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In 1959 John Lacey envisioned psychophysiological assessments as providing an objective means 
for evaluating psychotherapeutic process and outcome. Lacey also identified several problems in 
relating physiological assessments of psychological processes and states that he argued would need 
to be resolved first. The problems raised by Lacey and his cohorts shaped a generation of research 
by psychophysiologists, who shed light on autonomic organization and assessment but who also, in 
turn, moved away from the study of social and molar psychological processes and states. In this 
article, issues raised in Lacey's classic article are considered in light of the past 32 years of research. 
Progress is reviewed, and implications for interpreting psychophysiological indicants of psycho- 
therapeutic process and outcome are considered. Evidence is also reviewed that demonstrates that 
the social environment is more than a powerful determinant of psychophysiological response; it 
can also moderate psychophysiological and brain-behavior relationships. We suggest that in the 
future, factors and processes derived from the social environment will need to be incorporated for 
Lacey's original vision to be realized. 

A third of  a century ago, John Lacey (1959) published an 
influential review entitled "Psychophysiological approaches to 
the evaluation ofpsychotherapeutic process and outcomeY La- 
cey surveyed process and outcome research in which somato- 
visceral measures were used, and he outlined fundamental 
problems in these assessments. Although Lacey was generally 
optimistic about the potential for contributions, he was pessi- 
mistic about the extant psychophysiological approaches for eval- 
uating psychotherapeutic process and outcome: 

I f . . .  autonomic and skeletal-motor responses are to be utilized 
to maximum advantage in the study of psychotherapeutic pro- 
cess, some attention will have to be given to some rather serious 
problems, and some theoretical re-organization may be desirable, 
or at least heuristic (Lacey, 1959, p. 179). 

In this article, we will survey progress made over the past 32 
years on psychophysiological assessments of  behavioral pro- 
cesses and outcomes. Because this survey is necessarily selec- 
tive, we will focus on the specific problems in psychophysio- 
logical assessments emphasized by Lacey (1959), and we will 
examine the implications of  related principles in social psycho- 
physiology for the interpretation of  psychophysiological mea- 
sures in clinical process and outcome research. Important  ad- 
vances that have emerged from the field of  clinical psycho- 
physiology are summarized by Lang (1971, 1985), Badow 
(1988), Turpin (1989), and Zahn (1986), and in the other articles 
in this issue's special series on psychophysiology. 
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Psychophys io log ica l  Evalua t ions  o f  Psycho the rapeu t i c  
Process  a n d  O u t c o m e ,  1959 

Lacey (1959) envisioned four substantive uses ofpsychophysi- 
ological assessment in psychotherapy research. First, physiolog- 
ical events might mark subtle and otherwise not-easily-detect- 
able changes in affect or arousal in the course of  a therapeutic 
interview. Second, physiological events might reveal conflict 
areas and their interrelationships somewhat in advance (or in 
the absence) of  their emergence in the verbal exchange. Third, 
physiological responses as a function ofpsychotherapeutic tech- 
niques and therapist behaviors may provide clues to the differ- 
ential effectiveness of  therapists and techniques. Finally, physio- 
logical events might provide an objective means of. evaluating 
changes that purportedly occur during psychotherapy. These 
uses have been amplified and expanded over the past 32 years. 
Haynes, Falkin, and Sexton-Radek (1989), for instance, have 
listed the following five factors contributing to the increase in 
psychophysiological assessments in behavior therapy: (a) many 
behavior disorders involve the dysfunction of  physiological sys- 
tems; (b) there can be complex interactions (and incoherences) 
among the behavioral, cognitive, and physiological components 
of  behavioral disorders; (c) given that behavior disorders are 
complexly and multiply determined, psychophysiological as- 
sessments can help identify when or for whom physiological 
interventions might be appropriate; (d) behavior therapies often 
have as one of  their goals the alteration of  physiological pro- 
cesses; and (e) advances in electronics, digital computers, and 
digital signal processing have made psychophysiological analy- 
ses less arcane. Additionally, advances in telemetry and ambu- 
latory monitoring have made psychophysiological assessments 
less restrictive. 

