before their predictions became accurate. In the course of time, the
expectations (and memories) of anxious Ss returned to their original more inaccurate level
of prediction. The results suggest that the old schema is ultimately reinstated if disconfir-
mations are few and far between. Anxious Ss did not experience more pain, but they did
experience more anxiety than fearless Ss. Detailed investigation of processes of change
after disconfirmation showed that anxiety experienced durimg treatment is a factor that
plays a part in maintaining the problem of inaccurate expectations and fear of treatment.
Theoretical and clinical implications of these findings are discussed.

INTRODUCTION

Painful experiences can be unpredictable, with respect to, for instance, moment of
occurrence, intensity, duration and consequences. Recent laboratory research concentrating
on the comsequences of inaccurately predicted intensity of painful experiences may in-
crease our insight into human processing of naturally occurring painful experiences. In
short, these studies have shown that inaccurately predicted pain tends to be followed by
immediate changes in pain predictions of the next experience. The direction of the change
is in accordance with the direction of the mismatch: underpredicted pain is followed by an
increase in predicted pain; overpredicted pain is followed by a decrease in predicted pain;
and accuraté predictions do not lead to changes in predictions (Amtz & wvan den Hout,
1988; Rachman & Lopatka, 1988; Arntz & Lousberg, 1990). In addition to this, there ap-
pear to be dissimilarities between the two kinds of inaccurate predictions: underpredictions
generally have stronger effects on subsequent predictions and cause a lasting increase in
fear of the painful stimulus (Amtz & van den Hout, 1988; Armtz & Lousberg, 1990). A
strong underprediction can even have dishabituating effects, sensitizing the 5 for the follo-
wing experience (Amtz & Lousberg, 1990). Overpredictions (which may result from an
underpredicted experience) can be relatively protracted, needing more disconfirmations
before they become accurate than underpredictions (Rachman & Bichard, 1988; Amtz &
van den Hout, 1988; Amtz & Lousberg, 1990). These findings are potentially of clinical
relevance: especially clinical pain problems are often characterized by a chronic tendency

'Reprinted with permission from Behaviour Research and Therapy, 28, Arntz, A., van Eck, M. &
Heijmans, M., Predictions of dental pain: the fear of any expected evil, is worse than the evil
itself. 1990, Pergamon Press PLC.
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to overpredict pain, which is sometimes accompanied by avoidance behaviour (Klein-
knecht & Bemistein; 1978; Lethem ér al., 1983; 8lade ef al., 1983; Liddell & May, 1984;
Philips, 1987).

Whereas most laboratory findings on the effects of inaccurate predictions are robust, it
still has to be shown that these findings also apply to clinical problems. With respect fo
chronic arthritic pain, Rachman & Lopatka (1988) showed that underpredictions of pain
due fo physiotherapeutic exercises were followed by increased pain predictions, overpre-
dictions of pain by decreased predictions, and accurate predictions were not followed by
any change in predictions. Most of the inaccurate predictions were overpredictions, as is
hypothesized by Rachman's match/mismatch model. The relationship between inaccurate
pain predictions and fear of pain was not assessed, however.

Dental treatment is another field in which research into prediction of pain has been
carried out. The dental situation offers an excellent opportunity to study the interplay
between anxiefy and pain. Many §s suffer from dental anxiety, sometimes so severely that
they avoid dental treatment and suffer from a bad condition of their teeth (Lindsay, 1983).
Whereas fearléss dental patients appear to have quite accurate expectations as to pain due
to dental treatment, fearful dental patients, including dental phobics (who avoid dental
treatment), generally overpredict pain of treatment (Kleinknecht & Bernstein, 1978; Lind-
say, 1983; Wardle, 1983, 1984; Kent, 1984, 1985; Liddell & May, 1984). The most
important issue that these patients fear appears to be extreme pain caused by treatment
(Lindsay, 1983).

The origins of dental fear are not entirely clear vet. Retrospective research generally
indicates onset during childhood or adolescence (Marks, 1987). Liddell and May (1984)
found an age of onset with a median of 11.3 yr and a mode of 7 yr. Though fearful sub-
jects especially fear pain due to treatment, it is not clear whether they actually had more
painful experiences. Prospective research is lacking, and retrospective research shows
inconsistent results (Lindsay, 1983). In the literature on the subject, the following factors
are often reported: neuroticism as a personality trait; modelling by parents or peers;
information from parents or peers; unpleasant or even frightening behaviour on the part of
the dentist; unpleasant or painful treatment in childhood (after the first treatment)
(Lautsch, 1971; Klepac er al., 1982; Lindsay, 1983; Liddell & May, 1984). Therefore, it
may be possible that an unexpected extremely painful treatment together with other
variables (such as frightening behaviour of the dentist) is related to the genesis of dental
anxiety and dental phobia. Be that as it may, fearful patients appear to have the general
idea that denfal treatment is very painful and unpleasant. It seems to be quite difficult to
adjust this conception, even though there are disconfirming experiences: in a study by
Kent (1985) it was found that 3 months after treatment, the treatment was more painful in
fearful patients’ memories than was actually experienced and the memories were related
more to the original expectation than to the experience. Despite the relative constancy of
dental anxiety, decreases are found, and one study found that they were related to dis-
confirmed high pain expectations (Kent & Warren, 1985). Decreases in fear and in pain
predictions were relatively small, however, Therefore, long-term memories of these expe-
riences seem to be determined rather by the S's original prediction (or, more generally
speaking, by the §'s schema) than by the experience itself. Thus, under certain conditions
aversive experiences seem to be processed in a way that leads to chronic overestimation of
them. It is still unclear why disconfirming experiences are processed so badly that they
fail to influence this schema.

Whereas it is clear that dental fear is related to rather high and inaccurate pain pre-
dictions, it is unclear whether high anxiety is related to a more intense pain experience.
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Although this relationship is often assumed fo exist; a recent short review of empirical
studies provided little evidence to sustain this hypothesis (Arntz & Schmidt; 1989). In the
case of dental pain, a positive correlation between dental anxiety and pain is reported by
Kieinknecht & Bernstein (1978}, but most studies show n.5. or even negative relationships
(Kent, 1984, 1985; Wardle, 1984; Kent & Warren, 1985; Chaves & Brown, 1987).
Mixed results, which appear to be inconsistent when the studies are set side by side, are
reported by Lautsch (1971), and Klepac er al. (1980, 1982). Therefore, positive findings
about a relationship between anxiety and pain are scarce and inconsistent. There is more
evidence that there is no direct relationship between subjective anxiety and experienced
ain.

P The aim of the present study is to make a further investigation into the relationship
between expectations and experiences of pain and anxiety, and their relationship to fear of
pain, in a clinical setting: the dental situation. Little is known about the process of
changes, both immediate and long-term, in predictions and fear of dental pain: Therefore,
the present study is limited to the dental procedures that require two successive treatment
sessions, both possibly painful. Immediate and follow-up measurements were planned.
This procedure will offer the opportunity to study the processing of two successive pain
experiences and their immediate as well as their long-term effects in detail.

The hypotheses tested are formulated below. They were derived from previous labo-
ratory studies on the match/mismatch model of fear and pain (cf. Rachman & Bichard,
1988; Amtz & van den Hout, 1988; Rachman & Lopatka, 1988; Amtz & Lousberg,
1990); from the existing studies on expectations of dental pain; and from what is generally
assumed about the interrelationship between anxiety and pain.

Hypotheses

Matches and mismatches
la. Underpredicted pain will be followed by increased pain predictions.

b. Overpredicted pain will be followed by decreased pain predictions.

c. Correctly predicted pain will not be followed by any change in pain predictions.
2a. Underpredicted anxiety will be followed by increased anxiety predictions.

b. Overpredicted anxiety will be followed by decreased anxiety predictions.

¢. Correctly predicted anxiety will not be followed by any change in anxiety predictions.
3a. Underpredicted pain will be followed by increased dental anxiety.

b. Overpredicted pain will be followed by decreased dental anxiety.

¢. Correctly predicted pain will not be followed by any change in dental anxiety.

The influence of dental anxiery

4. Dental anxiety is associated with relatively high pain predictions.

5. Subjects with high dental anxiety overestimate pain; fearless subjects predict pain
accurately.

6. Subjects with high dental anxiety need several disconfirmations before they predict
pain accurately.

7. Dental anxiety is associated with higher experienced pain.

Memory and schemas of pain.

8. Memory of experienced pain and predicted pain several months after treatment will be
related more to the original predictions of pain than to the pain that is actually
experienced.
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9. Subjects with high dental anxiety have more painful memories of the most painful
treatment they ever experienced than fearless subjects.

METHOD
Subjects and treatments

The Ss were 40 volunteers; 20 men and 20 women, who were all treated twice in
succession, The average age was 33.9 yr (range 17-71). The time between the treatment
sessions varied from 1 to 37 days (mean 10.4). Both treatment sessions could be painful
and the treatment consisted of placement of crowns, root canal work, placement of
fillings, etc. Check-ups were excluded. The study was held in the practices of three
dentists in Maastricht.

Materials

At each treatment, the Ss were asked to complete two questionnaires, one before and one
after treatment. The first one contained a checklist of 13 items about the reasons of dental
anxiety and the Dental Anxiety Scale (DAS, Corah er al., 1978). The Ss indicated pre-
dicted pain on a visual analogue scale (VAS), a 100 mm horizontal line ranging from 0
('not at all painful’) to 100 ("the worst pain imaginable’). Predictions of aversiveness of
treatment and anxiety during treatment were measured in the same way. Patients also indi-
cated o a VAS to what degree they feared the coming treatment ("0, not afraid at all’ to
100, the most intense fear imaginable’). In the second questionnaire, administered imme-
diately after treatment, §s indicated pain, anxiety and aversiveness experienced during
treatment on VASs, as well as expectations and fear concerning the next treatment. After
the second treatment, expectations and fear concerned a hypothesized (similar) third
treatment. The follow-up questionnaire consisted of the DAS, VASs on remembered pain,
anxiety and aversiveness as to the second treatment, predictions for a following (hypotheti-
cal) similar treatment, as well as a VAS measuring remembered pain of the most painful
treatment ever experienced.

Procedure

Patients were asked by the dentists assistant to participate in a study on "the pain people
feel when they visit the dentist’. After they had completed the scales in the waiting room,
they returned the questionnaire to the assistant in a sealed envelope. Both assistant and
dentist were unaware of the scores of the patient. Immediately after the treatment, the Ss
filled in the post-treatment scales in the waiting room and gave them to the assistant, again
in a sealed envelope. Five months after the second treatment, the Ss received a letter
asking them to fill in the enclosed scales and to send them to the university. Since some
patients preferred to participate anonymously, not all patients could be contacted. Others
still did not respond after a telephone call reminding them of the letter. The follow-up
measurements were obtained from 31 of the 40 patients.
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Matches and mismatches of pain predictions (hypothesis 1)

The differences (D) between experienced and predicted pain were calculated and classified
as overprediction (D<-2 mm), underprediction (D>2 mm) or match (-2 mm<D<2
mm), on the basis of the criteria by Rachman er al. By means of the same criteria,
changes in predictions were classified as increase, decrease or no change.

At treatment 1, 27 of the 40 Ss made an overprediction (67.5%), 7 §s made a correct
prediction (17.5%) and 6 §s made an underprediction (15%). At the second treatment
there were 23 overpredictions (57.5%), 10 matches (25%) and 7 underpredictions
(17.5%). Thus, there were more overpredictions than underpredictions of pain (1-tailed
binomial probabilities under HO: ==0.5 are <0.003 for both sessions). As is illustrated
in figure 1, overpredictions are generally followed by decreases in predicted pain
(treatment 1: 66.7%; treatment 2: 78.3%), and correct predictions are mostly not followed
by any change in predictions (85.7% and 80%). After the first treatment, most underpre-
dictions were followed by an increase in predicted pain (83.3%) but, contrary to what was
hypothesized, only 28.6% of the underpredictions was followed by an increased prediction
after the second treatment. Most of these underpredictions were not followed by any
change in predicted pain (57.1%). A x test performed on the 3 x 3 cross-tabulations
yielded highly significant results: x* (4)=31.72, p<10* (treatment 1) and x* (4)=21.53,
p=0.002 (treatment 2).

TREATMENT SESSION 1 TREATMENT SESSION 2

18 " 18

QVERPREDICTIONS
OF PAIN
MATCHES
UNDERPREDICTIONS 5 4
OF PAIN o 1 l 1 - 2
DECREASED (e-2y IRCREASED (>2) DECREASED («-2) INCREABED (»2)
PAIN PREDICTIONS CHANGES PAIN PHEDICTIONS PAIN PREDICTIONS C\HAN&EG IPAIN PREDICTIONS

Figure 1. The relationship between inaccurate pain predictions and changes in pain predictions
after treatment 1 (p<10*) and treatment 2 (p=0.002). Most S5 who made an overprediction
decreased their prediction, most §s who made a correct prediction did mot change their prediction,
and after treatment 1 most §s who made an underprediction increased their prediction.

9



Regression analyses in which the change in predicted pain was the dependent variable
and the discrepancy between predicted pain and experienced pain was the predictor, also
showed highly significant relationships: r=0.54, 8=0.56, F(38)=15.85, p=0.0003 (treat-
ment 13 and r=0.75, $=0,71, F(38)=46.46, p <10 (treatment 2). The interval between
the treatment sessions did not influence the changes in predictions after the first treatment
very much: identical’ results were found when predictions just before treatment 2 were
used instead of predictions immediately after treatment 1 (x%(4)=23.18, p=0.001;
r=0.45, 8=0.43, F(38)=9.84, p=0.003). Thus, hypotheses lac are supported for the
most part.

Matches and mismatches of predicted anxiety (hypothesis 2)

Patients were somewhat more accurate in predicting subjective anxiety during treatment
than in predicting pain. At the first treatment 24 Ss made an overprediction (60%), 10
made a match (25%) and 6 made an underprediction (15%). At treatment 2 there were
less overpredictions (14, 35%), and more matches (20, 50%). The number of underpre-
dictions of anxiety remained constant (6, 15%). The decrease in the number of overpre-
dictions of anxiety is significant (x*(1)=4.06, p=0.04).

The relationship between matches/mismatches and changes in predicted anxiety is
illustrated in figure 2. Overpredictions of anxiety tend to be followed by decreases in
predicted anxiety.

TREATMENT SESSION 1 TREATMENT SESSION 2

18

OVERPREDICTIONS
OF ANXIETY
MATCHES
UNDERPREDICTIONS 2 4 3
QF ANXIETY 0 - 1 2
DECREASED {<-2) NG INCREASED {»2) DECREASED («-2) HO INCREASED (»2)
ANNIETY CHANGES ARRETY AMKIETY CHANGES ANXIETY
PREDGTIONS PREDICTIONS PREDICTIONS PREDICTIONS

Figure 2. The relationship between inaccurate amxiety predictions and changes in anxiety
predictions after treatment 1 (p<10¥) and treatment 2 (p<10?%). Overpredictions are mainly
followed by decreases, correct predictions by no change, and underpredictions by increases (except
at treatment 2) in predicted anxiety.
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Following a correct match there are hardly any changes in predicted anxiety. After un-
derpredictions, the findings are similar to those of predictions of pain: after treatment 1,
most underpredictions were followed by increases in predicted anxiety (67%), but after
treatment 2 most underpredictions were not followed by any change in ‘predictions of
anxiety (50%) and only a minority were followed by increases in anxiety predictions
(33%}). At both sessions, the relationship between matches/mismatches and changes in pre-
dicted anxiety is significant (x*(4)=29.94, p=0.0001; x*(4)=22.17, p=0.0002). Regres-
sion analyses show that the degree of change in predicted anxiety is linearly related to the
discrepancy between predicted and experienced anxiety: R=0.76, 8=0.91, F(38)= 52.18,
p<10* (treatment 1); R=0.57, B=0.58, F(38)=17.10, p=0.0002 (treatment 2). The
effect of mismatches at the first treatment was still found in the predictions just before the
second treatment (x*(4)=17.87, p=0.0013; R=0.68, 8=0.76, F(38)=33.22, p<10%).
Thus, hypotheses 2a-c are also supported.

The influence of inaccurate pain predictions on dental anxiety (hypothesis 3)

Overpredictions of pain are followed by decreases in predictions of anxiety, matches are
not followed by any change in predictions of anxiety, and underpredicted pain is followed
by increases in predictions of anxiety (x%(4)=14.62, p=0.006; x*(4)= 12.27, p=0.016) at
both treatment sessions, which can be seen in figure 3. At the second treatment there
were, however, more cases of unchanged anxiety predictions after overpredicted pain and
especially after underpredicted pain. It can also be seen in figure 3, that inaccurate pre-
dictions of pain at treatment 1 had less effect on general dental anxiety as measured by the
DAS. There was not a significant relationship between matches/mismatches of pain pre-
dictions at treatment 1 and change in DAS score from treatment 1 to treatment 2 (x%(4)=
2.61, p=0.62).

TREATMENT SESSION 1 TREATMENT SESSION 2

W | PREDICTED AMMIETY 17
W | FEAR OF TREATMENT
M| DENTAL ANXIETY (DAS)

OVERPREDICTIONS
OF PAIN

MATCHES

UNDERPREDICTIONS
OF PAIN

HO
BECREASES CHANGES  INCHEASES DECREASES CHANGES INCREASES

Figure 3. The relationship between inaccurate pain predictions and changes in predictions of
anxiety (p<0.01, p<0.02), changes in the score on the Dental Anxiety Scale (DAS) (n.s.), and
fear of the next treatment (p=0.02, p=0.02). Inaccurate pain predictions were related to specific
'state’ measurements of anxiety, but were not related to the more general ’trait’ of Dental Anxiety,
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A more specific (state) measurement of dental fear was obtained by VASs on fear of
coming tréatment, completed just before and after the two treatment sessions. Overpredic-
ted pain at treatment 1 was related to decreases in fear and underpredicted pain (slightly)
to increases in fear (x%(4)=11.72, p=0.02). At the second treatment changes in fear from
before to immediately after treatment were less influenced by mismatches of pain predic-
tions: most fear scores remained constant, but there was a tendency for overpredicted pain
to be followed by reduction of fear (x*(4)=11.35, p=0.02).

Thus, the evidence for hypothesis 3 was mixed: whereas dental fear specifically related
to a concrete treatment was influenced by mismatches of pain predictions, general dental
anxiety (DAS) was not, Moreover, the effect appears to be more noticeable when there
really is a next treatment than when the measurement pertains to a hypothetical later
treatment (as after treatment 2).

The relationship between dental anxiety, pain predictions and experienced pain
(hypotheses 4-7)

The topics that were feared most frequently by the Ss concerned issues related to pain
(painful treatment, drilling and injections) and unpredictability of what might happen
during treatment (see table 1),

Table 1, Frequency of feared topics

Topic N %
painful treatment 17 425
drilling 17 425
ignorance of what will happen 13 325
injections 1 275
extractions 7 175
rude dentist 7 175
general fear of doctors 6 150
shame about condition of teeth 5 125
stories from others 4 10.0
instruments 3 75
faulty treatment 1 25
other topics 5 125

Note n=40

This is in line with previous findings reported in the literature: fearful dental patients
generally fear (unpredictably intense) pain due to treatment.

The 40 S§s were divided into two groups by means of a median split on the Dental
Anxiety Scale (DAS) of the first treatment. The median was 9. §s with a DAS score >9
were assigned to the High Anxiety group (HA, n=19), §s with DAS score <9 to the Low
Anxiety group (LA, n=21). 15 LA and 16 HA Ss were contacted for the follow-up.
Predicted, experienced and remembered pain of both groups are depicted in figure 4,
means and t-tests are shown in table 2.

As will be clear from figure 4, HA §s expected to experience significantly more pain
than the LA Ss at the first treatment, immediately after the first treatment, as well as
before the second treatment. Immediately after the second treatment there seems to be a
temporary decrease in pain predictions in the HA group, which is n.s5., however (1(18)=
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1.55, p=0.070, 1-tailed), and their predictions are still significantly higher than those of
the LA group. At the follow-up, predictions are again higher.

The HA group significantly overpredicted pain at both treatment sessions, whereas 5§
in the LA group were quife accurate in their pain predictions. The between group effect
was significant at both treatments. Means and t-tests are shown in table 3.

50 T PREDICTED AND EXPERIENCED PAIN
OF HIGH AND LOW ANXIOUS SUBJECTS
40 +
L]
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./ anxious
ol —
Q.
. .. / . clow
10 + — \5 I} /o anxious
- \‘0/
pred. exp. pred. pred. exp. pred. memory pred.
0 t . : + + + } + + ]
TREATMENT 1 TREATMENT 2 FOLLOW-LR

Figure 4. Predicted, experienced and remembered pain of low anxiety (L.A) and high anxiety (HA)
Ss. Whereas HA S§s did not experience more pain, they strongly overpredicted pain. During the
treatment period they gradually became more accurate, but at the follow-up there was a return
towards the original prediction level.

Table 2. Predicted and experienced pain of low and high anxious groups

Measurement L4 HA t )4
treatment 1

prediction before 17.3 325 1.84 0.039
experience during 13.6 7.4 -1.08 0.855
mean mismatch 3.7 25.1 2.53 0.008
prediction after 10.8 31.0 2.23 0.018
treatment 2

prediction before 13.3 29.3 1.76 0.046
experience during 9.2 9.9 0.18 0.428
mean mismatch 4.1 19.3 1.94 0.033
prediction after 6.0 18.2 1.99 0.030
Jollow-up (5 months)

remembered experience 12.4 22.0 1.68 0.053
prediction 13.0 26.4 1.98 0.029

Note. All significance levels are one-tailed, testing the hypothesis HA > LA. Since most variances
differed significantly, separate variance estimates were employed. "Prediction after’ means the pain
prediction Ss made after the treatment session. These predictions concerned the following (hypo-
thetical) treatment session. The ’prediction’ at follow-up concerned a hypothetical similar treat-
ment.
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Table 3. Size of ‘mean inaccuracy of pain predictions of HA and LA groups

Difference group size of within effect berween effect
: Inaccuracy t p ¢ p

treatment 1
pred - exp (1) LA 3.7 0.73 0.475

HA 25.1 3.65 0.002 253 0.008
tregtment 2
pred - exp (2) LA 4.1 1.68 0.105

HA 19.3 2.59 0.019 1.94  0.025
Jollow-up
rem - exp (2) LA 4.7 1.14 0.275

HA 11.4 2.68 0.017 .12 0.135
pred - exp (1+2) LA 1.5 0.30 0.767

HA 17.0 3.79 0.002 235 0.013

Note. pred = predicted pain; exp (1) = pain experienced at treatment I; exp (2) = pain
experienced at treatment 2; exp (1+2) = mean pain experienced at treatments 1 & 2; rem =
remembered pain of second treatment. Between effects are tested one-tailed (hypothesis HA >
LA).

Summarizing, it may be stated that anxious dental patients appear to have a chronic
tendency to expect more pain than fearless patients, and they tend to overestimate this
pain. Hypotheses 4 & 5 are supported.

The decrease in pain predictions in the anxious group after the second treatment is in
line with hypothesis 6: anxious dental patients can become more accurate in their
predictions, but this takes several disconfirmations. Without further experiences, however,
predictions will be heightened again, which is shown by the results of the follow-up.

Contrary to hypothesis 7, dental anxiety is not associated with higher pain experiences:
it will be clear from ﬁgure 4 and table 2, that the differences between the HA and LA
groups as to experienced pain are n.s.

Dental anxiety was, however, associated with experiences of more intense anxiety
during the first (1(38)=3.23, p=0.003) and the second treatment (+1(38)=2.08, p=0.04).
Predictions and experiences of anxiety during treatment are depicted in figure 5. As will
be clear from figure 5, both groups overpredict the anxiety they will experience during the
first treatment (LA: p(20)=2.15, p=0.04; HA: 1#(18)=2.22, p=0.04), but the overpredic-
tion is not significantly larger in the HA group (#(38)=-1.00, p=0.33). At the second
treatment, the LA group has become quite accurate in predicting anxiety (difference n.s.),
whereas the anxious group still overpredicts (between effect: #(38)=2.67, p=0.01).

Memory and schemas of pain (hypotheses 8 & 9)

Memories of pain experienced during the second treatment were assessed 5 months
after this treatment. Remembered pain was pgenerally higher than experienced pain
(£(30)=2.73, p=0.01), but lower than pain predicted at treatment 1 (#(30)=-2.43,
p=0.02). Although the anxious Ss remembered significantly more pain than they actually
experienced, and low anxiety Ss remembered there pain quite accurately, the between
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oo PREDICTED AND EXPERIENCED ANXIETY
OF HIGH AND LOW ANXIOUS SUBJECTS
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Figure 5. Predicted, experienced and remembered anxiety of low anxiety (LA) and high anxiety
(HA) Ss. In contrast with experienced pain, HA S5 do experience more anxiety during treatment.
Both groups overpredict at the first treatment. Only the LA group has become accurate at the
second treatment.

effect was n.s. (see table 3) with respect to inaccuracy. However, a direct comparison
between the memories of pain was significant (p=0.05, table 2). It can be concluded that
memories of pain were influenced both by experienced pain (r=0.39, p=0.03) and by
original predictions of pain (r=0.66, p<10?. Regression analysis showed that these two
factors have independent contributions. Although remembered pain is generally lower than
originally predicted pain, the differences between Ss as to memories of pain are influenced
more by the differences between Ss as to original pain predlcuons than by the pain that is
actually experienced.

The same seems to be true of predicted pain assessed at the follow-up. At the follow-
up, the predictions were generally lower than before the first treatment (#(30)=-2.03,
p=0.03), but interindividual differences were still strongly related to the initial predictions
(r=0.76, p<10?).

Ss with high dental anxiety had somewhat more painful memories of the most painful
treatment ever experienced than low anxiety §s (1(27)=1.78, p=0.07, one-tailed).

Summarizing, it can be stated that hypothesis 8 is supported: 5 months after the
treatment sessions, memories and new predictions of pain appear to be influenced more by
the original pain predictions than by the pain experiences. It must be acknowledged,
however, that the experiences did have some influence, especially on memories. The
higher pain predictions and memories of the HA group appear to be related to more
painful memories of the most painful treatment, which is in agreement with hypothesis 9.

Further exploration of change processes

The processes underlying changes in pain prediction and in dental anxiety after over-
predicted pain were further explored by means of regression analyses. First, factors that
might influence decreases in inaccurately high pain predictions were investigated. S5 who
made an overprediction or a match were selected. Change in pain prediction was analyzed
as dependent variable in forward and backward regression analyses in which experienced
pain, anxiety and aversiveness, discrepancies of expectations and the DAS score were
predictors. Since initial high predictions allow of larger decreases than low predictions,
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Tuble 4. Factors that influence changes in pain prediction after overpredicted pain

Dependent variable predictor il t P

predicted pain

1. change in predicted pain predicted pain 0.06 0.22 0.83

measured after treatment | experienced pain 0.89 3.19 0.003
dental anxiety DAS 0.45 2.81 0.009
experienced anxiety 0.37 2.45 0.021

R= 0.86, F(4,29)=20.0, p< 10
2. ¢hange in predicted pain predicted pain 0.64 494 <10*
measured before treatment 2 experienced anxiety 0.65 497 <10*

R= 0.73, F(2,31)=18.2, p<10*

3. change in predicted pain predicted pain 0.18 -0.63 0353
after treatment 2 experienced pain 1.04 622 <10¢
overestimation of
experienced anxiety 033  -1.99 0.056

R= 0.82, F(3,29)=28.7, p< 10"

Mote. Regression analyses were performed forwards and backwards and yielded almost identical
results. Results of forward analyses are shown here. The initial level of pain prediction was con-
trolled for (indicated by ‘predicted pain’), since higher initial levels allow of larger decreases.
Standardized B coefficients are given.

the initial prediction level was controlled for. The results are summarized in table 4.
These results indicate that decreases in pain predictions are larger when the experienced
pain was low, which is not surprising. The effect of experienced anxiety is interesting: the
lower the level of experienced anxiety is, the larger the reductions in pain predictions are.
High dental ('trait’) anxiety had a negative effect on reductions after the first treatment,
but did not have this effect after the second treatment.

Comparable results are found when factors that influence decreases in fear of the next
treatment after overpredicted pain are investigated (see table 5). Regression analyses,
controlling for the initial level of fear, also show experienced pain and experienced
anxiety as important predictors. Thus, experienced pain (lower than expected), as well as
experienced anxiety, strongly influences the processes by which reduction of overestimati-
on of pain and reduction of fear are brought about.

DISCUSSION

The first aim of the present study was to test the hypothesis that inaccurate pain and
anxiety predictions are followed by changes in predictions in & way similar to what has
been observed in the laboratory. The results clearly support this hypothesis. The deviati-
ons from the match/mismatch mode! observed after underpredicted pain and anxiety at the
second treatment may be attributed to the absence of a real later treatment or to a chronic
tendency to underpredict of some Ss. Inspection of individual data showed that some
fearless s strongly underpredicted pain at both treatment sessions, but did not show any,
or only minor, adjustment of prediction. It seems that the opposite of the chronic tendency
to overpredict that is shown by the anxious Ss is formed by the tendency to underestimate
that is shown by some fearless, almost overbold, Ss. Both groups seem to differ equally
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Table 5. Factors that influence decreases. in fear of treatment after overpredicted pain

Dependent variable predictor B h P
fear of treatment
1. change in fear of treatment initial fear -1.04  -10.52 <107
measured after treatment 1 experienced anxiety 0.57 444 <10
experienced pain 0.29 3.64  0.001
dental anxiety DAS 0.31 243 0.022
R= (.90, F(4,29)=32.2, p< 10"
2. change in fear of treatment initial fear -1.08 575 «<10*
measured before treatment 2 experienced anxiety 0.51 369 0001
experienced pain 0.36 3.1 0.004
overestimation of pain 0.35 -2.08 0.047
R= 0.78, F(4,29)=12.1, p< 10*
3. change in fear of treatment initial fear Q066 3090 <10®
measured after treatment 2 experienced anxiety 0.42 244 0.021

R= 0.59, F(2,29)=7.83, p=0.002

MNote. Regression analyses were performed forwards and backwards and yielded identical results
for 1 & 3. For 2, almost identical results were obtained (results of the backward analysis are
shown). The initial level of fear was controlled for, since higher initial levels allow of larger
decreases. Standardized B coefficients are given.

from the moderately fearful Ss in the way in which they adhere to an inaccurate schema.
Underpredicting Ss were in the minority, however. Most S5 overpredicted the aversive
aspects of dental treatment.

The second aim pertained to the relationship between inaccurate pain prediction and
changes in dental anxiety. Whereas clear results have been obtained in the laboratory
(underpredicted pain leads to increased fear of pain, overpredicted pain to decreased fear;
Armntz & van den Hout, 1988; Amtz & Lousberg, 1990), results in the ecologically valid
situation of dental treatment are not very straightforward. Measurements of fear and
predicted anxiety of a concrete treatment clearly validated the laboratory findings, but
changes in the more general "trait” of dental anxiety (DAS) were not significantly related
to matches/mismatches of pain predictions. Trait-like factors that are not easily influenced
appear to play an important part outside the laboratory setting.

This trait-like factor connected with dental anxiety, measured by the DAS, was indeed
a strong moderator. As was hypothesized, highly anxious Ss strongly overpredicted
experienced pain and anxiety due to treatment, whereas low anxiety S§s were more
accurate. The general conclusion can be drawn that although highly anxious Ss show a
chronic tendency to overpredict, they do learn from experience and can become more
accurate. They need quite a number of disconfirmative experiences, however, and if the
number is not large enough, and experiences do not follow each other closely, the old
ideas will appear to become restored in time (which is shown by the follow-up measure-
ment), and although they are influenced by experience, they are determined most strongly
by the original conceptions (see also Kent, 1985).

Although highly anxious §s expect more pain and feel more anxious during treatment,
they do not experience more pain. This finding is at odds with some conceptions about the
relationship between anxiety and pain (e.g. see Chapman & Turner, 1986). There does not
appear to be a direct relationship between anxiety and experienced pain. Why, then, does
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the problem of dental anxiety and inaccurate pain expectations continue to exist, despite
disconfirmations? Several explanations can be derived from the literature on the subject.
First, it has been argued that dental treatments generally do not follow each other closely,
which makes habituation of the anxiety response difficult (Lindsay, 1983). However, this
does not explain why patients continue to fear things that do not happen (it only explains
why a common method of fear reduction does-not apply to the average dental treatment).
Second, it has been proposed that highly anxious Ss attribute disconfirming experiences to
the atypicality of the treatment (Wardle, 1984; Kent, 1986). Thus, it is suggested that
disconfirming experiences are not incorporated because they do not fit into the domain of
situations to which the dominant schema of the § applies. The problem of this explanation
is, however, that it is not clear whether this attribution is really the cause of the continua-
tion of the old ideas, or whether it is a post-hoc explanation used by the patient to reduce
his cognitive dissonance (discrepancy between expected and experienced pain) elicited by
the questions of the investigator. It should be noted that typicality was assessed post-hoc in
the study by Kent. A different timing of the assessment of the typicality may clarify this
issue. The third explanation proposes that the availability of more painful experiences in
human memory is disproportionally high and therefore dominates the generation of
expectations (Lindsay, 1983). However, it is not clear whether anxious Ss have really
experienced more extremely painful treatments (although in the present study they had
more painful memories of the most painful treatment, but these may be inaccurate).

The present study confirms the general idea that the lack of a close succession of
treatment sessions is an important factor in the maintenance of dental fear, but this time
the emphasis is not on habitvation but on correction of inaccurate cognitions. Repeated
processing of new information without allowing time to let the old schema recover appears
to be necessary for inducing change. Another interesting factor was revealed by the
analysis of the change processes immediately after disconfirming experiences. Two
variables consistently appeared to be important: (1) the level of experienced pain (the
lower, the more reduction of fear and of inaccuracy of predictions), and (2) the level of
experienced anxiety (the higher, the less predictions and fear are reduced). The last factor
has clinical and theoretical significance.

Clinically, it suggests that assisting Ss in reducing their level of experienced anxiety
may help them to reduce their fear and inaccurate expectations. Procedural (information,
predictability, controllability, timing) as well as interpersonal (empathic understanding,
patience, humour) factors have been proposed as helpful (e.g. Lindsay, 1983). The social-
emotional climate is probably an important factor (and it is often neglected by dentists) for
the processing of new experiences, as it is in psychotherapy (cf. Rachman, 1980).

Theoretically, the influence of experienced anxiety may seem strange: it is not
immediately clear why overprediction is reduced less when the § felt anxious during
treatment (other factors being constant). Several explanations can be offered. First,
Eysenck’s incubation theory states that the conditioned response (anxiety) elicited by the
conditioned stimulus (treatment) may acquire a negative quality in itself and become a
reinforcer of the CS-CR relationship (Bysenck, 1968). Similarly, Beck states that the
experienced anxiety functions in a positive feedback loop, reinforcing inaccurate expectati-
ons (Beck, Emery & Greenberg, 1985). Another explanation may be that reality testing is
more difficult when Ss are anxious, either because the testing process itself is disturbed
(which makes it difficult to test expectations against facts), or because the anxiety felt is
confused with the objective danger that is feared, but does not exist in reality. These are
interesting hypotheses that call for further investigation which may clarify the puzzle why
such problems can continue to exist despite disconfirmations. It may also be interesting to
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investigate whether negative emotions play a comparable role in the maintenance of
chronic clinical pain problems.

Whatever the underlying mechanism may be, the present study clarifies that dental
anxiety and inaccurate expectations do not continue because anxiety causes increased pain
experiences, but because experienced anxiety interferes with the change processes of
subjective schemas. Since fearful Ss experience more anxiety during treatment, it is more
difficult for them to correct their inaccurate expectations.
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| CHAPTER 3.
EFFECTS OF UNPREDICTABLE INCREASES
IN PAIN INTENSITY

Chapter 3 addresses the effects of unpredictable increases in pain intensity. In the four
studies reported in this chapter, the pain intensity is objectively increased at one or several
trials without the §°s knowledge. Effects of these unpredicted increases in pain intensity
on habituation, fear of pain and pain predictions are investigated. The general theory that
is tested is that unpredictable increases in pain intensity have a number of negative effects,
notably on subjective fear of pain, on fear behaviour (escape and avoidance), on physio-
logical fear responses, on pain predictions, and on pain responses.

In these studies two forms of expectation are manipulated together: when the increase
in intensity of a stimulus is unsignalled, most S5 underpredict the stimulus (the pain level
they consciously expect is lower than the pain experience), but the increased stimulus also
deviates from a regular pattern, and lower levels of the central nervous system (CNS), not
involving conscious information processing, might be sensitive for such sudden deviations.
Therefore, as was argued in section 2.3, the results of this chapter should be interpreted
as related to both levels (the higher, conscious level, and the lower level also sensitive for
deviations from regularity).

In section 3.1 the differential effects of an early vs a late unpredicted increase in pain
intensity on physiological and subjective habituation, fear of pain and pain predictions are
tested. It is hypothesized that a late heightened pain stimulus has relatively stronger effects
than an early heightened stimulus, because the stimulus representation is less developed in
the early phase of the sequence.

In section 3.2 the hypothesis is tested that unexpected increase in pain intensity is
related to escape behaviour, rather than the objective intensity level of the painful
stimulus. ‘

In section 3.3 the hypothesis is tested that an unpredicted increase in pain is related to
subsequent avoidance behaviour.

In section 3.4 the relationship between unpredictable increases in pain intensity and
physiological and subjective indicators of fear is further explored. In this study, the
hypothesis is tested that subjective fear and physiological reactions to a warning signal are
more profound, and more resembling phobic anticipatory reactions, in a condition with
unpredictable increases to a high pain intensity level, than in a condition with a constant
(therefore predictable) high level of pain intensity.
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SECTION 3.1.
THE EFFECTS OF UNDERESTIMATED PAIN
AND THEIR RELATIONSHIP TO HABITUATION'

The intensity of a painful stimulus was experimentally manipulated in order to induce
underpredictions of pain. The experiment aimed at (1) replicating previous findings on the
effects of underpredicted pain and (2) investigating the relationship between underpredic-
ted pain and habituation. Most previous findings were replicated: underpredictions of pain
were followed by raised expectations and increased fear of pain. In addition, the underpre-
diction had long-term effects on fear of pain, uncertainty about predictions, and expected
aversiveness of the painful stimulus. In contrast to previous findings and to Rachman’s
match/mismatch model, it was found that underpredicted pain can have dishabituating
effects. It is theorized that inaccurately predicted pain can cause dishabituation, depending
on the extent of the underprediction and on the subjective certainty of the prediction.
Theoretical and clinical implications are discussed.

INTRODUCTION

It has recently been shown that, in addition to the unpredictable occurrence of aversive
events, the unpredictable intensity of aversive events is also an important factor in the
understanding of neurotic problems (Arntz & van den Hout, 1988; Rachman & Bichard,
1988). A distinction should be made between immediate and long-term conseguences of
incorrectly predicted intensity. The most important immediate consequence of a mismatch
between expected and experienced intensity of fearful or painful events is that the
expectation for the next experience is adjusted in the direction of this last experience.
When the event is more aversive than expected (underprediction), expectations for the
next event will probably be heightened; when the event is less aversive than expected
(overprediction), expectations will be probably lowered; and when the expectation is
accurate, expectations generally remain constant {Rachman & Levitt, 1985; Rachman &
Lopatka, 1986a, b; Rachman & Lopatka, 1988; Arntz & van den Hout, 1988). It has been
shown that the last experience can be very important in forming the next prediction (Arntz
& van den Hout, 1988). ;

There appear to be some asymmetries, however, in the effects of underpredictions and
overpredictions. Underpredictions of fear and pain seem to have stronger effects on sub-
sequent predictions than do overpredictions (cf. Amtz & van den Houi, 1988; Rachman &
Bichard, 1988; Rachman & Lopatka, 1986b). Furthermore, overprediction (which may
result from an underprediction) can be relatively long-lasting, needing more disconfirma-
tions before it becomes accurate, Clinical problems seem to be characterized by a chronic
tendency to overpredict fear (Rachman & Bichard, 1988), pain (Kleinknecht & Bernstein,
1978; Wardle, 1983; Kent, 1984; Amtz, Heymans & van Eck, 1989) or aversive events

‘Reprinted with permission from Behaviour Research and Therapy, 28, Arntz, A. & Lousberg, R.,
The effects of underestimated pain and their relationship to habituation, 1990, Pergamon Press
PLC.
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in general (Beck, 1976; Butler & Matthews, 1983). In the only laboratory demonstration
of experimentally induced underprediction that we know of, it was found that the (rela-
tively mild) underprediction induced by the experimenters was followed by a tendency to
overpredict that needed a mean number of two trials to return to an adequate level (Amtz
& van den Hout, 1988). Rachman and co-workers hypothesize that in real life overpredic-
tion is related to avoidance behaviour, which reduces the opportunities for disconfirmation
(Rachman & Bichard, 1988). Thus, in general people seem to prefer to be on the safe side
after an underpredicted aversive event. In addition, there is evidence that an underpredic-
tion delays the decrease in fear for the event and that Ss remain uncertain about what to
expect for a relatively longer time (Amtz & van den Hout, 1988). These immediate and
long-term effects of mismatches between expectations and experiences seem to be
relatively clear, However, some issues are not yet understood.

The first issue relates to avoidance and escape. Although there appears 1o be ample
evidence that overprediction and avoidance behaviour are correlated in clinical problems
{e.g. Kleinknecht & Bernstein, 1978; Liddell & May, 1984; Philips, 1987), it is hardly
clear whether avoidance behaviour is a direct consequence of underprediction. Rachman &
Lopatka (1986b) found that after underpredicted fear, snake phobics showed slower
approach and more hesitations in the next trial of exposure to a snake. Atz and van den
Hout (1988) found that Ss tended to shorten the time they took for indicating that they
were ready to receive the next painful shock, which may tentatively be interpreted as an
escape tendency from the experiment as a whole. The very important issue of the relation-
ship between underprediction and subsequent escape/avoidance requires more study.

The second issue pertains to the relationship between discrepancies between expectan-
cies and experiences on the one hand, and habituation on the other hand. Theoretically
speaking, it can be hypothesized that adequate expectancies further the habituation
process. Modemn learning theories stress the importance of expectancies and the so-called
2-stage theories of habituation postulate that habituation is an active process of inhibiting
(suppressing) the responses elicited by the stimulus. This inhibition is supposed to be
based on a 'neurological model’ (or a memory model’) of the stimulus, in other words on
the expectation of the stimulus (Gray, 1975; Wagner, 1979; Mackintosh, 1987). It will be
clear, then, that discrepancies between expectation and experience must have effects on
this suppression process: there will only be inhibition if the stimulus matches its neurolog-
ical model (Gray, 1975). In addition, the biclogical function of signalling discrepancies
seems to be clear: discrepant experiences convey more information than experiences that
are identical to expectation, which seems to apply especially to underpredictions because
of their greater significance for the integrity of the organism. For these reasons, it can be
hypothesized that mismatches, and especially underpredictions, have dishabituating
effects: the responses to the stimulus are supposed to be temporarily stronger. In fact,
intensity is one of the dimensions, summarized by Gray (1975) in his review of the
literature on the 8, on which discrepancies between expectancy and experience can have
habituation disturbing effects (see also Sokolov, 1960). There does not seem to be much
empirical evidence from match/mismatch studies for this hypothesis, however. In none of
the studies by Rachman and co-workers was any effect of mismatches on the habituation
process found. Arntz and van den Hout (1988) could not find any dishabituating effects of
underpredictions of painful electric shocks, either.

These studies leave us with a paradoxical situation. On the one hand, mismatches have
clear cognitive (expectancy, certainty), emotional (anticipation anxiety) and behavioural
(speed, hesitations, perhaps avoidance) effects; but on the other hand, there seems to be
another process that controls habituation which is unconnected with it (cf. Rachman &
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Lopatka, 1986a).

These findings are even more astonishing, as this dissociation cannot be attributed to
different levels of the nervous system that would control these processes. It will be clear
that the neocortex and areas that have a memory function (structures in the limbic system)
have a function in forming expectancies (at least as expressed on rating scales). The same
areas, however, appear to play an essential part in habituation processes (at least in more
highly developed species, see Gray, 1975). Thus, it seems that this apparent dissociation
cannot be explained by the involvement of different nervous systems in the two processes.
Some findings in the study by Amtz and van den Hout (1988) may, however, indicate a
factor that plays a part in this. In this study it was found that high certainty about the
intensity expected was related to smaller effects of mismatches, and, in case of a match,
to stronger habituation. Thus, there is some evidence that the certainty of expectancy is
related to habituation, and that strong expectancies can protect the organism against the
effects of discrepancies. This second finding, however, seems to be in contradiction with
the modern learning theories mentioned above: deviations from strong expectancies give
more information than deviations from weak expectancies, and should therefore have
stronger effects. In a totally different context, this was, in fact, found: Ss who were very
certain about their expected result on an IQ test got more upset when they learned that
their result (which was given to them by means of bogus feedback) differed markedly
from what they expected, than uncertain Ss (Albersnagel, Arntz & Gerlsma, 1986).

The relationship between habituation and mismatches is unclear, but is probably related
to (a) the certainty of the expectation and (b) the magnitude of the discrepancy between
expectation and experience. Since Ss become more certain about their expectations with
repeated experience (see Amtz & van den Hout, 1988), the effect of certainty can be
investigated by comparing an experimentally induced late mismatch with a mismatch
induced early in the series of trials. From the above discussion two mutually exclusive
hypotheses follow: (a) high certainty reduces the dishabituating effect of underprediction
or (b) high certainty increases the dishabituating effect.

The third issue pertains to the relationship between mismatches and various responses
to the aversive stimulus. With respect to painful stimuli, pain-intensity, fear of painful
shock and the time Ss took to indicate that they were ready for the next trial have been
investigated (Amtz and van den Hout, 1988; Rachman & Lopatka, 1988), but other
responses are of interest too: the emotional experience of pain (which can be distinguished
from the intensity experienced, cf. Gracely, 1979; Melzack, 1980) and physiological
Tesponses.

The main aims of the present study are the following:

1. To replicate the main findings of the study by Arntz and van den Hout (1988) on the
effects of underpredicted pain and to generalize these findings to emotional and
physiological pain responses.

2. To investigate the relationship between underprediction and habituation further, and
more specifically the role of certainty about expectation in this.

Two groups of hypotheses are formulated according to these aims. The first group of
hypotheses addresses the attempt at replication and includes hypotheses that follow directly
from Rachman’s match/mismatch model (hypotheses 1 & 6). The second group consists of
new hypotheses regarding the effects of an underprediction, and its possible dishabituating
effects when the S is very certain about what to expect.
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Replication hypotheses

Underprediction

1. Underpredicted pain will be followed by increases in predicted pain (which last for
more than 1 trial).

2. Underpredicted ‘pain will have a long-term negative influence on certainty of predic-
tion, which-will remain relatively lowet:

3:  Underpredicted pain wﬂl have a long-term negative influence on fear of painful
shock.

4. After an underprediction §5 will indicate that they are ready for the next trial more
quickly (escape).

Habituation and related issues

5. Experienced pain and physiological responses will decrease over time (habituation).
6. Accuracy of predictions will increase with practice.

7. Certainty of prediction will increase over time.

8. Fear of shock will decrease over time.

New hypotheses

9 a. Late underpredicted pain will have smaller effects than early underpredicted pain.
b. Late underpredicted pain will have larger effects than early underpredicted pain.
10a. Underpredicted pain will not have any effect on habituation.
b. Underpredicted pain will have a dishabituating effect.

In order to compare the possible different effects of an underprediction in certain vs
uncertain conditions, an underprediction was experimentally induced by a temporary
increase of the shock level at the third trial in a series of 20 painful electric shocks in one
experimental condition (early mismatch), and in the second experimental condition (late
mismatch) an underprediction was induced at the 13th trial. The third group (control
group) did not receive any induced mismatches.

METHOD
Subjects

The Ss were 46 volunteers who participated for a renumeration. As a result of technical
problems with the computer controlling the experiment, four S§s did not receive the
planned protocol, and were excluded. Two of the remaining 42 Ss were unemployed, and
40 were students. The average age was 21.05 yr (range 18-25, MD=20, SD=2.99).
There were 17 men and 25 women.

Materials

The materials included a personality questionnaire (ABV, De Wilde, 1983) with four
subscales: neuroticism, psychosomatic complaints, extraversion and defensiveness. The Ss
indicated their experienced as well as predicted pain-intensity and pain-aversiveness, on
visual analogue scales (VAS), 10 cm horizontal lines ranging from 0 ("not at all painful”,
"not at all aversive™) to 100 ("extremely painful", "extremely aversive"). The certainty
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about these predictions was also measured by means of VAS ("0, not certain at all” -
=100, completely certain”}, and so was fear of next shock ("0, not afraid at all* - "100,
extremely afraid”).

Physiological recording

Skin conductance response (SCR) and skin conductance level (SCL) were measured by
a Beckman Skin Conductance Coupler (type 9844), and the method of a constant voltage
{0.5 V) was used. The coupler allowed for a maximum sensitivity of 0.05 micromho.
Electrodes were attached to the medial phalanges of the second and third fingers of the
non-dominant hand with adhesive collars. The highest response within 6 sec after stimulus
onset was measured.

Finger Pulse Volume (FPV) was monitored by means of a photocell (Beckman radial
transducer 215560) placed on the tip of the fourth finger of the §’s non-dominant hand.
The transducer was connected to a Beckman Voltage/Pressure/ Volume coupler (type 9853
A), The time constant was 0.1 sec.

The FPV-response was measured according to the following criteria by Siddle and
Heron (1975): first, determine the mean pre-stimulus value during 12 sec before stimulus
onset (FPVpre). Second, determine the mean of the three smallest FPVs of 10 pulses after
stimulus onset (FPVpost). Third, compute the difference between the response and pre-
stimulus value in percentages: FPV%=100% x (FPVpre-FPVpost)/FPVpre. Because of
missing data, analyses were performed on the basis of the data of 33 Ss. Since the pretrial
FPV level may influence the size of the response (a pretrial level of large pulses allows
for a larger response than a level of small pulses) individual correction for pretrial level
was executed by means of regression analysis: the final FPV% response of a trial was
defined as the FPV% response defined above minus the contribution (B, x pretrial level) to
the response by the prestimulus level: corrected FPV% =FPV %-(8, x pretrial level) =8, +
error.

Heart rate (HR) was recorded from electrodes arranged according to a lead II place-
ment (Stern, Ray and Davis, 1980) and connected to a Beckman Voltage/Pressure/Coupler
(type 9853 A). Because of the noise generated by the electric shock, beats during
stimulation could not be reliably detected. Because of this, acceleration due to shock could
not be measured. Analyses were restricted to the mean 12 sec pre-stimulus (anticipation)
period.

For measuring HR and SCR, Beckman Ag-AgCl-electrodes (8 mm diameter) filled with
Hewlett Packard Redux paste were used.

Apparatus

The shocks had a duration of 6 sec and were delivered by a Siemens Neuroton 627,
passed for use with patients. Shocks were given via a concentric shock electrode, placed
on the §°s right ankle (cf. Tursky 1974). A microcomputer PDM-Minc 11 controlled onset
of the electric stimuli, inter-trial intervals and registration. The microcomputer was also
used for on-line processing of the cardiac inter-beat intervals,
Procedure

$s were randomly assigned to the control group (n=14), the ’early’ experimental
condition (n=14) or the ’late’ experimental condition (n=14). After the 53 had been
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introduced to the laboratory and informed consént had been obtained, the electrodes (SCR
and HR} were placed on the body: Then the shock level that was to be used was deter-
mined {the calibration phase). From 0.0 mA the level was raised in steps of 0.4 mA, until
the § indicated that the shock became aversive. After that the § was asked to rate its
painfuiness and aversiveness on the visual analogue scales. The shock-level was then
raised further until both VAS scores exceeded 50 mm. This level was used during the
experiment. After this, the §s were asked to complete the personality questionnaire. After
completion, the §s were given a loose-leaf file containing the analogue scales. The file
contained scales for 4 series of 100 trials. The §s were instructed to complete 7 analogue
scales after each shock; rating pain and aversiveness experienced, pain and aversiveness
expected at the next shock, certainty of these expectations and fear of the next shock.
Before the first shock, Ss rated only the scales that concerned this shock. The Ss were
asked to indicate that they were ready to receive the next shock by pressing on a butfton
after each trial: The time between the onset of the shock and the Ss’s indication that they
were ready was measured in seconds. Ss were neither given information about the induced
underprediction and the number of shocks they would receive, nor about the time they
were to wait between their indication that they were ready and the shock, Twenty
unannounced shocks were given after a random waiting time (mean 30 sec, range 15-45
se¢): §% in the control group were given shocks of the level that was determined in the
calibration phase (mean level = 5.36 mA., SD=3.11 mA.). Ss in the early experimental
group were also given shocks of the calibration level (mean=3.91 mA., SD=1.82 mA.),
except at the third trial. At this trial the intensity level was raised by 50% according the
psychophysiological relationship

intensity ~ (current)*!

(cf. Lindsay & Norman, 1977). Note that a 50% increase in intensity is equal to a current
that is 1.213 times stronger. From the fourth trial, the pre-test level was used again. S5 in
the late experimental group were given shocks of the intensity of those of the calibration
phase (mean=4.16 mA., SD=2.10 mA.) except at the 13th trial. As was the case in the
early group, the intensity level was raised with 50%. From the 14th trial, the pre-test
level was used again.

Note that 20 experienced pain and aversivemess scores, 20 time scores, 21 predicted
pain and 21 certainty scores about this prediction, 21 predicted aversiveness and 21 related
certainty scores, and 21 fear scores Wwere obtained for each S.

RESULTS

The results of the replication hypotheses will be presented first, followed by the results
pertinent to the new hypotheses. VAS-scores were analyzed by means of MANOVA for
repeated measures along the lines of the approach described by O'Brien and Kister Kaiser
(1985). The conditions were compared as to change scores representing hypothesized
effects: early was contrasted with late + control, and late with early + control (as far as
the early and control groups were NS different at the later trials; if there were significant
differences, the late group would be contrasted with the control group only). Hypotheses
concerning habituation and related issues were tested by comparing later trials with the
average scores of the trials before the third shock. All hypotheses were tested on a 1-tailed
basis, except for hypotheses 9(a) and (b).

98



- There were no significant pre-test differences between the three conditions as to age
(df=2, F=0.88, p=0.42), sex (df=2, x*=0.20, p=0.91), study (df=8, x*=11.56, p=
0.17), and shock level (F(2)=1.44, p=0.25). The groups did not differ in personality
characteristics as measured by the ABV (defensiveness: F(2)=0.08, p=0.93; somatiza-
tion: F(2)=0.42, p=0.66; neuroticism: F(2)=1.37, p=0.27, extraversion: F{{2)=1.24,
p=0.30).

Was the induction successful?

As can be seen in figure L(a) and (b), subjective intensity and aversiveness scores in-
creased significantly by the early (at trial 3) as well as by the late (at trial 13) experi-
mentally increased pain stimulus (trial 3 vs 2: intensity r=1.85, p=0.036; aversiveness
t=2.74, p=0.005; trial 13 vs 12: intensity 7=3.90, p<0.001; aversiveness: +=4.09, p<
0.001). The physiological responses (figure I(c) and (d)) were also increased by the
stronger pain stimulus at the 13th trial (SCR ¢=3.17, p=0.002 ; FPV r=2.87, p=0.004).
The stronger pain stimulus at the third trial did increase the FPV response 1=1.66, p=
0.054) but the SCR was not significantly higher (r=0.55, p=0.29). In short, it can be
concluded that both experimentally-increased pain stimuli led to elevated subjective and
physiclogical responses.

Effects of underprediction on predictions (hypothesis 1)

As shown in figure 2(a), there was a significant increase in predicted pain intensity
after the early underprediction (as contrasted with the late + control group: trial 3 ws 2:
r=1.85, p=0.001). The scores of the fourth trial are no longer significantly higher (trial 4
vs 2: t=0.65, p=0.28). However, long-term effects are found for predicted aversiveness
(see figure 2(b)). After the early underprediction, the scores were significantly higher up
to, and including, the 7th trial (all ts> 1.61, all ps<0.057).

Identical results were found after the late induced underprediction. The immediate
increase in predicted intensity is significant when contrasted with the control group and
early condition (trial 13 ws 12: ¢=3.28, p=0.001). There are, however, no long-term
effects on the predicted intensity (trial 14 ws 12: £=1.23, p=0.133). The results of the
VAS for predicted aversiveness indicate that, in addition to the immediate effect, there
were long-term effects as well: the 14th prediction was still higher {#=1.93, p=0.031).

From these results it can be concluded that hypothesis 1 is confirmed. It was found that
the inductions had long-term effects on predicted aversiveness, but not on predictions of
intensity.

Effect on certainty of underpredicted pain (hypothesis 2)

As can be seen in figure 2(c), the early experimental induction had neither immediate

nor long-term effects on certainty about predicted pain (trial 3 ws 2: r=-0.05, p=0.48;
trial 4 vs 2; 1=-0.22, p=0.41).
As shown in figure 2(d), certainty of the aversiveness predictions was not influenced sig-
nificantly by the early underprediction (trial 3 vs 2: r=-0.06, p=0.48; trial 4 vs 2: 1=
-0.35, p=0.36). The late induced underprediction had a very long and relatively strong
effect on the certainty about predicted pain intensity. Up to and including the 20th trial
(the end of the experiment), certainty about the predictions was significantly lower (all
13<-1.89, all Ps<0.034). Certainty-scores of the aversiveness predictions were signifi-
cantly lower up to the 15th trial (all ts<-2.11, all Ps<0.021) and still somewhat low at
the 20th trial (1= -1.41, p=0.084).
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Thus, the effects following the late underprédiction confirm hypothesis 2. However, the
early underprediction was not followed by any effect on certainty.
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Figure 1. Experienced pain intensity (figure 1(a)), experienced pain aversiveness (figure 1(b),
SCR's (figure 1(c)) and FPV responses (figure 1(d)) for the early, late and control conditions.
Trial O indicates the calibration phase, in which shock level was determined. In the early condition
the pain stimulus was temporarily increased at the third trial, in the late condition at the 13th trial,
in order to induce underpredictions of pain.

Prolonged fear of shock (hypothesis 3)

The mean fear scores of each trial are shown in figure 3(a). After both experimentally
induced underpredictions there were immediate and prolonged increases in fear scores.
The immediate increase of fear after the early induction is significant (trial 3 ws 2:
1=2.08, p=0.022). The scores remain (marginally) significantly higher up to and
including the 8th trial (all #5>1.32, all Ps<0.098).

Immediately after the late induction of underprediction there was a significant increase
in fear of the next shock (irial 13 w 12: t=2.77, p=0.005). There are marginally
significant long-term effects up to and including the 16th trial (trial 14 ws 12; ¢=1.52,
p=0.068; trial 15 v 12: 1=1.67, p=0.052 and trial 16 vs 12: 1=1.28, p=0.10).

Hypothesis 3 is confirmed: the experimental inductions seem to have delayed the
reduction in fear of shock. The prolonged increases in fear scores after the early induction
are especially remarkable.
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Effect on speed (hypothesis 4)

The average time that Ss used for completing the scales and for indicating that they
were ready for the next trial are depicted in figure 3(b). There is no indication that Ss
took less time after the early underprediction {trial 3 ws 2: 1=-0.99, p=0.165).

After the late induced underprediction there was, a marginally significant deceleration
{trial 13 vs 12: r=1.38, p=0.088) which is inconsistent with the hypothesized accelera-
tion. The effect of deceleration is also marginally significant at the 14th trial (trial 14 ws
12: t=1.46, p=0.067). Hypothesis 4 is rejected.

Habituation and related issues

Experienced pain and physiological responses will habituate (hypothesis 5)

The mean experienced intensity and aversiveness scores are depicted in figure 1(a and b).
From trial 4 onwards, there was a significant decrease of experienced pain (all trials:
F(2,39)>5.25, all Ps<0.027). Experienced aversiveness was lower from the 3rd trial
onwards (all trials: F(2,39)> 9,33, all Ps<0.02).

SCRs did not show any habituation effect if the average SCR of trials 1 and 2 is used
as a reference. This was caused by the (temporarily) strong decrease at the second trial in
the late condition (see figure 1(c)). Therefore the same test was executed again, but this
time only with the first trial as a reference point. In this case there was a habituation
effect from the 3rd trial onwards (all trials: F(2,39)>3.08, all Ps<0.05).
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Figure 2. Mean predictions of pain intensity (figure 2(a)) and pain aversiveness (figure 2(b)),
mean certainty of predicted intensity (figure 2(c)) and mean certainty of predicted aversiveness
(figure 2(d)) for the early, late and control conditions.
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Figure 3. Mean fear of shock (figure 3(a)), time (in seconds) following shock at trial i until §'s
indication that he is ready for the next shock (figure 3(b)), mean inter-beat intervals (heart-period)
of the 12 sec prestimulus period (figure 3(c)) and accuracy of pain predictions (defined as
| prediction - experience | ) (figure 3(d)).

As can be seen in figure 1(d), FPV-responses did not show habituation (all trials:
F(2,39)<2.40, all ps>0.06). There is no clear patiern of habituation in the prestimulus
heartperiods (see figure 3(c)). The trials 4, 6, 7, 8, 14, 16 and 17 showed significantly
larger heartperiods (all £(2,39)>3.18, all ps<0.04).

In sum, the subjective variables measured via the VAS-scales habituate. There is some
evidence that the skin conductance responses habituate; the other physiological responses
(FPV and HR) do not show any clear habituation.

Accuracy of predictions will increase with practice (hypothesis 6)

There is some evidence that accuracy did increase over the trials. A trend analysis was
executed to investigate whether the absolute difference between predicted pain intensi-
ty/aversiveness and experienced pain intensity/aversiveness decreases over the trials. The
mean absolute scores of the intensity and aversiveness mismatches are depicted in figure
3(d). There is a significant exponential decrease in the difference between prediction and
experience over the trials (intensity mismatches: F(1,41)=20.4, p<0.001; aversiveness
mismatches F(1,41)=28.04, p<0.001). Hypothesis 6 was confirmed.
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Increase of certainty over time (hypothesis 7)

From the 5th trial onwards thers was a signiﬂca,nt increase -in- the certainty as to
predxcted pain intensity (see figure 2(c)) as well as in the -certainty as t@ predicted
aversiveness (see figure 2(d)); all trials: F(2,39)>3.78, all Ps<0.03;:

Fear of shock will decrease over time (hypothesis 8)
From trial 4 onwards the fear scores (see figure 3) were significantly lower (all F(2,39)
>15.35, all Ps<0.001).

Table 1. Effects of early and late underprediction

variable early 1) late 2)
trial i t P trial i t P
intensity 3 1.85 0.036 13 3.90 0.000
4 -0.85 0.200 14 1.97 0.028
5 -0.13 0.449 15 141 0.167
aversiveness 3 2.74 0.005 13 4.09 0.000
4 0.60 0.226 14 1.67 0.052
5 0.97 0.168 15 1.68 0,051
predicted 3 3.50 0.001 13 3.28 0.001
intensity 4 0.61 0.275 14 1.23 0.113
5 0.40 0.347 15 1.32 0.098
predicted 3 4.08 0.000 13 4.00 0.000
aversiveness 4 2.87 0.004 14 1.93 0.031
5 1.83 0.037 15 1.23 0.114
certainty 3 -0.05 0.480 13 -4.50 0.000
intensity 4 0.22 0.414 14 -2.62 0.007
5 -0.03 0.488 15 -3.26 0,001
certainty 3 -0.06 0.476 13 -3.76 0.001
aversiveness 4 -0.35 0.363 14 -3.45 0.001
5 -0.09 0.464 15 -3.66 0.001
fear of shock 3 2.08 0.022 13 2.717 0.005
4 2.35 0.012 14 1.52 0.068
5 1.75 0.044 15 1.67 0.052
SCR 3 0.04 0.486 13 317 0.002
4 -1.64 0.055 14 0.30 0.383
5 -0.66 0.258 15 0.32 0.374
FPV 3 0.23 0.412 13 2.87 0.004
4 -0.38 0.354 14 2.53 0.009
5 0.74 0.233 15 1.08 0.146

Note: 1) Effects of the early underprediction are based on differences between trial i and trial 2 as
contrasted with the combined control and late conditions; 2) Effects of the late underprediction are
based on the differences between trial i and trial 13 as contrasted with the combined control and
early conditions.
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New hypotheses
Smaller or larger effects of late underprediction? (hypothesis 9(a) and (b))

There are indications that the late induced underprediction had greater consequences
than the early underprediction. First, on all VAS-scales a significant effect of the late
induced underprediction was found. This is not the case at the early underprediction.
Second, the effects of the late underprediction are significantly larger than the effects of
the early underprediction in some aspects, viz. in: experienced intensity of pain (+=6.80,
p=0.015, 2-tailed), certainty of the predicted pain intensity (#=2.53, p=0.02, 2-tailed)
and skin conductance (¢=2.15, p=0.04, 2-tailed).

Dishabituation after underpredicted pain? (hypothesis 10(a) and(b))

After the early underprediction, the prolonged increases in scores of fear and of the

predicted aversiveness of the shocks are remarkable (see table 1). The early underpredic-
tion did not have any long-term effects on the physiological responses.
After the late induced underprediction all VASs but one showed significant long-term
effects (see table ). Only the predicted intensity scores failed to show a significantly
increase. With respect to the physiological responses, increased FPV-responses were still
present at the 14th trial (+=2.42, p=0.011). Concerning the late underprediction,
hypothesis 10(b) was confirmed: the induction did have a dishabituation effect. Concern-
ing the early underprediction, there were hardly any indications of dishabituation.

DISCUSSION

The present study replicates most of the findings of the study by Amtz and van den
Hout (1988) on the generalizability of Rachman’s match/mismatch model and gives further
support to its use as a general model for human processing of experiences with aversive
stimuli. The replicated findings can be summarized as follows:

1. Underpredicted pain is followed by an immediate increase in expected intensity and
aversiveness of the next painful experience.

2. After an underprediction, the predictions of aversiveness are higher for more than one
trial, and need several corrective experiences before they become accurate again.

3. Underpredicted pain delays the reduction of fear of the painful stimulus, and makes Ss
uncertain about their expectations for a considerable time.

4. With practice, predictions become more accurate and certainty about these predictions
increases.

5. Despite an underpredicted painful experience, most responses ultimately habituate

(experienced intensity and aversiveness, fear of shock, SCR).

Some findings differed from the study by Arntz and van den Hout, however. First, in the
study by Armtz and van den Hout, fear of shock did not increase after an underprediction.
In the present study, fear of shock immediately increased after an underprediction. Since
the N in the present study is larger, there appears to be more evidence that underpredicted
pain is generally followed by increased anticipation anxiety. Second, in the study by Arntz
and van den Hout an (early) underprediction was followed by an immediate increase in
certainty about (higher) pain prediction. In the present study certainty did not change after
the early underprediction, but decreased after the late induced mismatch. The long-term
effect of decreased certainty after an underprediction was found in both studies and
therefore appears to be robust. The previous finding of quickening of §s indications (after
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an underprediction) that they were ready for the next trial was not replicated. After the
early mismatch, only a (n.5.) trend towards acceleration was found; whereas after the late
underprediction, a trend opposite to deceleration was: found. Thus, there does not appear
to be any general effect of underpredicted pain on the time that Ss wait for the next trial.
The last two findings on certainty and speed may indicate different effects of early vs late
underpredictions in a series of aversive experiences, and will be discussed later on.

Besides the (replicated) findings that further support the applicability of Rachman's
match/mismatch model to pain and aversive experiences in general, the present study
indicates that underpredictions can have different effects depending on the degree of
certainty that Ss have their expectations. The late underprediction, which occurred when
there was a high degree of certainty, had a much stronger impact than an early underpre-
diction, when S5 were still relatively uncertain about their expectations. It seems that the
positive effects of habituation disappear immediately when the stimulus clearly exceeds
what is strongly expected. Furthermore, this underprediction has dishabituating effects on
the subsequent experiences with the original intensity of the stimulus: a painful shock of
the original intensity is still experienced as more intense and more aversive, and causes
stronger physiological responding. For some responses, this dishabituation is found during
several trials. The implications of this finding are important.
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Interaction of certainty ond size of underprediction

Figure 4. llustration of the interaction between degree of underprediction and certainty of
expectation. When the underprediction is small, high certainty about the expected intensity can
protect the § against effects of the mismatch: the effects are smaller than if the § would have been
certain. When the underprediction is large, the effects of an underprediction are more dramatic
when the § was very certain about what to expect than when the § was uncertain: the underpredic-
tion causes a sort of breakdown in the schema of the §.

Theoretically, it may clarify the relationship between matches/mismatches and the
habituation process. The milder effects of the early mismatch indicate that as long as Ss
are uncertain about their expectations (that is, they employ wide ranges in their expecta-
tions), an underpredicted aversive event is relatively less disturbing because it probably
falls somewhere within the range of expectation. The finding in both studies that certainty
does not decrease after an early underprediction, whereas certainty decreases immediately
after a late underprediction, is in line with this analysis. When the § is very certain about
what to expect, small deviations from expectation (most spontaneous mismatches as
analyzed in the studies by Amtz and van den Hout and in those by Rachman er al. are
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probably relatively small) do not disturb the S5 "model” of the stimulus. It seems as if new
information is prevented from influencing the 5°s model of the stimulus. Thus, it is
possible for the suppression of the effects of the stimulus (habituation) to continue and
expectancy (the model) will be adjusted somewhat, but on the whole remains stable.
However, large deviations from what is expected with high certainty can be wvery
disturbing and may cause a sort of breakdown of the §'s model. Therefore a tentative
conclusion can be drawn-that high certainty (a strong model) can protect the § against
small deviations from what is expected. However, large deviations have more dramatic
effects when the § feels certain than when the § feels uncertain. The different effects of
underprediction as a function of certainty are illustrated in figure 4.7

The higher impact of the painful shocks after the late underprediction may be attributed
to the heighténed expectations, which could bias S8’ perception. However, there are two
reasons why this explanation seems improbable. First, the early underprediction also leads
to a heightened expectation, but not to a greater impact of the subsequent trials. The
second reason is derived from a study by Epstein and Clarke (1970). In this study S’
expectations were manipulated by means of information. 55 who overestimated the
aversiveness of a loud tone initially reacted more strongly, but eventually rated the tone as
less loud than correctly estimating Ss and underestimating §s did. Epstein (1973) con-
cludes that two processes may be operating: first, an immediate process governed by the
expected impact of the stimulus - which may initially ’cause perception to function as a
self-fulfilling prophecy” (p.102); and the second process: a ’reappraisal’ which ’is
influenced by the contrast between the expected and the real stimulus’ (p.102). Whereas
this hypothesized second process is able to explain the rebound effect found in the
subjective experiences of the trial after the early underprediction (S5 experienced it as less
painful, see also Arntz and van den Hout, 1988}, the experienced higher impact of the
trials after the late mismatch cannot be explained by it: the reappraisal is still heightened.
Therefore, the most plausible explanation is that the late underprediction had a dishabitua-
ting effect, that is, it made the active suppression of the impact of the stimulus more
difficult.

The paradox of two processes involving expectancy - habituation on a more fundamen-
tal level, and the forming of conscious expectancies on a higher level of the central
nervous system - that are seemingly unrelated, can be resolved.. The processes. prohahly,
have the same mental model of the experience in common.? However, the point estimates
of predictions that are usually asked for in match/mismatch studies, represent only one
aspect of this mental model: The subjective certainty of the model and the range of what
can be expected probably also play a part in the suppression process that is assumed to
cause habituation. Now it becomes understandable why S5 tend to overestimate aversive
events and why overpredictions need more corrective experiences to become accurate:
overpredicted aversive events probably do not disturb the suppression of the impact of the
stimulus, whereas underpredictions may have this effect. Furthermore, it can be hypothe-
sized that especially underpredictions may have dishabituating effects (see also Rachman

ft should be noted that certainty was not experimentally manipulated, but covaried with the
number of trials. Therefore, this interpretation is speculative and direct empirical tests are needed.

*The first author no longer holds this view so strictly. See section 2.3 for methodological criticism
and a more stringent empirical test.
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& Lopatka, 1986b).* Their significance for the organism is greater: unexpected intense
pain may indicate that the stimulus could exceed intolerable limits. Pain that is unexpect-
edly intense can, therefore, acquire a different meaning from pain that is predictably
below a tolerable limit. Since the meaning of pain can influence its subjective impact, pain
that unpredictably exceeds expectations may be experienced as more intense - even when
it is reduced to a lower level (see Arntz and Schmidt (1989) for a more extensive
discussion of this issue).

Finally, the present findings are also clinically important. First, they indicate that after
an underpredicted aversive event (like a panic attack, a stab of pain, a medical treatment,
gtc.) sensitizing may occur so that experiences of lower intensity can be experienced as
more intense, aversive or painful than before.

Clinical problems that are characterized by varying intensity are therefore hampered by
a specific obstacle; the process of habituation will frequently be disturbed and the
problems will persist. In a more general sense, a strongly underpredicted aversive event,
or a powerful interruption of a strongly believed schema may have disintegrating (neurot-
icy effects and may lead to a generalized sensitization to events that were previously
experienced as less aversive.

“Section 2.3 indicates that this probably holds for fear, other anticipatory phenomena, and
physiological responding to pain, but not for subjective pain experiences.
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SECTION 3:2.
THE RELATIONSHIP BETWEEN UNDERPREDICTED PAIN
AND ESCAPE!

SUMMARY

Escape and avoidance that are disproportional to the danger of the pertinent stimulus
are important clinical problems that are often related to inaccurate (catastrophic) expecta-
tions. One possible source of such expectations is a prior, underestimated aversive
experience. In the present experiment the hypotheses that underestimated pain leads to
escape and that it leads to avoidance were tested. In order to control for the effect of the
intensity of the pain stimulus, a control group that received 20 pain stimuli of high inten-
sity was formed. Subjects in the experimental condition received 17 pain stimuli of low
intensity and 3 of (unexpectedly) high intensity (experimentally induced underprediction).
Underprediction of the high intensity stimulus was significantly related to escape, but not
to avoidance. The results suggest that the way in which avoidance was operationalized
accounts for this. The support of the hypothesized relationship between underpredicted
pain and escape is an important finding, however.

INTRODUCTION

Underestimation of an aversive experience can have negative effects on its immediate
and long-term impact. There is evidence that an underestimated painful stimulus is
experienced as more intense and aversive than a correctly éstimated stimulus (Armtz &
Lousberg, 1990). Furthermore, it has been shown that underestimation has negative long-
term effects on fear of pain and on predictions of pain, which remain inaccurately high for
some time (Arntz & van den Hout, 1988; Amtz & Lousberg, 1990)*. Rachman and co-
workers developed the march/mismatch model to describe such phenomena with respect to
anxiety and panic (Rachman & Lopatka, 1986a; Rachman & Bischard, 1988). The rela-
tionship between inaccurately predicted anxiety and behaviour related to anxiety, escape
and avoidance, is central in their ideas. It appears that clinical avoidance behaviour is
related to inaccurately high expectations of the aversiveness (anxiety, pain, etc.) of the
avoided experience (see Rachman & Bischard, 1988). The same is probably true of
escape, as can be observed in panic patients who, during a panic attack, escape from
situations in which they expect an immediate disaster. Escape and avoidance are very
important clinical issues, not only because they cause large subjective problems in
themselves, but also because they prevent the § from testing his predictions and from
adjusting them in case they are inaccurate. However, clear controlled experimental
evidence that it is possible that underestimated aversive evenlts promote escape and
avoidance is still lacking. In addition to being a clinical impression, this can be expected

"Reprinted with permission from Behaviour Research and Therapy, 28, Arntz, A., van Eck, M.,
de Jong, P. & van den Hout, M., The relationship between underpredicted pain and escape, 1990,
Pergamon Press PLC.

*See, however, section 2.3 for an empirical refutation of this notion.
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theoretically, since (1) underestimated aversive events seem to be more aversive than
correctly estimated events of identical intensity’, and (2) underestimation leads to
prolonged overestimation, which is (probably) related to avoidance. Furthermore, it would
fit in with modern cognitive reformulations of avoidance behaviour in which expectations
play a central role (Selipman & Johnston, 1973; Gray, 1975) if it were shown that
underestimation may lead to escape/avoidance; and it might clarify one of the causes of
escape and avoidance.

Earlier attempts to measure escape and avoidance in match/mismatch experiments failed
to produce clear results. Rachman and Lopatka (1986b) found that underpredicted fear was
related to subsequent slower approach behaviour and to0 more hesitations during the
approach. Atz and van den Hout (1988) found that Ss hastened their indications that
they were ready for the next trial after underpredicted pain, which can be interpreted as a
tendency to escape from the experiment as a whole. However, in another study (Amtz &
Lousberg, 1990), this finding was not consistently replicated. In preparing the present
study, we were impressed by the scarcity of laboratory research with human $s on the
spontaneous generation of escape and avoidance behaviour. Given the importance of the
clinical problems of escape and avoidance, this is amazing. Most studies that were found
(see Higgins & Morris, 1984, for a review), instructed or trained Ss carefully in avoiding
and therefore put a considerable experimental pressure on the §s to avoid. When such
procedures are used, exceptionally high rates of avoidance are found (see Higgins &
Morris, 1984). Such procedures do not appear to be relevant to the study of the sponta-
neous development of escape/avoidance. The procedure described below was intended to
be less demanding as to escape and avoidance.

The aim of the present study® is to test the hypotheses (1) that an underpredicted pain-
ful experience is more likely to lead to escape and (2) that it is more likely to be followed
by avoidance behaviour than a correctly predicted painful experience of identical intensity.
If underestimation has a specific effect, it should be observable separately from the effects
of the intensity of the painful stimulus. In order to test these hypotheses, two groups were
formed. Ss in the control group received 20 painful stimuli of high intensity. Ss in the
experimental group received an equal number of stimuli, 17 of low intensity (just above
pain threshold) and 3 (unexpected) of the level of intensity of the control group. This
procedure reliably induces underestimations (Amtz & van den Hout, 1988; Amtz & Lous-
berg, 1990). Escape from a pain stimulus was possible by pressing a button. It was pos-
sible for 55 to avoid pain stimuli by reducing the number of stimuli in the experiment.

It was expected that §s in the experimental group would escape from and avoid pain of
high intensity more often than s in the control group.

METHOD

Subjects

Subjects were 26 students of Health Sciences who participated voluntarily and received
a small remuneration. There were 22 women and 4 men. Mean age was 20 yr.

*See footnote 2.

‘Physiological and subjective data were also obtained. They are discussed in section 3.4,
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Materials

Materials used were a Duich version of the Eysenck Personality Questionnaire (EPQ,
Sanderman, Eysenck & Arrindell, 1988), and wvisual analogue scales (VAS) measuring
predicted pain, experienced pain and fear of the next pain stimulus?,

Apparatus

Painful stimulation was given via electrodes attached to the §’s right ankle. The
stimulation increased towards its maximum during 2 sec, remained at that level for 6 sec,
and gradually decreased during 2 sec. The electrical pain stimulation was produced by a
Siemens Neuroton 627 approved of for use with patients. Three seconds before the pain
stimulus, a slide projector projected a white rectangle on the wall as a warning signal for
1 sec. §s could press an escape button connected with a device for measuring reaction
time to terminate the stimulation. Reactions within the stimulation duration of 10 sec were
classified as escapes. Avoidance was measured by means of a device with five buttons
(button 1: reduction by one trial, button 2: reduction by 2 trials, etc.) connected with five
bulbs in the control-room. A microcomputer (PDP Minc-11) controlled the experiment.

Procedure

Before entering the experiment room, Ss filled out the EPQ. On the basis of the
Neuroticism score and sex, matched pairs were formed. The first § of a pair was assigned
to the experimental condition, the second to the control group. After §s had entered the
experiment room and electrodes had been fastened (for heart rate, skin conductance,
finger and ear plethysmogram, and pain stimulation)’, Ss were told that they were
participating in a psychophysiological study on pain. The shock level was determined in
steps of 0.4 mA. In the experimental condition, the first painful intensity > 50 mm on the
VAS measuring pain was chosen (mean subjective level 54 mm, mean intensity 2.6 mA),
For a § in the control group the intensity was further raised until the subjective pain was
somewhat higher on the VAS than the subjective pain score of the matched experimental §
at the heightened trials (mean subjective level 65 mm, mean intensity 3.4 mA). The
subjective level was significantly higher in the control group than in the experimental
group (£(24)=4.02, p=0.001), as was the objective level (1(24)=2.01, p=0.03, 1-tailed).
Ss were instructed that they would receive an (unspecified) number of pain stimuli, and
that each stimulus would be preceded by the warning signal. Furthermore, the S5 were
told that, although the objective intensity would remain constant, subjectively experienced
pain could fluctuate; that they could terminate the stimulus by pressing the stop-button;
and that they could reduce the number of stimuli by pressing one of the five buttons
(described above) after each trial. §s were instructed to complete the 3 VASs after each
trial. §s in the control group received 20 shocks of the (high) level determined at the start
of the experiment. Ss in the experimental group received 17 shocks of the (low) level that
was determined at the start, and 3 heightened shocks: at the 7, 12 and 17th trial the
objective level (in mA) was heightened by 33%. The objective intensity of the high
intensity pain stimulus was the same for the two groups (1(24)=0.26, p=0.80).
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RESULTS
Experimentally induced underpredictions

The experimental §3 underpredicted the experienced pain at the 7th mi:z',cmpamcy~ = §
mn:f, f(m‘)p:#%, p<10%, alt.pthe 12th (12 mm, t=4.59,‘p< 10 and at t'he lﬁh trial (8
mm, =403, p=10?). Thus, the experimental manipulation su.weexded in inducing unde.r-
predictions. Figure 1 and 2 show experienced and predicted pain of both groups on a trial
by trial basis.

70+ EXPERIENCED PAIN 70+ PREDICTED PAIN
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Figure 1. Experienced pain of control and
experimental group during the series of pain-
ful shocks. In the experimental group the
stimulus intensity was increased at the 7, 12
and 17th trial. §s in the control group
received stimuli of a high intemsity matched
to the intensity of the experimentally in-
creased stimuli in the experimental group.
Trial 0 denotes the pretrial measurement
where shock level was assessed.

Escape

Figure 2. Predictions of pain intensity in
both groups. As can be seen, the experiment-
ally increased stimuli in the experimental
group were underpredicted and caused
increased pain predictions.

There was one § in the control group who terminated the pain stimulus once. Inspec-
tion of the subjective data showed that the § had underpredicted the 16th trial (predicted
level 35, experienced level 46). Thus, the frequency of escape from a high intensity

stimulus was 1/260 (0.4%) in the control

group. In the experimental group, there were

four S8 who terminated the stimulus at least once (two §s made one escape, one made

three escapes, and one made four €scapes).

Eight of the 9 escapes were from the expe-

rimentally heightened stimulus. When analyzed over all 20 trials, the number of Ss
escaping was higher in the experimental condition, as hypothesized, but was statistically
only marginally significant (Fisher’'s exact test: p=0.08, 1-tailed). The frequency of
escape from a strong stimulus is, of course, a more pertinent measurement. This fre-
quency was much higher in the experimental condition (8 out of 39; 20.5%) than in the
control group (0.4%). The difference was highly significant (Fisher’s exact test: p=35x
107). A r-test with the individual frequency of escape as dependent variable also revealed
a significant between group effect (#((12)=1.94, p<0.05, 1-tailed, separate variance
estimates). Tt might be argued that the frequency of escape from a high intensity stimulus
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gradually decreased in the control group because of habituation to the stimulus. To control
for this habituation effect, the number of escapes from a high intensity stimulus in the
experimental group (8 out of 39) was contrasted with the number of escapes from the first
stimulus (before habituation) in the control group (0 out of 13). The difference was
significant (Fisher’s exact test: p=0.04, 1-tailed) as was the difference between the groups
as to the frequency of escape (#(12)=1.98, p<0.05, 1-tailed, separate variance estimates).