A sizable body of  literature had already accrued by 1959 on 
somatovisceral activity as a function of  therapeutic (or quasi- 
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therapeutic) process, therapeutic effectiveness, and therapist 
behaviors. Among the processes purportedly illuminated by 
physiological measurement were tension, emotion, conflict, 
and social relations (e.g., status, permissiveness, empathy), and 
Lacey (1959), presaging Zahn (1986), observed that psychophys- 
iological measures appeared more robust in studies of  psycho- 
therapeutic process than in studies of  psychotherapeutic out- 
come. Lacey further summarized the impression created by 
this early literature as follows: 

Autonomic and skeletal-motor responses are sensitive indicators, 
even in the hurly-burly of the interview situation. They are objec- 
tive. They reveal significant correlations with affect, describe the 
total effect of a single interview, the variation within interviews, 
and the long-term course of therapy (Lacey, 1959, p. 172). 

However, Lacey went on to argue that a critical analysis of  the 
literature revealed this impression to be infirm. The psycho- 
physiological literature on therapeutic outcomes was inconsis- 
tent, and Lacey identified statistical and methodological prob- 
lems that plagued many of  these early investigations (see below). 
In addition, Lacey observed that increases in physiological ten- 
sion were commonly interpreted as signifying increases in psy- 
chological tension, conflict identification, or a heightening of  
affect, anxiety, or hostility, whereas decreases in physiological 
response were interpreted as marking decreases in psychologi- 
cal tension, catharsis, conflict resolution, or reductions in af- 
fect, anxiety, or hostility. This theoretical framework, Lacey 
argued, was overly simplistic, was contradicted by low or nega- 
tive intercorrelations among autonomic responses, and thus 
contributed to the impression that psychophysiological rela- 
tionships were unreliable. He concluded that fundamental theo- 
retical, methodological, and statistical problems needed to be 
resolved before psychophysiological assessments could truly 
contribute to psychotherapy research: 

The "meaning" of the somatic response must be interpreted in 
terms of the transactions of the individual with his environment, 
and in terms which involve judgments, or at least statements, of 
"molar" psychological states and behavior . . .  In the present 
state of our knowledge, and in light of our inability to control or 
evaluate a vast number of relevant psychological, intrapersonal, 
and interpersonal variables, I do not believe a substantive use of 
somatic response as an index of change, or of success, in psycho- 
therapy is justified (Lacey, 1959, p. 178, italics in original). 

For the field of  psychophysiology, this shift toward research 
on the detection and quantification of  physiological functions, 
and on the relationship of  these psychophysiological functions 
to elementary neurophysiological (e.g., the cortical effects of  the 
baroreceptor reflex) and behavioral processes (e.g., "accep- 
tance" vs. "rejection of  the environment"), resulted in impor- 
tant advances in technique (e.g., Martin & Venables, 1980; Ven- 
ables & Martin, 1967), theory (e.g., Cacioppo & Tassinary, 
1990b; Coles, Donchin, & Porges, 1986; Greenfield & Stern- 
bach, 1972), and application (e.g., Gentry, 1984; Matthews et al., 
1986). It also reduced the attention paid by psychophysiologists 
to social and molar psychological processes and states, however 
(Cacioppo, 1982). 

Psychophysiological approaches can contribute to the estab- 
lishment of  an efficacious nosology, to the identification of  the 
psychological and biological mechanisms underlying behav- 

ioral disorders, and to the development and selection of  effec- 
tive treatment and prevention methods (Zahn, 1986). Progress 
toward these goals can be hindered, however, if social and con- 
textual factors are ignored. This is because social factors (e.g., 
mere presence, attachment, status, social support, modeling, 
attitudes) can have powerful additive and interactive (e.g., mo- 
derating, gating) effects on psychophysiological relationships. 
Given the existence of  interactive effects, the context in which 
psychophysiological data are observed can have important im- 
plications for the interpretation and clinical significance ofpsy- 
chophysiological data. 

Ironically, one of  the consequences of  Lacey's (1959) perspi- 
cacious review was that social factors tended to be held con- 
stant in psychophysiological studies to avoid the potentially 
powerful effects they might exert on physiological responding. 
Although this strategy is clearly sensible in any given study, 
holding social factors constant across conditions is not equiva- 
lent to eliminating their effects from psychophysiological inqui- 
ries. To illustrate, consider two hypothetical studies on the phys- 
iological effects of  discussing sexual problems with a therapist. 
Assume further that the methods and measures used in these 
studies are identical, that social factors such as the rapport with 
the therapist are held constant within each study, and that the 
demeanor (e.g., apparent permissiveness) of  the therapist is var- 
ied across these studies. If  factors such as the apparent permis- 
siveness of  the therapist moderate physiological activity during 
the discussion of  sexual problems, as an early study by Dines 
(1957) has suggested, then the physiological effects of  discuss- 
ing sexual problems can appear inconsistent or unreliable 
across studies even if each of  these social psychophysiological 
relationships is highly reliable. Thus, holding social factors con- 
stant can facilitate the interpretation of  physiological measures 
in a given study or paradigm, but can undermine psychophysio- 
logical contributions to the assessment, treatment, and under- 
standing of  behavioral disorders by creating the erroneous im- 
pression that psychophysiological data are unreliable when (a) 
social factors are not maintained at comparable levels across 
studies or paradigms, and (b) the interactive effects of  these 
factors across studies or paradigms are not recognized. 

Do psychophysiological laboratories really differ in any sub- 
stantive way? To explore this issue, we surveyed authors from 
psychophysiology laboratories worldwide (Cacioppo, Rourke, 
Marshall-Goodell, Tassinary, & Baron, 1990). Results revealed 
variability in features as fundamental as whether subjects were 
obviously or surreptitiously surveiUed during experiments---a 
factor which itself has been shown to affect autonomic reactiv- 
ity differentially across target organs (Cacioppo et al., 1990; 
Moore & Baron, 1983). We will return to these and related 
issues below. We begin, however, by reviewing the problems 
emphasized by Lacey (1959) as limiting psychophysiological 
contributions to clinical psychology and by summarizing re- 
cent work on these problems. Our coverage of  this research is 
illustrative rather than comprehensive. For additional informa- 
tion, interested readers may wish to consult Coles, Donchin, 
and Porges (1986), Gale and Edwards (1983), Martin and Ven- 
ables (1980), and Cacioppo and Tassinary (1990c). 

Psychophysiological  Indicators:  P rob lems  and  Progress 

Lacey (1959) articulated four problems in the manner in 
which psychophysiological measures were being used to index 
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psychotherapeutic process or outcome: (a) defining dimensions 
of  psychophysiological activity, (b) defining what constitutes a 
response in time-varying physiological functions, (c) low or neg- 
ative intercorrelatious among physiological measures within 
and across situations, and (d) individual differences in physiolog- 
ical functions. Before turning to these problems, however, we 
need to introduce terminology and a perspective that we will be 
using throughout the remainder of  this article. 

Briefly, psychological operations, diagnostic categories, or 
"events" and physiological events can be modeled as distinct 
sets (domains) of  elements (Cacioppo & Tassinary, 1990b). Psy- 
chological events constitute one set (Set ~), and physiological 
events constitute another (Set ~). Elements within the psycho- 
logical and physiological sets will be denoted simply by • and,P, 
respectively. A major component of  the psychophysiological en- 
terprise, including diagnostic differentiation and the physiologi- 
cal evaluation of  psychotherapeutic process and outcome, can 
therefore be restated as xI, = f(~). In the following sections, we 
will examine Lacey's (1959) specification of  • and its implica- 
tions for clinical assessments and for the evaluation of  psycho- 
therapeutic processes and outcomes. 

Dimensions o f  Psychophysiological Activity 

Lacey distinguished between what he suggested were three 
dimensions of  autonomic activity: (a) autonomic tension, the 
current status (i.e., level) of  a physiological function in the units 
of  measurement appropriate to that function; (b) autonomic 
lability, the momentary displacement of  a level of  a physiologi- 
cal function in response to some imposed stimulus, and (c) spon- 
taneous autonomic activity, the momentary displacement of  a 
level of  a physiological function because of  internal rather than 
externally imposed stimuli. The suggestion that these concepts 
reflected separate dimensions of  autonomic activity was based 
on evidence showing that measures of  autonomic tension, labil- 
ity, and spontaneous activity were correlated weakly or nonsig- 
nificantly. 

Lacey's (1959) observations were made during a period when 
interpretations of  psychophysiological data were guided by 
arousal theory, which posits a common underlying excitatory 
mechanism that acts on all effectors to rally bodily resources 
during strong emotional/behavioral states. Because of  the puta- 
tive operation of  this general arousal mechanism, measures of  
psychophysiological activity were expected to covary closely 
within individuals. Lacey's suggestion that there were empiri- 
cally distinct dimensions of  autonomic activity, therefore, was 
significant. 