Avoidance

In each condition there were only two §s who made avoidance responses: In the control
condition one 5§ skipped several trials, "because the stimulus was not painful anymore (as
she stated afterwards), and for a study on pain there would, therefore, be no point in
completing the full program." Inspection of the subjective data indeed showed strong
habituation of this §. The other § of the control group made avoidance responses after a
strongly (spontaneously) underpredicted stimulus. There were no significant differences
between the conditions with respect to avoidance responses.

DISCUSSION

The findings of the present study support the general hypothesis that an underestimated
painful experience is experienced as more aversive than an accurately estimated painful
experience of identical intensity. It is more likely that an underestimated painful
experience will lead to escape than that a correctly estimated experience will do so. The
present findings are even more significant because the level of intensity of the stimulus
was controlled for: the organism seems to be able to tolerate strong pain better when it is
correctly expected than when it is unexpectedly strong. The results suggest that it is not so
much the level of pain or aversiveness that matters, but rather the unpredictability.

However, -was it really the underestimation, and not the intensity, that mattered?
Although the control Ss received pain stimuli of a somewhat higher subjective intensity at
the start than that of the experimentally increased stimuli in the experimental group,
control Ss on average experienced less subjective pain during the series than experimental
§s did at the intensified trials, because of habituation in the control group and the
dishabituating effect of underestimated pain in the experimental group. Thus, theoretically
it could be reasoned that it was the higher experienced pain in itself that was responsible
for the high escape rates. However, at the first trial(s) - before habituation could have
taken place - the control Ss did not escape at all. The authors therefore feel confident that
the underprediction in itself promoted escape.

Possible mechanisms underlying higher likelihood of escape from underpredicted pain
may be: (1) the dishabituating effect of an underpredicted pain stimulus, making the
inhibition of the effects of the stimulus ineffective (see Amtz & Lousberg, 1990, for
experimental evidence), an experience which may make the stimulus more aversive®; and
(2) the different meaning the stimulus gets when it is unexpectedly intense - that of a
stimulus that can become intolerable at any moment. It is well known that the meaning
and significance of pain can influence the way in which it is experienced (see Amtz &
Schmidt, 1989, for an extensive discussion of this issue). Be that as it may, the present

3See footnote 2.
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study validates clinical observations on escape and is theoretically relevant to Rachman’s
match/mismatch model in giving strong evidence of a causal connection between
inaccurately estimated aversive events and escape behaviour.

Whereas the effects of underpredicted pain on escape are clear, the present study failed
to show that underpredicted pain is followed by avoidance behaviour. It should be noted
that only two Ss in each condition made any avoidance response at all. Therefore, there
wias hardly any variance for showing possible differences. We assume that the way in
which avoidance behaviour was operationalized accounts for this. First, it may not have
been salient to the § that, and how, the number of trials was reduced if he pressed a
button. Second, there was no direct connection between avoidance response and a specific
trial. Third, §s may have believed that they should not reduce the number of trials (which
is supported by the small number of §s who made avoidance responses) and be brave. The
attempt not to put too much pressure on the § to avoid may have been too successful.
Thus, by a different operationalization and less experimental demand on tolerance of pain,
the link between underpredicted pain and avoidance behaviour may be found. Such an
attempt will now be undertaken,
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SECTION 3.3. :
AVOIDANCE OF PAIN OF UNPREDICTABLE INTENSITY!

SUMMARY

Unpredictability of the intensity of an aversive event might be an important factor in
producing negative effects of the event, especially if the UCS becomes stronger than could
have been expected. The present experiment tested the hypothesis that unpredictability of
intensity of a painful stimulus contributes to avoidance behaviour. The experiment was
concealed in a shock working-up procedure; which was done to assess the pain level Ss
were willing to tolerate in a subsequent experiment. The experimental 55, who received an
unannounced sudden increase of the pain stimulus during the working-up procedure,
tolerated less pain on a subjective as well as on an objective level (avoidance of high
levels of pain) than the control S5, who received the stimuli in a predictable pattern. The
results support the hypothesis that unpredictability of intensity of an aversive event
contributes to avoidance behaviour.

INTRODUCTION

There is growing evidence that besides unpredictability of the occurrence of aversive
events, unpredictability of the intensity of aversive events produces various disturbances to
the organism, such as fear of the event that exceeds the fear of a predictable aversive
event. In various experiments it has been found that pain that is unexpectedly stronger
leads to immediate increases in predictions of pain expected at later trials, to a slow
reduction of these predictions despite disconfirmatory experiences, to long-lasting fear of
the pain stimulus, and to escape from the underpredicted event (Arntz & Van den Hout,
1988; Amntz & Lousberg, 1990; Arntz, Van Eck, De Jong & Van den Hout, 1990; Arntz,
Van Eck & De Jong, 1991). Theoretically, it could be hypothesized that unpredictability
of the intensity of aversive events is also related to avoidance behaviour, especially if the
intensity is larger than could be expected. However, to the best of the present authors’
knowledge, no study has been published that clearly shows that unpredictability of inten-
sity of an aversive UCS is related to human avoidance. In an unpublished study (Rach-
man, 1990), it was found that an unexpected sudden decrease of the distance between a
phobic § and the feared object resulted in subsequent avoidance. Indirect evidence has
been reported in a study by Rachman and Lopatka (1986): underpredicted fear was related
to subsequent slower approach behaviour and to more hesitations during the approach of
the feared object. However, in this study the underprediction of fear was not experimen-
tally manipulated, which leaves the issue of causality open.

From a clinical perspective it might be interesting if it could be demonstrated that un-
predictable intensities of aversive events are related to avoidance behaviour, because there
seem to be several forms of avoidance behaviour that are based on unpredictability of in-
tensity rather than of occurrence. Especially unpredictability of the upper limits of the
aversiveness of the event may be important, as in dental phobia or panic attacks, where

‘Reprinted with permission from Behaviour Research and Therapy, 29, Arntz, A., van Eck, M. &
de Jong, P., Avoidance of pain of unpredictable intensity, 1991, Pergamon Press PLC.
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patients do not seem to fear moderate intensities of the aversive event, but mmgr‘ sudden,
unpredictable increases to intolerable levels. Indirect evidence for this proposition stems
from the relationships that have been found between avoidance of dental mreatme:m and
(catastrophic) predictions of pain expected during treatment (cf. Wardle, 1983; Lindsay,
1983), and between agoraphobic avoidance and expectations of panic (Craske, Rapee &
Barlow, 1988) or subjective probability of catastrophic events (Warren, Zgourides &
Jones, 1989). From a theorefical perspective, it seems that unexpected increases in the
intensity of an aversive stimulus yield important information for the organism. If an
aversive stimulus increases unexpectedly in intensity, the § cannot be certain any more
whether the intensity will remain below bearable limits. In other words, unexpected in-
creases of the intensity might lead to distrust of the stimulus, and consequently to avoi-
dance.

In a previous attempt to test the hypothesis that unexpected increases of a painful
stimulus to a high intensity level lead to more avoidance behaviour than predictable expe-
riences with identically high intensities of the stimulus, Amntz et al. (1990b) found
evidence for a relationship with escape behaviour, but did not observe more avoidance
behaviour. In both conditions there was a very small number of instances of aveidance
(measured by letting the Ss indicate whether they wanted to skip a number of trials of the
series of painful stimuli). Thus, the variance was too low to allow for detection of
between-group differences. Arntz e al. hypothesized that the very small number of
avoidance behaviours could be explained by the considerable experimental demand put on
the §s to complete the series as planned or by the unclear effects of the avoidance
response. Another reason might be that the possibility to escape from the stimulus might
have reduced avoidance. There is evidence that if stimuli are escapable, less avoidance is
observed (Bixenstein & Barber, 1964; Higgins & Morris, 1984). This can be understood
by considering the possibility to escape as a form of controllability. The possibility of
escaping increases the certainty that the stimulus can be endured without becoming
intolerable.

In further pilot studies we gave S5 no possibility of escaping from the painful stimula-
tion; and we tried to lessen the experimental demand to endure the stimulus, If, however,
the experimental demand was lowered, very high rates of avoidance behaviour were
observed, again leading to a variance that was too low. We concluded that human avoi-
dance behaviour of new stimuli in the laboratory is easily determined by experimental
demands, which makes it very difficult to study spontaneous avoidance behaviour (see for
the strong effects of experimental instructions on human avoidance for instance: Matthews
et al., 1977; Shimoff et af., 1981; Higgins & Morris, 1984).

We therefore decided to hide the experimental manipulation in a phase of pain expe-
riments in which §s seem to display relatively more spontaneous behaviour: the introduc-
tory phase, in which the individual pain level is selected. In short, Ss participated in an
experiment that started after the selection of the pain stimulus. A shock working-up pro-
cedure was employed to determine the highest level the § was willing to tolerate during
the experiment that would follow. In the experimental condition, an unexpectedly
increased pain stimulation was given during the working-up procedure. In the control
group, the working-up procedure followed a predictable pattern. A double-blind design
was employed: the experimenter who welcomed the  to the laboratory and communicated
to the § during the working-up procedure did not know to which condition the § was
allocated. The second experimenter, who controlled the pain stimulation in an adjacent
room, randomly allocated the S to one of the conditions. It was hypothesized that Ss who
had experienced an unexpectedly increased stimulation would tolerate less pain (that is,
would avoid high levels of pain) than Ss who had experienced predictable intensities of the
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pain stimulus. The hypothesis was tested both on a subjective level (experienced pain) and
on an objective level (intensity of the painful electrical stimulation in mA).

METHOD
Subjects

Subjects were 50 female students, who participated voluntary. A small remuneration
was given for participating. There were 43 Ss in the final sample (see procedure for §
selection). Mean age was 20 years (SD=1.5).

Apparatus

Apparatus was placed in an adjacent room. The pain stimulation was produced by
means of a Siemens Neuroton 627, passed for use with patients. The electrical stimulation
was delivered at the right ankle of the § via two Beckman 8 mm. Ag-AgClI electrodes,
filled with Hewlett-Packard Redux Creme. Each stimulation consisted of a gradual rise
during 2 sec. to the preselected level, a constant stimulation of 1 sec., and a gradual
decrease during 2 sec. Skin conductance electrodes, two Beckman 8 mm. Ag-AgCI elec-
trodes, were attached to the medial phalanges of the second and third fingers of the non-
dominant hand. Since no physiological recording was done during the shock working-up
procedure, in which the present experiment took place, no further details about physiclogi-
cal recording will be given. An intercom was used for communication between the experi-
mental room and the adjacent control room.

Materials

Subjects rated experienced pain on 100 mm visual analogue scales (VAS). At the left
end of the scale the indication "0, no pain at all” was printed, at the right end "100,
extremely painful”. The distance from zere to the vertical mark of the § was measured in
mm.

Procedure

The present experiment was carried out during a shock working-up procedure of two
other experiments. Therefore, §s were first given the rationale of the experiment that was
to take place after the shock working-up procedure. After giving this rationale electrodes
were fastened and. the shock working-up procedure was started. The 5 was told that the
purpose of this procedure was to determine the highest level of stimulation she was willing
to tolerate during the experiment that would follow. It was also explained to the § that in
order to help her to judge the stimulation, three stimulations of each objective level would
be given, and that she should indicate after each series of 3 stimulations whether she
would like to try a higher intensity, keep the intensity on this level, or prefer a lower
intensity. If the § chose a higher or a lower intensity, a new series of 3 stimulations was
given. The working-up procedure started at an objective level of 0.0 mA. The level was
increased in steps of 0.2 mA until tolerance level was reached. Pain-threshold was also
measured, on subjective level (VAS filled in after the first series experienced as painful)
and on objective level (in mA). Each series of 3 stimulations was rated on the VAS after
pain threshold had been reached.
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The experimental manipulation was accomplished by unexpectedly increasing the
objective level of the third stimulation by 33% in the series following after the first
stimulation level that was rated > 50 on the VAS. A double-blind procedure was em-
ployed. One experimenter was seated beside the §, giving the § the VASs and asking the §
whether the level should be increased. If the § refused an increase, the experimenter asked
the § whether the level could be kept on the last intensity, or should be decreased. In case
of an increase, this experimenter said "yes" via the intercom. However, in case of the
first level that was rated > 50, the experimenter said “okay”, which was the code to the
second experimenter that the level of 50 was reached.

Only the second experimenter knew whether the § was allocated to the experimental or
to the control condition (allocation was random). The second experimenter controlled the
pain stimulator. In case of an experimental §, the third stimulation of the first series after
the code "okay” was increased. In case of a control §, the procedure of increasing the
level after a series of 3 stimulations of the same intensity was continued. After the
experimental manipulation, the normal procedure was continued until tolerance level was
reached. There were 7 §s who had tolerance levels below 50 on the VAS. Since the
experimental manipulation would be impossible, these Ss were deleted.

RESULTS

A MANOVA on the objective level and the subjectively experienced level at tolerance with
pain threshold levels (objective and subjective) as covariates revealed a significant experimen-
tal effect (Fy,(2,38)=4.35, p=0.02). Means and s.d. are presented in table 1.

In case of subjective pain, the covariates were m.s. and were therefore deleted in the
univariate test. In case of the objective level, only objective threshold level was found to
be significant as covariate.

~Univariate one-tailed #-tests (planned contrasts) revealed that Ss in the experimental
condition tolerated significantly less pain on the subjective level (¢(41)=-2.99 p<0.005,
table 1) as well as on the objective level (#(40)=-1.78, p<0.05, table 1). The weaker
effect on the objective level should be attributed to the large within-group variances: Ss
differed enormously in tolerance level, and therefore the between-group effect is relatively
weak. In case of the subjective pain, within-group variances are relatively lower.

To summarize, the objective as well as the subjective findings clearly support the
hypothesis that Ss tolerate less pain after an unpredicted sudden increase in pain.

Table 1. Objective and subjective pain levels

Threshold Tolerance
‘mean SD mean 5D
objective level (mA)
control 1.37 0.71 4,17 1.70
experimental 1.27 0.81 2.78 3.22
subjective level (0-100)
control 24.7 17.3 86.7 11.1
experimental 363 17.9 74.0 15.5
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DISCUSSION

Interspersing an experimental manxpumuan in a shock working-up procedure appeared
to be an adequate procedure to study avoidance without the common problem of experi-
mental demand. The findings obtained with this paradigm support the hypothesis that Ss
are willing to tolerate more pain if the intensity of the pain stimulus is predictable. If the
pain stimulus becomes unexpectedly stronger, Ss tend to avoid high levels of the stimulus,

The Jower tolerance level after unexpeciedly increased pain can be explained in various
ways. First, the unexpected increase may have induced a state of anxiety in the S,
leading to avoidance of higher levels or even escape from the level that was experienced
last (by having the stimulation level decreased). There is indeed evidence that unexpected
increases in pain lead to increases in subjective anxiety (Arntz & Lousberg, 1990; Arntz
et al., 1991c), to less reduction of fear of the stimulus (Amntz & Van den Hout, 1988), to
increased physiological anticipation of the stimulus (Amtz er al., 1991c), and to escape
from the stimulus (Amtz ef al., 1990b).

Second, a cognitive explanation might be that the stimulus representation (see Davey,
1989, for the importance of the UCS representation in acquired fears) is qualitatively or
quantitatively different after an unexpected increase compared to after correctly expected
experiences. A quantitative difference might be that an unexpectedly strong stimulus is
experienced as more painful, leading to a representation of the stimulus as being more
painful. The higher painful quality of the stimulus might have led to avoidance. Although
there are indications that an unexpectedly stronger stimulus might be experienced as more
painful than a correctly expected stimulus of equal objective intensity (Amtz er al.,
1990b), the present findings seem to contradict the explanation that the experimental Ss
tolerated less objective pain because their stimulus representations were relatively more
painful. For if this explanation would be true, approximately equal, or even higher,
subjective tolerance levels combined with lower objective tolerance levels would have been
observed in the experimental cendition, compared fo the control group. The present
findings indicate, however, that the experimental Ss experienced the tolerance levels as
relatively less painful than the control §s. A more simple explanation therefore seems to
be that $s did not dare tolerate higher levels of the stimulus because the stimulus acquired
a different meaning for the S on another dimension: as being dangerous because it
suddenly can become stronger, as being untrustworthy because of being unpredictable with
respect to its upper limits. Although this interpretation cannot be directly proven by the
present experiment, it seems at least plausible. Moreover, it hooks on to theoretical
explanations of the positive effects of controllability and predictability of aversive events,
which stress the importance of the certainty that the § gets, when the stimulus is controlla-
ble or predictable, that the stimulus will remain below unbearable levels (Miller, 1979).
Lastly, such an explanation might also be in line with cognitive explanations of avoidance
behaviour, which do not rely on (conditioned) fear as a necessary incentive for avoidance
{Seligman & Johnston, 1973).

Clinically, unpredictability of intensity seems to be important with respect to various
aversive events. For instance, many panic patients seem to avoid agoraphobic situations
because they expect that a panic atiack, once above a certain threshold, can become
increasingly stronger and leads to unbearable effects, like becoming crazy, loosing
control, or dying (Clark, 1983). Similarly, some chronic pain patiénts might avoid
activities because they believe that the pain may become intolerable (Lethem er al., 1983;
Slade er al., 1983). Experiences with unpredicted increases of pain may have lead to such
expectations. The same mechanism might play a part in acute pain, of which patients
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might become afraid, or which might lead patients to avoid painful treatment or to ask for
medication, because of having once experienced an unexpectedly strong pain experience.
Uncertainty about the upper limits of pain due to treaiment seems to play an important
part in dental phobics (Lindsay, 1983).

In sum, the present study supports the hypothesis that unexpected increases in the
intensity of an WCS might lead to avoidance, Further studies are needed to unravel
underlying mechanisms. For instanice, it might be interesting to investigate the effects of a
signalled increase in UCS intensity compared to the effects of an unsignaled increase as
was employed in the present study. If signaling does not result in higher tolerance, the
effects must be attributed the sudden sharp increase in pain intensity per se, and (habitua-
tion) processes at lower levels of the nervous system probably play a major role (note that
the increase might still be formally unpredictable). If information can reduce the negative
effects of such a sudden increase, expectations formed at higher levels of the nervous
system play an important role. Similarly, the effects of perceived control over the large
increases in pain intensity might be of interest in this respect.
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SECTION 3.4.
UNPREDICTABLE SUDDEN INCREASES
IN INTENSITY OF PAIN AND ACQUIRED FEAR!

SUMMARY

It is well-known that unpredictable occurrences of aversive events can produce various
disturbances in the organism. Less is known about possible other relevant aspects of pre-
dictability. In the present experiment, the hypothesis was tested that sudden (unpredict-
able) increases in the intensity of a painful UCS contribute to the development and main-
tenance of fear of the UCS. In the experimental condition, Ss received 17 painful elec-
trical stimulations of medium intensity, alternated with three strong stimulations. In the
control group, Ss received 20 strong stimulations, which followed a predictable pattern
because they were of constant intensity. Subjective fear ratings and autonomic responses
(SCR, HRR) to a warning signal that preceded the UCS were higher in the experimental
condition than in the control group, despite the fact that the control group received more
stimuli of the high intensity level. Before experimental manipulation HR deceleration after
the warning stimulus was observed in both groups. The experimental manipulation result-
ed in HR acceleration after the warning stimulus, while the control Ss continued to show a
deceleration. These findings support the notion that unpredictability of UCS intensity is
important for acquired fears.

INTRODUCTION

The notion that unpredictable aversive events lead to stronger neurotic disturbances
than predictable aversive events is well-known (Seligman, 1968; Seligman et al., 1971;
Mineka & Kihlstrom, 1978; Mineka & Hendersen, 1985), although there is considerable
dispute as to whether unpredictable aversive events are experienced as more aversive (cf.
Furedy, 1975). Most of the research on unpredictability has been restricted to unpredict-
ability of the occurrence of the aversive event. Less is known about the possible relevance
of other dimensions (see Imada & Nageishi, 1982, however). One exception is a study by
D*Amato & Safarjan (1979), in which rats preferred a condition in which signals preced-
ing the shock could be used for predicting the duration of the shock. Some research has
been done on the effects of unpredictability of the imvensity of aversive events. In an
experiment by Freeman & Badia (1975) it was found that rats did not prefer a predictable
shock-intensity condition to an unpredictable condition. However, as the authors pointed
out, shock intensity alternated according to a schedule that may have given sufficient
information regarding shock intensity. Moreover, the relative importance of the intensity
dimension probably depends on the range of intensity that is employed, because the larger
the range, the higher the uncertainty is. This was demonstrated in a study by Marlin e al.
(1979), in which it was found that rats only preferred a condition with information about
shock intensity when the difference between intensities was relatively large. Similarly, in a
study by Jones er al. (1966) it was found that human Ss made more information eliciting
responses concerning shock intensity under conditions of high uncertainty about shock

‘Arntz, A., van Eck, M. & de Jong, P. Journal of Psychophysiology, accepted for publication.
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intensity than under conditions of low uncertainty. Thus, these experiments suggest @at
the higher the uncertainty about the UCS intensity is, the more preference for information
about it is observed:

Clearly negative consequences of unpredictable imrensiry of painful shocks applied to
human Ss were observed by Dimitrijevic er al. (1972): §s who received stimuli of stoch-
astic intensity did not show any habituation at all, in contrast with §s who received stimuli
of constant intensity.

Mot only immediate reactions to the aversive stimulus might be influenced by sudden
changes in -intensity; other reactions appear to be influenced as well. Subjective anxiety
and uncertainty about the stimulus that is to be expected are increased for a prolonged
time after an unexpectedly stronger stimulus (Arntz & van den Hout, 1988; Amiz &
Lousberg; 1990). When Ss receive an unannounced strong pain stimulus in a shock work-
ing-up procedure, their tolerance level is lower than when the working-up procedure
follows a predictable course (Armiz ef al., 1991b). It has been reported that unexpected
decreases in intensity lead to a reduction of anxiety; an effect opposite to that caused by
unexpected increases (Arntz & van den Hout, 1988; Arntz et al., 1990a).

The above shows that there are indications that unpredictability of intensity of an UCS
is important with respect to the impact of the aversive event and the development of
anxiety. Unpredictable increases in intensity seem to be most important in this respect.
Studying the effects of UCS unpredictability of intensity is not without clinical relevance:
many pain problems, both acute and chronic, are not characterized by unpredictable
occurrence of pain, but by unpredictable sudden increases in the infensity (e.g. pain during
dental treatment, or chronic pain problems). Similarly, phobias seem to be characterized
by (perceived) unpredictability of the intensity of the aversive event (panic attack, experi-
enced anxiety, feared consequences of a situation) than by unpredictable occurrences. It
should be noted that phobias are by definition characterized by a high (perceived) predic-
tability of occurrence: the phobic stimulus is perceived as signal of occurrence. Neverthe-
less, (perceived) unpredictability (and uncontrollability) seems to play an important role in
phobias (Mineka, 1985; Barlow er al., 1985; Merckelbach, van den Hout & van der
Molen, 1987). In the laboratory, conditioning of autonomic responses by means of multi-
ple pairings of a CS to an (predictable) aversive UCS is often used as an analogue of
clinical phobias. The validity of this laboratory model can be questioned on several
grounds. Firstly, the usual laboratory situation, characterized by high predictability of the
UCS (occurrence, intensity, duration), seems incomparable with the high levels of unpre-
dictability perceived by phobic patients (see Mineka, 1985, for a more extensive discus-
sion). Secondly, the responses after the CS are not always clear indices of fear: for
instance, heart rate deceleration after a CS is sometimes found (e.g. Obrist et al., 1965;
Somsen ef al., 1983; Valins, 1966; even in animals, e.g., Di Cara et al., 1970), whereas
heart rate acceleration is characteristic of most clinical fears. Thirdly, one-trial condition-
ing (in most cases the 'trauma’ seems to have been a panic attack, which is difficult to
distinguish from the later anxiety and panic complaints; Ost, 1989; Merckelbach et al.,
1989), or even the absence of conditioning-like experiences seems to be common in
phobias (Rachman, 1977). Unpredictable intensity of the UCS might lead to a more valid
laboratory model of phobias and neurotic problems. All in all, the study of the effects of
unpredictable increases in intensity of an aversive event seems to be worthwhile both for
theoretical and clinical reasons. :

In a §,-S, paradigm, different components in the anticipatory HR changes can be
distinguished. With longer anticipatory periods (> 5 sec), there are generally three
components: the first and third decelerative and the second accelerative (Bohlin & Kjell-
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berg, 1979; Velden & Sihnmacher, 1979; Somsen e al., 1983). With shorter periods, the
first and second, or only the first, components remain (see Bohlin & Kjellberg, 1979 for a
review). With an unavoidable aversive UCS, like electric shock, a global anticipatory
deceleration is often found to dominate the three components (Headrich & Graham, 1968;
Obrist et al., 1969; Somsen er al., 1983). But sometimes a clear accelerative trend in
anticipation of an aversive UCS is found, for instance during the inital phase of the series
while later trials show less accelatory HR during anticipation (Velden & Schumacher,
1979). Phobics also do not anticipate with a global anticipatory HR deceleration phobic
stimuli: Hare and Blewings (1975) found that phobics showed a clear accelerative compo-
nent during anticipation of a phobic stimulus, in contrast to their anticipation of non-
phobic stimuli and the anticipatory HR of normals. Thus, there might be a curvilinear
relationship between the anticipatory HR changes and the aversiveness of the UCS. Non-
aversive (imsignificant) UCSs generally lead to small decelerative and relatively larger
accelerative components (Somsen ef al.), mildly (predictable?) aversive stimuli to stronger
decelerative components, and very aversive (phobic, unhabituated, unpredictable?y UCS,
generally lead to strong accelerative components (Bohlin & Kjellberg, 1979). The decele-
rative components are generally assumed to be related to the orienting response, the intake
of information or outwardly directed attention, whereas the accelerative components are
generally assumed to be related to a defensive reaction, the rejection of incoming informa-
tion or flight/fight reactions (Bohlin & Kjellberg, 1979; Lykken, 1967; Lang, 1983;
Obrist, 1981). One of the aims of the present study is to test the possibility that HR
during anticipation shows a qualitative change from predominantly deceleration to acceler-
ation after the UCS intensity has become unpredictable.

In the present study it was decided to use a 3 sec anticipation period. With such an
interval, the S can relatively reliably predict UCS onset and HR changes are less influ-
enced by uncertainty about exact UCS onset during anticipation than with longer periods
(Orlebeke, personal communication). It was hypothesized that the usual short latency
deceleration after CS onset would be less, or even absent after the experimental manipula-
tion in the experimental group, and that a stronger accelerative trend would be observed
during the later part of the anticipatory period.

The present study aims at testing the hypothesis that unexpectedly increased pain
produces more fear than pain of similar intensity that follows a predictable regular pattern.
More specifically, it was hypothesized that subjective fear and autonomic fear indices
during anticipation are higher in a condition that is characterized by some unpredictable
sudden increases in painful stimulation to a high intensity level than in a condition of
constant high intensity stimulation. The direction of the heart rate response during antici-
pation of the UCS is of special interest here: it was expected that HR acceleration during
anticipation would be more likely after sudden unexpected increases in UCS intensity.

In order to test this hypothesis, two groups were formed: the experimental group
received 17 painful stimuli of medium intensity, unpredictably alternated with 3 painful
stimuli of strong intensity; the control group received 20 painful stimuli of strong intensity
which followed a predictable pattern with respect to intensity because they were of con-
stant objective intensity. This design offers the possibility of studying the effects of unpre-
dictable, sudden increases in intensity per se, controlling for the effects of objective
intensity of the stimulus.
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METHOD
Subjects

There were 26 Ss, all students, who participated voluntarily and received a small
remuneration. There were 22 women and 4 men. Mean age was 20 yr (range 18-28 yr).

Materials

Materials used were a Dutch version of the Eysenck Personality Questionnaire (EPQ,
Sanderman et al., 1990), and 100 mm visual analogue scales (VAS) measuring predicted
pain, experienced pain and fear of the next pain stimulus. The two scales pertaining to
pain had at the left "no pain at all" and at the right "maximum pain" as anchors. The fear
VAS had “no fear at all” and "maximum fear” as anchors. Subjects rated the VASs by
placing a vertical mark. The ratings were measured in mm,

Apparatus and physiological recording

The electric pain stimulation was produced by a Siemens Neuroton 627 via two Beck-
man Ag-AgCl electrodes (8 diameter; 25 mm distance between the centres of the elec-
trodes) attached to the $’s right ankle. The electrodes were filled with Hewlett-Packard
Redux Creme. The constant current AC stimulated produced a train of rectangular pulses.
The stimulation was increased to the pre-selected level (described under Procedure) during
2 sec, remained at that level for 6 sec, and was gradually decreased to zero during 2 sec.
Three seconds before the start of the pain stimulus, a slide projector projected a white
rectangle on the wall for 1 sec as a warning signal.

Subjects could press an escape button connected with a device for measuring reaction
time to terminate the stimulation (see section 3.2).

Skin conductance level (SCL) and skin conductance response (SCR) were measured via
two Beckman Ag-AgCl electrodes (8 mm, diameter), placed on the medial phalanges of
the second and third fingers of the §’s non-dominant hand. The electrodes were filled with
an isotonic paste and were connected with a Beckman Skin Conductance Coupler (type
9844), using the method of constant voltage (0.5 Volts). The skin was cleaned with
distilled water,

Respiration was recorded from a Beckman Respiration Belt fastened around the $'s
chest and connected to a Beckman Voltage/Pulse/Pressure Coupler (type 9853A), in order
to detect SCRs due to respiratory irregularities.

Heart rate was measured via Beckman Ag-AgCl electrodes filled with Hewlett-Packard
Redux Creme. The electrodes were placed below the sternum, and at the left-hand side of
the chest. The skin was cleaned with 70% alcohol, The electrodes were connected with a
Beckman Voltage/Pressure/Volume Coupler (type 9853A). Before being transmitted to a
microprocessor for heart beat detection, the signal was filtered through a low-pass filter
(set at 40 Hz.), in order to reduce noise due to the electrical pain stimulation.

A microcomputer (PDP Minc-11) controlled the experiment,

Procedure

Q?fore entering the experiment room, Ss filled out the EPQ. On the basis of the Neu-
roticism score and sex, matched pairs were formed. The first § of a pair was assigned to

124



the experimental condition and was run first, the second '§ was ‘assigned o the control
group. Ss were told that they were participating in a psychophysiological study on pain.
After the § had entered the experiment room and electrodes had been fastened, the objec-
tive stimulation level to be used was determined by increasing the level in steps of 0.4
mA. In the experimental condition, the first painful intensity rated > 50 mm on the VAS
measuring pain was chosen as to be used as the medium intensity level. For the high
intensity stimulations the current was increased by 33% of the medium level. For the
matched control §, the intensity was further raised in steps of 0.4 mA until the subjective
pain rating was equal to or somewhat higher (0-10 mm) than the mean subjective pain
score of the matched experimental § at the heightened trials. All Ss were instructed that
they would receive an (unspecified) number of painful stimulations, and that each stimulus
would be preceded by the warning signal. Furthermore, the §s were told that, although the
objective intensity would remain constant, subjectively experienced pain might fluctuate;
and that they could terminate the stimulus by pressing the stop button if they wished to do
s0. Subjects were instructed to complete the VASs after each trial. There were 20 trials.
Four periods are distinghuished in each trial: 9 sec pre-trial period, a 3 se¢ anticipation
period (starting with the presentation of the warning signal and ending with the start of the
pain stimulus), a 10 sec stimulation period, and a 9 sec post-trial period. Fear of the
painful stimulation was also rated before the first trial. Thus, 21 fear ratings and 20
responses of the other indices were obtained. Subjects in the control group received 20
shocks of the (high) level determined at the start of the experiment. Subjects in the experi-
mental group received 17 shocks of the medium level, and 3 shocks of the high level at
the 7th, 12th and 17th trials. The inter-trial intervals varied from 25 to 45 sec {mean 39
sec).

In order to habituate the orienting response to the warning signal; 4 signals were given
without being followed by a pain stimulus before the series of 20 trials began.

Data definition, reduction and analysis

The SCR to the warning signal was defined as the highest deflection starting during the
3 sec anticipation period. SCR to the pain stimulus was defined as the highest deflection
during pain stimulation, that is during 1 to 9 sec after pain onset. SCRs were square root
transformed (Levey, 1980). It should be noted that the anticipation and impact SCRs could
be clearly distinguished, despite the somewhat short anticipation period, because impact
SCRs started relatively late due to the fact that the pain stimulation level gradually in-
creased from zero to its maximum during 2 sec. SCRs due to respiratory irregularities
were replaced by estimated values, based on interpolation.

Changes in HR during anticipation (HRR,) were investigated by considering the last
interbeat interval (IBI) before the warning signal and the three successive IBI’s following
that interval. In order to analyze the impact of the pain stimulus on HR, changes in HR
during shock and after shock offset were analyzed using the mean pretrial HR as refer-
ence.

The responses to the warning signal and subjective fear of the next stimulus were
averaged over the first seven trials (before any manipulations were carried out in the
experimental condition), and over the last 13 trials. The averaged responses of the last 13
trials were analyzed by means of MANOVA. In case of subjective fear and SCRs the
averaged responses of the first 7 trials were employed as covariates in order to reduce
between § variance. The HR changes during anticipation were analyzed by means of a
trend analyses. The first and second order trends were inspected. In addition to univariate
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F-tests, the SPSS-X MANOVA output yields s-tests, which allow for directional interpre-
tation. The between-group effect was tested one-tailed. The pain impact responses of trials
7, 12 and 17 were averaged and compared between groups by means of MANOVA.

RESULTS
Check of the experimental manipulation

The selected medium intensity level of the experimental group (mean objective infensity
2.6 mA, mean pretest VAS rating 54 mm) was significanily lower than the selected high
intensity level of the control group (mean objective intensity 3.4 mA, mean pretest VAS
rating 65 mm): #(24)=2.01, p<0.05 (objective level) and 1(24)=4.02, p=0.001 (subjec-
tive rating). The objective high intensity level was the same for the two groups (#(24)=
0,26}, Thus, it can be concluded that the experimental manipulation succeeded in selecting
a high intensity level in the control group that was equivalent to the high intensity level of
the experimental group.

Immediate effects of the experimentally increased pain stimulations

In order to test the immediate effects of the experimental manipulation (responses fo the
suddenly increased pain stimuli were expected to be larger than those to the stimuli of
similar intensity in the control group, which were predictable}), a MANOVA was carried
out on the mean SCR, change in HR (expressed as the mean HR after pain stimulus onset
minus the mean HR during the pre-trial period) and subjective pain ratings of trials 7, 12
and 17. There was a strong multivariate experimental effect (Fyu(3,22)=5.77, p=0.005).
Univariate tests indicated that the change in HR, SCR and experienced pain of these trials
were larger in the experimental group than in the control group (p’s<0.05). Detailed
inspection of the HR revealed that two accelerations could be distinguished: an accelera-
tion at the start of the painful stimulation, and an acceleration after shock offset. Accord-
ing to Turpin (1986), the short latency HR acceleration reflects a startle reflex, the long
latency acceleration a defense reflex. A separate analysis of these two HR accelerations
revealed that only the short latency HR acceleration was significantly stronger in the
experimental condition (¢=3.57, p=0.001). The experimental effect on the long latency
HR acceleration was marginally significant (1=1.45, p=0.08). There was a significant
higher frequency from the high intesnity pain stimulus in the expeirmental condition than
in the control group (p<0.05, see section 3.2). It can be concluded that the experimental
manipulation succeeded in inducing stronger fesponses to the pain stimulus. In particular
the startle response appeared to be stronger in the experimental group.

Multivariate test of fear responses

Subjective fear of the pain stimulus, as well as SCRs and HR changes to the warning
signal during trials 8-20 were analyzed by means of MANOVA. There appeared to be a
multivariate between-group effect (Fyy,(3,22)=5.00, p<0.01). The univariate tests are
presented below. During trials 1-7 (before any experimental manipulation) the multivariate
between-group effect was n.5. (Fyna(3,22) <1).
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Subjective fear

As is shown in figure 1, subjective fear of the pain stimulus was similar in the two
conditions before the experimental manipulation (#(24)=0.00, p=1,00). With the mean
fear ratings during these trials (1-7) as covariate, the between group effect on the averaged
fear ratings of trials 8-21 was significant (1(23)=2.21, p<0.02). Post-hoc tests revealed
significant increases in fear in the experimental group at trial 8 (compared with fear of
trial 7; 1(24)=>5.41, p<0.001), at trial 13 (compared with fear of trial 12; r(24)=2.04,
p=0.03) and at trial 18 (compared with fear of trial 17; 1(24)=1.85, p=0.045). There-
fore, these results support the hypothesis that fear of the pain stimulation would be in-
creased by the sudden increases of intensity in trials 7, 12 and 17, and that fear reduction
would be slower in the experimental condition due to these increases.
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Figure 1. VAS ratings in mm. of subjective
fear of the pain stimulus on a trial-by-trial
basis. In the experimental condition, the pain
stimulation level was unexpectedly increased
at trials 7, 12 and 17. The experimental Ss
show higher subjective fear during trials 8-21

trial

Figure 2. Anticipatory SCRs (in micro-
Siemens*) following the warning signal
that preceded the pain stimulation. Dur-
ing trials 8-20, the SCRs were signifi-
cantly higher in the experimental condi-
tion than in the control group (p<0.001).

than the control §s (p <0.02).
SCRs during anticipation

Dwring trials 1-7, the difference between the groups as to the SCRs following the
warning signal was n.5. (1(24)=0.83, p=0.41). When the mean SCR of trials 1-7 is
employed as a covariate, the mean anticipatory SCR of trials 8-20 is larger in the experi-
mental group than in the control group (figure 2; #(23}=3.62, p<0.001). Note that the
SCRs decreased to almost zero in the control group, despite the fact that this group re-
ceived more stimuli of high intensity. The three increases in pain intensity were all fol-
lowed by anticipatory SCRs increased in comparison with the anticipatory SCR in the
previous trial (collapsed over the three trials: #(12)=2.10, p<0.05), but the effect be-
comes smaller later in the series (trial 8 ws 7 ¥(12)=1.97, p<0.05; trial 13 vs 12:
t=1.64, p=0.06; trial 18 vs 17: r=1.14, p=0.14). These results support the hypothesis
that unpredictable increases in pain are followed by increased anticipatory SCRs and lead
to less extinction of these SCRs.
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Heart rate changes after the warning signal

Figure 3 (left) illustrates the mean heart rate deceleration after the warning signal in
both conditions during trials 1-7, reflected by a significant second order trend (1(24)=
<220, p<0.05). The between-group differences were n.s5. (1(24)’s<1, p's>0.60). As is
ghown in the right part of figure 3, the heart rate changes after the warning signals of
trials 8-21 were accelerative in the experimental condition, in contrast to the responses in
the control group, which remained decelerative as indicated by a significant difference in
the first order trend (1(24)=1.92; p<0.05). The large fluctuations, and the small N, did
not allow for detailed inspection of the heart period responses in separate trials. Summa-
rizing: HR changes after the warning signal support the hypothesis, and suggest that
conditioning of fear to a warning signal, as indicated by HR acceleration, is more likely in
conditions with unpredictable intensity of the UCS, than in conditions with predictable
intensity. In order to test the possibility that only Ss who escaped from the pain stimula-
tion showed anticipatory HR accelerations, the HRRs of Ss who escaped once or more
were compared with the HRRs of Ss who did not escape. The difference was n.s. when
the comparison was made over both conditions (#(24)=1.05). Within the experimental
condition, S8 who escaped once or more did not show HR accelerations, but §s who did
not escape reacted with HR accelerations to the warning stimulus (mean IBI decrease =
0.013 sec. between effect, t(12)=1.80, p=0.10). Thus, the HR acceleration in the experi-
mental condition could not be attributed to actually escaping from stimulation.
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Figure 3. (Left) Heart rate response to the warning signal during trials 1-7. Both conditions
showed decelerations. The figure depticts the inter-beat interval of three beats following the signal,
compared to the interval preceding the signal,

Figure 3. (Right) Heart rate responses to the warning signal during trials 8-20. The control Ss still
responded with HR deceleration, but the experimental Ss showed HR acceleration (P < 0.05).

DISCUSSION

The present study clearly supports the hypothesis that sudden increases in intensity of a
UCS contribute to fear of the UCS. Subjective fear and physiological responses were
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larger in the condition in which a medium-intensity UCS was unpredictably alternated with
a high-intensity UCS than in the condition in ‘which all stimuli were predictably strong.-In
the case of subjective fear and SCRs, the clearest long-term effect appeared to be that the
reduction of these responses was delayed. In the case of the HRRs; it was rather a qualita-
tive difference that emerged: in the condition with unpredictable intensity, HR acceleration
after the warning stimulus was found, in the condition with predictable intensity HR
deceleration.

It seems unlikely that these effects should be attributed to other between-group differ-
ences. The Ss were carefully matched on the basis of their sex and neuroticism scores; the
objective stimulation level in the experimental condition during the 17 medium-intensity
trials was significantly lower than the level in the control group, while the experimental
trials 7, 12 & 17 had equal objective intensity in both groups; subjective pain levels were
significantly lower in the experimental condition than int he control condition before the
experimental manipulation took place; and changes in HR after the warning signal were
similar in both groups before the experimental manipulation took place. Because of this, it
can be concluded that it were the sudden increases in intensity that caused the stronger
fear reactions.

The different changes in HR to the warning stimulus are intriguing. The control group
displayed HR decelerations after the warning signal, as did the experimental Ss before any
experimental manipulation had taken place’. Therefore, the observed HR accelerations in
the experimental Ss should be attributed to the sudden increases of the pain stimulation,
rather than to its intensity per se. This finding suggests that unpredicted sudden increases
in intensity of an aversive UCS might be an important factor in the development of HR
accelerations to a CS. The different reactions suggest that two. different forms of prepara-
tion for the UCS develop, depending on the predictability of the UCS. Under conditions
of high predictability (high certainty), an orienting-like preparation seems to take place
(SCR and HR deceleration, cf. Lykken, 1967), whereas under conditions of unpredictabili-
ty (high uncertainty about the UCS), a defensive attitude seems to predominate (large SCR
combined with HR acceleration, Lykken, 1967). This interpretation suggests that under
conditions of high certainty about the stability of the (tolerable) UCS intensity, the organ-
ism prepares itself by adopting something like an attitude of acceptance, whereas uncer-
tainty about the UCS intensity may lead to a more defensive, rejecting attitude.