The dimensions of  autonomic tension, autonomic lability, 
and spontaneous autonomic activity, although a significant ad- 
vance 32 years ago, are neither orthogonal nor exhaustive. How- 
ever, these three dimensions of  autonomic activity can be re- 
conceptualized in terms of  a more general three-dimensional 
psychophysiological response space in which one dimension 
represents the antecedent of  the physiological event (event-re- 
lated/spontaneous), a second dimension represents the features 
of  the environmental setting along which physiological activity 
varies (discrete/contextual), and a third represents the time 
course of  the physiological response (tonic/phasic). The first 
two dimensions represent properties of  the evocative condition, 

whereas the third dimension represents a feature of  the physio- 
logical activity observed in the particular condition. This three- 
dimensional psychophysiological response space is depicted in 
Figure I. The three dimensions of  autonomic activity identified 
by Lacey (1959) represent special case instantiations within this 
more general response space and do not nearly exhaust the 
kinds of  psychophysiological functions that can be observed. 
Note, too, that the stimulus dimension ranging from discrete to 
contextual has previously been ignored, with response varia- 
tion attributable to this dimension appearing in the error term 
of psychophysiological assessments. 

The physiological activity involved in behavioral disorders 
has been categorized usefully along a dimension representing 
(a) the temporal relationship between external events and physi- 
ological responses and (b) the time course of  the target physio- 
logical event or events. Along the former dimension, event-re- 
lated activity is characterized by a stable temporal relationship 
between a stimulus (e.g., environmental event) and physiological 
activity, and spontaneous activity refers to physiological events 
that occur in the absence of  a designated or identified stimulus. 
The orthogonal dimension of  time course ranges from tonic 
activity, which refers to the current status (level) of  a physiologi- 
cal function, to phasic activity, which refers to a relatively mo- 
mentary displacement of  the physiological function. Thus, 
Raine and Venables (1987) found that psychopathic antisocials 
exhibited a larger amplitude P3 component in the event-related 
brain potential to a warning stimulus than did matched con- 
trols, and Carruthers (198 l) reviewed evidence that heart rates 
were elevated before a public speech in speakers generally and 
in speech phobics in particular. Both the P3 component and 
heart rate are event-related because there is a clear and replica- 
ble temporal relationship between the presentation of  the stimu- 
lus and the physiological response. The P3 observed following 
the warning tone varies as a function of  a discrete stimulus and 
is a phasic response, whereas the elevation in heart rate ob- 
served in public speakers varies as a function of  more contex- 
tual features of  the environment and is a relatively tonic reac- 
tion. 

The effects of  social and contextual stimuli in psychophysio- 
logical response have tended to be misclassified as spontaneous 
activity because a discrete antecedent could not be identified. 
The framework outlined in Figure 1 may help remedy this prob- 
lem. Specifically, the third dimension of  psychophysiological 
response space depicted in Figure 1 represents the feature or 
features of  the environment that covary with the observed psy- 
chophysiological activity. When physiological activity varies as 
a function of  a discrete feature, as might occur i fa  spider were 
presented to an arachnophobic, then the psychophysiological 
response would be represented within the front-right portion of  
the psychophysiological response space in Figure 1. When psy- 
chophysiological activity varies as a function of  more manifold 
contextual features, such as an unfamiliar laboratory environ- 
ment or diffuse extralaboratory stressors (e.g., loneliness, exam 
week), then the psychophysiological activity would be identi- 
fied with contextual rather than discrete environmental events, 
and would fall along the left-rear portion of  the psychophysio- 
logical response space. Thus, medical students who show de- 
pressed immune functioning during examination periods (see 
review by Kennedy, Kiecolt-Glaser, & Glaser, 1990) are not dis- 
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Figure I. Dimensions ofpsychophysiological response space. (One dimension represents the antecedent 
of  the physiological event [event-related/spontaneous ], a second dimension represents the nature of  the 
stimulus [discrete/contextual], and a third represents the time course of  the physiological event Ironic/pha- 
sic ]. Each of  the pairs of  terms in this figure represents endpoints on a continuum rather than narrowly and 
absolutely defined categories o factivity. The two dimensions bordering the bottom plane represent proper- 
ties of the evocative condition, whereas the dimension along the vertical axis represents a property of  the 
observed physiological activity. The three "dimensions" of  psychophysiological activity identified by La- 
cey, 1959, are depicted within this psychophysiological response space. Note that this three-dimensional 
response space is not limited to autonomic events, but rather applies to physiological events generally.) 

playing spontaneous activity, but rather are exhibiting physiolog- 
ical activity evoked by a definable social context. The moderat- 
ing effect of  testing environments on orienting responses 
(Saiers, Richardson, & Campbell, 1990)and of  sociodemogra- 
phic factors on psychophysiological activity (Anderson & 
McNeilly, this issue) can also be conceptualized as variations 
along this third dimension. 