Heart rate acceleration has also been interpreted as a remnant of flight/fight behaviour
which is not put into action (Obrist, 1981; Lang, 1985). Flight/fight reactions are usually
associated with increased sympathetic drive, which takes appr. 2 sec before HR is affect-
ed. Thus, in the present experiment possible differences between experimental and control
group in this respect can only be observed during the last beat. Note that after the unpre-
dictability manipulation the last beat in the anticipatory period showed the largest accelera-
tion, Interpreted in this way, the present findings indicate that people prepare for an
aversive UCS by means of activation, reflecting a tendency to or a preparation for a
flight/fight response, under conditions of unpredictability of the important aspects of the
UCS. In yet another view, HR acceleration as a reaction to a CS indicates that Ss learned
to respond emotionally to the CS; whereas HR deceleration indicates (non-emotional)
attention to the CS (Lang, 1985). In this view, decelerators also learn about the CS-UCS
relationship (which is indicated by the relatively small SCRs and HR deceleration), but

The reduced HR deceleration during anticipation of trials 8-20 in the control group is probably
caused by habituation {cf. Bohlin & Kjellberg, 1979).
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only those whose HR accelerates show a transference of negative evaluation from UCS to
C8 (Lang, 1985, p.153). The heart rate responses to the pertinent pain stimulations (trials
7, 12 and 17) suggest that the startle response (indicated by the short latency HR accelera-
tion during the unpredictedly increased stimuli) in particular contributed to the develop-
ment of the résponses to warning stimuli. Therefore, the immediate effect of a UCS that is
suddenly stronger than expected seems to produce a startle response, which contributes to
the development of fear and a different anticipatory response to the C8 in the experimental
group.

It seems difficult to explain the differences in anticipatory HR by means of the stimulus
substitution rule, According to this rule, the result of classical conditioning is that the CS
comes to elicit a subset of the responses that were originally elicited by the UCS (Gray,
1975). Because post-hoc analysis revealed that both groups reacted to the UCS with a
short latency HR -acceleration (during the start of the pain stimulus) as well as with a long
latency HR acceleration (after shock offset) in both phases of the experiment (trials 1-6
and trials 7-20), HR accelerations as a reaction to the warning signal could have been
expected. Heart rate deceleration appeared to be the rule, however, and HR acceleration
the exception caused by the manipulation. Modern Pavlovian conditioning theory might be
more capable of explaining the different HR responses. According to this theory, Pavlov-
ian conditioning is no longer considered mechanistic learning of S-R reflexes (Davey,
198%). The CS8 is considered to elicit an internal representation of the UCS, which is
evaluated in turn. This evaluation results in the final responses to the CS. Thus, the
responses to the CS reflect the anticipation of the coming UCS as its cognitive representa-
tion is evaluated. It seems obvious that unpredictable sudden increases in the intensity of
the UCS can be an important aspect of the cognitive representation of the UCS which
leads to a more negative (distrustful) evaluation of the UCS, and consequently to a more
defensive (possibly flight/fight) kind of preparation for the UCS, compared to the prepara-
tion for a predictable UCS. It should be noted, however, that the present study did not
examine responses to the CS during extinction. Further studies are needed to investigate
this issue.

Another limitation of the present study should also be mentioned. Whereas the present
findings indicate that sudden unpredicted increases in intensity of an aversive UCS might
contribute to acquired fear, it is unclear whether comparable increases would have similar
effects if they would be made predictable by signalling the increase. It is conceivable that
sudden deviations from a regular pattern characterizing an aversive UCS whether signalled
or not, might lead to the development of stronger autonomic anticipation responses and
increased subjective fear, possibly via dishabituation (note that in the present study the
experimental trials 7, 12 and 17 caused stronger impact responses). Thus, predictability in
the sense of signalling might be ineffective. But predictability in a more formal sense,
pertaining to the certainty inherent to regularity of a stimulus, might still be important.
Clearly, a study comparing the effects of signalled vs unsignalled sudden increases in UCS
intensity is indicated.’

The effects of unpredictability of intensity open up the possibility that other aspects of
predictability might also be important. The most obvious candidate seems to be duration
of the aversive UCS, but other aspects might also be important (see for instance Imada &
Nageishi, 1982). It would also be interesting to investigate the effects of unpredictability
of UCS intensity on conditioned UCR diminution. It is possible that conditioned UCR

See section 2.3 for such a study.
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diminution only takes place under conditions of high predictability of the UCS. The pres-
ent study cannot answer this question, because an adequate control group (a group that
receives predictable UCSs of medium intensity) is lacking. Nevertheless, the (post-hoc)
findings that SCRs to the pain stimulus in trials 8-11, 13-16, and 18-20 were significantly
larger in the experimental group than in the control group (but were comparable during
trials 1-6), and subjective pain ratings of the experimental Ss were no longer significantly
smaller during these trials than the ratings of the control Ss, are suggestive.
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CHAPTER 4. ‘
INFLUENCES OF CONTROL, AT'I‘ENT“I()N
AND EMOTIONS ON PAIN

Chapter 4 addresses the influences of control, attention and emotions on pain. Section 4.1
offers a review of experimental and clinical research on the effects of perceived control
over pain. The question is addressed whether perceived control reduces the experience of
pain and whether it has also a positive effect on other pain variables. It is concluded that
control can, but not always does reduce pain reactions, depending on the type of pain
reaction (pain tolerance and endurance are most clearly influenced) and on the type of
control (controlling responses by which the S can keep pain intensity or pain duration
below unbearable limits have the strongest effects).

The question is also addressed whether the suffering of chronic pain patients can be
understood as resulting from their being in a state of learned helplessness caused by a lack
of (perceived) control over pain and life in general. This discussion leads to a hypothetical
model of the relationship between chronic pain and low perceived control. Finally, possi-
ble mechanisms underlying positive effects of perceiving control over pain are discussed.
From this discussion a number of hypotheses follow. Three are relevant for the experi-
mental studies reported in this chapter. The first (executing control over pain might be a
positive experience per se which can compensate pain) and the second (being able to
control essential aspects of a painful stimulus increases certainty that the stimulus will not
become unbearable, which allows the § to distract attention from pain) are further explo-
red in section 4.2. The third (anxiety does not influence pain, but attention does) is
addressed in sections 4.3 and 4.4.

In section 4.2 the interaction between mood {more specifically, the elated-depressed
mood dimension) and control over pain is investigated. If being able to exercise control
over pain induces a positive mood, and failing to exercise control over pain induces a
negative mood, and the effects of control on pain reactions are mediated by these moods,
it follows that these moods per se should be able to influence pain reactions, and that
when these moods are manipulated independently from controllability, the effects of
control should be influenced by the mood manipulation. This hypothesis is put to a test in
a 2x2 design with mood (elated vs depressed) and control (vs no-control) as independent
factors. In this experiment the hypothesis is also tested that mood influences the effects of
control through influencing perceptions of control. Finally, the hypothesis is explored that
certainty about how much pain can be expected mediates the positive effects of control. In
short, the results indicate that certainty mediates the effects of control on physiological
pain responses, but not on the experience of pain. There are indications that not the
elated/depressed emotional dimension, but the dimension of anger mediates the influence
of control on the experience of pain. Lastly, though mood influenced the ratings of
perceived control, these mood-congruent changes in ratings of control did not affect pain
reactions.,

In sections 4.3 & 4.4 the influences of anxiety and attention on pain are the matter of
interest. A critical analysis of the lack of convergence between previous empirical studies
on the influence of anxiety on pain leads to the hypothesis that the influence of anxiety on
pain is for the major part mediated by the focus of attention. Depending on the relevant
features of the anxiety manipulation, attention might be directed towards, or away from
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pain, thereby influencing pain reactions. Such a theory might also explain contradictory
clinical findings: sometimes pain is observed to be increased when the § is anxious,
sometimes it is observed to be decreased, probably because in the first case anxiety
motivates the § to direct attention away from pain, and in the second case towards pain.

Two experiments are reported in which the focus of attention is manipulated
independently from the level of anxiety. The attentional hypothesis is strongly supported
by the subjective pain reports; but the physiological pain responses give less evidence for
the hypothesis (though neither of the two traditional hypotheses, which state that anxiety
either increases or decreases pain responses, was clearly supported). Thus, attentional
focus is probably a major factor mediating the influence of anxiety on the experience of
pain,
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SECTION 4.1.
PERCEIVED CONTROL AND THE EXPERIENCE OF PAIN'

INTRODUCTION

Pain can have uncontrollable aspects. Not only medical treatment, but also traditional
ways of dealing with pain (taking rest, avoidance of activities) can fail to produce pain
relief. ‘Sometimes, pain results from medical treatment or from natural processes, such as
childbirth, which are largely beyond the influence of the subject. Although it may seem
self-evident that the experience of having no control over pain is a source of suffering in
itself, the question can be posed whether having no control intensifies the experienced pain
itself, and conversely, whether experiencing control over pain can diminish the pain expe-
rience. Besides the possible direct relationship between control and pain, the long-term
consequence of failing to acquire control over prolonged pain is of interest, since many
patients have to deal with chronic pain. Some chronic pain patients seem to suffer in a
manner that is disproportional to medical findings and display very helpless behaviour,
whereas others lead fairly undisturbed lives. As will be seen, these differences may be
explained by the lack of control and the associated learned helplessness experienced by the
former group. Before discussing the relationship between controllability and pain, two
general issues are treated. First, what is meant by "perceiving control"? Second, what is
pain and why can psychological factors influence it?

The perception of control

Wery generally, control can be defined as some behaviour (overt or covert) that reliably
changes something else. Thus, when a subject is exerting control over pain, the subject
behaves in a certain way that alters the pain experienced. In this chapter, control is largely
taken to imply ways of decreasing, limiting or preventing aversive experiences such as
pain. Thus, its use is confined to the cases where control has positive consequences. Inter-
estingly, various studies have shown that actual control does not have any effect in the
absence of the perception of a reliable relationship between the controlling response and
its outcome. Control can be perceived even when it is not actually present, but may still
have the same effect as real control. Thus, the belief that pain can be controlled may have
positive consequences, even when the controlling response is not used. What is important,
then, is the perception of control.

The experience of pain

Pain can be defined as "an unpleasant sensory and emotional experience, associated
with actual or potential tissue damage or described in terms of such damage" (IASP,
1986). This broad definition does justice to the many aspects of pain. Nociception, the
sensory detection, transduction, and neural transmission of noxious events forms the basis
for pain sensation. It is doubtful whether, even in the most controlled laboratory condi-

"Reprinted with permission from Wiley & Sons Ltd; Arntz, A. & Schmidt, A., Perceived control
and the experience of pain, In: Steptoe, A. & Appels, A., Stress, Personal Control and Health,
1989, 131-162.
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tions, a linear relationship is demonstrable between peripheral, nociceptive activity a,nudy the
pain experienced, because the nociception can be modified strongly at low levels within
the nervous systemn (Wall & Melzack, 1985). This means that the signal that ﬁml‘!y 1e?uds
to the awareness of pain can be amplified or reduced by higher processes. Nociception
and the experience of pain can even be totally unrelated: pain can be reported without no-
ciception, as in phantom pain (Sherman et al., 1987); or there can be noxious stimulation
without pain sensations (Wall, 1979). Assuming that pain is a subjective sensory and emo-
tional experience, it is clear that pain can be modified to a high degree by influencing
factors such as the external environment or the focus of concentration (Sternbach, 1978).
Thus, psychological factors play a very important role in the experience of pain. Analo-
gous to (other) emotions, pain has various aspects that are not necessarily strongly interre-
lated: since subjective-emotional, cognitive, behavioural and physiological reactions can be
distinguished.

Conclusion

A relationship between controilability and pain can be postulated on theoretical
grounds, Having established this, two main questions can be raised. First, does perceiving
control actually diminish pain? Second, if this is the case, why does perceived control
have this influence? In addressing the first issue, a distinction should be made between
various kinds of pain. The first category that will be discussed pertains to laboratory pain.
It must be separated from naturally occurring pain, because its validity with respect to
clinical pain may be questionable. However, studies of laboratory pain do allow the re-
searcher to control pain stimulation in a systematic fashion. As will be seen, elegant expe-
riments have been done on the influence of control over laboratory pain. In addition, pain
coping strategies have been extensively studied in the laboratory, and the influence of
perceived control on the efficacy of these will also be discussed.

The second category is acute clinical pain, which must be distinguished from chronic
clinical pain. The lower boundary for chronicity is usually taken to be 6 months. It is
generally accepted that the distinction between acute and chronic pain is not only of diag-
nostic value but also has far-reaching therapeutic consequences. It will be argued that, on
balance, despite the differences between various kinds of pain, the first question can be
answered in the affirmative. Finally, the last section deals of the chapter outlines various
explanations that can be offered to explain this effect.

DOES PERCEIVED CONTROL REDUCE THE EXPERIENCE OF PAIN?
Does perceived control reduce the negative effects of laboratory pain?

As early as 1949 (Haggard, 1949) positive effects of having control over a painful sti-
mulus upon reactions to pain in the laboratory were reported. Previous reviews on the ef-
fects of control over aversive stimuli in general have come to different conclusions. Ave-
rill (1973) and Thompson (1981) concluded that controllability does not reliably decrease
the impact of aversive events. However, both reviews used broad definitions of control,
which may have obscured positive effects of control defined in more restricted ways. Mil-
ler (1979) applies a more restricted definition of control and concluded that controllable
aversive events may have less negative effects. In contrast with these reviews, this section
is restricted to control over noxious, painful stimuli. Animal research, where the subjec-
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tive experience of pain cannot be assessed, is not discussed. In this section, the guestion
will be addressed whether behavioural control over the pain stimulus itself reduces the
effects of laboratory pain. Controllability of aversive events is here defined as the avail-
ability of an overt response that actually modifies the event, or the perception of or belief
in the availability of this response. Different modifying responses have been object of re-
search, e.g. escape from the event, changing its probability of ocourrence or self-admini-
stration of the event, etc. (cf. Miller, 1979).

Experimental studies on comtrollability and pain: types of control and designs

As Miller (1979) has argued, several different types of behavioural control can be dis-
tinguished. The first is selfadministration (SA), where subjects administer the painful
stimulus to themselves, in contrast to administration by the experimenter. The second type
of control is instrumental control (I), where the subject can (partially) avoid, escape or
reduce the stimulus by some response (actual control); or believes that he or she can do
50, but objectively cannot because the experimenter controls the stimulus (perceived con-
trol). In this class of experiments, the subject can, for instance, terminate the shock. In
the actual control design, the group that has no control is a yoked one (every subject in
the no-control group is yoked to a subject in the experimental condition so that the total
amount of aversive stimulation is equal). The perceived control design is similar, except
that the experimenter determines the amount of aversive stimulation, so each pair of sub-
jects experiences the same stimulation. The third type distinguished by Miller is ‘actual
control equated for predictability” (CP). Predictability can be defined as the availability of
a sign that reliably signals the start, end, increase or decrease of the noxious stimulus.
Predictability has been found to influence reactions to painful stimuli, and in many experi-
ments the experimental manipulation of control is confounded with effects of predictabili-
ty. For instance, when the subject can reliably stop a painful stimulus, the subject can also
reliably predict when it stops. The subject that has no control, cannot predict the end of
stimulation. Therefore, designs have been developed where predictability is controlled for
(for instance by providing an external cue that signals when the stimulus stops in both
conditions - the only difference between conditions is that subjects in the control condition
believe that they caused the termination of the stimulus, whereas subjects in the no-control
group do not believe this belief). The fourth type, potential control (P), refers to condi-
tions where subjects believe or know that there is a controlling response available but they
do not use it. Examples are studies where subjects are told that they can withdraw their
hand out of the ice water, but are (sometimes emphatically) asked not to do so. There is
also another design, not mentioned by Miller. In the loss of control design, subjects are
first given control and later on deprived of it. This group is contrasted to a group that
never had had control {e.g., Staub et al., 1971, Exp. I).

Indices of effects of controllability

Different indices of effects of controllability have been investigated. In the present con-
text, the following will be discussed: subjective and physiological distress during anticipa-
tion; subjective and physiological impact of the painful stimulus; tolerance/endurance of
the painful stimulus; and postexposure performance. Following Miller (1979), skin con-
ductance responses (SCR) during anticipation and impact, as well as heart rate (HR) du-
ring impact are summarized here as most important physiological indices. Although not
strictly an effect of controllability preference (subjectively expressed or actual choice) for
control will also be discussed, since it highlights an important aspect of control.
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Table 1 summarizes the findings of 34 studies with respect to these indices. The studies
are clustered according to the type of control.

Self-administration

Eight studies investigated the effects of self-administration contrasted with administra-
tion by the experimenter (table 1). Although preferred, self-administration does not appear
to have a powerful positive effect on anticipation and on pain. However, it does not have
negative effects.

Instrumental control

Instrumental control was defined as the subject’s perception that he or she avoids,
reduces or stops the painful stimulation by an overt response. Results of 17 studies (table
1) indicate that instrumental control reduces anticipatory distress, increases tolerance/endu-
rance of pain and fosters post-exposure performance. The impact of painful stimuli can be
less distressing when the subject has control. However, very difficult responses or high
uncertainty about the outcome of the response may lead to less positive and even negative
effects of controllability, especially on physiological impact reactions (cf. Miller, 1979).
For instance, the negative effect of control on SCR in the Gatchel studies has been attrib-
uted by Miller (1979} to the fact that subjects had to learn what the escape response was.
In the present context, subjective impact is an important issue. Only one study (Weisen-
berg et al., 1985, condition 1) reports a negative effect of control on experienced pain.
The study has, however, several methodological shortcomings (no pre-test to assess sub-
jective pain level; a small number of trials where control could be employed; a weak
manipulation of control; and an unclear definition of the controlling response - the publi-
cation does not describe it). The most conservative conclusion, then, is that controllability
is certainly not worse than no control with respect to subjective pain and is superior with
respect to tolerance,

Control equated for predictability

Theoretically, this design is very important since it differentiates the effects of instru-
mental control over the end of the noxious stimulation from effects of predictability. There
are, indeed, indications that control can have positive effects above predictability on
experienced pain, and on physiological reactions during anticipation and impact (table 1).

Does the difficulty of the controlling response influence the effects of control on sub-
jective pain? This question was addressed in a recent study by Armtz and De Jong (1989).
Subjects had to perform IQ-test like tasks in two series, each task followed by painful
electric shock. In the perceived-control condition, subjects were told that they could
decrease the duration of the shock in the second series from 6 seconds to 3 seconds by
giving the right answer. Actually, they always received shocks of 3 seconds. Subjects in
the no-control condition also performed this task, but they were simply told that shock
duration would be reduced irrespective of their performance. Thus, subjects in the no-
control condition had equal or even higher predictability of the stopping of the stimulus
than subjects in the perceived control condition (who believed that shock duration would
only decrease if they choose the right answer).
Figure 1 illustrates the results on subjective pain (corrected for pretest level).

Subjects in the perceived control condition rated the shocks significally less painful than
subjects who did not believe that they could control shock duration. This study illustrates
that even difficult controlling responses can lead to reduced pain experience.
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SUBJECTIVE

50 PAIN

NOCONTROL PERCEIVED CONTROL

Figure 1. Subjective pain with and without perceived control over the termination of painful elec-
tric shock (p<0.05). (Amtz & De Jong, 1989)

Potential control

With potential control, subjects clearly tolerate more pain and perform better after pain
exposure (table 1). It is, however, notable that subjective pain is not consistently influ-
enced by potential control. Physiological data sometimes indicate no effects of potential
control. There are, however, methodological problems with the potential control design.
The effect of controllability depends, of course, on the actual and perceived differences
between potential control and no-control conditions. Subjects are with varying degrees of
emphasis asked, or even instructed, to refrain from using the controlling response. Thus,
the experienced controllability can be limited by strong experimenter demands, Sometimes
subjects who use the response are replaced by new subjects (e.g. Corah & Boffa, 1970).
In the cold pressor test studies, subjects always have the option to withdraw their hands
from the ice-water, giving them considerable potential control. Thus, clearer results may
be found when the difference in controllability between conditions is maximized.

Loss of control

One study investigated the effect of loss of control (Staub et al., 1971). Subjects who
could control increase in shock intensity were later on deprived of control. Compared with
the control group who had never had control, they rated pain higher and showed lower
shock tolerance. This study indicates that loss of control may be even worse than never
having had control.

Conclusions

The question whether perceived control reduces negative effects of laboratory pain can
be answered with a qualified yes: perceived control can, but not always does, reduce the
negative effects of laboratory pain. Its effects depend on a number of factors, including
the effect measure, the type of control and its salience.

Conceming the different measures, the dissociation between physiological, subjective
and behavioural indices is remarkable. On the behavioural level, unequivocal positive
effects are found on pain tolerance/endurance and on post-exposure performance. Physio-
logical anticipation effects indicate that, with control, anticipatory distress is equal to or
less than without control. Physiological impact data show equivocal results, with the nega-
tive effects of control possibly depending on uncertainty of the controlling response in
some studies. Nevertheless, there is a tendency towards a positive effect of having control
on physiological impact reactions. At the subjective level, the effects of control on antici-
pation and impact appear to be equal to or less than those experienced without control: if
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control does not do any good, it does not do any harm either. In the present context tole-
rance/endurance and subjective pain are most important: people are more disturbed by
their experience of pain than by physiological reactions. Therefore, our conclusions with
respect to the effects of control on laboratory pain muost be more positive than those of
Avwerill (1973) and Thompson (1981}

The effects of control appear to vary with different types of control. Control over the
initiation of a painful stimulus has only a limited positive effect on the impact of the
stimulus. In contrast, control over the end of stimulation or over increase of noxious
stimulation has more powerful positive effects. The effects on tolerance are most clear:
when the subject can terminate the stimulus or control its maximum intensity, tolerance
and endurance are higher. This finding is of great clinical importance in itself, for in
clinical pain, tolerance and endurance of experienced pain influence to what extent patients
can function normally or see themselves as ill, disabled, in need of medication or restrict-
ed. Theoretically, this observation indicates why control can have positive effects on the
experience of pain. We will return to this issue later.

The positive effects of perceived control clearly depend on the degree of certainty the
subject has that the behavioural response will have an effect.

Thus, Averill (1973) and Miller (1979) conclude that only when there is high certainty
that the controlling response will be efficacious do positive effects of perceived control
emerge,

In conclusion, the inference that "if control does not do any good, it does not do any
harm either” could be more positive if experimental studies were more rigorous methodo-
logically. First, the intensity of the pain stimulus should be individually adjusted, since
subjects differ enormously in experienced pain intensity. Without controlling the individual
level, inter-subject variance can obscure the effects of control versus no-control. Second,
predictability should be controlled. Third, only behavioural responses that have a salient
relationship with their presumed effects should be used. Fourth, the differences between
control and no-control manipulations should be maximized (which is certainly not the case
in cold pressor test studies). Last, and most important: the positive effects of having con-
trol depend on the subject’s perception that he or she can limit or terminate the noxious
stimulation. Therefore, experimental manipulations should concentrate on these aspects.

Pain coping strategies and perceived control in the laboratory

If the source of pain cannot be controlled, experience of pain seems to be inevitable.
However, it has been shown that various pain coping strategies can be employed to pro-
mote pain endurance and to reduce suffering. In the following, the role of perceived con-
trol over the application of such strategies will be discussed. In this context, perceived
control is defined as the perception that the coping methods can be applied during pain,
and will have positive effects on the subjective pain experience, on pain tolerance or on
pain endurance,

Pain coping strategies

A variety of pain coping strategies have been investigated in the laboratory: relaxation,
distraction, positive self-statements, imagery strategies, hypnosis, stress inoculation train-
ing, cognitive transformation of the situation, etc. Research comparing several strategies
indicates that vivid distracting mental activity (via internal or external stimuli) is a superi-
or strategy (Kanfer & Goldfoot, 1966; Grimm & Kanfer, 1976; Worthington, 1978; Beers
& Xaroly, 1979; for reviews: Tan, 1982; Turk et al., 1983). Investigation of spontaneous
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coping strategies also indicates that vivid distraction is most powerful (Rosenbaum, 1980).
Tolerance is found to be the most sensitive parameter, while pain threshold and subjective
discomfort seem to be less influenced by these strategies.

Perceived control and pain coping strategies

Several forms of control that the subject can exercise over the application of coping
strategies have been investigated. In general, from this research it can be concluded that
perceiving control over the practice of the strategy is a powerful factor, and is probably a
necessary condition for demonstrating its effectiveness.

To begin with, various kinds of choice are found to have positive effects. Choice of
coping strategy enhances pain tolerance compared with prescribed sirategies (Avia &
Kanfer, 1980). Choice of elements of the coping method is also important. The effects of
vivid imagination of distracting scenes on pain tolerance and on subjective pain were
higher when subjects could choose the content of what should be imagined, compared to
prescribed content (Worthington, 1978). It is interesting to note that subjects who chose
the imagery content had more vivid imagery, and that vividness correlates with increased
tolerance (r=.41) and decreased subjective pain (r=-.30).

Personal influence over the timing of external distraction has also been found to be
important: subjects who could advance distracting slides at their own rate tolerated cold
pressor pain Jonger than yoked volunteers (Kanfer & Seidner, 1973).

These findings might be attributed to the more powerful distracting properties of self-
chosen and self-paced stimuli, rather than perceived control over the strategy. However,
several studies have found that perceived control itself is important. In a second experi-
ment, Kanfer and Seidner (1973) showed that contingent positive reinforcement of a
coping response enhanced cold pressor tolerance more than mere distraction or non-con-
tingent positive reinforcement. Thus controllability of reinforcement (controllability de-
fined in terms of learning theory as contingency between response and reinforcement) of a
pain coping response enhances pain tolerance. It can be concluded that control over rein-
forcement of coping fosters the belief in the ability to self control the coping strategy.

Comparable findings are reported in studies employing bogus feedback about pain
coping techniques. Positive bogus feedback about relaxation performance as a coping
response for cold pressor pain has been shown to increase pain tolerance (Neufeld &
Thomas, 1977). Since physiological arousal and subjective discomfort were not different
between conditions, the authors concluded that the increased tolerance was not caused by
more effective relaxation, but was actually caused by the subjects’ belief in their ability to
apply the téchnique. Positive bogus biofeedback about hand-warming ability has also been
shown to increase cold pressor pain tolerance, as compared with negative bogus biofeed-
back (Litt, 1988, Exp. II). Interestingly, subjects preferred termination of the cold pressor
test to be contingent on hand-warming performance only when they were led to believe in
high ability. It is unlikely that success vs failure feedback per se causes different pain
tolerances; bogus feedback about ability to cold pressor pain did not reliably affect subse-
quent tolerance in a study by Litt (1988, Exp. I). In addition to perceiving control over
the use of a coping technique, subjects have to believe in its pain-decreasing properties:
when told the rationale of technique, volunteers benefitted more from a pain coping tech-
nique than when they were asked just to apply it as a task (without a rationale) during the
experiment {Girodo & Wood, 1979),

Attribution and pain coping
As we have seen, perceiving pain coping strategies as effective and under voluntary
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control is essential’ This can be restated in attributional terms: the person has to perceive
4 stable, internal source that can positively influence the pain experience. Attributional
research has further substantiated this view. Davison and Valins (1969) gave subjects a
‘drug’ and had them believe that it decreased the pain of electric shock by manipulating
the shock level. Half of the subjects were told that they were given a placebo: these
people subsequently” tolerated higher shock levels than the those who believed that the
drug had caused the-pain relief. It can be concluded that experimental subjects attributed
pain relief to their own pain coping abilities (a stable, internal source) and that this attri-
bution promoted pain tolerance.

External, but controllable attribution can also promote pain tolerance. Nisbett and
Schachter (1966) led subjects to attribute the physiological symptoms of painful shock to a
(harmless) drug. These people then tolerated higher shock levels than comtrols. It seems
that participants percéived the drug-induced symptoms as being less harmful and more
controllable. An experiment by Friedman er al. (1985) supports this interpretation: giving
people the opportunity to ascribe tincomfortable sensation to a non-damaging process
increased pain tolerance.

Thus, two attributions have positive effects on pain tolerance: (1) a stable, internal
attribution of pain tolerance or pain relief to high levels of ability in coping with pain; and
(2) external attribution of sensations to a non-harmful and controllable cause. Interesting-
ly, the first attribution may also suggest to the individual that the cause of the pain is not
actually harmful, since something can be done about the pain experience by means of
coping strategies (“if the cause is truly harmful, then nothing can be done about it").

Conclusions
There are several successful coping strategies that can be employed to decrease suffer-
ing and to increase pain tolerance and endurarice. It is most likely that powerful distrac-
tion from pain awareness is the essential factor in these strategies. In order to be effective,
subjects have to believe that the strategy helps and that they actually have the ability to
use it at will during the painful experience. Without these beliefs, the positive effects
disappear. Thus, perceiving control over application as well as perceiving controliable
effects of coping strategies are essential. Perceiving control over pain through the use of
coping techniques can be promoted by:
1. choice of technique;
2. influence on the timing of elements of the technique;
3. contingent reinforcement of the use of the technique, either through pain relief or other
reinforcers;
4. attribution of paifi coping to stable, internal sources.

In addition, attribution of pain sensations to non harmful, controllable sources also pro-
motes pain tolerance.

Acute clinical pain

Various authors have stressed the importance of perceived control with respect to acute
pain and its treatment {Turk er al., 1983; Chapman & Turner, 1986; Weisenberg, 1987).
In the following, we will review empirical studies on the relationship between perceived
control and acute clinical pain. It is important to make a distinction between various
aspects of the acute pain situation: the subjective experience of pdin, the subjective emo-
tional experience (worry, anxiety), physiological arousal and behaviours like pain endur-
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ance and medication use. There are two main areas in which research has been conducted:
dental pain and pain during childbirth.

Dental pain

A number of correlational studies have examined the ways in which patients deal with
the stress and pain during dental treatment. From this research, which has mainly focused
on dental anxiety - and not on dental pain - it can be concluded that there is clear evidence
of a relationship between anxiety or the stress experienced during dental treatment and the
disproportional expectation of pain and other negative, catastrophizing thoughts about the
treatment. The more that patients experience a loss of control over their negative thoughts,
as well as over other symptoms, the more anxiety they experience during treatment, There
also seems to be a relationship between the degree of which the treatment is experienced
as an event outside personal control and aversiveness. Strong support for this conclusion
comes from research by Chaves and Brown (1987), who found that 44% of the patients
employed cognitive strategies to minimize pain and stress, while 37% catastrophized, e.g.
exaggerated the negative aspects of the experience. Catastrophizing was related to experi-
encing more stress during treatment but not to higher levels of reported pain. In line with
these findings is a study by Prins (1985), who interviewed 40 children referred for dental
treatment to a specialized clinic because of their high anxiety. Only half of the children
were actually anxious, and for most of them dental anxiety was based on fear of pain.
Prins concluded that “for most children a visit to the dentist is one undifferentiated aver-
sive event about which not much can be done. Their behaviour is mainly controlled by
external contingencies and to a lesser extent by their own plans or rules” (p.650). There
was a clear relationship between the child’s sense of self-control over his or her fear
sensations and the degree of anxiety. Highly anxious children were preoccupied with
external, aversive stimuli, with the threat of pain and with escape fantasies. Unfortunately,
the study did not report relationships with experienced pain, Similar findings were report-
ed by Kent (1987).

Besides these correlational studies, there are several experimental studies that have
investigated the effect of perceived control manipulations on pain as well as on anxiety. In
this setting, perceived control is usually experimentally manipulated by giving a group of
patients a standardized way to signal the dentist when they want the current activity (like
drilling) to stop. This group is compared with patients treated in the usual way.

In general, it seems that giving the patients a way to control the pain-causing activity
decreases the experienced discomfort and subjective pain. The objective (behavioural) pain
and fear measurements, however, are less clearly linked to the presence of perceived
control. This also applies to psychophysiological reactions, and to subjective fear.

Dustrative for these findings is Corah's work. In 1973 he reported an unpublished
study be Kruger. Paedodontic patients were given a two-stage signalling device to inform
the dentist when they were experiencing discomfort. Thus, patients with this device may
have experienced some control over the dentist's activities by informing him about the
level of discomfort. Behaviour ratings indicated that patients with the signalling device
were more cooperative and were not as restless as the conirol patients. Subjective experi-
ences were not reported in this experiment.

In a later study, Corah (1973) heightened controllability in a group of young (6-11
years) dental patients. Here, the device had two buttons; the first to inform the dentist
with a green light that the procedure was bothering the child, but not at such a level that
he or she wanted the dentist to stop. The second button turned on a red light and a buzzer,
upon which the dentist stopped until the child feit more comfortable. The contrast group
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received the usual treatment. In the experimental group, only half of the patients actually
used the control device. The experimental group showed fewer spontaneous SCR fluctua-
tions during high-siress procedures (injections of analgesia, high-speed drilling) but slighi-
Iy more during low-stress procedures. Behavioural ratings of patients’ anxiety and cooper-
aliveness were not significant between groups, nor were head and body movements.
Unfortunately, no subjective measures of anxiety and pain were taken. Perhaps because of
the disappointing findings Corah er al. (1978) tried to replicate this study in a group of
adult déntal patients, with even more contradicting results: the perceived control group
now displayed more spontaneous SCR fluctuations during high-stress procedures. Again,
dentists’ ratings of anxiety yielded no significant results.

Finally, Corah er al, (1979) compared three experimental groups (relaxation by means
of instruction via headphones, perceived control by means of the signalling device, and
active distraction by means of playing a vidéo game) with normal treatment. Subjective
anxiety was significantly lower in the relaxation and distraction groups, but the perceived
control condition did not differ significantly from normal treatment. Patients expressed a
clear preference for active distraction, but not for other conditions. Physiologic responses
did not show any superiority of perceived control. Unfortunately, again no ratings of pain
intensity-pain discomfort were taken. These were, however, included in the studies of
Thrash et al. (1982) and Wardle (1983). Thrash et al. used the signalling device discussed
above. Dental patients were asked to indicate their level of discomfort continuously by
pressing one of three buttons, connected to green, yellow and red light. In one condition
(actual feedback, the proper perceived control condition) the dentist stopped when the red
light was on, and patients knew that the dentist would stop in the event of a red light. In a
second condition (belief in feedback), subjects were shown the device, and were led to
believe that the dentist could see the lights. They were not, however told that the dentist
would react to their feedback; the lights were actually disconnected, so the dentist could
not react. In a third condition (no feedback), subjects were asked to monitor their level of
discomfort by the device, but there were no lights so they had no feedback opportunities.
Results show that the actual feedback group experienced less discomfort and less pain
during injection and also used the red button significantly less frequently than the no-
feedback group. The group who believed (at first) in feedback fell between the proper
perceived-control group and the no-feedback group. Thus, strong evidence was found for
the positive effect of perceived control on experienced pain and discomfort.

Finally, in accordance with Coral et af. (1979), Wardle contrasted three experimental
conditions. Dental patients were given either distraction (pictures on the ceiling), detailed
information about procedures and the sensations they could expect, perceived control (the
patients were asked to raise an arm if they wanted a pause) or none of these. Procedural/
sensations information and perceived control were equally effective on subjective pain.
However, only information reduced subjective anxiety significantly, Dentist’s ratings of
pain and anxiety gave no significant results. The different effects of control and informa-
tion on anxiety are intriguing. It must be stressed that the control that patients could
exercise was not very powerful in this Wardle study (compared to the red lights in the
dentist’s line of vision or the sound of a buzzer) and patients may have been anxious
whether the dentist would see the signal and react fast enough.

Childbirth and perceived control

Childbirth is a very important expenence for many women and men. In contrast with
medical treatments, the pain stimulus is not external, and a method to acquire direct
control over the presence of the stimulus is not available. Nevertheless, many women and
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men take classes to prepare themselves for the event. Various methods are described for
childbirth preparation and many of these attempt to assist women to have relatively pain-
less childbirth (see Mulcahy & Janz, 1973). Most methods give information sbout the
processes of childbirth and give training in timing, relaxation, breathing and pain-control
techniques. Thus, various theoretical ideas on pain control can be found in these methods:
breaking the (supposed) fear-tension-pain cycle by relaxation techniques; pairing a breath-
ing response with uterine contractions to replace the experience of pain; knowledge about
processes and sensations that might reduce uncertainty; concentration on other aspects than
pain (distraction); control of the behaviour in labour, etc. Mulcahy and Janz (1973) state
that the integrated "Erna Wright method emphasizes that the individual remains in com-
plete control of the situation by knowledge of what is to occur, utilizing concentration
with controlled breathing and active relaxation combined with cognitive and motor activi-
ty" (p.423). Numerous studies have shown that learning and applying these techniques
results in the use of less medication during childbirth compared with unprepared childbirth
(see Manning & Wright, 1983, for a short review).

In correlational studies, it has been found that the confidence of the woman in the
childbirth training (rather than formal characteristics of the training) is related to experi-
enced pain and use of medication (Cogan er al. 1976) and that internals (locus of control)
benefit more from these methods than externals (Willmuth er al. 1978). Interestingly,
Felton and Segelman (1978) found that the Lamaze childbirth training changed the
women’s belief about personal control.

Brewin and Bradley (1982) investigated the relationship between perceptions of person-

al and staff control over labour discomfort and over labour duration, and experienced
labour pain/discomfort. Women who had followed childbirth preparation classes perceived
higher levels of personal as well as staff control. In the growp who attended classes,
perceived personal control over labour duration was associated with less pain/discomfort
experienced during childbirth. This relationship was not found in the group of non-attend-
ers, in which perceived control by the staff over labour discomfort was related to reduce
labour pain/discomfort. This study indicates that perceptions of internal contro} as well as
of control by others can have pain-reducing effects. Manning and Wright (1983) investi-
gated the relationship of expectancy for ability to control pain without medication during
the early stages of labour with actual medication use and medication-free labour time. All
women had followed childbirth classes. The belief in the capacity to control the pain cor-
related with medication use (r=-0.47) and the percentage of time in labour without medi-
cation (r=0.42), The general belief that the training would make it possible to have
medication-free childbirth was an almost equally strong predictor.
Thus, childbirth training methods seem to result in higher levels of internal control with
regard to pain and the process and duration of labour. The level of perceived control
varies, however, and the strength of the belief seems to be related to medication use,
medication-free labour time, and to reports of pain and discomfort. In addition to these
effects of personal control, perceiving control by professional staff over childbirth discom-
fort seems to be related to reduction in experienced pain.

Conclusions

Perceived control seems to be an important issue with respect to acute pain. The notion
of control is, however, used in very different ways: controllability of various pain symip-
toms, controllability of the pain stimulus, or controllability of the internal process that
causes the pain. Symptoms may be distinguished in cognitive (catastrophizing, attention)
physiological (breathing, heart rate, sweating, muscle tension, etc.), emotional (anxiety,
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worry, distressy and beliaviour (endurance, medication use, crying, yelling, moving, etc.).
Training in methods for limiting these symptoms leads to higher levels of perceived con-
trol over symptoms, and this probably increases pain tolerance, reduces medication use,
and may also blunt the pain experienced. Giving the subject control over the pain stimulus
geems 1o have clear positive effects on pain and discomfort. However, the effect of this
type of control on -anxiety and physiologic responses is less clear. Probably, the effect
depends on various aspects of the-control response and how they are perceived: the diffi-
culty of the response; -belief in the power of the response and belief in the rapidity of
beneficial effects from ‘the response. For instance, dental patients who are told that the
dentist will stop drilling: when they raise their arm, may be anxious about whether the
dentist will see the arm and will stop prompily.

Research on dental pain indicates that the effects of perceived control over the dentist’s
behaviour and the effects of procedure/sensation information are comparable. The methods
have similarities in that: (1) they decrease the uncertainty about possible future worsening
of pain or damage; and (2) they increase confidence that the experience can be endured
without fatal damage (since controllability increases self-confidence, while information
increases confidence in the professional helper). In sum, perceived control in the acute-
pain situation decreases the intensity of pain, aversiveness and discomfort by decreasing
uncertainty.

Chronic pain

The potential for developing learned-helplessness (cf. Abramson er al., 1978) is strong
among chronic-pain patients, This results from their repeated experiences of failing to
attain control over pain either by personal action or by medical treatment. In this section,
research into the perception of control in chronic pain is first described. Then several
aspects of learned helplessness shown by chronic-pain patients, namely generalized per-
ceptions of uncontrollability, lowered self-esteem and depression, decreased ability and
motivation to learn, are outlined. Finally, the relationship between perceived control and
the treatment of chronic pain will be discussed.

Chronic pain and perceived control over pain

The present authors asked 22 chronic low back pain patients to rate two types of per-
ceived control: (1) the ability to decrease pain when it is present; and (2) the ability to
prevent back pain. Patients perceived relatively low levels of control on both aspects. The
ability to prevent back pain appears to be the most important dimension of controllability:
it correlates negatively with back pain intensity (r=-.54, p<0.01) and with negative
evaluation of having CLBP (r=-.50, p<0.01). Lack of perceived control over pain ap-
pears to be an important characteristic of those chronic-pain patients who experience pain
disproportionate to organic causes (Reesor & Craig, 1987). These ("nonorganic™) patients
felt more ineffective and overwhelmed in their attempts to cope with pain than did organ-
ic-pain patients. Interestingly, during an experimental pain induction the former group
reported few cognitions reflecting perceived control and manifested more catastrophizing.
Thus, these patients showed a generalized tendency to react helplessly to pain.

The perception of uncontrollability of pain can aggravate beliefs that one is disabled
and incapable of work and other activities. Arthritic-pain patients who believe that they
can exercise little influence over how much their illness affects them lead less-active lives
and experience more pain than others (Shoor and Holman as cited by Bandura, 1986).
Disability beliefs are associated with more severe suffering in chronic-pain patients (Dol-
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ce, 1987; Feuerstein er al., 1987; Reesor & Craig, 1987). Sampling the daily experiences
of patients with chromic low back pain, Amtz e al. (1988a) found that these patients per-
ceive themselves as helpless, disabled and weak. Avoidance of activities that are (miostly
falsely) believed to increase pain is an important characteristic of chronic-pain patients
(Philips; 1987). Avoidance has been found to be strongly correlated with beliefs in the
lack of ability to self-control pain (r=-.62; Philips, 1987).

It is clear that chronic pain is associated with perceptions that pain is largely uncontrol-
lable. The extent of suffering, disability beliefs and passive avoidance are all associated
with lack of perceived control. The avoidance behaviour of chronic-pain patients is more
reminiscent of the passivity of depressives than the avoidance behaviour of phobics. This
similarity between chronic pain and depression is in line with learned helplessness theory.
The learned helplessness of chronic-pain patients is characterized by several factors, which
will be discussed one by one.

Generalized perception of uncontrollability

Chronic-pain patients appear to be characterized by a generalized tendency to perceive
their activities and their lives as uncontrollable by themselves as well as by others. In their
view chance is an important causal agent.

Empirical evidence for generalized perceptions of uncontrollability comes from Srivas-
tava (1983), McGreary and Turner (1984) and Skevington (1979, 1983a): chronic-pain pa-
tients seem to have external loci of control and high beliefs in chance. There may be an
alteration from personal helplessness (attribution of uncontrollability to oneself) in early
phases of treatment to universal helplessness (nobody has control) when chronicity pro-
gresses (Skevington, 1983b). The generalized lack of control is apparent in a recent study
of the daily experiences of chronic low back pain patients. Compared with normals, these
patients report less control over ordinary events and activities during the day (Arntz et al.,
1988a). In addition, chronic-pain patients experience high levels of environmental stress,
like low work satisfaction, no influence over work characteristics, divorce, death of part-
ner, accidents, etc. (Feuerstein er al., 1987), that are partly objectively uncontrollable,
and partly can be perceived as uncontrollable. Prospective research is needed to establish
whether environmental stress that is perceived as uncontrollable is a risk factor in the
transition from acute to chronic pain. In sum, there is a relationship between chronic pain
and generalized perceptions of no control, but it is not clear whether this is a causal factor
or a conseguence of chronic pain.

Self-esteem and depression

It is frequently reported that chronic-pain patients have lowered self-esteem (Schmidt &
Arntz, 1987) although this is not always marked (Skevington, 1979; Amtz et al., 1991d).
The moderately lowered self-esteem is in agreement with the external-chance attributions
that chronic-pain patients make: they do not blame themselves for their pain.

Depressive symptoms appear to be more profound. Depression, as well as anxiety, is
related to perceiving that pain coping strategies are ineffective in patients with chronic low
back pain (Rosenstiel & Keefe, 1983). Hopelessness and depression may well be both a
consequence and a cause of the continuation of perceived uncontrollability.

Decreased abiliry and motivation to learn

Learned helplessness theory predicts that chronic-pain patients will show decreased
ability and motivation to learn to control their pain and to learn to increase physical
functioning. Research on physical performance does indeed indicate that chronic low back
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pain patients do not show learning and are less influenced by external information about
their performance (Schmidt, 1985). These patients have difficulties in learning to alter
activities in circumstances that cause low levels of back pain, and may therefore over-
exert until pain becomes very intense (Nalibof er al., 1981). A related characteristic of
chronic-pain patients is the combination of increased pain threshold and decreased pain
tolerance (Schmidt & Arntz, 1987). It is as yet unclear whether this characteristic has
always been there or is caused by chronic pain. There are clinical indications that chronic-
pain patients had increased pain thresholds before chronicity, and had a tendency to over-
exert without feeling physical warning signals. Probably, these patients have formerly
experienced high levels of control over physical functioning. In any case, increased pain
threshold and decreased pain tolerance may be important factors in maintaining the per-
ceived uncontrollability of pain: at lower levels of noxious stimulation nothing is felt, so
that patients cannot learn pain prevention responses; and very quickly the pain is experi-
enced ag intolerable and overwhelming, making the patient a helpless victim.

Perceived control and the treatment of chronic pain

Asg appears from the above that the behaviour of chronic-pain patients can partiafly be
explained using the learned helplessness concept. This implies that controllability will also
play an important role in treatment. In fact, it has been reported that chronic-pain patients
with severe learned helplessness deficits show less improvement with psychological or
medical treatment (Thomas & Lyttle, 1980; Chapman & Brena, 1982). When improve-
ment takes place, it appears to be especially large in perceived control over pain and in
related areas (Philips, 1987, Flor er al., 1983). Before further elaboration, the special
situation of the chronic-pain patient who appeals for treatment should be emphasized.

First, there are clinical indications that chronic-pain patients perceive that they formerly
had high levels of control over physical functioning. Experiencing severe acute pain and
the associated physical limitations may have resulted in a major loss of control for these
subjects. From laboratory research, it is known that loss of control is more stressful than
never having had control at all (Overmier et al., 1980; Staub er al., 1971).

Second, chronic-pain patients are known to strive for total pain relief, viewing pain as
a primarily medical problem that should be medically treated. As long as chronic-pain
patients try to acquire this kind of control, they are doomed to experience repeated fail-
ures, continuing their helplessness. The kind of control that can be acquired first requires
acceptance by the patient of having pain. One cannot learn pain coping or prevention
strategies without accepting that one has pain. There are indications that subjects who do
not accept unchangeable aversive facts suffer more, and adapt less (Silver et al., 1982;
Rothbaum er al., 1982). Thus, it appears to be necessary to refrain from trying to acquire
total control of what cannot be controlled in order to perceive control of what can be
controlled.

The relationship between chronic pain, low perceived control and the other factors dis-
cussed above can be integrated in a hypothetical model (figure 2). The core of the model
is thg vicious circle between low perceived control and the experiences of pain and de-
pression.

Of the many different chronic pain treatments, such as operant reinforcement of non-
pain behaviour, relaxation training, cognitive-behavioural therapy, EMG biofeedback,
exposure to pain-increasing stimuli, etc., one is especially suited to illustrate the role of
perceived control in treatment: this is EMG biofeedback training for tension headache and
chronic low back pain.
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Although the ratiomale seems clear (muscle tension leads to pain), no stable relation-
ships between EMG decreases and decreased subjective pain have been found (see Turner
& Chapman, 1982; for a review). However, EMG biofeedback has been found to be
superior to placebo treatment or no treatment.

ENVIRONMENT AL [
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HiGH PAIN THRESHOLD
&
LOW PAIN TOLERANCE

CONTROL

LOW PERCEIVED ____.’. DECREASED ABILITY/
TRYVING TO CONTROL MOTIVATION TO LEARN
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CONTROL

CHRONIC PAIN

&
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Figure 2. A hypothetical model of the relationship between chronic pain and low perceived control

Thus there seem to be other factors that result in pain relief. Nouwen and Solinger

(1979) found that those chronic low back pain patients who experienced successful EMG
decreases coupled with reductions in experienced pain showed stable improvement at
follow-up. Those patients who were less successful did not show improvement. However,
at follow-up there was no relationship between EMG and improvement in back pain. This
paradox led Nouwen and Solinger to hypothesize that the successful patients perceived
control over tension and pain, and that this control mediated final success. Holroyd et al.
(1984) tested this hypothesis in a fascinating experiment. In a two by two design, head-
ache patients received either audio feedback (lower tones suggesting tension decrease)
contingent on decreased EMG or on increased EMG. The second factor was the degree of
success (high v. low), and this was experimentally manipulated by means of bogus graphic
display of EMG activity during and across sessions. High success feedback, regardless of
direction of actual EMG, produced significantly greater improvement in headache com-
plaints and medication use. Again, improvement was not related to EMG. Interestingly,
high-success feedback also caused changes in locus of control and in self-efficacy, Bush er
al. (1985) report similar findings, in that paraspinal EMG feedback and bogus feedback
produced equal improvement in chronic low back pain patients. Another study (Biederman
et al., 1987) manipulated the size of the feedback scale on the apparatus (but in all condi-
tions feedback correlated with actual EMG decrease) and did not find significant effects.
However, in this study, the number of patients was very small and the success manipu-
lation relatively weak.
In summary: patients’ helplessness and perceived uncontrollability are central themes in
psychological treatment of chronic pain. They are areas in which mucht progress in treat-
ment can be achieved. It is very probable that improvement during and after treatment is
mediated by perceived control over pain and other problems. The important factor appears
not to be the actual technique that is applied, but whether the patient perceives it as help-
ful and applicable.
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Conelusions

It appears that chronic-pain patients show characteristics of leamned helplessness as a
result of experiencing chronic uncontrollable pain and stress. They perceive low control
over pain and life and are avoidant in their behaviour. Thus, the relationship between low
perceived control, learned helplessness and psychological suffering is apparent. It may be
hypothesized that these patients suffer especially from failing to acquire total control (and
complete pain relief). Instead of accepting pain and trying to acquire some control by
means of coping strategies, they become helpless and think that nobody can do anything.
Om the other hand, psychological treatments can be effective in reducing pain and psycho-
logical suffering. Letting the patient perceive control over pain seems to be an essential
mediator of treatment success.

WHY DOES PERCEIVED CONTROL REDUCE PAIN?

Previous reviews of the effects of perceived control on the experience of aversive
events (not restricted to pain) have come to different conclusions. Averill (1973) conclud-
ed that controllability does not reliably decrease the impact of aversive events. He states
that effects of controllability depend upon the meaning of the controlling response for the
subject, but theoretical predictions about the determinants of meaning and implications of
different meanings remain vague. Miller (1979) concluded that controllable events may
hurt less. She discussed ten theories that purported to explain the positive effects of con-
trol and concluded that seven are based on circular reasoning (e.g. explaining why control
reduced physiological anticipatory arousal by stating that controllable stress is less arous-
ing, without explaining why this is). However, the three remaining theories cannot explain
all findings, most importantly the effect of controllability above predictability. Miller
proposed a new theory (the "minimax" hypothesis), which explains positive effects of
control as follows. In controllability conditions, the subject can rely on a stable, reliable
source (his or her own response) than can modify the aversive event. Therefore, future
danger can reliably be kept below an acceptable maximum level. When you have no
control, there is no guarantee that future danger will be restricted. The hypothesis explains
why subjects prefer control and show less anticipatory arousal. However, according to
Miller the minimax hypothesis cannot éxplain the decreased impacr of aversive events.

Finally, Thompson (1981) concludes in her review that controllability does nor influ-
ence experienced aversiveness. Thompson states that the meaning of the aversive event is
the important issue, but remains (like Averill) rather vague about implications of this
assertion.

In this chapter, the focus was on pain, and other types of aversive events were exclud-
ed. Laboratory as well as clinical studies were discussed. There appears to be ample
evidence that controllability can reduce the experience of pain and can promote tolerance
and endurance.

The question will now be addressed of why perceived control may have these effects.
With the exception of one theory, no theories that are circular according to Miller will be
discussed. In addition, no theories will be discussed that cannot explain the superior
effects of controllability above predictability. Five explanations can be put forward.
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Anxiety increases the experience of pain and controllability reduces anxiety.

M‘mqnugh a rather popular explanation, there are two problems with it. Rirst, is it true
that anxiety (or the associated physiological arousal) increases pain? Second, does control
always reduce anxiety in cases where it reduces pain?

Does anxiety increase pain?

The frequently observed correlation between acute pain and anxiety (Chapman &
Tumer, 1986) should not be confused with a causal effect of anxiety on pain. Chapman
and Tummer (1986) state that anxiety has physiological effects that increase the pain re-
sponse: increased sympathetic activity and the release of epinephrine at the sympathetic
terminals may sensitize or directly activate nociceptors; increased muscle tension, espe-
cially near the site of the wound, may cause additional pain. A psychological explanation
might be that intense anxiety causes loss of control over thinking (Kent, 1987), which
deprives the person of one of the most powerful coping strategies, - distraction. Bolles and
Fanselow (1980), however, have proposed a controversial theory, which implies that fear
and pain are mutually exclusive states. Fear is assumed to decrease the experienced pain
and to activate the organism {flight-fight response), whereas pain is assumed to deactivate
the organism, promoting healing. Their theory is based on findings in animal studies and
the applicability to human pain is not clear yet.

In humans, research findings give conflicting results. Kleinknecht and Bernstein (1978),
Dougher (1979), Weisenberg et al. (1985), Ahles et al. (1987) and Malow er al. (1987)
report positive correlations between state anxiety and subjective (externally caused or
internal spontaneous) pain. Klepac et al. (1982) found that dental patients who avoided
treatment showed reduced pain tolerance; but that pain threshold and subjective pain were
not different from those of dental fearless patients. Two studies have investigated the
effect of experimentally induced anxiety on pain. In the first {Malow, 1981), anxiety
induction was related to a greater tendency to report pain. In the second (Dougher er al.,
1987) only anxiety that had as its focus the pain stimulus had a pain-increasing effect.

In contrast to these positive findings, many studies found no significant relationships
(Amtz et al., 1990a; Bowers, 1968; Chaves & Brown, 1987; Klepac, er al., 1980), or
even negative relationships, as in a study of Kent (1984) who found that highly anxious
dental patients experienced less pain during treatment than low-anxious patients.

Also in contradiction with the hypothesis, reducing anxiety and physiological arousal
does not necessarily have strong pain-relieving effects, as the research on relaxation
shows. The effects of relaxation and biofeedback seem not to be mediated by decreased
physiological arousal (see above). Positive effects are probably caused by distraction from
pain by actively involving the subject in various exercises.

Thus, on the one hand it is generally accepted that, in human beings, acute pain can be
accompanied by subjective anxiety and physiological arousal. On the other hand, it is not
clear whether anxiety and physiological arousal increase the experience of pain. It might
by hypothesized, however, that when the focus of anxiety is on pain, the pain experience
is more intense and tolerance is lower. The critical factor then seems to be attention, and
not anxiety. A frightened wounded soldier who runs for life will probably experience no
pain when he tries to escape the battle ground.

Does control always reduce anxiety in cases where it reduces pain?

Laboratory studies indicate that this is not always the case (table 1). As has been dis-
cussed, research on coping strategies shows that when subjective pain and pain tolerance

153



are positively affected, anxiety and physiological arousal are not always reduced. Similar-
ly, anxiety during dental treatment does not seem to be reliably influenced by givin‘_g the
subject control over the dentist’s behaviour, whereas pain is affected. In short, perceiving
control over pain or its cause can lead to pain relief and enhanced pain tolerance without
any associated decrease in physiological arousal or subjective anxiety.

Since both parts of this anxiety-reduction hypothesis appear to be questionable, it seems
unlikely that positive effects of perceiving control are mediated by decreased anxiety or
decreased physiological arousal.

Perceiving control promotes endogenous opioid release

This explanation presumes that control promotes the release of natural analgesic opioids
that reduce the experience of pain. Several arguments can be made against this explana-
tion.

First, perceiving no control over stress appears to be related to endogenous opioid
release, in contrast to perceiving control, as basic animal research has shown (Maier er
al., 1983; Watkins and Mayer, 1982). It has been argued that the same processes that lead
to learned helplessness deficits trigger endogenous opioid release (Maier et al., 1983).
Moreover, chronic-pain patients who suffer disproportional to somatic causes display
heightened opioid levels as do depressive patients (Terenius, 1985; Almay et al., 1978),
probably as a result of experiencing chronic uncontrollable pain. Thus, endogenous opioid
release seems to be related to uncontrollable pain, and not to perceiving control over pain.

Second, since the organism develops tolerance for endogencus opioids (Terman ef al.,
1984), the pain-decreasing effects of control would be only temporary if they were based
on endogenous opioids. Treatment studies of chronic pain patients have, however, shown
that increased control can have long-lasting positive effects.

Third, it seems unlikely that the chronic-pain patients who suffer emotionally and
behaviourally most from pain, and already have very high levels of endogenous opioids
can profit from still higher levels. Perceiving control can, however, help those patients.
Most likely perceiving control is related to a decrease in opioid levels caused by a diminu-
tion of perceived uncontrollability.

Thus, it is unlikely that the effects of control are mediated by increased endogenous
opioid release. However, other endogenous analgesic mechanisms may play a role, al-
though research has not yet demonstrated such effects.

Countrollability changes the meaning of pain or the meaning of the cause of the pain

The experience of pain depends strongly on cognitive-emotional factors. On the basis of
the meaning of the pain or its inferred cause, pain can be felt in very different degrees
(Beecher, 1956). We hypothesize that the inferred harmfulness of the pain or its cause is
the central issue. It can be argued that control over pain or its cause changes the meaning
of the pain and hence the way it is experienced. Pain that cannot be controlled may be
appraised as caused by a harmful process. Pain that can be controlled may be appraised as
non-harmful and hence will have a different significance for the subject. Thus, the subject
may reason that if the pain {or cause) is truly harmful, nothing can be done about it. And
conversely, if something can be done to decrease it (leading to perceived control), that it
means that the pain (and its cause) is not truly harmful. Some evidence for this explana-
tion has been discussed. However, its role in the effects of controllability deserves fuller
investigation. It may apply especially to clinical pain or possibly harmful laboratory pain,
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but it canpot explain all laboratory findings on the effects of behavioural control over an
external pain stimulus, such a$ control over the duration of the stimulation.

Perceived control is a positive experience per se which can compensate negative expe-
riences

Several authors have proposed that acquiring and exercising control is a positive experi-
ence per se, and that having no control or losing control is a negative experience. Averill
(1973} argues that controllability has acquired these qualities in evolution (because of its
survival value). Psychoanalytic authors have stressed its value for the development of the
child (Fisher, 1986). Control has also been seen as a primary pleasure (Fisher, 1986) or
an unconditioned reinforcer (Miller, 1979). What is not implied in this explanation is the
reinforcement the subject experiences when he or she actually stops or decreases pain.
What is meant is that knowing that the pain can be controlled or perceiving control with-
out actually exercising it has a positive effect by itself. Miller argues that this explanation
is a circular one. However, there seems to be no reason why it cannot be tested empirical-
ly.

Perceiving control allows people to distract from pain

The core of this explanation is the simple fact that pain cannot be felt when it is not in
awareness. Perceiving control over pain gives the subject certainty that the pain (or its
cause) will not exceed unbearable or unacceptable limits. Hence, subjects do not have to
attend continuously to internal signals of impending danger and can distract themselves.
Attention to pain increases the pain experience; distraction decreases it. This explanation
is actually an extension of Miller's minimax hypothesis. It is a parsimonious explanation
and can be empirically tested. Like Miller’s minimax hypothesis, it can account for the
fact that under certain circumstances subjects choose to give others control (e.g. to the
professional doctor), when these others are perceived as more reliable sources of control.

It can also explain why subjects are willing to tolerate or endure more pain when
having control (because they have higher certainty that they can end the pain than when
having no control) as well as why the experience of pain can be less intense and less
emotional under these circumstances. It may account for the observation that the effects of
perceived control over the dentist’s behaviour and the effects of procedural and sensation
information are comparable: the interventions are similar (1) in that they decrease the
uncertainty of the subject about future worsening of pain or damage (control by giving the
subject an opportunity to stop the cause of the pain, information by establishing the limits
of treatment and its sensory effects); and (2) in that they increase confidence that the
experience can be endured without fatal damage (control increases self-confidence, infor-
mation increases confidence in the professional helper). Thus both procedures probably
decrease uncertainty and increase confidence, and these allow the subject to distract them-
selves.

The last three explanations may in fact all play a role in the effects of controllability. It

certainly seems worth while investigating them. For too long have the positive effects of
perceived control over pain been taken for granted.
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SECTION 4.2.
THE INTERACTION BETWEEN MOOD
- AND CONTROLLABILITY!

SUMMARY

The present study examined the hypothesis that induced mood influences the effects of
control. Two possible mechanisms were investigated: (1) mood exerts its influence by
influencing perceptions/expectations of control; (2) control exerts its effects by inducing a
positive mood which compensates for aversive experiences. In addition, the hypothesis
was tested that control leads to increased certainty about the amount of pain to be expec-
ted. Forty 55 all received 20 painful stimuli, which they tried to stop by pressing a combi-
nation of buttons. In a 2x2 design, induced mood (elation ws depression) was combined
with control ws failing to acquire control over pain offset. The results indicated that elated
mood induction and control reduced pain impact; compared to depressed mood induction
and no-control. Control was related to increased certainty and reduced SCRs, but mood
was not. Without control, elated §s were more persistent in trying to acquire control.
There was no evidence that mood influenced subjective pain impact vig perceptions of
control than depressed S§s. There was more evidence in favor of a model in which mood
and control have separate, additive influences on pain.

INTRODUCTION

It is well known that perceiving control over an aversive stimulus, such as pain, can
reduce the aversiveness of the stimulus (Miller, 1979; Mineka & Henderson, 1985; Arntz
& Schmidt, 1989). The present study aims at clarifying whether mood influences the
effects of (un)controllability. It might be theoretically and clinically interesting if elated
mood can compensate for the negative effects of uncontrollable aversive events, and if
depressed mood decreases the positive effects of control. If mood influences the effects of
(un)controllability, the question arises whether mood exercises its influence by influencing
perceptions of control. This model can be schematized as follows:

response — effect —= perception of control — decreased pain impact
mood

It is also possible that exercising control by itself induces a positive mood, that com-
pensates for negative events. In other words, controllability and mood inducing factors
might interact on a common dimension of mood, and exert their influences via this dimen-
sion:

mood inducing stimuli
positive mood — decreased pain impact.
exercising control

Submitted for publication by Arntz, A., Gransier, §., de Jong, P., Qosterlaan, J., Gubbels, 1. &
Jansen, A.
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In addition to studying the influence of mood on effects of controllability, this study
aims at testing a hypothesis pertaining to a possible mood independent mechanism of
control. In short, the hypothesis is that when the § has control, he/she is highly certain
that the aversive stimulus will remain below unbearable limits, and he/she can therefore
distract his/her attention from the stimulus, which results in a smaller pain impact:

perceiving control — increased certainty — distraction — decreased pain impact.

These: three possible mechanisms, of which the first two are mood dependent and the
third is mood independent, will be discussed in more detail below.

The first hypothetical mechanism pertains to perceptions of control. It is generally
assumed that the: § should first perceive that he or she is in control, before being in
control - ¢an- have any positive effects. There are indications that mood is an important
factor in this perception process. It has been shown that induced mood influences estima-
tes of past success; depressed s make lower estimates than elated Ss (Teasdale & Spen-
cer, 1984). In addition, induced depressed mood appears to be related to giving up a
response more quickly if it is no longer reinforced (Gouaux & Gouaux, 1971). In a series
of experiments, Alloy and co-workers (Alloy & Abramson, 1979; Alloy, Abramson &
Viscusi, 1981; see also Rhodewalt, Strube & Wysocki, 1988) demonstrated that elated
mood is related to overestimation of control over neutral or positive outcomes (such as
winning money). Depressed mood, on the other hand, appears to be related to a realistic
estimation of control. Thus, mood seems to influence the perception of control and related
issues, such as expectations of success and persistence behavior.

Whereas there appears to be clear evidence for the influence of mood on perception of
control over meurral and positive experiences, it is still unclear whether the effects of
control over an gversive stimulus are also influenced by mood. In other words, the questi-
on arises whether mood influences the effects of having control, as well as the effects of
failing to acquire control, on the impact of aversive experiences by influencing perceptions
of control. Alloy et al. asked for ratings of perceived control gfter the task, which gives
rise to the question whether perceptions of control during the task are influenced by
mood. In the present experiment indications of perceived control were obtained during the
task.

Another hypothetical mechanism by which mood and control can interact might be
related to mood itself. One possible explanation for the favorable effects of control is that
having control is a positive experience per se, which can compensate for negative expe-
riences (Arntz & Schmidt, 1989). Several writers have theorized that having control is a
positive experience in itself and that not having control or losing control is a negative ex-
perience, Averill (1973) hypothesized that control has acquired these qualities in evolution
because of its survival value. In developmental theories, acquiring and exercising control
is often assumed to give a child pleasure, despite the seemingly meaningless play activity
(e.g., Fisher, 1986). There is also evidence that acquiring and exercising control is related
to self-esteem and a pleasurable feeling of freedom (cf. Abramson & Alloy, 1980; Bre-
win, 1989), whereas failing to acquire control or losing control may be a threat to, or may
even mean a loss of self-esteem and freedom. It may be true, then, that control has an
intrinsically positive effect which compensates negative effects of aversive experiences. It
is worth to investigate whether this hypothesized effect of control is apparent from emotio-
nal indices, and whether effects of control interact with the effects of mood induction on
the impact of aversive stimuli.

If control decreases the impact of negative experiences by influencing mood, two
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implications follow: (1) positive mood should have a pain decreasing effect in itself (there
are indeed indications that there is such an effect, e.g. Martinh er al, 1988); and (2)
having control should improve mood, whereas failing to acquire control should impair

A quite different explanation of the effects of control is that perceiving control over
essential aspects of the aversive stimulus allows people to distract their attention from the
painful experience (cf. Arntz & Schmidt, 1989). There is considerable evidence that
attention influences the impact of aversive experiences; atténtion to the stimulus incréases
the impact, distraction decreases it. It was reasoned that this explanation is an extension of
Miller’s minimax hypothesis (Miller, 1979), in that it is assumed that the certainty which
§s have when they are in control, that the aversive stimulus will not exceed unbearable or
unacceptable limits, allows them to distract their attention. On the other hand, it is assu-
med that, when they are not in control, S§ pay more attention to the stimulus, mindful of
signals of impending danger, because they are uncertain about the final consequences. If
this is true, it may be hypothesized that S5 are more certain about the aversiveness they
expect to experience under conditions of control than under conditions of no-control. This
hypothesis suggests that controllability effects may not be mediated by mood.

In order to investigate the influence of mood on the effects of control over pain, mood
was induced by having the $s listen to music. This is one of the most powerful ways to
induce mood (Clark, 1983). We tried to influence the §s’ mood during the whole experi-
ment by playing music continuously. Two moods were induced: depressed mood and
elated mood. The Ss were instructed to try and find a code, by which they could stop the
painful stimulus. If they tried the wrong combination, the stimulus would be stopped by
the computer later on. Half of the Ss were given control over the end of painful stimula-
tion from the Sth trial onwards. The other half were not given control and therefore
experienced repeated failure to execute control. Both groups received an identical amount
of painful stimulation. Control over the offset of pain was chosen, because there are clear
indications that control that is related to limitation of the aversive stimulus has positive
effects, in contrast to other types of control, such as self-administration of the stimulus
(Arntz & Schmidt, 1989). The design offers the possibility to assess the influence of mood
on the effects of having control over pain, as well as the influence of mood on the effects
of failing to acquire control.

Four hypotheses were formulated about the influence of mood, and one hypothesis
about the assumed certainty increasing effect of control.

- First, it was hypothesized that the effects of control over pain are influenced by mood;
that is, elated Ss who are given control over pain experience less pain than depressed §s
who are given control. And similarly, we expected that effects of failing to acquire
control would be smaller when the § is in an elated mood than when the § is depressed.
Second, it was hypothesized that perceprions and expectations of control are influenced
by mood: that is, when they are elated, Ss have higher perceptions/expectations of
control than when they are depressed. We expected these effects in the control condi-
tion, as well as in the no control condition.
- Third, we hypothesized that depressed mood is related to giving up trying to find the
controlling response in the no control conditions.
- Fourth, it was hypothesized that mood and (not) having control would interact on the
affective dimensions of (1) depression - elation, (2) nervousness and (3) anger: having
control was expected to be related to good moods, having no control to bad moods.
Fifth, it was hypothesized that with control, §s expect less pain, or are more certain
about the amount of pain to be expected, than without control.
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METHOD
Bubjects

The study was carried out with 40 normal Ss, all women, because there are indications
that mood induction is easier with women (e.g., Velten, 1968; Alloy, Abramson & Viscu-
#i, 1981, note: 1), The mean age was 41 years and 74 % were housewives. Subjects were
recruited by means of an advertisement in a local newspaper. They received a small
remuneration for participation.

Design

The design was a 2 ("MOOD”’; depressed vs elated mood) x 2 ('CON’; control vs no
control) factorial one. There were 20 trials in which the § could try a response. The first
4 trials were uncontrollable for all Ss, that is, the responses were not followed by an
immediate termination of the pain stimulation. From the fifth trial onwards, Ss in the
control conditions were given control over all trials.

Materijals

Subjects rated subjective mood before and after the mood induction on three 10 cm.
Visual Analogue Scales (VASs), one for depression - elation (downcast - elated), one for
nervousness (calm - nervous), and one for anger (not angry - angry). After each trial,
eight VASs were rated: (1) experienced pain (not painful at all - extremely painful); (2)
perceived control over the offset of the stimulus ("To what exient did you experience a
sense of control over the offset of the pain stimulation ?'; no control at all - complete
control); (3) depression -elation; (4) nervousness; (5) anger; (6) predicted pain of the next
trial (not painful at all - extremely painful); (7) certainty of this prediction (not certain at
all - completely certain); (8) expectation of control ("how certain do you feel that you can
stop the mext stimulus ’; not certain at all - completely certain). :

Apparatus

Apparatus was placed in an adjacent room. Skin Conductance Responses (SCR) and
Skin Conductance Level (SCL) were measured by a Beckman Skin Conductance Coupler
(type 9844), using the method of constant voltage (0.5 volts). The coupler allowed for a
maximum sensitivity of 0,05 micromho. Electrodes were attached to the medial phalanges
of the second and third fingers of the non-dominant hand with adhesive collars. Respirati-
on was measured by a Beckman Voltage/Pressure/Volume Coupler (type 9853A) via a
Hewlet-Packard respiration belt: fastened around the $'s chest. SCR, SCL and respiration
were continuously monitored by a Beckman Polygraph. The painful stimulations were
delivered by an electric stimulator, passed for use with patients (Siemens Neuroton 627),
on the §’s right ankle. The stimulation rose to its maximum level in 2 sec, remained at
this level for the programmed time, and subsequently decreased to nil in 2 sec. Subjects
could try a code by pressing buttons on a panel with five buttons. The panel was connec-
ted with a panel in the adjacent experimenters’ room, displaying the code by means of
bulbs. Feedback was given by means of small bulbs on the panel, a green bulb with the
caption 'right’ and a red bulb with the caption 'wrong’. There was alsc a button on the
panel with the caption 'no code’, by which the § could indicate that she did not try a
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code. An intercom allowed the experimenter to signal to the § that she could try a code
{by saying 'code’). A buzzer announced shock offset. The music was played via two loud-
speakers. A microcomputer (PDP Minc-11) controlled the experiment.

Procedure

Subjects were randomly allocated to one of the four conditions. In the pretest phase the
objective pain stimulus level was individually calibrated to a subjective pain level of
approximately 70 on a O (not painful at all} to 100 (extremely painful) visual analogue
scale. Three moods were assessed by means of visual analogue scales: elation, anger, and
nervousness. Half of the Ss were subjected to a depressed mood induction by having them
listen to 'Russia under the Mongolian yoke' by Prokofiev, played at half speed fo 9 min;
whereas the other half were subjected to an elation induction by having them listen to
music from Charlie Chaplin films. The §s were not instructed about the kind of mood they
were expected to get into, in order to reduce experimental demand effects. They were
instructed as follows: "Music can induce certain moods, for instance music can make you
feel sad, anxious, or happy. We would like you to listen to the music and get into the
mood that is elicited by the music as much as possible. We understand that it seems a bit
silly to let your feelings go here in the laboratory. But, we ask you to try. Try to get into
the mood that the music is eliciting.” After mood induction, current mood was assessed
again and Ss started on the task of finding the response that could stop the pain stimulus
during a series of 20 trials. Half of the §s were assigned to the control conditions, the
other half to the no control conditions. In the control conditions, the §s were given control
from the 5th trial onwards by stopping the pain stimulus immediately after the combinati-
on they tried at the 5th trial. During the whole experiment music was played: Prokofiev
and Albinoni's Adagio in the depression conditions, and in the elation conditions various
pieces of music, such as film music (Charlie Chaplin, Nina Rota), but also classical
music, for instance by Mozart and Johann Strauss.

Figure 1 shows the way in which we manipulated controllability. Trials without control
were designed as follows:

- The painful stimulus started unannounced. After a preprogrammed interval (7,4,8,7,5,
5,6,8,6,7,4,6,5,7,5,4,4,5,6 & 6 sec for trial 1-20), a signal (the instruction 'code’ via
the intercom) was given that the § could try to stop the stimulus by choosing a code on
the panel with 5 buttons.

- Feedback was given by means of a red bulb, with the caption 'wrong’.

- The pain stimulus continued until its programmed offset. The total duration of stimulati-
on varied from 13 to 19 sec (16,14,18,17,14,13,15,17,15,19,15,16,14,19,16,18,13,
14,17 & 18 sec for trial 1-20).

- Two seconds before the end of the stimulus a warning signal was given by means of a
buzzer, to control for the effects of predictability of the end of the stimulus.

Trials with control were designed as follows:

- The duration of each trial was identical to those of the no-control conditions.

- After the unannounced start of the painful stimulus, a signal was given that the § could
try his/her code. In contrast to the way it was done in the trials without control, this
signal was given much later, 2 seconds before the end of the stimulus. The end of the
stimulus was accompanied by feedback by means of a green bulb with the caption
*right’.

'I%ete are two important points in this manipulation: first, the length of stimulation was
identical in the control and in the no control conditions, as is illustrated in figure 1. Se-
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cond, since it is known that predictability of essential aspects of the stimulus can decrease
the impact of the stimulus, predictability was kept €qual in all conditions; the prediciabili-
ty that §s experienced in the control conditions because they knew that the stimulus stop-
ped after their responise, was controlled for by the warning signal in the no control condi-
tion, This manipulation guarantees that effects of control cannot be attributed to objective
differences in the amount of painful stimulation, or to differences in predictability.

The shocks had a mean duration of 16 sec (range 13-19 sec). In the case of the no
control shocks, the signal ’code’ was given on average 5.75 sec after the onset of the
shock (range 4-8 sec). In the case of the control shocks, this code signal was given 2 sec
before the offset of the stimulus. Ss in the control conditions who tried a wrong code (that
is, a different code from the one they tried at the 5th trial) received a longer shock durati-
on: 6 seconds longer (to ensure credibility of the manipulation). There were, however,
very few instances of such trials. The intertrial intervals varied from 50 to 70 sec (mean
60 sec). The mean objective shock intensity was 1.9 mA (s.d. 0.85).

CONTROLLABILITY MANIPULATION

TRIALS WITHOUT CONTROL

start signal that end of
painful code can  feedback: warning  painful
stimulus be tried 'wrong' signal  stimulus

“ J | | 2sec. |

A v Y A4 A4

= |

0 4 6 12 14 sec.

TRIALS WITH CONTROL

feedback:
right'
&
start signal that end of
painful code can  painful
stimulus be tried  stimulus
| | _2ssc |
A4 v v
! !
Q 12 14 sec.

Figure 1. Nustration of the controllability manipulation. Trials without control had an early signal
that a code could be tried. Two sec after this signal, feedback ("wrong”) was given. To control for
predictability of the offset of the stimulus, a warning signal was given 2 sec before offset. In the
case of trials with control, the signal that a code could be tried was given 2 sec before pain offset,
At offset, feedback 'right’ was given. Note that this design controlled for stimulus duration and
predictability of stimulus offset.
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Data reduoction and analysis

- Responses to the 20 trials were analyzed in blocks of 4 trials. Skin conductance impact
response was defined as the largest deflection, compared with the level just before shock
onset, starting after shock onset and with a response window of 4 sec (this is before a
SCR to the earliest *code’ signal in the no control conditions could take place). SCRs due
to respiratory irregularities were replaced by estimated responses (on the basis of interpo-
lation). SCRs were transformed by square root (Levey, 1980). For subjective and physio-
logical responses, ANOVAs were planned for the first block, before the control manipula-
tion had been introduced. The next four blocks would be analyzed by means of MANOVA
trend analysis: the first trend corresponding to the average response was considered as the
critical trend, but sometimes the linear trend was also taken into consideration. The
SPSSX output yields t-tests which correspond to the hypothesized effects (allowing one-
tailed testing of the hypotheses). There were two factors: MOOD (depressed vs elated
mood induction) and CON (control vs no control). For experienced pain and SCRs, objec-
tive shock intensity and subjective pain rated at the calibration were employed as covaria-
tes in a stepwise method: if their contribution was n.s., they were deleted from the analy-
sis. The same procedure was used for mood, with pretest mood scores as covariates.

Selection of subjects

Because of technical problems with the shocker, 6 §s did not complete the protocol.
One S in the control condition forgot her controlling response, and could therefore not
exercise control. Two S§s showed mood changes opposite to the intended direction (a
conservative criterion was employed: all Ss showing any mood change in the expected
direction, or no change when already very much elated (score > 90) were included).
These 8 Ss were replaced by new Ss.

RESULTS
Mood induction: immediate effects

There were no differences between groups at the pretest, before the mood induction.
Whith the pretest VAS score as covariate, ANOVA indicated a significant effect of the
mood induction on the depression-elation VAS (£(1,35)=51.32, p< 10%). The CON and
CON x MOOD interaction effects were n.s. (p’s>0.50). As can be seen in figure 2,
mood dropped after the depressed mood induction, whereas mood rose after the elated
mood induction. The mean between effect of 37 mm. is comparable to the effect reported
by Clark & Teasdale (1985, as cited by Clark, 1983).

The effects of the mood induction on nervousness and anger were less strong: F(1,34)
=7.59, p<0.01 and F(1,34)=5.87, p=0.02 (data from one S were missing; pretest
moods served as covariates). In the elated conditions, Ss became less nervous and less
angry; in the depressed conditions Ss became angrier but not more nervous. In conclusion,
the mood induction had the clearest effect on the depression-elation dimension.
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Figure 3. Perceived control ratings, averaged
in blocks of 4 trials. When Ss were given
control, perceived control ratings rose shar-
ply. There was a MOOD effect on this rise:

mood. EC = elated mood induction/control; depressed Ss showed a slower rise. Without
ENC = elated mood induction/no control; control, no MOOD effect was apparent. EC
DC = depressed mood induction/control; = elated mood induction/control; ENC
DNC = depressed mood induction/no con- elated mood induction/no control; DC
trol. There is a clear effect of mood induc- depressed mood induction/control; DNC
tion, which lasts the whole experiment. depressed mood induction/no control.
There was & marginally significant (p=0.10)

effect of controlfability on mood.

o

Perceived countrol

Before §s in the control conditions were given control, there were no significant effects
of MOOD, CON or MOOD x CON interaction. Following the manipulation of control,
perceptions of control rose sharply (see figure 3). A MANOVA trend analysis indicated
higher mean levels of perceived control in the control conditions (r=13.2, p<10?), and
lower perceptions of control in the depressed mood conditions (¢=-1.72, p=0.047). The
CON x MOOD interaction was n.5. The linear and quadratic trends were significantly
influenced by mood (r=1.92, p=0.06; r=-2.26, p=0.03), reflecting the sharper rise in
perceived control in the elated group.

Consequently, the hypothesized effects of mood on perception of control were obser-
ved: when depressed, Ss raised their ratings of control more slowly than when they were
elated. However, within the no control conditions there was no effect of mood, which was
possibly due to a floor effect,

Expectations of control

These followed the same pattern as perceptions of control and are therefore not presen-
ted here.
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Experienced pain

With pretest subjective pain ratings and objective shock intensity as covariates, there
was a significant effect of mood on experienced pain in the first block: elated Ss rated the
shocks as less painful (r=-1.86, p=0.035; see figure 4). The CON effect was 7n.5. (#=
1.27, p=0.21), as was the CON x MOOD interaction (¢=-0.35, p=0.73),

During blocks 2-5, the covariates were no longer significant and were therefore dele-
ted. As hypothesized, there was a significant pain decreasing effect of control on the
average pain ratings (=-2.29, p=0.014). Although the elated mood conditions were asso-
ciated with lower pain ratings, the MOOD effect was not significant (r=-1.07, p=0.15),
possibly due to a floor effect in the elation/control condition, caused by the strong effect
of exercising control. The MOOD x CON interaction was n.5. (1=0.43, p=0.67). In
order to test more directly the hypothesis that effects of mood on perceptions of control
influence pain experiences, the amount of pain reduction from the first to the second block
was analyzed separately for the control conditions only. During this second block, the
strongest effect of mood on perceived control was observed in the control conditions (fi-
gure 2). The mood effect on pain reduction was n.s., however (F(1,18)=0.76, p=0.40).

EXPERIENCED PAIN /2 SKIN CONDUCTANCE

RESPONSE

o
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Figure 4. Experienced pain ratings, averaged Figure 5. Skin conductance responses

in blocks of 4 trials. CAL denotes the pain
rating in the calibration phase, in which the
stimulation Ievel was individually adjusted.
When this CAL rating is controlled for,
elated §s rated the stimulus as significantly
less painful than depressed S5s (p=0.035).
During the last 4 blocks, exercising control
was related to lower pain ratings (p= 0.014).
EC elated mood induction/control; ENC
= eglated mood induction/no control; DC =
depressed mood induction/control; DNC =
depressed mood induction/no control.

(SCRs), averaged in blocks of 4 trials, depic-
ted as change scores from the first block.
Raw SCRs were transformed by square root.
With control, SCRs decreased faster than
without control (p=0.035). EC elated
mood induction/control; ENC = elated mood
induction/no control; DC = depressed mood
induction/control, DNC = depressed mood
induction/no control.

In sum, exercising control over the end of the painful stimulus had a pain decreasing
effect. In contradiction with the hypothesis, however, there was no indication that mood
has any effect on experienced pain by influencing perceptions of control or expectations of
control. Firstly, there was an effect of mood on pain experiences, but not on perceptions
of control, during the first block, before the controllability manipulation, and during the
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test of the experiment in the no control conditions, which suggests that mood has an inde-
pendent effect on pain. This mood effect is shown clearly by the correlation be_mwn
mood ratings and pain experiences in the first block (r=-.60; p< 10*). Secondly, in the
instances in which mood influenced perceptions of control, no additional effect on expe-
rienced pain was apparent,

Skin Conductance Responses

During the first block, there was a marginally significant MOOD x CON interaction,
caused by stronger responding in the elated - no control condition (F(1,35)=2.57, p=
0.12). Controlling for this initial difference (assuming that it was caused by individual
differences), there was a significant CON effect on the average SCRs during block 2-5: as
is shown in figure 5, SCRs decreased more with control than without control (z=-1.88,
p=0.035), There was no MOOD (p=0.27}, or MOOD x CON effect (p=0.28).