As Lacey (1959) foresaw, the identification of  the dimensions 
of physiological activity can contribute to the interpretation of  
pretreatment assessments, the selection or structure of  psycho- 
physiological interventions, and the evaluation ofpsychophysio- 
logical data regarding treatment process and outcome. First, 
because the physiological responses represented by one portion 
of  the psychophysiological response space depicted in Figure 1 
may not be redundant with the physiological responses mani- 
fest in another portion of  this space, classifying physiological 

activity along these dimensions can improve the apparent "reli- 
ability" of  psychophysiological results. Second, dimensional in- 
formation about the observed psychophysiological response 
can help identify the psychological and biological mechanism 
underlying the response and associated behavioral disorders. 
Third, these dimensional features of  physiological activity (e~., 
time course) can be helpful in defining the pattern of  activation. 
We will return to these points below. For the moment, it is clear 
that lumping event-related/spontaneous, or discrete/contex- 
tual, or tonic/phasic physiological activity together can mask 
systematic variance in psychophysiological functions. 

Response Definition in Psychophysiology 

Psychophysiological procedures are used in pretreatment as- 
sessments to index an individual's dispositional reactivity (e.g., 
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cardiovascular reactivity), an individual's reactivity to stressors 
generally (e,g., anxiety reactions), and an individual's reactivity 
to specific categories of stimuli (e.g., sexual or phobic stimuli). 
In addition, diminution of these psychophysiological responses 
are generally viewed as indicating a positive psychotherapeutic 
outcome. McCaffrey and Fairbank (1985), for instance, evalu- 
ated the effectiveness of flooding, relaxation training, and de- 
sensitization in the treatment of posttraumatie stress syndrome 
following transportation accidents by monitoring heart rate 
and skin conductance of subjects before and after treatment 
while they viewed videotapes of accidents. 

A common measure of psychophysiological reactivity and 
treatment efficacy is the simple change score (e.g., poststimu- 
lus--prestimulus; stressor-baseline; posttreatment-pretreat- 
merit). However, Lacey (1959) criticized the use of the simple 
change score because it contains variance attributable to presti- 
mulus as well as poststimulus levels of activity (see Cohen & 
Cohen, 1975). Lacey also noted that simple change scores can 
yield misleading results because of the law of initial values, and 
recommended the use of regression (or residualized change 
score) procedures. 

Research in social and clinical psychophysiology indicates 
that residualized as well as simple change scores can be mislead- 
ing, however. First, change scores contain measurement error 
inherent in prestimulus and in poststimulus scores and there- 
fore tend to have poor test-retest reliability (e.g., Kasprowicz, 
Manuck, Malkoff, & Krantz, 1990). Residualized change scores 
do not eliminate the errors present in prestimulus and poststim- 
ulus measures and therefore can also suffer poor reliability 
(Kasprowicz et al, 1990). 

Second, the law of initial values has been shown to be a 
special case instantiation of a broader law of dynamic range 
(e.g., floor and ceiling effects), which is itself only one of three 
major sources of autonomic constraint on the direction and 
magnitude of autonomic responses (Berntson, Cacioppo, & 
Quigley, in press). Furthermore, the law of initial values de- 
scribes only two of the four manifestations at the level of vis- 
ceral activity of the law of dynamic range (those deriving from 
reciprocal modes ofantonomic control). Indeed, in many cases, 
the broader set of antonomic constraints outlined by Berntson 
et al. do not manifest in variations in tonic levels ofprestimulus 
activity. Simple and residualized change scores are therefore 
ineffective in dealing with a broad class of autonomic con- 
straints. To salvage this variance in autonomic response from 
the error term, one needs measures of  the relative activities of 
the ANS divisions within an organ or functional division. Non- 
invasive measures that provide information about the func- 
tional neural input underlying a physiological response are be- 
ing developed (e.g., see Porges & Bohrer, 1990; Quigley & Bernt- 
son, 1990), and should help overcome the problems for 
psychophysiological response definition posed by the laws of 
autonomic constraints. 

Although noninvasive measures of functional neural input 
(i.e., ANS modes of control) may be optimal, there are a number 
of available procedures that are preferable to change scores. 
One is to compare basal (or prestimulus) values across condi- 
tions. If  statistically equivalent, then comparisons among post- 
stimulus measures are conducted to assess treatment effects. 
Although simple, this procedure does not capitalize on the ad- 
vantages of repeated-measures experimental designs, nor does 

it consider the contribution of prestimulus values on poststimu- 
lus values. A better alternative, which accomplishes both, is to 
treat the prestimulus and poststimulus measures of physiologi- 
cal activity as two levels of a repeated-measures factor. Signifi- 
cant treatment effects on physiological activity are indicated by 
a significant interaction test. Multivariate solutions are also 
available when the number of repeated measures exceeds two 
(Vasey & Thayer, 1987). A third alternative is to express physio- 
logical activity in standard measure (e.g, z scores) within sub- 
jects when differential reactivity across treatments is of  interest 
(e.g., Furedy & Ben-Shakhar, in press). These and additional 
procedures are described by Russell (1990), Cohen and Cohen 
(1975), and Jaccard and Dittus (1990). 