Mood: general

Multivariate tests revealed a significant CON effect on the three moods (Fy.(3,35)=
3.28, p=0.032) during block 2-5 when contrasted {(as change scores) with the first block.
There were no significant MOOD (p=0.95) or MOOD x CON (p=0.87) effects. Thus,
exercising control significantly influenced S8’ moods. Separate moods are presented be-
low.

Mood: depression - elation

Despite the reduced effect of the music on depressive/elated mood during the pain
stimulation (see figure 2; especially in the elated conditions mood dropped, ¢=-3.55, p=
0.001), there was still a significant effect of the mood manipulation in the first block (t=
3.19, p<0.005; pretest mood served as covariate) and in the blocks 2-5 (1=2.36, p<
0.02; pretest mood served as covariate). In the first block, there were no significant CON
or CON x MOOD effects. During the last four blocks, there was a weak, marginally sig-
nificant, CON effect in the expected: direction (¢=1.29, p=0.10): exercising control in-
fluenced mood positively. The MOOD x CON interaction did not reach significance {p=
0.73).

In sum, Ss found it difficult to remain as elated as immediately afier the mood inducti-
on when the pain stimulation started. There is some evidence that having control influen-
ced mood positively.

Mood: nervousness

There were no significant MOOD, CON or MOOD x CON effects on nervousness in
the first block. During block 2-5, there was a significant positive effect of control on
nervousness compared with the first block (¢=-2.15, p=0.04): with control S§s became
less nervous. However, when nervousness ratings were analyzed with the pretest score as
covariate, the CON effect disappeared (#=0.57, p=0.45). No MOOD and MOOD x CON
effects were apparent. -
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Mood : anger

During the first block, there was still a MOOD effect on anger scores (F(1,34)=4.66;
p=0.04; pretest anger served as covariate). Figure 6 shows that having control was rela-
ted to decreases in anger during block 2-5, whereas failing to-acquire control was related
to increases in anger (r=3.02, p=0.005; anger during block 1 served as covariate). How-
ever, with pretest anger as covariate the CON effect was no longer significant (F(1,34)=
1.78, p=0.19). MOOD (p=0.15) and MOOD x CON (p=0.79) effects were n.s.

Depressed mood and giving up

In the depressed mood/control condition the "no code” button was not used at all; in
the elated mood/no control condition as well as in the elated mood/control condition the
mean number of presses on the "no code" button was 0.225; in the depressed. mood/no
control condition the mean number of presses was 0.625. A non-parametric analysis of
variance (Kruskal-Wallis) with the four conditions as groups revealed a significant group
effect (corrected for ties: x*=10.07, p<0.02). The depressed mood/no control condition
differed significantly from the combined other three conditions (corrected for ties: x’=
8.04; p<0.003), whereas there was no significant difference between these three condi-
tions (corrected for ties: x*=3.57, p=0.17). To summarize, in the depression/no control
condition, Ss used the "no code" button more often than in the other conditions.
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Figure 6. Ratings of anger, averaged in blocks of 4 trials, depicted as change scores from the first
block. Exercising control was related to reductions in anger, whereas failing to acquire control
resulted in increased anger (p=0.005). EC = elated mood induction/control; ENC = elated mood
induction/no control; DC = depressed mood induction/control; DNC = depressed mood induction
/no control.

Controllability and pain predictions

During block 2-5, there was no significant CON effect on the discrepancy between pain
predictions and pain experiences (F(1,36)=0.06, p=0.81): without control, Ss did not
overestimate pain more than with control. In accordance with the certainty hypothesis, 58
who exercised control were more certain about their pain predictions (r=2.05, p=0.024).
There were no MOOD or MOOD x CON effects.
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Variables related to pain reduction

In order to get more insight into factors that might be related to pain reduction, a senes
of regression analyses on the whole sample (n=40) was executed. First, \experi_enced pain
served as dependent variable; objective shock intensity, pretest pain rating, elation-depres-
sion mood change with respect to prefest, change in nervousness with respect to pretest,
the summed perceived control and expected control ratings®, and certainty rating as pre-
dictors, A backward procedure was employed. Results of the separate blocks 2-5, as well
as of the average ratings during these blocks, all indicated two variables that were signifi-
cantly related o lower pain experiences: perception/expectation of control and mood
change (elated mood.is related to less pain). The results of the averaged scores of blocks
2-5 are summarized in table 1. The separate contributions of control and positive mood
are also given in table 1. Note that the overlap in explained variance is 0.1%. Therefore,
perceiving control and elated mood appear to have separate influences on the pain expe-
rience.

Table 1. Summary of regression analysis on experienced pain

Predictor B t p
not in equation
objective shock level (mA) 0.20 1.50 0.14
pretest pain (VAS) 0.11 0.72 0.48
mean certainty (VAS) 0.10 0.69 0.50
mean change in nervousness (VAS) -0.21 -1.26 0.22
in equation
mean mood change (VAS) -0.46 -3.36 0.002
mean perceived/expected control (VAS) -0.30 -2.21 0.033

Explained variance = 32.2%
F(2,37)=8.39; p=0.001
separate contributions

mean mood change (VAS) 0.47 -3.28 0.002
Explained variance = 22.1%
mean perceived/expected control (VAS) -0.23 -2.07 0.045

Explained variance = 10.2%
after entering anger ratings

objective shock level (mA) 0.23 1.76 0.087
pretest pain (VAS) 0.40 3.06 0.004
mean change in anger (VAS) 0.57 4.49 0.001

Explained variance = 43.9%
#(3,36)=9.14; p=0.0001

Results of backward regression analysis on the averaged pain ratings during block 2-5. Pretest
pain, objective intensity, and mean ratings of perceived/expected control, certainty, nervousness,
and elated mood served as predictors. Results indicate two independent variables relating to lower
pain experiences: positive mood {(change score with respect to pretest) and control. However, after
entering anger (corrected for pretest rating), these variables were no longer significantly related to
pain. Therefore, their contributors appear to be mediated by anger.

*Since the closely interrelated (r=0.93) perceptions of control and expectations of control had
similar contributions, these two variables were combined into a sum score.
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’ wHowevar, when anger ratings (change score with respect to pretest) were included as
pm?hctnm, the equation changed dramatically: anger appeared to be strongly related to
subjective pain (table 1). Elated mood and control disappeared from the equation, which
suggests that their effects were mediated by anger.

Second, the mean SCR during block 2-5 was used as a dependent variable, with the
averaged SCRs during the first block as an additional predictor, to control for initial
differences. Results of the backward regression analysis are summarized in table 2.

Table 2. Summary of regression analysis on skin conductance responses

Predictor B ! P
not in equation
pretest pain (VAS) -0.07 -0.69 0.50
objective shock level (mA) 0.16 1.66 0.11
mean certainty (VAS) .15 -1.47 0.15
mean mooed change (VAS) -0.02 -0.15 0.88
mean change in anger (VAS) 0.07 0.67 0.51
mean change in nervousness (VAS) 0.06 0.56 .58
in equation
mean SCR during block 1 0.75 7.51 < 10-4
mean perceived/expected control (VAS) 0.24 -2.43 0.02

Explained variance = 64%
F(2,37)=32.15; p<10-4
contribution of certainty after deleting experienced/expected control
mean SCR during blok 1 0.76 7.48 < 104
mean certainty (VAS) 0.21 -2.02 0.05
Explained variance = 62%
F(2,37)=29.99; p< 104

Results of backward regression analysis on the SCRs {transformed by square root) during block 2-
5. Pretest pain, objective intensity, mean SCR during block 1, and mean ratings of perceived/ex-
pected control, certainty, and elated mood served as predictors. Experienced/expected control and
certainty have almost interchangeable contributions.

As can be seen in table 2, the perceived/expected control sum score is related to lower
SCRs, when initial SCR differences are controlled for. Note that elated mood is not, nor
the other subjective mood changes. The regression analysis indicated that subjective cer-
tainty could have an important contribution, overlapping with the contribution of percei-
ved/expected control. Therefore, perceived/expected control was deleted from the analy-
sis. The results (table 2) indicate that high certainty is indeed related to smaller SCRs.
The explained variance of the two equations is almost equal (64% vs 62%), which sug-
gests that perceived/expected control and certainty play interchangeable roles in the re-
gression equation.

DISCUSSION

There is clear evidence that control over pain has positive effects: the stimulus is
experienced as less painful and physiological responding decreases more quickly. There is
much weaker evidence that mood is influenced positively in the three dimensions, elation,
nervousness and anger, when the § has control compared to when the § fails to acquire
control. As hypothesized, mood influenced the perception of control: when given control,
depressed Ss perceive control more slowly than elated Ss. However, there is not much
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evidence that mood influences the effects of control by influencing the perception of
control. Whereas mood influenced the perception of control in the controllability conditi-
ons, it did not lead to different effects of control on experienced pain. In the no control
conditions, the mood induction did not influence perceptionsiexpectations of control, but
mood did influence the pain experience (also clearly evident from the first block). There-
fore, there appears to be no evidence for a model of interaction between mood and per-
ceptions of control. There is much more evidence for an addirive model: mood and con-
trol have independent effects on experienced pain.

This leaves us with a paradoxical situation. On the one hand, it is generally assumed
that the effécts of comtrol are mediated by perceiving control; on the other hand, the
present findings suggest that the lower perceptions of control of the depressed Ss who
exercised control have no negative consequences for the effects of control. There does not
seem to be a relationship between the degree of subjectively perceived control and the
effects of control. An explanation might be that the rating of perceived control in the
controllability conditions was only superficially influenced by mood, but that the ’true’
perception of control was not. It should be noted that there was a very clear relationship
between the control response and its effect in the present study. Therefore, the ‘true’
sense of control may have been more influenced by this clear response-effect relationship
than by mood. With responses that have a less clear effect on the aversive stimulus, there
may be more opportunity for mood to influence the ’true’ sense of control.?

There was, however, also an indication for the hypothesized interaction: a clear effect
of mood on the behavioural dimension of trying to find the controlling response. Howe-
ver, whereas depressed §5 made less attempts to find the controlling response, expectati-
ons of control were not lower than in the elated group. These findings therefore suggest
that elated mood may compensate for the negative effects of failing to exercise control,
without necessarily inducing an illusion of control,

The clinical meaning of these findings may be that mood does not influence the effects
of having control - having control reduces the impact of aversive events in elated as well
ag in depressed mood - , but that depressed mood retards the perception of the § that
he/she is truly in control. Furthermore, there is evidence that when a § is depressed, it is
more difficult for him/her to persist in trying to acquire control. On the one hand, this is
an encouraging finding: there seems to be no evidence that depressed patients cannot
profit from exercising control. On the other hand, it will be a more difficult task to make
them persist,

The certainty - distraction hypothesis of the effects of control was supported by the
finding that Ss were more certain about the amount of pain they could expect when they
had control. Although there was no direct test of the hypothesis that Ss who are certain
that the pain will remain below unbearable limits distract their attention from the pain
more easily, the present findings suggest that future tests of this hypothesis are indicated.
This hypothesis, which is in fact an extension of Miller’s minimax hypothesis, is not only
attractive because of its parsimony, but also because it seems capable of connecting con-
trollability theory with recent information processing theories, which stress the importance
of attentional capacity (*central channel’, *working memory’, ’central processor’) in the
processing of information. For instance, recent theoretical explanations of habituation

*Another .possibility is that with a qualitatively different measurement of perceived control - asking
for preceived control over experienced pain instead of perceived control over the offset of the pain
stimulation - clearer results will be found.
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assume that when the representation of the stimulus remains in-the working memory (and
does not decay), stronger responding occurs and habituation is delayed (e.g. the Al state
in Wagner’s theory, see Wagner 1979; Donegan & Wagner, 1987; see also Ohman,
1979). Especially SCRs are proposed as indices for the amount of central processing that
is called for by the stimulus (Ohman, 1979}, The finding that SCRs show a stronger
decrease with control, supports the notion that less attention needs to be given to the
stimulus with control. It is also understandable that perceptions/expectations of control
were related to SCRs: the SCR occurs during the painful stimulation, before control could
be exercised, and is therefore related to expected control. Therefore, these findings sug-
gest that when the § is highly certain about his/her expectation that control can be exerci-
sed effectively, less attention and information processing capacity is applied to the painful
stimulus, which results in smaller SCRs. The interchangeable relationships of perceiving/
expecting control and subjective certainty with SCRs suggest that control has this plysiol-
ogical impact reducing effect by increasing certainty. Therefore, the following model is
proposed with respect to the influence of controllability on SCRs:

perceiving/expecting control — increased certainty — distraction
— less processing of pain — decreased SCR.

Although this explanation was supported with respect to SCRs, the findings with res-
pect to subjective pain suggest that control and mood do not only exercise their influences
via certainty, Having control seems to induce a state which can compensate for aversive
experiences, as elated mood seems to do. The regression analyses suggests that this state
is related to anger: high levels of anger (associated with failure to exercise control and
with the depressed mood induction) were related to higher subjective pain, whereas low
levels of anger (associated with exercising control and with the elated mood induction)
were related to lower pain impact. It might be hypothesized that the ratings of anger are
related to frustration (resulting from failing to find the controlling response), and that the
effects of mood inducing stimuli and of uncontrollability are mediated as follows:

mood inducing stimuli
frustration/anger —» increased pain impact

failure to exercise control —

The effects of control are possibly mediated by a positive counterpart of frustration/
anger, perhaps something like a sense of 'mastery’. If this hypothesis is true, the model
opens the interesting possibility that Ss could protect themselves from the negative effects
of uncontrollability by stopping to try to acquire control. There are indeed indications that
not trying to acquire control sometimes results in better adaptation than trying to acquire
control in uncontrollable circumstances (Silver et al., 1982; Rothbaum et al., 1982).

This model supports Lang’s (1985) view, partly based on a review of factor analytic
studies of emotions, in which control is one of the three fundamental mood dimensions,
independent of the dimension of evaluation (positive vs negative feelings), and the dimen-
sion of activity. According to Lang, feelings of dominance, mastery, and control reflect a
fundamental emotional dimension. It can be speculated that the concept of frustrative
nonreward (Gray, 1975), pertaining to the negative effect of the absence of expected
reward, is also related to it. According to Lang, anger is not only related to negative
evaluation, but also to the control dimension. It can be speculated that anger results from
failure to exercise the desired amount of control. In terms of Lang’s model, the relation-
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ship between anger and subjective pain reflects the influence of two emotional dimensions
on subjective pain: evaluation and control, Therefore, the present findings support the
miodel that elated mood and control have independent pain decreasing influences.

In conclusion, mood and control seem to have independent (additive) subjective pain
decreasing influences. Although depressed mood sometimes ‘colours’ perceptions of
control, there is no evidence that the pain reducing effects of mood are mediated by these
perceptions. In broad terms, mood seems to colour any evaluation (of pain, of expecta-
tions of control, of experiences of frustration/mastery, etc.), if there is room for a shift in
evaluation (e.g. because of ambiguity). With respect to SCRs, perceiving/expecting con-
trol seems fo reduce responses by increasing certainty, which possibly allows the § to
distract. With respect to subjective pain, the effects of (un)controllability seem to be
mediated by anger.
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SECTION 4.3.
ATTENTION, NOT ANXIETY, INFLUENCES PAIN'

SUMMARY

Four hypotheses about the influences of anxiety and attention on pain impact wers
tested in a critical experiment: (1) anxiety increases pain; (2) anxiety decreases pain; (3)
attention to pain increases pain; (4) only the combination of anxiety and attention to pain
increases pain (interaction hypothesis). In a 2x2 design, anxiety (Jow wversus high) and
attention (attention to versus distraction from the pain) were experimentally manipulated.
Subjects received 20 electrically produced painful stimuli. Subjective pain experiences,
skin conductance responses and heart rate responses gave no support for a pain impact in-
creasing effect of anxiety. The anxiety-attention interaction hypothesis did not receive any
support either. There was some support, only from the heart rate responses, that anxiety
reduces pain impact. The critical factor appeared to be attention. Attention to the pain
stimulus was related to a stronger pain impact (indicated by all measures) and to less sub-
jective habituation, compared to distraction.

INTRODUCTION

It is still a controversial issue whether or not anxiety increases pain. Clinicians often
seem to believe that anxiety intensifies pain (e.g., Chapman & Turner, 1986). This notion
can also be found in theoretical views. For example, Melzack’s (1973) model on the psy-
chological influences on pain states that anxiety increases pain. In the dual-process theory
of habituation (Groves & Thompson, 1970) it is stated that arousal increases the responses
to a stimulus. Although the concept of arousal is not clearly defined in the dual-process
theory, anxiety could be hypothesized to increase the state of arousal, thereby intensifying
pain. On the other hand, it has also been proposed that anxiety decreases pain. In an in-
fluential article, Bolles and Fanselow (1980) reasoned that fear and pain are mutually ex-
clusive states. Fear is assumed to have priority, and therefore to reduce pain and activate
the organism (flight-fight response), whereas pain is assumed to deactivate the organism,
promoting healing. A possible mechanism of the pain reducing effects of anxiety may be
endogenous opioid release. There are, indeed, animal studies (reviewed by Bolles and
Fanselow, 1980) and anecdotal reports of severely wounded anxious human §s who appear
to feel no pain (e.g. Beecher, 1956), which seems to support the idea that anxiety has a
pain-reducing effect.

As for physiological processes, both views can be defended. Chapman and Turner
(1986) argued that anxiety increases sympathetic activity and the release of epinephrine at
the sympathetic terminals, which may sensitize or directly activate nociceptors. These
authors have also suggested that increased muscle tension, which often accompanies an-
xiety, may cause additional pain, especially when muscles near the site of the source of
the pain (e.g. the wound) are involved. On the other hand, there are physiological pro-
cesses accompanying anxiety that may reduce pain, such as increased endogenous opioid

'Reprinted with permission from Behaviour Research and Therapy, 29, Amntz, A., Dreessen, L. &
Merckelbach, H., Attention, not anxiety, influence pain, 1991, Pergamon Press PLC.
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reledse (Thyer & Matthews, 1986). Moreover, it is far from settled that reducing anxiety
arid physiological arousal, by relaxaiion or biofeedback for instance, directly causes pain
reduction (Arntz & Schmidt, 1989). Increasing physiological arousal may be as effective
as decreasing arousal, as long as the § believes in the effectiveness of the response (Hol-
royd et al., 1984; Bush et al., 1985).

Two types of studies have sought to illuminate the relationship between anxiety and
pain in humans! correlational and experimental studies. As for the first type of studies,
several studies have found that state anxiety and (experimentally caused or internal sponta-
neous) pain are correlated (Kieinknecht & Bernstein, 1978; Dougher, 1979; Weisenberg et
al., 1985, Ahles et al., 1987; Malow et al., 1987, Malow et al., 1989). However, many
studies did not find significant relationships (Arntz et al., 1990a; Bowers, 1968; Chaves &
Brown, 1987; Klepac er al., 1980), or even negative correlations (Kent, 1984). Moreover,
a positive correlation should not be confused with a causal effect of anxiety on pain: pain
can, of course, be accompanied by anxiety and physiclogical arousal, but this leaves any
causal direction open. Pain may as well lead to anxiety, or a third variable might be in-
volved. Similarly, increased pain responses, as found in high rrait anxious §s (e.g., Doug-
her, 1979) may be caused by a third variable, and not by anxiety itself. To clarify the
issue of causality, studies are needed in which anxiety is experimentally manipulated.

To the present authors’ knowledge only six studies have investigated the effect of expe-
rimentally induced anxiety on pain. Unfortunately in two of these (Haslam, 1966; Bobey
& Davidson, 1970) the effectiveness of the anxiety induction was not assessed. Three
studies did find (sometimes mixed) evidence for a pain sensitivity-increasing effect of
anxiety (Haslam, 1966; Dougher et al., 1987; Comwall & Donderi, 1988), one failed to
demonstrate any clear effect (Weisenberg et al., 1984), and the other two found indica-
tions for the opposite effect: anxiety decreased pain sensitivity (Bobey & Davidson, 1970;
Malow, 1981). Interestingly, in the Dougher et al. study only pain-related anxiety had
pain sensitivity-increasing effects. Anxiety that was not related to pain did not lead to
lower pain thresholds and lower pain tolerance levels. The Weisenberg ef al. study also
reports some evidence for this influence of focus of anxiety. However, in the study of
Cornwall & Donderi, pain-irrelevant anxiety had also a pain impact increasing effect. The
main difference with anxiety manipulations in other studies is, that Ss in this condition
were not confronted with an anxiety object during pain stimulation (the anxiety was in-
duced by telling the Ss that hey would get a stressful interview after the pain test), Thus,
the effect of anxiety on pain might be related to the presence vs absence of an anxiety
evoking stimulus duting pain stimufation.

In summary, empirical consensus on the influence of anxiety on pain is lacking. One
reason for this might be that a third, hitherto overlooked, factor modulates the relationship
between anxiety and pain. One obvious candidate in this respect is attention. In most stu-
dies possible attentional effects were not controlled for. There is evidence that attention
towards pain increases the pain experience, whereas distraction reduces it (Amtz &
Schimidt, 1989; Kanfer & Goldfoot, 1966; Grimm & Kanfer, 1976; Worthington, 1978;
Beers & Karoly, 1979; Tan, 1982; Turk er al., 1983). Therefore, it seems evident that if
the focus of fear/anxiety is directed away from the pain, the pain experience is reduced;
and conversely, if the pain itself is focused upon because of pain-related fear/anxiety, the
pain experience will be stronger. The influence of such an attention factor might explain
why some studies found a positive anxiety-pain relationship, whereas other studies found
the opposite to be true. Thus, in the empirical studies on the influence of anxiety on pain,
anxiety may have been confounded with attention. Therefore, it is worthwhile to re-exam-
ine the influence of anxiety on pain, controlling for the effects of attention.
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The present study was designed as a critical experiment of several hypotheses that can
be put forward with regard to the influence of anxiety and attention on pain, A 2x2 design
was employed, the first factor being anxiety (low vs high), and the second being attention
(towards pain (attention) vs towards an external object (distraction)). In the low anxiety/
attention condition, Ss were given non-threatening information about the stimulus and
were asked to concentrate on the pain stimulus as much as possible. In the high amxiety/
attention condition, S5 were made anxious for the stimulus and were instructed to conden-
trate on the stimulus. In the low anxiety/ distraction condition, Ss were distracted and
were instructed to disregard the stimulos as much as possible. In the high anxiety/dis-
traction condition, Ss participated in an exposire in vive procedure with a phobic object
(spider) and were instructed to disregard the pain stimulus as much as possible. A similar
experiment has been done by Weisenberg er al. (1984), but this study suffers from some
methodological inadequacies, such as too small cell sizes, unclear tests of the hypothesis,
and failure to demonstrate that Ss in the pain-attention conditions attended more to the
pain than Ss in the pain-distraction conditions. Moreover, this study failed to demonstrate
clear effects of attention, possibly due to the weak manipulation of attention.

Four hypotheses were tested:

1. the hypothesis that anxiety, irrespective of the focus of attention, increases pain impact.

2 the Bolles-Fanselow hypothesis, which would be supported if, irrespective of the focus
of attention, anxiety would decrease pain impact.

3. the hypothesis that attention, irrespective of anxiety, is related to pain impact.

4. the possibility of an interaction was also considered. When pain impact is larger only
when the § is anxious and attention is directed towards the pain, this view would be
supported:

Two types of pain measures were employed: subjective pain experience and physiolo-
gical responses to pain. In many studies, threshold and tolerance/endurance levels are
measured, which have a clear behavioral component (especially tolerance and endurance,
which are related to escape from the pain stimulation). It should be noted, however, that
the correlation between subjective and physiological pain impact responses on the one
hand, and pain behaviour on the other hand, is generally low. In the present context, the
influence of anxiety and attention on pain impact seemed to be most relevant,

METHOD
Subjects

Because of the anxiety manipulation used in the high anxiety/distraction condition (ex-
posure to spiders), it was decided to use spider phobics as Ss not only in this condition,
but, to secure comparability, in all four conditions. They were recruited by means of an-
nouncements at publicity boards in several university buildings, in the local hospital, and
in the local library. Before starting a session, procedural information was given and S§s
signed statements of informed consent. Subjects with pain complaints or with serious car-
diac trouble were excluded, as were pregnant §s. A small remuneration was given for par-
ticipating. There were 52 women and 3 men in the final sample (see below). Mean age
was 26 yrs (range 17-56). The mean score on the Spider Phobia Questionnaire (SPQ,
Klorman et al., 1974) was 16.3, which indicates that this sample was definitively phobic
when American and Swedish norms are considered (Klorman et al., 1974; Fredrikson,
1983).
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Materials

Amnxiety as experienced during the shock and experienced pain were measured by
means of 10 cm. Visual Analogue Scales (VASs). Pear of spiders was assessed by means
of the Spider Phobia Questionnaire (SPQ, Klorman er al., 1974; Fredrikson, 1983). After
the last trial, Ss rated degree of attention given to the pain during stimulation on a 10 cm.
WAS. An open question requested to make a note of the main focus of attention during the
experiment. In the low anxiety/distraction condition, §s were given a video tape as distrac-
tor. The 8s could choose between a nature movie (without spiders and insects), an episode
of L.A. Law, and a performance by a Dutch cabaret artist.

Apparatus and Physiological Recording

Apparatus was placed in an adjacent room. Skin Conductance Responses (SCRs) and
Skin Conductance Level (SCLY were measured by a Beckman Skin Conductance Coupler
(type 9844), using the method of constant voltage (0.5 Volts). The coupler allowed for a
maximum sensitivity of 0.05 micromho. Electrodes were attached to the medial phalanges
of the second and third fingers of the non-dominant hand. The highest deflection within
the 10 sec stimulation period and the 10 sec post-stimulus period was measured. SCRs
were square root transformed (cf. Levey, 1980) and range corrected (Lykken, 1972).

Heart rate was measured by a Beckman Voltage/Pressure/Volume Coupler (type
9853A). Heart rate was measured via electrodes placed below the sternum and at the left
edge of the chest. The signal was first filtered through a low-pass filter (set at 40 Hz.), in
order to reduce noise due to the shock, before being led to a microprocessor for heartbeat
detection. Interbeat intervals were transformed to heartbeats (per min) on a second by
second basis, employing weights corresponding to the amount of the second occupied by
the interbeat interval (Graham, 1978).

The pain stimulation was produced by means of a Siemens Neuroton 627, passed for
use with patients. The painful shock was delivered at the ankle of the § via a concentric
shock electrode (Tursky, 1974). The stimulation was raised during two sec to the prese-
lected level, remaining at that level for 6 sec, and was returned to zero during 2 sec. This
stimulation produces a painful, stinging sensation, which is unlike electric shocks as
known from barbed wire, electric mains, etc. The intertrial intervals varied randomly
from 21 to 59 sec (mean 40 sec).

A microcomputer (PDP Minc-11) controlled the pain stimulation, intertrial intervals,
and registration.

Procedure

Subjects were randomly allocated to one of the four conditions. After obtaining in-
formed consent, the electrodes were fastened. In case of the high anxiety/distraction con-
dition (see below), a hierarchy of spider anxiety related items was constructed. Next,
shock level was established by increasing the amperage from zero up in steps of 0.2 mA.,
until the § indicated that the shock was painful and rated it approx 60 on a 0-100 VAS.
This level was kept constant over trials. Following the selection of the shock level, Ss
were asked to relax for 5 min, at the end of which a 15 sec baseline measurement was
done. After this measurement, the second author entered the room, announced that the
series would start (without mentioning the number of trials or the duration of the series),
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and instructed the § to fill in the VASs after each pain stimulation. A loose-leaf file con-
tained VASs for more than S0 trials. , ,

In the low anxiety/attention condition, Ss were instructed to concentrate as much as
possible on the pain stimulation, and to try and find descriptions of the local sensations
evoked by it. Subjects were instructed that they would be interviewed afier the series
about their experiences. It was also made clear to the § that the stimulus was entirely safe,
produced by medical apparatus used by neurologists and physiotherapists. After these
instructions, the experimenter left the room and the § started with the task.

In the low anxiety/distraction condition, Ss were instructed to concentrate as much as
possible on the video, and try not to let themselves be distracted by the pain stimulus. The
Ss were told that they already were familiar with the stimulus, suggesting that it was un-
necessary to give any attention to it. As in the other low anxiety condition, it was attempt-
ed to make clear to the § that the pain stimulus was safe, being produced by medical
apparatus, etc. After these instructions, the experimenter left the room and the § started
with the task,

Pilot studies on different ways to induce anxiety for the pain stimulus indicated that
none of them was reliably effective for all §s Consequently, the two most effective meth-
ods were chosen (described below as “first version’ and ’second version’ of the high
anxiety/attention condition) and both were run. More Ss were run than in the other condi-
tions, because it was anticipated that we would fail to induce anxiety in approx. half of the
Ss. Note that anxiety is not a dependent measure in the present experiment, but a neces-
sary condition for the high anxiety conditions.

In the first version of the high anxiety/attention condition, §s (n=13) were given
exactly the same information and instructions as in the low anxiety/attention condition.
Via the intercom, the start of the series was announced. The intercom was not switched
off, and several personal remarks about the § were made by the experimenters in order to
enhance credibility of the manipulation. It was intended to suggest that the experimenters
had forgotten to switch off the intercom. After these personal remarks, a tape was played
via loudspeakers in the control room. The § could hear the conversation on the tape via
the intercom. The conversation contained various non-veridical alarming topics, such as:
technical troubles with the shocker; disturbances of the heart rate caused by the shocker
and wrong connection of the apparatus; troubles with the capacitor of the shocker, which
might discharge itself on the §, leading a technician, who dropped in, to insist on imme-
diate discontinuation of the experiment; the application of the wrong type of paste in the
shock electrode, possibly leading the shock to burn the skin, etc.

In the second high anxiety/attention version, S5 (n=14) were given the same attention
instruction as in the low anxiety/attention condition. After baseline measurement, the se-
cond author told the § that some shocks might become suddenly very strong at the mo-
ment that the standard shock would decrease to null. To increase credibility and anxiety,
an example of such a shock was given. The § was told that a random generator in the
computer would decide whether this would occur, that every shock could suddenly be-
come stronger, and that if there would be several shocks without a sudden increase, this
would not mean that this would decrease the possibility of a sudden increase (the analogy
of throwing a dice was made).

In the high anxiety/distraction condition, the second author started the exposure after
having given the instructions about the VASs. There were two or three types of spiders
available in order to control the level of exposure. It was attempted to dose the exposure
at a subjective level of anxiety of appr. 50 on the 0-100 VAS. Subjects were instructed to
attend to the spider, and to try not to let themselves be distracted by the pain stimulus.
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Pollowing the series of 20 pain stimuli, Ss in all four conditions rated degree of atten-
tion paid to the stimulus during stimulation, and indicated main topics of attention during
the series. After carefully debriefing the §, a 15 sec baseline measurement was obtained.
Finally, the § filled out the SPQ. Electrodes were then removed, the § was paid and
thanked for participating.

Data reduction and analysis

Inspection of the heart rate patterns in the four conditions revealed that a HR accelera-
tion took place after shock offset. Heart rate responses of each trial were therefore com-
puted as the difference between the mean HR during 9 sec after shock and the mean HR
during 9 sec before the shock. Subjective pain ratings, SCRs and HRRs were averaged in
blocks of 4 trials, and subsequently analyzed by means of a MANOVA trend analysis.
Two trends were inspected: the mean trend (reflecting the average response) and the linear
trend (as a measure of habituation). In case of the SCRs, the linear trend with the log of
the trial number was used to test for differences in exponential decrease. Two covariates
were employed: pretest subjective pain as indicated on the VAS and objective pain level
(in mA). In case of SCRs, SCL served as additional covariate. The covariates were delet-
ed if their contribution was n.5. (p>0.10). The SPSSX MANOVA output yields rtests,
which allow for directional interpretation (these i-tests of course result in the same levels
of significance as F-tests when interpreted two-tailed). The anxiety effect was tested two-
tailed, because two opposite hypotheses were formulated (anxiety increases pain; anxiety
decreases pain). The attention effect was tested one-tailed, because a directional hypothesis
was formulated for the effect of attention.

RESULTS
Manipulation check and selection of subjects

Since the anxiety induction in the high anxiety/attention condition had rather different
effects on the various §s, the median of the anxiety ratings over all §s was used as a crite-
rion for § selection in this condition. §5 who had a mean anxiety rating that was smaller
than the median (16.35 on the 0-100 VAS) were excluded from the high anxiety condition
(when this criterion is used, none of the §s who participated in the spider exposure has to
be excluded). Similarly, distraction as measured by a post-test VAS appeared to have been
very modest in some Ss in the low anxiety/distraction condition. Therefore, the median of
this VAS over all Ss (62.50) was used as a criterion for § selection. Of the 72 original Ss,
17 were excluded, § from the low anxiety/distraction condition because they attended too
much to the pain stimulus and 12 from the high anxiety/attention condition because of
failure to induce anxiety in them. Table 1 displays the final n's.

An ANOVA on the post-test attention ratings (table 1) revealed that Ss in the distrac-
tion conditions rated a smaller amount of attention paid to the pain stimulation than Ss in
the attention conditions (#=10.94, p <10?%. The anxiety main effect was n.s. (¢=0.66, p=
0.51), as was the anxiety x attention interaction (#=-0.10, p=0.92). At the open question,
all Ss in the distraction conditions named subjects not related to the pain stimulus, whereas
all but one Ss in the attention conditions named pain stimulus-related topics.
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me ANO‘VA on the averaged anxiety ratings (table 1) revealed a significant effect of
anx.mw induction (¢=8.13, p<10?). The main effect of attention vs distraction was m.s.
(¢=1.06, p=0.29), as was the interaction (r=1.91, p=0.06).

Table 1. Mean attention and anxiety ratings in the four conditions

Condition attention anxiety n
mean -~ s.d. mean  s.d.

Low anxiety/attention 83 amn 12 (15 13

Low anxiety/distraction 31 (18) 9 (12) 14

High anxiety/attention 80 (11 35 (15) 15

High anxiety/distraction 28 (23) 46 (15) 13

Attention to pain was assessed by means of a posttest VAS (0-100), anxiety by means of VASs (0-
100) filled in after each trial (the averaged score is presented here).

Subjective pain ratings

A MANOVA trend analysis revealed that there was a significant attention effect on the
mean pain rating as well as on the linear trend (table 2). Distraction was related to lower
pain ratings and to habituation (figure 1), whereas attention was related to higher pain
ratings and absence of habituation. The anxiety effect was n.s., as was the anxiety x atten-
tion interaction (table 2). Thus, these results support the hypothesis that only attention is
related to the experience of pain, whereas anxiety has no effect.
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Figure 1. Subjective VAS ratings of the pain
stimulus. Ratings are averaged over blocks of
four trials. Attention to the pain stimulus was
clearly related to higher pain ratings and lack
of habituation, whereas distraction was
related to lower pain ratings and habituation.
(LA = low anxiety; HA = high anxiety; A
= attention directed to the pain stimulus; D
= distraction from the pain stimulus).

Figure 2. Skin conductance responses {SCRs)
to the pain stimulus. SCRs were transformed
by square root, range corrected and averaged
over blocks of 4 trials. Distraction was relat-
ed to smaller SCRs. (LA = low anxiety; HA
= high anxiety; A = attention directed to the
pain stimulus; D = distraction from the pain
stimulus).
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Table 2. Trend analysis on subjective pain ratings

experimental factorcovariates

arnxiety attention anxiety x pretest amperage
attention pain
Trend r . p t P t P t p p
mean 075 0.46 2.26 0.014 0.85 .40 3.01 0.004 -1.030.31
linear 022 083 179 0.04 048 0.63 1.53 0,13  0.690.49

The anxiety effect was tested two-tailed, the attention effect one-tailed.
Skin Conductance

Ani ANOVA on the SCL during the series, with pretest baseline SCL as covariate, re-
vealed a significant main effect of anxiety: in both high anxiety conditions, SCL was sig-
nificantly higher than in the low anxiety conditions (#=2.21, p=0.03). The attention main
effect was n.s. (£=-0.78, p=0.44), as was the anxiety x attention interaction (=1.15, p=
0.26). The anxiety effect should, of course, be attributed to the anxiety manipulations.

A MANOVA trend analysis on the SCRs revealed a significant attention effect on the
mean SCR: attention to pain was related to stronger SCRs {#=2.34; p=0.01) than dis-
traction from pain. The anxiety and interaction effects were n.s. (figure 2, table 3). There
were no significant differences with regard to SCR habituation. To summarize, there was
clear evidence that attention was related to stronger SCRs, whereas anxiety appeared to
have no effect at all on SCRs to pain.?

Table 3. Trend analysis on SCRs

experimental factor covariares
anxiety attention anxiety x SCL pretest amperage
attention pain
Trend ¢ P t b4 t P t r t P t D
mean -0.36 0.72  2.34 0.01 -0.21 0.84 1.30 0.20 -1.00 0.32 -1.03 0.31
linear 0.94 0.35 -0.53 0.70 -1.10 0.28 0.57 0.57 -0.07 0.95 0.69 0.49

The anxiety effect was tested two-tailed, the attention effect one-tailed.
Heart rate

Inspection of the heart rate patterns of the 4 groups showed that acceleration took place
after the shock. According to Turpin (1986), this long latency acceleration reflects a de-
fense reflex, and must be distinguished from early acceleration, reflecting a startle reflex.
A MANOVA trend analysis on the heart rate accelerations revealed marginally significant
effects of anxiety (anxious §s showed on the average less HR acceleration than non anx-
ious §s, figure 3 & table 4) and attention (attention to pain was related to stronger HR

*The first SCR to the pain stimulus was also analyzed. Results were similar to those of the maxi-
mum deflection: attention was related to stronger SCRs (¢=2.22, p=0.015), anxiety did not relate
to SCRs (r=-0.91, p=0.34), and the interaction effect was also n.s. (#=0.21, p=0.84).
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ac«:,elemtiion than distraction). The interaction was n.5. There were no significant anxiety
or attention effects on HRR habituation (table 4},

Mean heart rate occeleration

3 |- Attention

F2r Distraction ~ Attention
@ 77 ;
L // Distraction
) .
o /A | / j
Low anxiety High anxiety

Figure 3. Heart rate responses (HRRs) to the pain stimulus averaged over 20 trials. HRRs were
computed as the mean HR 9 sec after the pain stimulus, subtracted from mean HR during the 9 sec

pretrial period. Distraction, as well as anxiety, were related to smaller HRRs (both marginally
significant).

Table 4. Trend analysis on heart rate responses

experimental factor covariates
anxiety attention  anxiety x pretest amperage
‘ attention pain
Trend t r t p t D t r t P
mmean -1.69 0.10 1.38 0.09 -0.23 0.82 1.38 0.18 -0.16 0.88
linear -0.01 0.99 -0.46 0.67 1.02 0.32 -2.10 0.04 -0.05 0.96

The anxiety effect was tested two-tailed, the attention effect one-tailed,

The anxiety effect on HRRs could be anributed to increased mean pretrial HR in the high
anxiety conditions, caused by the anxiety manipulations. If the difference between baseline HR and
mean pretrial HR is employed as a covariate, the anxiety effect shrinks 1o a n.s. level (t=-1.28,
p=0.21), whereas the attention effect remains essentially the same (1=1.31, p=0.10). Thus, the
anxiety effect may have been caused by the effect of the anxiety manipulation on tonic HR.

Are the results dependent on the selection of subjects?

It could be argued that the observed distraction effects result from selecting Ss with low
attention scores in the low anxiety/distraction condition: the high attention scores of the
removed §5 may have been caused by a strong pain experience. The remaining §s, like-
wise, may have had low attention scores because of low pain. Thus, instead of distraction
causing lower pain impact, lower pain impact may have led to distraction. To control for
this possible artefact, all analyses were repeated without selecting Ss on the basis of their
attention VAS scores (n=60). However, the results appeared to be very robust: distraction
from pain was still related to a smaller experience of pain (¢=2.25, p=0.01), to slower

181



subjective habituation (1=2.03, p=0.02), to smaller SCRs (r=2.03; p=0.02) and (margin-
ally significant) to smaller HRRs (r=1.60, p=0.06). The anxiety and interaction effects
aldo remained the same. Thus, the effect of attention versus distraction appeared to be no
artefact of the § selection procedure, but to depend on the availability of a distractor.
Since only anxious Ss were selected in the high anxiety conditions, it is unlikely that the
observed lack of effect of anxiety can be attributed to § selection. The analyses over the
whole sample (n=72) indeed revealed that distraction from pain was related to smaller
subjective pain responses (f=-1.94; p=0.028), faster habituation (r=-1.47; p=0.072), and
smaller SCRs (#=-2.10; p=0.02). The effects of anxiety were n.s. (mean subjective pain
rating: t=-0.42, p=0.68; subjective pain habituation: r=-0.17, p=0.87; mean SCR: 7=-
0.01, p=0.99), as were the interaction effects (mean subjective pain rating: r=0.64,
p=0.53; subjective pain habituation: r=0.64, p=0.53; subjective pain habituation: r=
0.35, p=0.73; mean SCR: r=-0.49, p=0.62). Thus, the lack of effect of anxiety cannot
be attributed to 5 selection either. The conclusion that anxiety has no influence on pain as
derived from analyzing the whole sample can, however, be critized because of failure to
induce anxiety in many Ss in the high anxiety/attention condition. Therefore, the selection
of §5 who were successfully made anxious seems to give a more valid base for testing the
effects of anxiety.

DISCUSSION

Three unambiguous conclusions can be drawn from the data presented above. First,
attention to pain is clearly related to stronger pain responses. Second, results do not
support the hypothesis that anxiety is related to stronger pain responses. Third, the oppo-
site theory, that anxiety is related to less responding to pain, did not receive much support
either. Only heart rate responses appeared to be slightly less in the anxiety conditions.
This effect may, however, have been caused by the influence of the anxiety manipulation
on the tomic HR level (law of initial values). It seems difficult to attribute the lack of
influence of anxiety on pain to too low levels of anxiety: especially in the high anxiety/
distraction condition, the anxiety was relatively high and ’real’ because it was induced by
means of exposure to a phobic object. There were, however, no indications whatsoever
that pain responses were more strongly influenced in this condition.

Attention appears to be the critical factor: subjective pain, SCRs and (marginally signi-
ficant) HRRs were less when the S directed histher attention away from the pain stimula-
tion, The importance of attention is perhaps most clearly shown by the subjective pain
ratings: when attention is focused upon the pain, there appears to be virtually no subjec-
tive habituation at all (figure 1). Distraction, on the other hand, appears to be related to
ongoing habituation. The present data suggest that it might be fruitful and clinically rele-
vant to examine the effect of distraction on long term habituation of pain responses.

The present study opens the possibility that the contradicting findings found in previous
research on the influence of anxiety on pain results from the operation of the focus of

*The heart rate data of the Ss who failed to get anxious were not further processed. Because of the
relatively wak effects of the experimental factors on the HRRs, this seemed to be not very rele-
vant. An additional check revealed that the removed Ss of the high anxiety/attention condition did
not differ from the selected Ss of this condition with respect to mean experienced pain (F(1,25)=
1.09, n.s.) and SCRs {F(1,25)<1.00). Therefore, the selected high anxiety/attention Ss were not
anxious because their pain responses were stronger.
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attention as a third factor. For instance, in the Malow (1981) study, experimentally in-
duced anxiety was found to be related to lower pain reports.and reduced pain discrimina-
tion ability. These effects may have been caused by the-attention diverting effect of the
amxiety induction manipulation, which was accomplished by warning the § with a red light
on a shock apparatus: the red light may have diverted the §'s attention from the pain, and
there;fore reduced pain report and pain discrimination ability. Similarly, the anxiety induc-
tion in the Bobey and Davidson (1970) study (letting the Ss listen to a tape with cries,
screams and moans) may have diverted the §'s attention away from the pain and therefore
caused higher pain tolerance levels. With respect to correlational studies which measured
state or trait anxiety before the pain application, the present findings suggest that positive
anxiety - pain correlations might have been caused either by response tendency (high
anxious Ss showing a negative tendency in rating any stimulus), or to the different use of
attention diverting strategies in high vs low anxious S§s. The hypothesis that anxious §s
attend more to pain, or find it more difficult to avert their attention from pain, as long as
there is no other powerful distracting stimulus, might be worthwhile to investigate. A
study by Comnwall and Donderi (1988) seems to give some support for this hypothesis: 55
who were made anxious for a stressful interview, to be conducted afier the pain test,
showed elevated heart rate and elevated pain ratings during stimulation, compared to a
control group. However, the majority of measures (pain threshold, pain tolerance, EMG,
facial grimaces, and pain rated after the pain stimulation) were n.s. different from the
control group. Moreover, attentional effects were not controlled for. Thus, a more direct
test of the hypothesis that anxious Ss have more difficulties to distract from pain as long
as there is no powerful distracting stimulus, would be welcome.

The lack of influence of anxiety does not mean that anxiety is never relevant with
respect to clinical pain. When the S is anxious about the causes or the course of pain,
he/she may pay a lot of attention to the pain, thereby increasing the pain. However, the
present study indicates that in such instances the critical pain increasing factor is attention,
rather than anxiety or anxiety-related arousal. Pain-related anxiety merely motivates the §
to direct attention to the pain. Anxiety might also produce pain via anxiety-induced muscle
tension, which can produce muscle aches. Clearly, this mechanism was not addressed in
the present study. However, muscle tension will play no part at all in many cases of pain.

It is interesting to note that the present findings seem to contradict Groves and Thomp-
son’s dual-process theory (1970) of habituation. Groves and Thompson state that two pro-
cesses play a part in habituation: firstly, a decremental one, taking place in the direct
connection between stimulus receptor and response effector (causing habituation); and
secondly, an incremental process (causing sensitization), which reflects the general state’
of the organism. More specifically, Groves and Thompson state that arousal ("excitation’,
"activation’, etc.) is the key concept in this second process: high arousal is related to
stronger responding (and can therefore cause dishabituation, sensitization and delayed
habituation). The present study indicates, however, that anxiety induced arousal is not
related to stronger subjective and autonomic responses to pain, nor to delayed habituation.
Instead of anxiety or arousal, attention seems to be the important state variable. It should
be noted, however, that Groves and Thompson’s work is based primarily on the study of
motor responses, and therefore should not necessarily apply to autonomic or subjective
responses. It might be interesting to investigate anxiety and attention effects on human
motor resporises to pain.

Although of considerable theoretical importance, the relationships between anxiety,
attention and pain are not without practical implications. The present findings strongly
indicate that strategies to distract attention from pain (as already widely practised by clini-
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clang e.g. the G.P. who distracts the child’s attention from a painful intervention by tel-
ling a nonsense story, asking the child to correct the story*) seem to be more indicated
than techniques or medicines for anxiety reduction. Nevertheless, when anxiety is the
motivating factor in attending to pain, anxiety reduction might be helpful. In any case,
anxiety reduction seems not to be contraindicated, as the Bolles-Fanselow hypothesis leads
one to believe. On the contrary, the present findings suggest that anxiety reduction does
not lead to an increased pain experience, as long as attention is not focused more on the
pain. Moreover, reduction of suffering due to anxiety might be a legitimate goal in itself,
which will not necessarily be in conflict with the goal of reducing suffering due to pain.
With regard to chronic pain, the present findings suggest that attention-diverting techni-
ques might be a powerful ingredient of psychological treatment, because distraction imme-
diately decreases the experienced pain, and seems to promote subjective habituation. In
addition, the experience to be able to master the attention-aftracting properties of pain
might be very important for chronic pain patients and may serve to reduce feelings of
helplessness and increase a sense of control over the pain and life in general.

‘See also: Beers & Karoly (1979); Grimm & Kanfer (1976); Kanfer & Goldfoot (1966); Miller &
Grant; Tan (1982); Turk er al. (1983) for spontaneous and instructed use of distraction as a pain
coping strategy.
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SECTION 4.4.
ANXIETY, ATTENTION, AND PAIN!

SUMMARY

~In a within § design the hypothesis was tested that focus of attention is a major factor
mediating the influence of anxiety on pain. The hypothesis states that if anxiety leads the §
to direct attention to the painful stimulus, pain responses are increased; but if anxiety
leads the § to direct attention away from pain (for instance because of the presence of a
phobic object), pain responses are reduced. Twenty-four spider phobics received a moder-
ately painful electrical stimulation in each of four conditions: low anxiety/attention direct-
ed towards pain; low anxiety/attention distracted from pain; high anxiety/attention directed
towards pain; high anxiety/attention distracted from pain. Anxiety was induced by means
of exposure to a spider. Subjective pain ratings strongly supported the hypothesis: pain
was rated lower when the § diverted attention away from than when the § attended to the
pain stimulus, regardless of level of anxiety. The SCR to the first pain stimulus of the
series of four in each condition was, however, higher when the § distracted than when the
§ attended to the pain stimulus. There were no experimental effects on later SCRs. Most
importantly, there was no influence of anxiety on any of the pain responses. Attentional
focus seems to be an important factor modulating the relationship between anxiety and
pain.

INTRODUCTION

Despite more than 20 years of experimental work, the influence of anxiety on the expe-
rierice of pain and on other pain responses is still largely unclear. Various mechanisms
have been suggested. One possible mechanism is based on the analgesic effects of endor-
phins. It is well known that uncontrollable stress can produce endorphin-mediated analge-
sia (Watkins & Mayer, 1982; Maier, Sherman, Lewis, Terman & Liebeskind, 1983), and
anxiety might also have these effects (Bolles & Fanselow, 1980). Other physiological
reactions that accompany anxiety and that can influence pain should also be mentioned.
Chapman and Turner (1986), for instance, argued that anxiety increases sympathetic acti-
vity and the release of epinephrine at the sympathetic terminals, which may sensitize or
directly activate nociceptors. It has also been stated that increased arousal (which might
accompany anxiety) intensifies reactions to UCSs and delays habituation (Groves &
Thompson, 1970). Finally, the gate-control theory of pain states that anxiety increases
pain by opening the gate (Melzack, 1973). Thus, various physiological mechanisms have
been proposed that might mediate influences of anxiety on pain. Note that the nature of
the hypothesized mechanisms varies widely: some formulations imply that anxiety increas-
es pain; others that anxiety decreases pain.

To the present authors’ knowledge nine studies have investigated the effects of experi-
mentally induced anxiety on pain. In two of these the effectiveness of the anxiety induc-
tion was not assessed (Haslam, 1966; Bobey & Davidson, 1970). Three studies found
evidence for a pain-sensitivity-increasing effect of anxiety (Haslam, 1966; Dougher, Gold-
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stein & Leight, 1987; Comwall & Donderi, 1988), two did not find clear effects of anxi-
ety (Weisenberg, Aviram, Wolf & Raphaeli, 1984; Amtz, Dreessen & Merckelbach,
1991, and four found indications for a pain decreasing effect of anxiety (Bobey & David-
son, 1970; Malow, 1981; Willer & Ernst, 1986; Pitman, van der Kolk, Orr & Greenberg,
19903, The last two studies (Willer & Erst, 1986; Pitman er al., 1990) demonstrated that
the stress-induced analgesic effects could be reversed by an opioid blocker (naloxone),
which indicates that the analgesia was endorphin-mediated. However, the Willer & Ernst
study did not include a low-anxiety condition and it is unclear whether the observed nalox-
one-reversible analgesia was caused by anxiety per se, or by the repeated application of
very strong shocks, which constituted the stress induction. The Pitman et al. study demon-
strated that Vietnam veterans with a Post Traumatic Stress Disorder (PTSD) manifested a
naloxoneé-reversible analgesia when watching a video with Vietnam combat scenes. This
important study gives rise to the question whether the analgesia was induced by anxiery,
or by the (conditioned) experienced uncontrollability during actual combat. All in all, it
can be concluded that empirical consensus on the influence of anxiety on pain is lacking.

Interestingly, two studies observed that the focus of anxiety influenced the results. In
the Dougher et al. study, anxiety unrelated to pain had no pain sensitivity increasing
effects. Only pain-related anxiety had pain sensitivity increasing effects. Some evidence
for this effect was also found in the Weisenberg ef al. study. However, in the Cornwall
and Donderi study, pain-irrelevant anxiety also had a pain impact increasing effect. A
critical analysis of previous experiments led Amtz et al. (1991a) to hypothesize that a
third, hitherto overlooked, factor modulates the relationship between anxiety and pain:
attentional focus. There is clear evidence that attention to pain increases the pain experi-
ence, whereas distraction reduces it {Kanfer & Goldfoot, 1966; Grimm & Kanfer, 1976;
Worthington, 1978; Beers & Karoly, 1979; Tan, 1982; Turk et al., 1983; Arntz er al.,
1991a). Thus, if anxiety is related to a pain-irrelevant stimulus, and this stimulus is pres-
ent, it seems evident that pain responses will be reduced because attention is drawn to-
wards the anxiety provoking stimulus. If, however, anxiety has pain as its focus, attention
will probably be directed towards pain and pain responses will be increased. Therefore,
attentional factors might modulate the effects of anxiety on pain to an important degree. A
phobic might experience a reduction in pain during confrontation with a phobic object,
whereas an hypochondriac might experience more pain when anxious about painful bodily
sensations than when not anxious about them, because of attentional factors.

The Arntz ef al. (1991a) study attempted to test this attention hypothesis. It was found
that anxiety did not influence pain experiences and autonomic responses to a painful stim-
ulus when attentional focus was controlled for. As hypothesized, attentional focus was
more important: attention towards pain increased pain responses, whereas distraction
decreased pain responses. However, the study can be criticized because of failure to in-
duce anxiety in appr. half of the Ss in the high anxiety/attention condition. Nevertheless,
analyses over the whole sample and over a selection of the §s who met the criteria for
their condition yielded identical results. Moreover, the Arntz ef al. study has been criti-
cized because two different types of anxiety were induced: anxiety related to a spider in
the high anxiety/distraction condition, and anxiety related to the pain stimulus in the high
anxiety/attention condition’. The present study was designed in order to overcome these
problems by using the same phobic object to induce anxiety in both high anxiety condi-
tions,

*An anonymous reviewer is acknowledged for mentioning this point.
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The aim of the present study was to investigate further the influence of anxiety on pain
responses, controlling for attentional effects. A 2x2 design was employed, the two factors
being anxiety (low vs high) and attention (towards pain vs distracted from pain). If anxiety
itself were to influence pain responses, an effect of anxiety would be found irrespective of
attentional focus. If, however, influences of anxiety are for the most part mediated by
attentional effects, a strong main effect of attention would be found and no, or only a
slight effect of anxiety.

METHOD
Subjects

The §s were 24 spider phobics who applied for treatment at the University spider pho-
bia treatment project. Treatment was announced via the press and by means of a demon-
stration of Ost’s (1989) one-session treatment in a popular television programme. All Ss
were women. Their mean age was 30.3 yr (range 15-59 yr, SD 10.3 yr). The mean score
on the Spider Phobia Questionnaire (SPQ, Klorman, Weerts, Hastings, Melamed & Lang,

1974) was 23.5 (SD 3.2). Subjects participated on a voluntary basis before their treatment
started.

Materials

Subjective pain, subjective anxiety and amount of attention paid to the pain stimulus
were rated on 100 mm Visual Analogue Scales (VASs). Scores were measured in mm.
Fear of spiders was assessed by means of the SPQ (Klorman er gl., 1974; Frederikson,
1983). A video tape recording of an episode of 'L.A. Law' was used to distract Ss in the
low anxiety/distraction condition. Spiders of various sizes were available in order to con-
trol the level of anxiety in both high anxiety conditions. An untransparent jar ¢height 137
mm; diameter 110 mm) was used in the high anxiety/attention condition so that the con-
tained spider could not be seen by the S,

Apparatus and physiological recording

Apparatus was placed in an adjacent room. The pain stimulation was produced by a
Siemens Neuroton 627. The constant current stimulation was delivered to the right ankle
of the § via two 8 mm Ag-AgCl Beckman electrodes (distance 2.5 cm). Electrodes were
filled with Hewlett-Packard Redux Creme. The skin was thoroughly rubbed with Redux
creme in order to reduce the electrical resistance of the skin and keep it constant (cf.
Tursky, 1974). The pain stimulus had a rising time of 2 sec to the preselected level, re-
mained at that level for 2 sec, and was returned to zero during 2 sec. The stimulation
produces a painful, stinging sensation, which is unlike electric shocks caused by electric
fencing, electric mains, etc.

Skin Conductance Responses (SCRs) and Skin Conductance Level (SCL) were mea-
sured by a Beckman Conductance Coupler (type 9844), using the method of constant
voltage (0.5 V). Electrodes (8 mm. Ag-AgCl Beckman) were filled with isotonic paste
based on Unibase (as recommended by Fowles, Christie, Edelberg, Grings, Lykken &
Venables, 1981) and were attached to the medial phalanges of the second and third fingers
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of the nori-dominant hand. The first SCR starting 1-5 sec after pain stimulus onset was
measured, SCRs were square root transformed (cf. Levey, 19803,

Design

A within § design was employed with two within § factors: anxiety (low vs high) and
attention (attention directed to the pain stimulus vs attention distracted from it). Thus, each
§ participated in all four conditions: low anxiety/attention (LA/A); low anxiety/distraction
(LAJD); high anxiety/attention (HA/A); and high anxiety/distraction (HA/D). The order of
the four conditionis was completely randomized across S5 (there are 4! = 24 permuta-
tions). Eight variables (VAS ratings of attenition, anxiety, and pain; SCL; and four SCRs)
were analyzed by means of MANOVA’s with two within S factors. Thus, 8 (variables) x
3 (2 main factors and 1 interaction) tests were performed. A Bonferroni correction yields
a level of 0.002 for each test when an overall p-level of 0.05 is employed.

Procedure

After obtaining informed consent, the § filled out various rating scales and participated
in a Behavioral Approach Test (BAT). Following fastening of electrodes the pain stimula-
tion level was individually established. Stimulation level was increased in steps of 0.2 mA
until pain threshold level was reached. A 100 mm VAS (not painful at all - extremely
painful) was shown with at 25 mm an indication of the level of the pain threshold. Stimu-
lation level was increased further in steps of 0.2 mA. The § rated subjective pain on 100
mm VASs after each step. The level was increased until a rating of more than 70 mm was
obtained. This shock working-up procedure was performed twice in order to control for
possible habituation effects. For the experiment proper, the objective level was chosen
which corresponded with the first rating larger than 70 of the second working-up proce-
dure, The mean threshold level of the second working-up procedure was 1.5 mA, the
mean level used in the experiment was 2.8 mA. After establishing stimulation level, the
first condition was introduced.

In the low anxiety/attention (LLA/A) condition, the S was instructed to concentrate as
much as possible on the pain stimulus. It was also made clear to the S that throughout the
series, the stimulus would be of the same intensity and of the same duration. After in-
structing the S, the experimenter left the room and the series began after 2 min,

In the low anxiety/distraction (LA/D) condition the § was told that an episode of L.A.
Law would be shown. The § was instructed to concentrate as much as possible on the
video and try not to let herself be distracted by the pain stimulus. It was explained to the
S that the pain stimulus would always remain of the same intensity and of the same dura-
tion. After instructing the §, the experimenter started the video and left the room. The
series began 2 min later.

In the high anxiety/attention (HA/A) condition, the § was instructed to concentrate as
much as possible on the pain stimulus. Before starting the series, a spider was individually
selected so that it made the § anxious {(about 60 mm on the VAS) when put into an un-
transparent jar and placed as near the § as the § could tolerate. The § was instructed to
move the jar towards herself if subjective anxiety decreased. It was also made clear to the
5 that throughout the series, the pain stimulus would be of the same intensity and of the
same duration. After placing the jar before the §, the experimenter left the room and the
series started after 2 min,
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In the high anxiety/distraction (HA/D) condition it was explained to the § that she
would be confronted with a spider that would make her anxious {about 60 on the VAS)
anfi‘d that §he would be asked to engage in various exposure exercises (such as touching the
sp;der with a pencil, etc.). It was made clear to the § that she had complete control over
what she could do and that the experimenter would not force her to do things against her
will. The § was instructed to concentrate as much as possible on the spider, and to disre-
gmﬂ the pain stimuli as much as possible. It was made clear to the S that throughout the
series, the pain stimulus would be of the same intensity and of the same duration. After
these instructions, a spider was individually selected, and the experimenter and the §
started with the exposure exercises. The series of pain stimuli began after 2 min.

Each condition consisted of four trials with a mean intertrial interval of 20 sec. Inter-
trial intervals varied randomly (range 15-25 sec). After each series of 20 trials, the § was
given 3 VASs (measuring subjective ratings of pain, anxiety and attention), and was left
alone to fill them in.

RESULTS
Effects of position of the condition

Before the final analyses, it was checked for each dependent variable whether the posi-
tion of each condition (first, second, third or fourth position in the series) influenced the
results. Randomized block designs ANOVA’s with the 24 Ss as blocks and anxiety (low vs
high), attention (vs distraction), and position of the condition (1,2,3,4) as factors revealed
that all main and interaction effects involving position were n.s. (p's>0.05), with one
exception: there was a significant anxiety x position interaction on the SCR of the first
trial of the series of 4 trials (F(3,57)=3.68, p=0.017). A Bonferroni correction (56 rele-
vant tests are performed) would lead to the conclusion that this effect is n.s., however.
Moreover, the experimental effects on the first SCR were the same with or without con-
trolling for position (controlling for position: attention: F(1,57)=13.26, p=0.001; anxi-
ety: F(1,57)=0.13, n.s5.; anxiety x attention interaction: F(1,57)=0.002, n.s.; see below
for the effects without controlling for position). Therefore, the position factor was left out
of consideration. A MANOVA approach was used for further analyses (that is, the four
measurements of each variable were analyzed as a multivariate set, and transformed into
within § effects of anxiety, attention, and the interaction between these variables).

Manipulation check

As is shown in table 1 and in figure 1, the subjective ratings of attention paid to the
pain stimulus were much higher in both attention conditions than in both distraction condi-
tions. There was a strongly significant attention effect (F( 1,23)=156.9, p<0.001). There
was also a (much smaller) significant anxiety effect (F(1,23)=8.14, p<0.01), caused by
the lower attention ratings in the HA/A condition (compared to those of the LAJA condi-
tion), and a significant interaction effect (F(1,23)=28.5, p<0.001), reflecting the reduced
effects of the attention/distraction manipulations in the high anxiety conditions compared
to the low anxiety conditions (figure 1).
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Figure 1. Mean VAS (0-100) ratings of Figure 2. Mean VAS (0-100) ratings of
attention paid to the pain stimulation by the § subjective anxiety in the four conditions.

in the four conditions.

The anxiety manipulation proved to bé very effective as indicated by VAS ratings of
anxiety and SCL (table 1; figure 2 & 3). There were strongly significant effects of the
anxiety manipulation on subjective anxiety (F(1,23)=84.5, p<0.001) and on SCL
(F(1,23)=22.9, p<0.001).

Table 1. Means (and s.d.’s) of dependent variables in the four conditions

Low anxiety High anxiety

Variable ~ Attention Distraction Attention Distraction
Attention rating B6 (15) 13 (11) 60 (22) 21 (25)
Subjective anxiety 177 11 (13) 55 (24) 61 (23)
SCL (microSiemens) 4.8 (2.8) 4.4 (2.6) 5.0 (2.8) 5.53.0)
Subjective pain 51 (16) 33 (16) 53 (19) 30 (22)
SCR (microSiemens™)

first trial 0.62 (0.43)  0.77 (0.38) 0.63 (0.39)  0.79 (0.41)

second trial 0.41 (0.34)  0.46 (0.42) 0.37 (0.26)  0.49 (0.37)

third trial 0.32 (0.29)  0.44 (0.45) 0.37 (0.31)  0.33 (0.27)

fourth trial 0.36 (0.36)  0.34 (0.33) 0.31(0.23)  0.45 (0.36)

The attention effects were n.s. (subjective anxiety: F(1,23)=0.009; SCL: F(1,23)=
0.09). The interaction effect was only just significant at the 0.05 level (F(1,23)=4.39) in
the case of subjective anxiety, and somewhat stronger in the case of SCL (F(1,23)=7.67,
p=0.011), but these effects do not reach significance if a Bonferroni corrected p - level of
0.002 is employed. The interactions reflect the stronger effects of the exposure in vivo
manipulation (HA/D) compared to the manipulation in the HA/A condition (spider in un-
transparent jar) and the anxiety/SCL reducing results of the video (LA/D) compared to
non-anxious attending to the pain stimulus (LA/A); see figure 2 & 3). Nevertheless, the
anxiety main effect proved to be the most important with respect to subjective anxiety and
SCL.

To summarize, the experimental manipulation proved to be very effective in manipula-
ting attention (as indicated by the attention ratings) and in inducing anxiety (as indicated
by the anxiety ratings and SCL).
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experienced pain in the four conditions.

Subjective pain

As is shown in figure 4 (and table 1), subjective pain ratings were much higher in the
attention conditions than in the distraction conditions (attention effect F(1,23)=42.1, p<
0.001). The anxiety effect was n.s. (F(1,23)=0.02), as was the interaction effect (¥(1,23)
=(.74). Thus, results strongly support the hypothesis that pain responses are influenced
by focus of attention, but do not support the hypothesis that anxiety influences pain.

SCRs

Figure 5 depicts the mean SCRs to the four pain stimuli in each condition (see also
table 1).
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Figure 5. Mean SCRs on a trial-by-trial basis in the four conditions. (LA/A = low anxiety/atten-
tion; LA/D = low anxiety/distraction, HA/A = high anxiety/attention; HA/D = high anxiety/
distraction). SCRs were transformed by square root.

There was a significant attention effect during the first trial (F(1,23)=15.63, p=
0.001), which was much weaker during the second trial (F(1,23)=5.87, p=0.024) and
disappeared during the third (F(1,23)=0.80) and fourth trials (F(1,23)=2.26, p>0.1p).
Employing a Bonferroni corrected p-level of 0.002 leads to the conclusion that only Edum\g
the first trial the attention effect was significant. The SCRs of this trial were larger in both
distraction conditions compared to both attention conditions (Figure 5). Anxiety and inter-
action effects were n.s. for all trials (p's>0.10), with one exception: during the fourth
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trial the mean SCR of the HA/D condition was stronger than in the other 3 conditions
(Figure 5), resulting in a significant interaction effect (F(1,23)=5.97, p=0.02). This
effect fails to reach the Bonferroni corrected level of significance, however.

To summarize, results from SCRs do not support the hypothesis that distraction leads to
weaker pain responses. On the contrary, the first SCR was clearly stronger when the §
diverted her attention away from the pain stimulation than when the § attended to the pain
stimulation. This efféct was temporary, however: during later trials it disappeared. It
should be noted that the anxiety manipulation did not influence SCRs to the pain stimulus
at all.:

DISCUSSION

The results of the present study indicate that when focus of attention is controlled for,
anxiety has no, or only minimal influences on subjective and physiological reactions to
pain. Focus of attention appears to be crucial: the experience of pain is strongly influen-
ced by attentional focus, whether the S is anxious or not. This result replicates previous
findings (Arntz ef gl., 1991a), but now without the problems of failure to induce anxiety
in a number of S§s, with the same phobic stimulus in both high anxiety conditions, with
even higher levels of subjective anxiety than in the previous study, and a more powerful
within § design. The pain-response-reducing effects of attention, however, were not found
in the case of the SCRs. The first SCR was even larger when the § distracted from the
pain stimulation than when the § attended to the pain stimulus. This effect might have
been caused by the more surprising effect of the first pain stimulus when the § is distract-
ed compared to when the § is waiting for the stimulus. It should be noted that the first
stimulus was given after 2 min waiting time. In a previous study (Amtz e al., 1991a) the
mean SCR of 20 trials was lower in both distraction conditions. In this study stimulation
began almost immediately after the § was instructed. The difference between both studies
might also be attributed to the number of trials. In the present study, only four trials in
each condition were given. In the Amtz er al. (1991a) study, 20 trials in each condition
were given, Thus, with a larger number of trials, distraction might be related to reduced
SCRs, despite a larger SCRs in the first trial compared to attention to pain.

Although the present study shows that attentional focus is an important mediating factor
in the impact of anxiety on pain, it does not rule out other mediating mechanisms. That is,
pain decreasing (endorphins) or pain increasing (epinephrine, arousal, etc.} factors might
also play a role. It should be noted that the aim of the present paper was not to dispute the
role of stress/anxiety produced endorphins and other biochemical substances that might
influence pain, but to investigate another factor, the focus of attention, that might mediate
effects of anxiety on pain. The present results suggest that attention is a very important
factor. This conclusion is strengthened further by a more detailed comparison of the pres-
ent results to those of Pitman er al. (1990). Whereas in the Pitman et al. study (also em-
ploying a within § design) a pain-decreasing mean effect of the combat video of 6.6 on a
0-100 VAS was found, the present study observed a much larger effect of attention (a
mean decrease of 20.7 on a 0-100 VAS). However, in the Pitman et ql. study much lower
pain levels (mean rating appr. 20 on the 0-100 VAS in case of the PTSD Ss) were used
than in the present study (mean rating appr. 42 across all conditions), so that a floor effect
may have limited the findings in the Pitman er al. study. The present study does not dis-
pute that clear effects of stress-induced endorphins on pain responses can be demonstrated,
nor that other anxiety-induced physiological factors can be demonstrated. Our data do
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suggest that attentional factors might be even more important in mediating the influence of
anxiety on pain, and that attentional effects can overrule other mechanisms. This might
help explain the clinical observation that in some anxious §s pain experiences seem to be
disproportionally elevated (despite the possible release of endorphins): anxiety about pain
might lead to the direction of attention to the painful sensations.

The lack of any effect of anxiety in the present study might also be related to the pain
level employed in the present study. Whereas most studies investigating stress-induced
analgesia, whether using animal or human Ss, use pain stimuli at, or just above, pain
threshold level (threshold level is often the most important dependent variable), the pres-
ent study used pain levels clearly above pain threshold. Thus, it is conceivable that stress-
induced analgesia can be most clearly detected at pain threshold level, but that other fac-
tors, like attention, are more important at moderate pain levels. Moreover, the type and
level of anxiety might also be important. In the present study, for instamce, anxiety was
induced via exposure to a phobic object, which was a relatively controllable procedure for
the §. Stimuli inducing anxiety with higher levels of experienced uncontrollability might
show clearer analgesic effects. The effects of the level of anxiety should also be investi-
gated further. It is conceivable that anxiety should surpass a threshold before it influences
pain. Therefore, dose-effect investigations are needed, which document the effects of
different levels of anxiety on different levels of pain, controlling for attentional effects (as
in the present study) and involving a double-blind test of the effects of endorphin-receptor
blockers. Such studies could also clarify whether the attentional effect observed in the
present study is endorphin mediated or not (see Rose & Orlowski, 1983, for the possible
role of endorphins in the regulation of attentional focus).
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CHAPTER 5.
GENERAL DISCUSSION

_In this the:@is various psychological influences on and psychological effects of recurrerit
painful experiences were investigated. In the final chapter the general discussion is organi-
zed according to these two aspects,

PSYCHOLOGICAL INFLUENCES ON PAIN
Effects of incorrect pain-intensity expectations on pain

Two forms of pain-intensity expectation should be distinguished. Firstly, *expectation’
can refer to a theoretical construct, which implies that the organism is sensitive to various
forms of regularity of a recurrent stimulus, forms a representation of the regular aspects
of the stimulus, and reacts to deviations from this representation. One of the most clear
instances of the reaction to a deviation from this type of expectation can be seen in the so-
called omission response, which appears when a regularly appearing stimulus is omitted
(Sokolov, 1963; Gray, 1975). Because this type of expectation can be demonstrated in
organisms with less developed CNSs, which therefore have less capacity for higher infor-
mational processes, we refer to it as taking place at "lower” levels of the CNS. Secondly,
‘expectation’ can refer to the conscious anticipation of an event. This type of expectation
can be symbolically expressed and can be directly influenced by various forms of informa-
tion. These two forms of expectation are not necessarily perfectly associated, nor are they
necessarily completely dissociated. As was concluded in section 1.2, verbally transmitted
information about a pain stimulus may, or may not, influence pain responses, depending
on the type of information (e.g. about occurrence or about pain-sensations), and depending
on the pain responses (e.g. subjective experiences or physiological responses). Thus,
higher informational processes may partially influence pain expectations formed at lower
levels.

Effects of discrepancies between expectation and experience at the 'higher’ level can
only be studied with careful experimental control, because otherwise the two forms of
incorrect expectation are confounded. In the earlier studies on the effects of incorrect pain
intensity expectations (e.g. sections 2.1, 3.1 - 3.4) these levels were not properly distin-
guished. Although the manipulation of the objective pain intensity level in these studies
yielded experimental control over incorrect pain predictions, the 'lower’ level expectation
was also manipulated: as was argued in section 2.3, the lower levels may be sensitive for
sudden changes in pain intensity (even if they are correctly predicted at the higher level).
Therefore the results of chapter 3 should be interpreted as related to incorrect expectations
at both levels, and not only to deviations from expectations of the higher type. The results
of section 2.3 can be solely ascribed to incorrect predictions at the higher level.

The effects of unpredictable increases in pain intensity on pain impact (chapter 3) can
be summarized as follows. There is evidence that unsignalled sudden increases in intensity
of a painful stimulus lead to a stronger immediate impact of the stimulus, both on a sub-
jective and on a physiological level, than when the stimulus is of a constant high level of
comparable intensity (section 3.4). There is also evidence that the startle response is larger
with such a sudden increase (section 3.4). Furthermore, the physiological and subjective
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inpact of later pain stimuli (although returned to the previous, lower level) seems to be
larger after an unsignaled increase in inténsity (sections 3.1 & 3.4). Thus, it seems that
not the intensity, but the rapid unpredictable increase leads to these (dishabituation) ef-
fects. These effects miay be more prominent in later phases of exposure to the stimulus
than in the earlier period, probably because dishabituation is stronger the more habituation
has developed (seetion 3.1).

The isolated effects of incorrect pain expectations (referring to expectations the § is
aware of'} on the immediate pain impact divert partially from those of the unpredictable,
sudden increases in pain intensity (section 2.3). Immediate physiological pain responses to
the incorrectly expected pain stimulug are probably not influenced. The subjective experi-
ence may be distorted into the direction of expectation, although the results are not con-
clusive (see discussion of section 2.3). The physiological responses to later pain stimuli
were found to be influenced by incorrect pain expectations, and probably more strongly by
underpredictions than by overpredictions. However, subjective pain experiences were not
influenced. Thus, it seems that correct conscious expectation can (partially) compensate
for the negative consequences of suddenly increased pain stimuli upon later pain respon-
ses, but not for those upon the immediate impact responses. However, some remarks
should be made.

Firstly, the study in which pain expectations were properly manipulated by signalling
the intensity of the stimulus (section 2.3) made use of 20 stimuli of highly varying intensi-
ties. Habituation is therefore probably less than when a constant stimulus intensity is used.
Thus, it is still interesting to investigate the effects of correct vy incorrect expectations
about sudden increases in intensity during a series of constant stimuli (see discussion
section 3.4). Such an experiment can be performed by comparing the effects of unsignal-
led and signalled sudden increases in pain intensity placed in a series of stimuli of constant
intensity.

Secondly, in section 2.3 the assumption was made that expectations manipulated by
strong external information are equivalent to an expectation formed by the § on the basis
of his or her own inferences without strong external predictors. As was discussed in secti-
on 2.3, strong external information might lead the § to distort his or her experiences into
the direction of the anchor provided by the information. In the ’real world’, external
information is often much more ambiguous and there are often no clear anchors. Discre-
pancies between expectation and experience might then result in contrast effects (which
means that the painful experience is experienced as less painful the more it is overpredic-
ted, and as more painful, the more it is underpredicted (Epstein & Clarke, 1971; Epstein,
1971). Is this idea too far-fetched? Many people use preparatory strategies which seem to
rely on a contrast effect: for instance, people often express negativistic expectations about
a party, an examination, etc., and claim that "if one expects the worst, life can bring some
agreeable surprises’.? This suggests that pessimistic expectations may have a self-serving
basis. Why did we not observe such an effect? There are at least two possibilities. Firstly,

"From here on, the term expectation is used as referring to expectations the § is aware of; other
meanings of expectation are explicitly indicated.

*This is further discussed at page 204, Moreover, the strategy might help in ambiguous domains
(like the social domain), where evaluations are, to a considerable extent, comstructed, but not in
more unambiguous domains (such as acute, sharp pain in the laboratory, e.g. electric shock),
where there is less room for construction of experiences as ’intensity’. Another possibility is, that
the strategy has a social function, in preventing criticism by others after the event.
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people may believe in such an effect, but it may simply be non-existent. Secondly, there
may be a qualitative difference between external information and self-inferred expectati-
ons. In cognitive therapy it has been stressed over-and ovér again that the therapist should
not argue with the patient, but facilitate the achieving of new: insights by the patient on the
bas_is of his or her own reasoning. Misbett & Ross (1980)-demonstrated that Ss change
‘Lhe:enr opiniqns radically to a new view, when they write argumentations in order to defend
this new view. Debating and providing disconfirmatory information seems to have much
less effect. Thus, ideas formed on the basis of own reasoning are not necessarily equiva-
lent to ideas imposed by external awthority. These considerations are no proofs, but they
lead to the possibility that incorrect pain-intensity expectations that are primarily based on
the §'s own reasoning may have different effects than expectations that are based on a
strong external anchor. The major research problem is, however, how to manipulate such
expectations experimentally without losing experimental control over the painful stimulus.
Here lies a field of research that needs a lot of development.

A related issue pertains to the subjective cerlainty of pain-intensity expectations. In
sections 2.1 and 3.1 it was speculated that high certainty protects the § against effects of
relatively small deviations from expectation on pain impact, but makes the § vulnerable to
impact-increasing effects of large deviations (more specifically, to those of large underpre-
dictions). It should be noted that this speculation is based entirely upon indirect (correlati-
onal) evidence: a third factor, for instance amount of experience with the stimulus, might
cause a spurious relationship between certainty and habituation, and therefore between
certainty and effects of underpredictions. Only an experimental manipulation of certainty
might clarify this issue. Such a study can be done, for instance, by comparing effects of
incorrect intensity signals with different degrees of certainty (e.g. ranging from point-
estimates to large interval-estimates).

Returning to the observed effects of incorrect pain-intensity expectations on pain re-
sponses, the similarity with effects of unpredictable occurrences of painful experiences is
striking: both do not seem to influence (long-term) subjective pain experiences, but lead to
stronger physiological responding to pain. Thus, the autonomic nervous system seems to
be sensitive to unpredictability, whereas the subjective judgement of the stimulus is in-
sensitive to it. This suggests that the class of theories which assume that response-sup-
pression develops gradually with the formation of a representation, and that a mismatch
between representation and stimulus temporarily disrupts habituation, holds for autonomic
responses, but cannot be applied to the subjective experience of pain.® This does not
mean, however, that the parts of the CNS involved in experiences like expectations and
pain sensations are completely uncoupled from the parts involved in aulonomic pain re-
sponses. For the higher levels, involved in controlled information processing, seem (o
influence the autonomic responses to pain, as is indicated by the effects of incorrect pain
expectations (of occurrence, intensity, sensations, etc.). This observation suggests that
pain-responses and the experience of pain are qualitatively different (see also section 1.2).

This also implies that the Al state in Wagner's theory is only in a metaphorical sense a short term
memory and cannot be equated with the short term memory as is known from memory theories
(Atkinson & Shiffrin, 1968), despite Wagner's suggestions that they are equivalent and that con-
trolled processes may play a role (Wagner, 1978, p.180; Wagner, 1981, p.6). For if we apply the
theory to controlled short term memory processes, it follows that pain responses are less me more
the intensity is overpredicted. This was not observed in the experiment reported in section 23
Moreover, it is unlikely that the activation of the stimulus representation into the Al state is a
unitary process, because different responses generally do not wane in parallel curves.
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In the representational theories it is generally assumed that pain responses are suppressed.
Thus, if the experience of pain is not a response (but more an input phenomenon), it is
understandable that unpredictability does not affect it. Does this nullify the clinical impor-
tance of correct expectations? Given thaf autonomic responses and general autonomic
arousal may themselves lead to psychosomatic complaints, and that specific autonomic
feedback loops can increase pain complaints (Chapman & Turner, 1986), it seems still of
clinical importanice to correctly predict painful experiences.

Emotions, arousal and attention

The present thesis investigated two possible emotional influences on pain: those of
depression/elation and those of anxiety. There was evidence that experienced pain, but not
SCR, is influenced by depressedfelated mood (section 4.2). However, indirect evidence
was found for the possibility that the effects of depressed/elated mood on experienced pain
are mediated by another, slightly related, emotional dimension, mastery-dominance/frus-
tration-anger. Thus, further research is indicated into the possible effects of frustration-
anger on pain impact. One issue pertains to the generality of such an influence: does it
only apply to situations in which the experiences of mastery-dominance vs frustration-
anger are directly related to the pain stimulus (such as in the study presented in section
4.2, in which S§s either succeeded or failed to stop a painful stimulation); or does it apply
to all sorts of angry moods, irrespective of their source? Clearly, studies in which angry
mood is experimentally manipulated (perhaps by letting the § observe norm-violations 7)
are called for.

With respect to anxiety it was argued that attentional focus might mediate the influences
of anxiety on pain impact (sections 4.3 & 4.4). The divergent findings of previous experi-
ments on the influence of anxiety on pain can be explained by considering this factor.
Moreover, the clinical observations that some anxious §s do not seem to experience any
pain when wounded, whereas other anxious Ss seem to suffer disproportionally, might
also be explained by considering this attentional factor: when anxiety leads the S to direct
attention towards the anxiety-provoking stimulus (or towards flight/fight behaviour), less
attention will be directed to pain and consequently the experienced pain will be increased.
However, when anxiety leads the § to attend to the painful sensation itself, the pain expe-
rience will probably be increased. The two experiments reported in sections 4.3 and 4.4
gave clear evidence for the mediational role of attention: anxiety, and concomitant arous-
al, had no efféct on subjective and physiological pain responses when attentional focus
was controlled for.

These observations raise a number of questions. First, how is it possible that anxiety
does not intensify pain and depressed mood does seem to, whereas they have the negative-
evaluative aspect in common (see Tellegen, 1985; Lang, 1985)? One possibility is that
moods may influence the experience of pain, whereas strong emorions do not directly
influence pain, because a strong emotion is related to an object and therefore determines
the focus of attention and evaluation. As was speculated in section 4.3, §s in an anxious
mood, for instance caused by anticipation of a feared event, might experience intensified
pain when the anxiety-provoking stimulus is not immediately present. At least four possi-
ble mechanisms may play a role: (1) a possible loss of voluntary control over attention
caused by anxiety, depriving the § of the important pain-coping strategy of distraction
from pain (see section 4.3); (2) an {even stronger) attentional effect of anxiety, leading to
the automatic directing of attention towards danger-stimuli, such as pain: in the absence of
other danger-cues, there may be an attentional bias towards pain (Williams et al., 1988);
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(3) a generalization of negative evaluation over all sorts of experiences; and (4) a physio-
logical pain-intensifying mechanism evoked by the anxious mood (perhaps based on epi-
nephrine). These mechanisms might also play a role in the influence of other negative
moods on pain. ;

Second, how can it be explained that other studies found clear (physiologically mediat-
ed) influences of anxiety on pain? It should be noted that pain-increasing and pain-de-
creasing effects of anxiety have been reported and both may play a role. It is conceivable
that a number of factors influence the relative strength of these effects: (1) the pain level
may be important: most animal and human studies demonstrating endorphin-mediated
effects of anxiety used pain threshold as dependent variable or investigated pain responses
at threshold level; it is unclear whether the effects are still important for higher pain lev-
els; (2) the level of anxiety might influence the effects: it is conceivable that physiological
and attentional effects of anxiety depend on the level of anxiety - e.g. pain increasing
physiological effects of anxiety (e.g. involving epinephrine) might dominate pain-decrea-
sing physiological processes (e.g. involving endorphins) at low anxiety levels, whereas
during intense anxiety their positions might be reversed; (3) the type of anxiety might be
important: the possible influence of the presence vs absence of the anxiety eliciting stimu-
lus might be important (see above) because of attentional factors, and the level of experi-
enced uncontrollability might be important: there is evidence that endorphins are especial-
ly released during high levels of experienced uncontrollability (Dantzer, 1989; Maier,
1986). Thus, there are many possibilities for further research. Nevertheless, the studies
reported in the present study indicate that attentional focus is a major factor mediating the
influence of anxiety on the experience of pain.