Psychophysiological Arousal Versus Physiological 
Fractionation and Patterns 

The third problem on which Lacey (1959) focused was that 
no tingle measure of physiological "arousal" could be used to 
index the state of other physiological measures. In retrospect, 
the observed fractionation among physiological measures was 
not the problem, but rather it was the discrepancy between the 
dominant conceptualization of psychophysiological activity as 
varying along a unidimensional arousal continuum and the low 
intercorrelations observed among physiological measures. How- 
ever, because arousal theory continues to guide the interpreta- 
tion of psychophysiological data in social and clinical psycho- 
physiology (e.g., see Turpin, 1989; Wagner, 1988), Lacey's obser- 
vations and the research he stimulated may be of some general 
interest. 

The groundwork for psychophysiological arousal theory can 
be traced to the physiological studies of Gaskell (1916) and 
Langley (1921) establishing anatomical and functional differ- 
ences between the sympathetic and parasympathetic branches 
of the autonomic nervous system. Cannon (1929) subsequently 
advanced the hypothesis that there was a diffuse, nonspecific 
sympathetic outflow through the interconnections in the sym- 
pathetic ganglia during emergency states and that this sympa- 
thetic discharge was integrated with expressive-behavioral 
states--the so called "fight-or-flight" reaction. Cannon's view 
was consistent with the energy-releasing role ascribed to the 
sympathetic nervous system in autonomic regulation and with 
subsequent research on brain stem and limbic structures that 
suggested an integration of autonomic, electrocortical, and so- 
matic-behavioral states. This cast a foundation for a broad class 
of theories in which autonomic (Cannon, 1929), somatic 
(Malmo, 1959), and electrocortical (Lindsley, 1957) response 
channels are activated, and proprioception is intensified 
(Mandler, 1975; Schachter & Singer, 1962), as bodily resources 
are mobilized in intense emotional or motivational states. 

Lacey (1959; see also, Lacey, 1967) questioned the basic as- 
sumption underlying arousal theories by suggesting that dec- 
trocortical, autonomic, skeletomuscular, and behavioral mea- 
sures do not covary highly. He further indicated that the physio- 
logical responses obtained from effectors within a single system 
(e.g., autonomic) do not tend to covary, any more than one 
would expect somatic activities of diverse muscle groups to 
share a high degree of covariance. He reviewed evidence that 
when subjects performed a task that required them to attend to 
environmental stimuli, such as monitoring flashing lights, the 
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subjects' heart rate decreased while clectrodermal activity in- 
creased. This directional fractionation of  physiological re- 
sponding across and within physiological systems represented a 
difficult problem for arousal theories: Were the subjects more 
aroused (as their clectrodermal activity might indicate) or were 
they less aroused (as their heart rate might suggest) during the 
task than before it? 

As noted above, models of  physiological organization and 
control now recognize the specificity, modularity, and complex 
response patterning (e.g., stimulus response specificity) that can 
be evoked in behavioral contexts (e.g., Berntson et al, in press; 
Gazzaniga, 1989; Neiss, 1988). The orienting response exempli- 
fies the differential patterns of  response of  the two autonomic 
divisions across organ systems in that it is frequently associated 
with cardiac deceleration (parasympathetic activation), pupil- 
lary dilation (parasympathetic withdrawal), and electrodermal 
responses (sympathetic activation; Berntson, Boysen, & Ca- 
cioppo, 1991). 

The pattern of  activation-inhibition across multiple physio- 
logical measures can provide more detailed information about 
the nature of  an associated psychological process or state based 
on logic as well as on biology. This is illustrated in Figures 2 and 
3 in the mappings of  the relationships among the relaxation, 
orienting, defense, and startle response as elements within ~,, 
and changes in skin conductance and heart rate as elements 
within @ (Cacioppo & Tassina~, 1990b). Even though we have 
simplified the elements to include only four behavioral pro- 
cesses within Set 9 and to include only two physiological re- 
sponses within Set @, heart rate or skin conductance by itself 
provides ambiguous information about the associated psycho- 
logical event. Thus, consistent with Lacey's (1959) concerns, 
"arousal" is not a particularly useful overarching construct. 
However, Set • can be redefined such that any subset of  physio- 
logical elements reliably associated with at least one psychologi- 
cal clement is replaced by a single, unique element in Set Y---an 
element that represents the pattern or syndrome of  activation 
(see Figure 3, middle panel). This reconceptualization of  what 
constitutes an element in the physiological domain results in a 
one-to-one relation between the relaxation response and physio- 
logical events, and between the orienting response and physio- 
logical events. It also yields a many-to-one relation between the 
concepts of  startle and defense reactions and physiological 
events, a mapping that does not allow xI, to be specified as a 
function of  • Of course, there are no limits on how one can 
reconceptualize elements in the psychological domain (e.g., in- 
dividual differences, developmental stages, psychopathology) 
or elements in the physiological domain. Set • can be rede- 
fined, for instance, to consider yet another feature--the form of  
the physiological events as they unfold across time. The result 
is Set ~ .  As depicted in the bottom right panel of  Figure 3, both 
defense and startle are associated with increased heart rate and 
skin conductance response, but the heart rate acceleration 
peaks and returns to near normal levels within approximately 2 
s in the case of  a startle and does not begin to rise for several 
seconds and peaks much later following the stimulus in the case 
of  a defense response (Berntson, Boysen, & Cacioppo, 1991). 
Thus, contrary to the single-measure approach spawned by 
arousal theories, multiple measures (or multiple features of  phys- 
iological functions) and low intercorrelations among measures 

make it plausible to relate physiological functions to associated 
psychological processes, states, or disorders. 

Several assumptions were made to simplify this illustration. 
Most important, we assumed robust effects (e.g, that the physio- 
logical events (~1--~) constituting a response syndrome ~ )  co- 
vary reliably with the corresponding element in Set ~). The 
importance of  establishing a robust effect, even if only in a 
well-defined assessment context, cannot be overemphasized. A 
drawback to the use of  multiple physiological measures, there- 
fore, is that the experimentwise Type-I error rate can be in- 
creased. Multivariate analyses (e.g., MANOVAs, discriminant 
analyses, canonical correlations, etc.) do not provide protection 
against inflated Type-I error rates if these analyses are then 
followed by univariate tests. Moreover, the weightings of  the 
variables in multivariate solutions describe a physiological syn- 
drome, but these empirically derived weightings can be unsta- 
ble across samples. On the other hand, conservative corrections 
such as the Bonferroni can yield Type-II errors or discourage 
the study of  patterns of  activation in psychophysiology. If  the 
physiological syndrome can be defined a priori, then the multi- 
ple physiological measures can be reduced to a single measure 
through user-defined weights (of. Harris, 1975). Alternatively, 
cross-validations (e.g., exact replication) can be used as a matter 
of  course when multiple measures are taken. Only tests that are 
significant in both replications (or profiles of  weightings that 
are stable across replications) are deemed reliable. This proce- 
dure provides a degree of  assurance that statistical tests signifi- 
cant at the .05 alpha level are in fact replicable and it diminishes 
the disincentive for measuring more than one physiological re- 
sponse. 

We also assumed that all of  the relevant elements in Sets xI, 
and cI, could be specified, and the mappings between the ele- 
ments in Set • and Set • were generalizable. This we know to be 
an oversimplification, but neither of  these assumptions is neces- 
sary (e.g., see Cacioppo & Tassinary, 1990b, Figure 4 and Equa- 
tion 2). Consider the property of  generality. Peripheral physio- 
logical events are influenced by a host of  local physiological 
and social events, only a small subset of  which might be psycho- 
logically or clinically significant. The psychological signifi- 
cance of  physiological events may therefore be clarified when 
irrelevant determinants of  the physiological events are con- 
trolled. Of course, this is true for a variety of  laboratory tests in 
medicine (e.g., blood glucose tolerance tests), in which physio- 
logical measures can be interpretable only if taken in accor- 
dance with specific protocols. Although physiological re- 
sponses as a function o f  attention, cognitive categorization, lan- 
guage processing, emotion, and various homeostatic challenges 
have been studied extensively (e.g., see Coles et al. 1986; Gale & 
Edwards, 1983; Wagner & Manstead, 1989), additional research 
is needed on molar psychotherapeutic processes and outcomes 
and on the physiological effects of  the various social and contex- 
tual factors in psychotherapy so that specific and sensitive pro- 
tocols can be developed. 