Third, the possibility should be considered that the reduced pain impact during distrac-
tion from pain is (partially) based on an opioid mechanism (see Rose & Orlowski, 1983,
for the possible role of endorphins in the regulation of attentional focus). Therefore, it
would be interesting to study the effects of an endorphin blocker in studies on the influen-
ces of attention and anxiety, like those reported in sections 4.3 & 4.4.

Fourth, the observation that attention to pain resulted in an absence of any subjective
habituation, whereas distraction resulted in steady subjective habituation, gives rise to the
question whether long term habituation is similarly influenced by focus of attention (laco-
no & Lykken (1984) argue that habituation involves learning to ignore the stimulus and
maintain that this can be promoted by voluntary behaviour, like distracting attention away
from a stimulus). If long-term habituation is promoted by ’learning to ignore’ the painful
stimulus, this is obviously of great clinical importance. If, however, long-term habituation
is not influenced, or even hampered, by distraction from pain, the practical importance is
much smaller.

Perceived control

In the theoretical section (4.1) on the effects of perceived control, a large number of
laboratory studies was reviewed. It was concluded that control can, but not always does
decrease pain. The effects of control vary with the fype of control and the dependent
variable. Positive effects are most clearly observed when the S can in some way limif the
painful experience (duration, intensity) by the controlling response. Pain tolerance is most
clearly affected by control. Taken together, this suggests that the underlying mechanism is
related to the increased certainty the S gets when he or she can limit the pain. This notion
is clearly related to Millers MINIMAX hypothesis (Miller, 1979; see section 4.1), but
Miller could not explain why control can have a pain-decreasing effect. On the basis of
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this interpretation, it was speculated that control may have a pain-cushioning effect be-
cause the increased certainty allows the § to distract his/her attention away from the pain-
ful stimulus. The present thesis does not include a direct test of this hypothesis, though the
controllability study in section 4.2 gave some indirect evidence. A direct test is conceiva-
ble, by measuring attentional capacity directed to the pain stimulus via a procedure deve-
loped by Wachtel (1968) in a control and a no-control condition. Such a study would also
clarify whether Miller’s (1979) opposite theory is right (that with control, Ss attend more
o the painful stimulus than without control), although the possibility should be considered
that this may depend on the exact nature of the controlling response, which may require
attention to the painful sensation in different degrees.

A direct test of the control-certainty-distraction hypothesis is the more so indicated, as
we are confronted with contradictory effects of two uncertainty-increasing experimental
procedures. Whereas (un)controllability and incorrect predictions both affected certainty
and physiological pain responses, uncontrollability also influenced the experience of pain,
but incorrect predictions did not (sections 2.3 & 4.2). If uncertainty about how much pain
is to be expected leads to increased (involuntary) attention to pain, then both types of
uncertainty-increasing experiences should have resulted in an increased experience of pain.
At least two explanations can be offered.

First, although both procedures affect the ratings of certainty about pain-intensity pre-
dictions, the underlying variable may be qualitatively different. As was argued by Miller
(1979), the possibility of exercising control over an aversive stimulus places the source of
certainty within the §° thus, the § can limit the aversiveness of the event by his or her
own action. In contrast, certainty that is based upon correct predictions leaves the § at the
mercy of external forces. Thus, it may be hypothesized that (automatic) reduction of
attentional capacity allocated to an aversive stimulus is faster with an internal source of
certainty that the stimulus will remain below tolerable levels.

Second, certainty about how much pain to expect may affect physiological pain respon-
ses (SCRs), and anticipatory fear, but not the experience of pain. This explanation (cor-
rectly) predicts that physiological responding is influenced by both types of experimental
procedures, but it cannot explain why controllability affects the experience of pain. Per-
haps the influence of controllability on the experience of pain is based on another mecha-
nism. In fact, in section 4.2 evidence was found for the notion that the effects of control-
lability on SCRs are mediated by certainty, whereas the effects on the experience of pain
seemed to bé mediated by an emotional variable. Thus, the influences of controllability on
pain responses may not be based on a unitary process involving certainty.

Two other underlying mechanisms were suggested in section 4.1. One states that a
painful experience gets a different meaning if it can be controlled. The § may reason as if
controllable pain is not based on a harmful process and uncontrollable pain is. The result-
ing different meanings might influence the experienced pain level and physiological re-
sponses. However, it is not clear how this theory can explain all laboratory findings,
which generally employ externally applied harmless stimuli. The other suggested mecha-
nism is that acquiring and exercising control is a positive experience per se, and failing to
exercise control (and losing control) is a negative experience. In section 4.2 an attempt
was made to investigate whether the presumed positive/negative experiences of (no) con-
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trol are related to elated/depressive mood.*

In this study it was concluded that elated/depressed mood and control seem to have
independent, additive influences on experienced pain. Thus, there was little evidence that
the pain-decreasing effects of control were mediated by increased mood on the elation/de-
pression dimension. However, there were indications that another emotional dimension is
essential: anger seemed to mediate the influences of both the elated/depressed mood and
control on experienced pain. Thus, controllability might be closely related to a specific
emotional dimension of dominance-mastery/frustration-anger (Lang, 1985; Osgood, 1962).
One obvious test of this interpretation, the investigation of effects of induced angry mood
on pain, was already suggested. Another implication is that §s who refrain from trying to
acquire control over uncontrollable pain should suffer less from pain, because they should
feel less frustrated and angry. In section 4.1 it was theorized that chronic pain patients
who try to acquire total control over their pain (total relief) may- suffer disproportionally
because of the negative effects of their failure, whereas chronic pain patients who accept
their pain and try to find control over realizable aspects might suffer less (see also Silver
et al., 1982; Rothbaum er al., 1982). Clinical observations give indirect evidence for this
view, and also suggest that anger might play a mediating role. Clearly, prospective re-
search is indicated.

Some other possibilities for future research on clinical aspects of controllability should
be mentioned. First, the view that chronic low back pain patients suffer from a specific
form of learned helplessness deserves further tests. Field studies of high methodological
quality seem to support this theory (e.g. Ruby er afl., 1988), but experimental tests would
give further evidence. In a laboratory study Sandra Gransier and I (1991) tried to test the
hypothesis that CLBP patients profit less from exercising control over laboratory pain than
normal controls, because learned helplessness related to chronic pain would imply that the
& has difficulties in learning/experiencing new control possibilities. The results supported
the hypothesis: whereas normals who exercised control over pain experienced less pain
and reacted physiologically less to the pain stimulus than normals who could not exercise
control, CLBP patients did not profit from exercising control. However, to the best of the
present author’s knowledge, this has been the only direct experimental test so far. There-
fore, more tests are needed.

With respect to acute clinical pain, research on controllability (for instance in the dental
treatment setting) has used controllability manipulations that seem to be much less than
optimal (see section 4.1). More powerful ways of giving the patient control should be
investigated (for instance giving the patient control over the power of the drilling appara-
tus).

“This study also investigated whether induced mood influenced perceptions of wntmﬂ. and, via
these perceptions, pain responses. Little evidence was found for the theory ﬂmt_moodt influences
pain by influencing perceived control, although depressed mood retarded perceiving wco‘nmtml when
control was exercised. However, a number of methodological problems should be mentmned:. (1)
possibly, a floor effect obscured mood effects in the no-control conditions; (2) the way perceived
control was measured may have been inadequate, stressing the correctness of the response more
than the experienced sense of control over pain. On the other hz}nd, ratings of peu:cewed contrpl
over pain intensity may become redundant, if the S bases this rating only on the experienced pain
reduction.
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Other new research possibilities

Most of the research on psychological influences on pain has been directed to factors
that may decrease pain responses. The major clinical problem, however, is how pain
experiences that are disproportionally elevated compared to their (possibly) physiological
basis, or have no physiological basis at all, can be understood. Although it has been argu-
ed in section 1.2 that it is unlikely that the experience of pain can be classically condi-
tioned, research into the possibility that evaluative conditioning (Martin & Levey, 1987)
can change the evaluative aspects of the pain experience might Jead to interesting new
insights and treatment possibilities. Of course, this possibility is highly speculative. Anot-
her potentially fruitful research area pertains to the influence of worrying or other forms
of negativistic mental activities, that are not corrected by external information, on the
experience of pain. Recent developments indicate that human §s can increase their (neuro-
tic) responses to conditioned and unconditioned stimuli by engaging in rehearsal of the
UCS (Jones & Davey, 1990; van den-Berg, 1989), and that worrying can have an incuba-
tion effect (Borkovec, 1985; York et al., 1987). It is conceivable that pain experiences
can be increased by such processes (for instance, a chronic pain patient may, as soon as
he or she feels some pain, engage in negative ideation about the injustice that has been
done to him or her during or after the incident that led to the initial pain complaints,
thereby amplifying immediate and later pain experiences). Finally, it has often been sug-
gested that the meaning of the pain influences the way it is experienced (section 4.1).
However, this notion is mainly based on clinical observations and needs further empirical
study. Even if these prospects shed new light on pain problems, the issue of whether pain
experiences can be produced purely by psychological processes (without any neuronal
transmission of pain-signals) remains unresolved. On the basis of present scientific knowl-
edge, the claim of some clinicians that this is possible seems unjustified.

PSYCHOLOGICAL EFFECTS OF PAINFUL EXPERIENCES

The effects of two kinds of painful experiences were studied. Firstly, the effects of
incorrectly expected pain; and secondly, the effects of pain which varies unpredictably in
intensity.

Pain expectations

In this thesis various tests with increasingly stringent methods were performed to test
the notion that people immediately correct disconfirmed pain predictions. More specifical-
ly, it was argued that the observed changes in prediction level after spontaneous mismat-
ches can to a large degree be explained by random processes (see section 2.2), Neverthe-
less, statistical procedures controlling for these processes still indicated that people do
show 'real’ changes in pain predictions. However, this does not necessarily increase our
understanding of clinical problems: people probably correct predictions of all sorts of
events in a similar way, and they probably show the same sort of recency effect as was
observed in section 2.1 (in that the previous experience strongly influences the next pre-
diction, at least when there is a short interval between the two instances). What is clinical-
ly more interesting, are (1) the effects of incorrect pain predictions on the acquisition of
fear {on the subjective, physiological and behavioural level); (2) the asymmetrical deviati-
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ons from this simple model; and (3) the relationships between pain expectations, féear and
avoidance behaviour.

Acquired fear

Fear acquired by experiences with painful events is not only related to the intensity of
the pain, but also to its predictability. In the present thesis an attempt was made to test the
influences of unsignalled sudden increases in pain intensity and of incorrect pain expec-
tation on several aspects of acquired fear: subjective fear, anticipated pain (pain expecta-
tion), physiological anticipatory reactions, escape and avoidance behaviour. The results
indicate that unsignalled sudden increases in pain-intensity contribute to all these fear
parameters, Incorrect pain predictions, more precisely underpredictions and not overpre-
dictions, were also found to be related to fear, but here a smaller number of fear-parame-
ters was tested. Originally, the sudden increases in pain intensity were designed to induce
underpredictions, but, as was argued before (e.g. section 2.3), this procedure confounds
sudden increases per se with underpredictions. Nevertheless, the results of the unconfoun-
ded underprediction induction procedure (section 2.3) are strikingly similar to those of the
intensity-increase procedures used in chapter 3. What is the relative importance of these
two types of fear induction? Can the effects of unsignalled, sudden increases in pain be
ascribed to the underprediction of the §? If we assume that the fear responses are primari-
ly based upon expectation, we might expect that this is true. However, it is conceivable
that the sudden increases themselves lead to autonomic fear responses that can only parti-
ally be influenced by knowing the intensity of each experience in advance. Our experi-
ments cannot resolve this-issue. A direct investigation of the relative effects of these two
factors is therefore indicated.

Such an experiment might also clarify a related issue, namely the development of de-
fensive vs orienting anticipatory reactions. In section 3.4 the influence of unpredictability
of pain-intensity on the kind of physiological anticipation (defensive vs orienting; or, in
another interpretation, activation for flight/fight vs ’acceptance’; as indicated by the direc-
tion of heart rate changes, acceleration ws deceleration) was investigated. Unsignalled,
sudden increases to a high pain level were found to lead to anticipatory heart acceleration,
whereas a constant (therefore predictably) high level of pain was anticipated with heart
rate deceleration. It was speculated that unpredictable UCS intensity might be related to
the development of a 'phobic’ type of fear. It would not only be interesting to replicate
this finding, but also to unravel the contributions of incorrect expectations and the rapid
intensity increase per se.’

In sections 2.1 and 3.1 correlational observations led to the speculation that high cer-
tainty about expected pain-intensity would reduce the effects of small discrepancies be-
tween expectation and experience, but would be related to more disrupting effects of large
discrepancies (underpredictions). Although no experimental test was done, a generalization
of the finding that underpredicted painful events contribute to acquired fear, support the
second part of this hypothesis: if certainty is low, the § bears in mind that the event will
fall in a wider intensity range than when certainty is high. Therefore, the ’size’ of under-
prediction is less in the first case than in the second case, in other words: the loss of
predictability and the breakdown of the predictive schema are less. Still, it would be

In the experiment reported in section 2.3 heart rate was unfortunately not measured, because of
resource limitations.
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interesting to test this supposition directly by experimentally manipulating t_heA range of
expectation. This would also produce the opportunity to investigate the hypothesized inter-
action between certainty and size of discrepancy.

Asymmetrieal effects

Although immediate correction of expectation after an incorrectly predicted experience
seems the rule, a striking asymmetry was observed: whereas underpredictions generally
lead to an immediate increase in expected pain approx. to the level of the last experience,
overpredictions are followed by more moderate corrections. More disconfirmations are
needed before the § lowers his or her prediction to the level of the last experience, where-
as one disconfirmatory underprediction is enough to increase the prediction level. A simi-
lar pattern is shown by the certainty the §s have about their expectations. The experience
of an underprediction leads to protracted uncertainty, whereas overprediction does not
disturb the certainty the S§s experience about their expectations (although there may be
some temporary uncertainty after an overprediction, this is not long-lasting).®

How can this asymmetry be explained? Several explanations have been suggested (see
for instance Rachman & Amtz, 1991). Initially it was suggested that underpredicted pain-
ful experiences hurt more than correctly and overpredicted experiences. If this is true,
overprediction and a reluctance to lower increased predictions after an underprediction
might be understood as a *voluntary” attempt of the § to protect him or herself against the
alleged negative effects of an underprediction. However, a direct test of this supposition
did not give any evidence for it at all (see however Epstein & Clarke, 1970, for positive
evidence), although it might be argued that avoidance of underprediction has a functional
value because underpredictions lead to autonomic arousal (see sections 2.3 & 5.1 for a
more extensive discussion). If overprediction is not a sort of ’voluntary” covert behaviour,
it leads to another interpretation of the explanation people often give about their pessimis-
tic predictions (see the previous section): perhaps the explanation that a pessimistic strate-
gy helps reducing the effects of aversive events is a rationalization, an attribution about an
experience (namely that they have involuntary pessimistic expectations) people find other-
wise difficult to explain and they cannot change. They may even believe in it, although it
does not work!

Several other explanations for the asymmetry can be offered. First, cognitive research
has demonstrated that people have more difficulties in processing *non-events’ than events,
and that 'vivid and salient events’ exert a disproportional influence in judgments under
uncertainty (Alloy & Tabachnik, 1984; Nisbeit & Ross, 1975; Tversky & Kahneman,
1974). These stimulus properties may influence the immediate processing of the event
and/or to the retrievability of the event in memory (Wardle, 1984). Thus, it can be dedu-
ced that a painful experience will have an impact on later predictions (and probably on
memories) that depends on its intensity. But this does not explain the effects of the dis-
crepancy between expectation and experience. If we are to explain the effects of discre-
pancies in this theoretical framework, it must be assumed that the saliency of painful
experience, at least with respect to expectations, fear and memories, is not only a function
of its intensity, but also of the discrepancy between expectation and experience. In other

®The ratings of certainty were interpreted as indications of the range in which the § expects the
intensity of the next experience will fall. It would be interesting to investigate this more directly by
asking §s to make interval estimations, or even (computerized) chance distributions.
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words, the saliency of the painful experience is partly determined on the basis of the
direction and size of dxsmepzmcy with expectation.

A second explanation is based -on the observation in oqur study with:dental pamems
(section 2.4) that experienced anxicty during a-disconfirmatory experdence reduced the
disconfirmatory effect of it on later expectation level and fear. Three underlying: processes
were suggested: (1} the experience of anxiety may be an aversive experience per se,
which reinforces fear and pessimistic expectations (such processes have been proposed by
Beck er al., 1985, and Eysenck, 1986); (2) a state of anxiety may disrupt information
processing, so that reality testing is hampered (e.g., Wachtel, 1968); and (3) at least some
{neurotic?) Ss may have difficulties distinguishing real danger and the subjective experi-
ence of anxiety.

Lastly, it can be maintained that the asymmetry has a functional basis, not with respect
to the impact of the painful event, but with respect to preparation for fight/flight and
avoidance behaviour. Why does the loss of predictability the organism is confronted with
after a mismatch have different effects depending on the direction of the discrepancy
between expectation and experience? An underprediction might lead to fear and caution
because certainty is lost that the event will not exceed a tolerable level (Cif it exceeds the
expected level unpredictably, it might as well become unpredictably intolerable or life-
threatening”). An overpredicted event, on the other hand, means loss of certainty with
respect to a Jess dangerous direction, obviously less important information for survival. It
should be noted that this functionality inferpretation does not imply teleology: as with
habituation, classical conditioning, and other forms of learning, mechanical (causality)
models and functionality analyses can both be made. Thus, the *conservative bias’ after an
underpredicted painful experience might help the organism to increase survival chances by
promoting caution, preparation for flight/fight and avoidance.

Pain expectations, fear and avoidance/escape behaviour

The tendency to chronically overpredict the aversive consequences of events seems to
be a characteristic of neurotic problems (e.g. section 2.4). In other words, overprediction
might be an important cognitive component of it, and is probably related to avoidance
behaviour. However, it seems that not only the expected intensity of the aversive event,
but also its predictability, notably whether it unpredictably exceeds expectation or not, is
related to fear, and therefore to escape and avoidance. In two experiments an attempt was
made to test the hypothesis that underpredicted painful experiences lead to escape and
avoidance behaviour (sections 3.2 & 3.3). However, because of the employed experimen-
tal manipulation we cannot be sure that the discrepancy between expectation and experien-
ce is causally related to the observed escape and avoidance behaviours, or that the sudden
increase was the essential factor (see sections 2.3 and 5.1 for a discussion of this issue).
Nevertheless, the final test of the influences of incorrect pain expectations gave clear
evidence that they affected subsequent pain expectations, certainty, and fear (section 2.3).
Assuming that voluntary behaviour, including avoidance/escape, is at least partially based
on the subject’s considerations about the expected consequences of the event, it follows
that the discrepancy between consciously expected and experienced events plays a causal
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role in avoidance/escape behaviour.” Some interesting new research issues follow. For
example, the possibility that some sort of (empathetic) confrontation of the discrepancy
between expected and experienced aversiveness may help Ss to reduce overprediction, fear
and avoidancée behaviour (Rachman & Arntz, 1991). More specifically, is the reduction of
these variables only dependent on formal characteristics of disconfirmatory experiences
(such as number of, intervals between, and length of the eéxperience®), or can the effects
be increased by prometing the processing of each event (e.g. by repeated re-processing of
the discrepancy between expectation and experience; by construing a new experience as an
explicit test of the expectation and optimalizing informational processing during the expe-
rience)? A second résearch issue is the investigation of separate clinical problems on
which kind of overprediction plays a major role in maintaining the problem. For example,
are panic patients characterized more By an overestimation of the chance of a fatal effect
of a panic attack, or by an overestimation of the amount of experienced anxiety during an
attack? Are CLBP patients who avoid physical activities characterized by expected imme-
diate or long-term pain?

Some more new research possibilities

The asymmetry between the effects of both types of incorrect pain predictions gives
rigse to the question whether there is also such an asymmetrical effect on long-term memo-
ries of pain. In other words, are underpredicted painful experiences more memorizable
than overpredicted experiences of equal intensity? If the present interpretation of the
afymmetry is correct, this might be expected, because of the importance of the informa-
tion of an underprediction, and its breakdown effects on the S’s schema. Experimental
tests of this hypothesis are clearly indicated. A related issue pertains to the relative impor-
tance of early w5 late intemsely painful events in a series of moderately or non-painful
experiences on the acquisition of fear. Learning theory predicts that late intensely painful
experiences should have less effect on the acquisition of fear, because of latent inhibition.
The present findings sugpest however that a late intensely painful experience will also lead
to fear, if it occurs unpredictably, because of the associated alarming loss of predictabil-
ity. In fact, Davey (1989) found in a retrospective study on dental fear that both early and
later very painful experiences are related to dental fear. In other words, intense UCSs
later in a series might nullify the effects of latent inhibition. Davey did not discuss the
contribution of the incorrect expectation the § probably had to the acquisition of fear, but
our findings suggest that this may be essential for the fear-evoking effects of later intense
UCSs. Finally, a potentially fruitful research area has already been suggested in the con-
text of pain-increasing factors: the effects of worrying, catastrophic fantasizing, and other
types of reprocessing of painful experiences, like neutralizing, suppression, etc., on the

"The observation that (phobic) 55 engage in approach behaviour after receiving information that
influences expectation is also an indication that conscious expectations play an important role in
voluntary behaviour (e.g. demtal phobics who apply for pain-free’ treatment; agoraphobics doing
exposure exércises on the basis of a rationale; pain patients doing physiotherapeutic exercises they
formerly feared because of expected increase in pain).

*The findings in section 2.4 indicate that the interval between disconfirmatory experiences should
not be too long (better weeks than months), and that the disconfirmations should continue until a
correct prediction level is reached, otherwise memories of the event and new predictions will
(partially) return to the original, high level.
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development of anticipatory variables deserve further study. This is a relatively new area
of experimental research, possibly because it is difficult to exert reliably experimental
control over such processes. But, these processes seem to be very much related to pro-
cesses that are often observed clinically, and investigating them seems to be essential for
the development of valid cognitive theories of the acquisition of disproportionally fearful
and pessimistic anticipation of painful events. Insight in these processes might be especial-
ly important for the understanding of hwman anticipation of pain.
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SUMMARY

This thesis deals:with some psychological effects of and psychological influences on
pain. More specifically, the influences of emotions, attentional focus, incorrect predictions
of pain, unpredictable increases in pain intensity, and controllability are investigated.

Chapter 1 offers an introduction to psychological aspects of pain, resulting in the selec-
tion of research issues. It is argued that pain is a multidimensionally psychological phe-
nomenon. The following potential influences on pain are discussed: arousal, emotions,
attention, operant conditioning, classical conditioning, predictability of occurrence, cer-
tainty, pain-intensity expectations, and controllability. Of the effects of pain, pain expecta-
tions, memories of pain, emotional after-effects (including anticipatory fear), and learned
helplessness are treated. Finally, the chapter presents an overview of research questions.

Chapter 2 presents four studies on the interrelationships between experiences of pain,
expectations of pain, memories of pain, and fear of pain. The studies concentrate on the
effects of incorrect predictions of the intensity of a painful experience. Some hypotheses
of Rachman's match/mismatch model are put to the test with increasingly stringent meth-
ods, methodological criticism on previous studies is discussed, and new hypotheses are
formulated. Special attention is paid to the asymmetrical effects of under- vs over-predict-
ed painful experiences: underpredictions, but not overpredictions, appear to cause fear, the
tendency to overpredict new experiences, uncertainty, and stronger physiological respond-
ing to pain. One hypothesis, that overprediction results from avoidance of under-predicting
pain because underpredicted pain hurts more, is refuted. Information-processing (’null
effects are more difficult to detect than positive effects’) and functional ("the alarming
effects of an underprediction leads to caution and prepares for flight/fight or avoidance
behaviour, which might increase survival chances’) explanations are discussed. Finally,
incorrect pain predictions are studied in the clinical context of dental treatment. In agree-
ment with the hypotheses, fearful patients tend to overpredict pain, slowly reduce their
prediction levels to more correct levels, and show a partial return to the initial prediction
level at a 5-months follow-up. Their memories of pain also appear to be biased. Change
processes are explored, and the observation that a state of anxiety interferes with the
effects of disconfirmations is discussed.

Chapter 3 presents studies on the effects of unpredictable increases in pain intensity.
These appear to cause temporary dishabituation of subjective and physiological responding
to pain, and to contribute to subjective fear and physiological anticipation reactions, as
well as to escape from and avoidance of the pain stimulus. There are indications that not
so much the intensity of the pain stimulus as the unpredictability of its intensity causes
these effects. It is speculated that unpredictability of the intensity of a painful stimulus
contributes to the acquisition of phobic fear of the aversive stimulus, whereas predictabili-
ty of intensity is related to a more neutral anticipation of the aversive evenl.

Chapter 4 starts with a theoretical section on controllability and pain. First, laboratory
studies are reviewed and it is concluded that those forms of control by which the § can
limit the pain, so that the pain cannot become of intolerable duration or intensity, have the
clearest positive effects. Second, studies on the effects of controllability on acute pain in
two clinical contexts, dental treatment and childbirth, are reviewed. It is concluded that
there are clear indications that control can reduce the experience of acute clinical pain.
Third, the role of lack of perceived control over pain in chronic pain problems is dis-
cussed. Two major issues are treated: whether learned helplessness theory can increase
our insight in chronic pain problems, and the role of experiencing control in the successful
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treatment of chronic pain problems. Finally, possible processes underlying the pain-de-
creasing effects of control are discussed.

The next sections present laboratory studies on the influences of control, attentional
focus, elated/depressed mood, and anxiety on pain. The possible influences of elated/-
depressed mood on the effects of controllability are investigated, with special reference to
two theoretical notions. First, that mood influences effects of control via influencing per-
ceptions of control. ‘Second, that the effects of controllability are mediated by elated/-
depressed mood. The findings give rise to the speculation that not elated/depressed mood,
but another emotional -dimension, dominance-mastery/frustration-anger, mediates the
influence of controllability on ‘pain. Finally, the theory that attentional focus mediates the
influence of anxiety on pain is put to the test in two experiments. This theory might ex-
plain the lack of convergence of previous empirical studies, and the contradictory clinical
observations. Subjective pain reports give strong evidence for this theory, but physiologi-
cal responses yield more equivocal results.

Chapter 5 is devoted 1 a general discussion of the major findings of the studies of the
present thesis. It is argued that two forms of pain expectations can be distinguished, one
form referring (o a theoretical construct, and one form referring to a variable more direct-
ly observable by reports of the §. Painful experiences exceeding both types of pain-intensi-
ty expectations appear to contribute to the development of anticipatory fear and to dishabi-
tuation on the physiological level. Our observation that incorrect pain-intensity predictions
do not influence immediaté pain reactions is further discussed in relationship with the
degree of ambiguity of external sources of information about pain intensity and the often
observed explanation people offer for their pessimistic expectations. The observed emo-
tional and attentional influences on pain reactions give rise to a number of new research
issues, such as a direct experimental test on the possible influence of angry mood on pain,
the effects of different levels and types of anxiety on different levels of pain-intensity, the
role of endorphins in attentional influences on pain, and an investigation into the effects of
attentional focus on long-term habituation. With respect to controllability, it is stressed
that the certainty-distraction hypothesis of the positive effects of control should be studied
more directly, the more so as other certainty influencing manipulations do not seem to
influence the experience of pain. The failure of psychological theories to clearly explain
how the experience of pain can be disproportionally elevated, or even exist without any
neurological pain-signal, is discussed and some new research possibilities are suggested.

With respect to the development of pain-anticipation reactions, the relative contribu-
tions of the two types of expectations are discussed. Experiences exceeding both types of
experiences seem to contribute to the acquistion of fear, the tendency to overpredict pain,
and uncertainty about pain predictions. A direct test comparing the contributions of incor-
rect pain expectations of the second form with the effects of rapid (but predictable) inten-
sity increases per se might be interesting, especially with respect to the development of
phobic-like anticipatory reactions (heart rate acceleration and avoidance). Possible expla-
nations for the asymmetrical effects of both types of incorrect pain predictions (under- and
overpredictions) are discussed. The role of overpredictions and uncertainty, pertaining to
the lack of predictability of intensity of aversive events, in fear and avoidance is treated.
New research is suggested with respect to the influences of incorrectly predicted painful
experiences on memory bias (are underpredicted painful experiences more memorable than
correctly predicted experiences?) and on the disruption of latent inhibition. Finally, it is
speculated that research into specific ways of reprocessing painful experiences might
increase our insight into human anticipation of pain.
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SAMENVATTING

In: dit proefschrift worden enkele psychologische effecten van en psychologische invioeden
op pijn behandeld. Centraal in het onderzoek staan de invloeden van emoties, de focus van
de aandacht, onjuiste pijn voorspellingen, onvoorspelbare verhogingen in pijn intensiteit,
en controleerbaarheid.

Hoofdstuk 1 biedt een inleiding tot de psychologische aspecten van pijn, hetgeen resul-
teert in een selectie van de onderzoeksthema’s. Het wordt beargumenteerd dat pijn een
multidimensioneel psychologisch fenomeen is. De volgende potentiéle invioeden op pijn
worden bediscussieerd: arousal, emoties, aandacht, operante conditionering, klassieke
conditionering, voorspelbaarheid van optreden van pijn, zekerheid, pijn-intensiteits ver-
wachtingen, en controleerbaarheid. Wat betreft de gevolgen van pijn worden pijn ver-
wachtingen, herinneringen aan pijn, emotionele na-effecten (waaronder anticipatie angst),
en aangeleerde hulpeloosheid besproken. Het hoofdstuk eindigt met een overzicht van de
onderzoeksvragen.

In hoofdstuk 2 worden vier studies naar de onderlinge relaties tussen pijnlijke ervarin-
gen, pijn verwachtingen, herinneringen aan pijn, en angst voor pijn gepresenteerd. Deze
onderzoeken concentreren zich op de effecten van onjuiste voorspellingen van de intensi-
teit van een pijnlijke ervaring. Enkele hypothesen van Rachman’s match/mismatch model
worden getoetst met toenemend striktere methoden, methodologische kritiek op eerdere
studies wordt besproken, en nieuwe hypothesen worden geformuleerd. De aandacht gaat
speciaal uit naar de asymmetrische effecten van onder- versus overschatte pijnlijke erva-
ringen: onderschattingen, maar niet overschattingen, blijken te leiden tot angst, tot de
geneigdheid om nieuwe ervaringen te overschatten, tot onzekerheid, en tot sterkere fysio-
logische reacties op pijn. Eén hypothese, dat de geneigdheid tot overschatten ontstaat door
het vermijden van onderschattingen, omdat onderschatte pijn pijnlijker zou zijn, wordt
verworpen. Verklaringen gebaseerd op informatieverwerkingstheorie (‘de afwezigheid van
een gebeurtenis is moeilijker te detecteren dan de aanwezigheid van een gebeurtenis’) en
op functionaliteit ("de alarmerende effecten van een onderschatting leiden tot voorzichtig-
heid en prepareren het organisme voor vlucht, vecht of vermijdings gedrag, hetgeen de
overlevings kansen kan vergroten’) worden besproken. Tenslotte worden onjuiste pijn
verwachtingen bestudeerd in de klinische context van de behandeling bij de tandarts. In
overeenstemming met de hypothesen overschatten angstige patiénten de pijnlijkheid van de
behandeling, stellen zij hun onjuiste pijn verwachtingen slechts langzaam bij, en vertonen
zij een gedeeltelijke terugkeer naar het oorspronkelijke hoge pijn verwachtingsniveau bij
een follow-up meting 5 maanden later. Hun herinneringen aan de pijnlijkheid van de
behandeling blijken eveneens vertekend te zijn. Veranderings-processen worden geéxplo-
reerd, en de bevinding dat een angstige toestand tijdens de behandeling interfereert met de
effecten van disconfirmerende ervaringen wordt besproken.

In hoofdstuk 3 worden experimentele studies naar de effecten van onvoorspelbare ver-
hogingen in pijn intensiteit gepresenteerd. Deze blijken een tijdelijke dishabituatie van
subjectieve en fysiologische pijn responsen te veroorzaken, bij te dragen tot subjectieve
vrees en fysiologische anticipatie reacties, en te leiden tot ontsnappings- en vermijdingsge-
drag. Niet zozeer de intensiteit van de pijnlijke stimulus, als de onvoorspelbaarheid van de
intensiteit lijkt deze effecten te veroorzaken. Er wordt over gespeculeerd dat de onvoor-
spelbaarheid van de intensiteit van een pijnlijke stimulus bijdraagt aan het ontstaan van
fobische angst voor de aversieve stimulus, terwijl voorspelbaarheid van intensiteit gerela-
teerd is aan een meer neutrale anticipatie van de aversieve gebeurtenis.
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Hoofdstuk 4 begint met een theoretische sectie over controleerbaarheid en pijn. In de
eerste plaats worden laboratorium studies besproken en wordt geconcludeerd dat die vor-
men van coniroleerbasrheid waarmee het subject de pijn kan begrenzen, zodat de pijn niet
onverdraagliik sterk of langdorig wordt, de duidelijkste positieve effecten hebben. In de
tweede plaats worden onderzoeken naar de effecten van controleerbaarheid op acute pijn
in twee klinische situaties, de behandeling bij de tandarts en bevallingen, besproken. De
conclusie luidt dat-er duidelijke aanwijzingen zijn dat het uitoefenen van controle de erva-
ring van’ acute Klinischie pijn kan verminderen. In de derde plaats wordt de rol van gebrek
aan ervaren cofitrole . over piji bij chronische pijn problemen besproken. Twee hoofd-
zaken worden ‘behandeld: de vraag of de aangeleerde hulpeloosheids theorie ons inzicht in
chironische pijn problematiek kan wergroten, en de rol die het ervaren van controle speelt
in- de succesvolle behandeling van chronische pijnproblemen. Tenslotte worden mogelijke
processen die aan de pijn-verminderende effecten van controle ten grondslag liggen bedis-
cussieerd. '

In de volgende secties worden laboratorium experimenten naar de inviceden van contro-
le, de focus van de aandacht, opgewekie/depressieve stemming, en angst op pijn gepresen-
teerd. De mogelijke invloeden van opgewekte/depressieve stemming op de effecten van
controleerbaarheid worden onderzocht, waarbij de aandacht in het bijzonder uitgaat naar
twee theoretische mogelijkheden. In de eerste plaats zou stemming de effecten van contro-
leerbaarheid kunnen beinviceden door de perceptie van controle te kleuren. In de tweede
plaats zouden de effecten van controleerbaarheid gemedieerd kunnen worden door opge-
wekte/depressieve stemming. De bevindingen geven aanleiding tot de speculatie dat niet
opgewekte/depressieve stemming, maar een andere emotionele dimensie, dominantie-over-
macht/frustratie-woede de invloeden wan controleerbaarheid op pijn medieert. Tensloite
wordt de theorie dat de focus van de aandacht de invioed van angst op pijn medieert ge-
toetst in een tweetal experimenten. Deze theorie zou in staat kunnen zijn om het gebrek
aan overeenstemming tussen eerdere experimenten, alsmede de elkaar tegensprekende
klinische observaties, te verklaren. De theorie wordt sterk ondersteund door de uitkomsten
op het gebied van subjectieve pijn ervaringen, maar de fysiologische responsen blijken een
minder eenduidig beeld te geven.

Hoofdstuk 5 is gewijd aan een algemene bespreking van de belangrijkste bevindingen
van de onderzoeken die in dit proefschrift zijn opgenomen. Het wordt beargumenteerd dat
twee soorten van pijn verwachtingen onderscheiden kunnen worden, waarvan één verwijst
naar een theoretisch construct, de ander naar een variabele die meer direct observeerbaar
is door rapportage van het subject. Bij beide soorten pijn verwachtingen blijkt dat, wan-
neer de pijn ervaring de verwachting overstijgt, anticipatie angst langdurig toeneemt en
dishabituatie van fysiologische pijnresponsen optreedt. De observatie dat onjuiste pijn-
intensiteits verwachtingen de onmiddellijke pijn reacties niet beinvloeden wordt besproken
in relatie tot de mate van ambiguiteit van externe bronnen van informatie over pijn intensi-
teit en de vaak gehoorde verklaring die mensen geven over hun pessimistische verwachtin-
gen. De gevonden invloeden van emoties en aandacht op pijn leiden tot een aantal nieuwe
mogelijkheden tot verder onderzoek, zoals een directe experimentele test van de mogelijke
inviloed van een geérgerde stemming op pijn, de invioeden van verschillende niveaus en
soorten van angst op verschillende intensiteiten van pijn, de rol van endorfinen in de
aandachts invloeden op pijn, en een bestudering van de effecten van de focus van aandacht
op lange-termijn habituatie. Met betrekking tot controleerbaarheid wordt benadrukt dat de
zekerheid-afleiding hypothese aan een directe toets moet worden onderworpen, te meer
omdat andere zekerheid beinvloedende manipulaties niet de pijn ervaring lijken te be-
invloeden. Het falen van psychologische theorieén in het geven van een duidelijke verkla-
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ring voor disproportioneel verhoogde pijn ervaringen, of voor pijn ervaringen zonder enig
corresponderend neurologisch pijn signaal, wordt bediscussicerd en enige nieuwe onder-
zoeksmogelijkheden worden aangeroerd.

Ook m.b.t. de totstandkoming van pijn-anticipatie reacties worden de relatieve bijdra-
gen van de twee bovengenoemde soorten pijn verwachtingen besproken. Ervaringen die
beide soorten pijn verwachtingen te boven gaan lijken bij te dragen aan het ontstaan van
angst voor pijn, aan de geneigdheid om toekomstige pijn te overschatten, en aan onzeker-
heid over hoeveel pijn te verwachten. Een directe experimentele vergelijking van de bij-
drage van onjuiste pijn verwachtingen van het ’tweede soort’ met de bijdrage van snelle
{maar voorspelbare) pijn intensiteits verhogingen op zich zou interessant zijn, met name
voor de studie naar de totstandkoming van fobische anticipatie reacties (hartslag accelera-
tie en vermijding). Mogelijke verklaringen voor de asymmetrische effecten van twee typen
onjuiste pijn verwachtingen (onder- en overschattingen) worden kritisch besproken. De rol
die overschatten en onzekerheid (betrekking hebbend op het gebrek aan voorspelbaarheid
van de intensiteit van aversieve gebeurtenissen) spelen in vrees en vermijding wordt be-
handeld. Er worden suggesties gedaan voor verder onderzoek naar de invlceden van on-
juiste pijn verwachtingen op geheugen bias (zijn onderschatte pijnlijke ervaringen beter te
herinneren dan correct verwachte ervaringen?) en op de verstoring van latente inhibitie.
Ten slotte wordt de mogelijkheid geopperd dat onderzoek naar de specifieke wijzen waar-
op pijnlijke ervaringen na de eigenlijke ervaring verwerkt worden ons inzicht kan vergro-
ten in de menselijke anticipatie van pijn.
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ABV
ANOVA
approx.
Al

A2

BAT
BIS

CAL

CLBP
cm
CNS
CPp
CR
Ccs

DAS
DNC

Ei
EC
EMG
ENC
EPQ
Fi
FPV

HA
HA
HR
HRR
HO

IASP
IBI

LIST OF ABBREVIATIONS

Attention directed towards pain condition (sections 4.3 & 4.4)
Amsterdamse Biografische Vragenlijst (De Wilde, 1983)
analysis of variance

aproximately

Actived state of stimulus representation in Wagner’s theory
Decay state from Al to S state in Wagner's theory
Behavioural Approach Test

Behavioural Inhibition System (see Gray, 1975, 1976)

a constant (section 2.3)

correct information (= control) condition (section 2.3)
calibration phase (refers to measurements during the pretest phase when pain
intensity is calibrated)

Chronic Low Back Pain

centimeter

central nervous system

Control (over pain) equated for predictability (section 4.1)
Conditioned Response

Conditioned Stimulus

Difference (discrepancy) between experienced and predicted pain (sections 2.1 &
2.4)

Distraction condition (away from pain)(sections 4.3 & 4.4)
Dental Anxiety Scale (section 2.4)

Depressed mood/Control condition (section 4.2)

Depressed mood/No-Control condition (section 4.2)
Expected (=predicted) pain (section 2.1)

Experienced pain at trial i (sections 2.2 & 2.3)

Elated mood/Control condition {section 4.2)

Electro Myogram (registration of the elctrical activity of a muscle)
Elated mood/No-Control condition (section 4.2)

Eysenck Personality Questionnaire (Sanderman et al., 1991)
subjective Fear at trial i (section 2.3)

Finger Pulse Volume (used to measure vasoconstriction)
High pain prediction or experience (section 2.2)

High dental Anxiety group (section 2.4)

High Anxiety condition (sections 4.3 & 4.4)

Heart Rate

Heart Rate Response

null hypothesis

Instrumental control over pain (section 4.1)

International Association for the Study of Pain

InterBeat Interval (heartbeat)

a constant (section 2.3)

Low pain prediction or experience (section 2.2)

Low dental Anxiety group (section 2.4)

Low Anxiety condition (sections 4.3 & 4.4)

mean

mean individual prediction level (section 2.2)

Medium pain prediction or experience (section 2.2)
milliAmpere
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MANCOVA
MANOVA
MD

min

234

multivariate analysis of covariance

multivariate analysis of variance

median

minute

millimeter

not gignificant

Overestimation condition (section 2.3)

Potential control over pain (section 4.1)

Pain experience (gsection 2.1)

Prediction of pain intensity at trial i (section 2.2 & 2.3)
Personal Computer (section 2.3)

Post-Traumatic Stress Disorder (section 4.4)

evoked potential component

Inactived state of stimulus representation in Wagner’s theory ("long-term memory’)
Stimulus (section 3.4)

Subject(s)

Self-Administration of a painful stimulation (section 4.1)
Skin Conductance

Skin Conductance Level

Skin Conductance Response

Standard Deviation

second

Spider Phobia Questionnaire (Klorman et al.,1974)
Underestimation condition (section 2.3)

Unconditioned Response

Unconditioned Stimulus

Visual Analogue Scale

year
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