Individual Differences 

Several mechanisms have been proposed by which stressors 
may lead to illness or behavioral disorders (e.g., Sternbaeh, 
1966; Zegans, 1982). The diathesis-stress hypothesis is that the 
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Figure 2. Depiction of relations between the psychological constructs of relaxation, orienting, startle, 
and defense and the physiological measures of heart rate (HR) and skin conductance response (SCR). 
(Note. Top panel: links between the psychological elements and a change in physiological activity. Middle 
panel: links between the psychological elements and absolute change in heart rate and skin conductance. 
Bottom panel: links between the psychological elements and individual physiological responses.) 

physiological response to stressors might directly damage an 
organ or organ system, or initiate a behavioral disorder. This is 
especially likely when an organ system in an individual is inher- 
ently vulnerable (i.e., genetic predisposition) or when an organ 
system has been weakened previously because of, for instance, 
the individual's diet or lifestyle. A variation on this hypothesis is 
that repeated exposures to stressors might cause permanent 
damage, particularly in individuals whose genetic constitution, 
diet, and lifestyle render them at risk. A third hypothesis is that 
a physiological response becomes classically conditioned to 
some stimulus associated with the stressor, and that this physio- 
logical response (e.g, muscle tension, sexual arousal, adrenergic 
activation) gets evoked in inappropriate contexts. Although not 
exhaustive (see Zegans, 1982), these hypotheses suggest that 
normal and clinical samples are likely to be heterogeneous in 
their constitution, learning histories, and physiological re- 

sponses, and that different social environments may or may not 
aggravate predispositions in individuals. 

Lacey (1959) recognized these features and noted that the 
intercorrelations among autonomic measures were low within 
subjects as well as between subjects. An important implication 
of  the variability within and across individuals, Lacey argued, 
was that single autonomic measures could not be used unequiv- 
ocally to categorize the "arousal value" of  different stimuli for a 
given individual, or the "arousability" of  different individuals. 
This problem was partially addressed above. We focused in the 
preceding section on redefining elements in the physiological 
domain to disambiguate relations between elements in Set 
and elements in Set ¢I, when addressing the problem of  nonuni- 
tary physiological activity. Elements in the psychological do- 
main can also be redefined to represent individual differences, 
developmental stages, psychopathologies, and so forth. Dis- 
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Figure 3. Depiction of relations between the psychological constructs of relaxation, orienting, startle, 
and defense and the physiological measures of heart rate (HR) and skin conductance response (SCR). 
(Note. Top panel: links between the psychological elements and individual physiological responses. Middle 
panel: links between the psychological elements and the physiological response pattern. Bottom panel: 
links between the psychological elements and the profile of physiological responses across time.) 

tinctions have been drawn in the clinical literature, for instance, 
between the physiological effects of  sexually explicit materials 
on pedophiliacs and normals (Abel, Blanchard, Murphy, 
Becker, & Djenderedjiam, 1981) and of  negative life events on 
repressors and nonrepressors (e.g., Weinberger, Schwartz, & Da- 
vidson, 1979). Redefining the elements in Set • to reflect mo- 
derating individual difference variables therefore can yield 
clearer relations between psychotherapeutic events and physio- 
logical response (of. Malmo, 1975). 

Early observations by Lacey (1959; Lacey, Bateman, & Van- 
Lehn, 1953; Lacey & Lacey, 1958) revealed two additional 
points: (a) striking consistency could be found within individ- 
uals in terms of  their pattern of  physiological responding across 
tests, and (b) clear differences could be found within individ- 
uals in terms of  which physiological systems show relatively 
high reactivity and which show relatively little reactivity across 

tests. The notion that there were reliable individual differences 
in physiological functioning led to a spate of  research on the 
nature and health implications of  these differences (e.g., Engel, 
1960; Garwood, Engel, & Capriotti, 1982; Kasprowiez et al., 
1990; Sherwood, Dolan, & Light, 1990). 

Individual response specificity has come to serve as a generic 
term to refer to the variance in physiological activity that is 
attributable to the person or to person-situation interactions 
(e.g., reactivity measures; distinctive physiological responses at- 
tributable to idiosyncratic appraisals or coping strategies). In an 
interesting study illustrating person-situation interactions in 
physiological response, Hare (1973) has reported that subjects 
low in fear of  spiders showed heart rate deceleration and vaso- 
dilation of  cephalic vessels when shown pictures of  spiders (in- 
terpreted as an orienting response), whereas subjects high in 
fear of  spiders showed heart rate acceleration and vasoconstric- 
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tion of  cephalic vessels (interpreted as a defense response). 
Klorman, Weissberg, and Weisenfeld (1977) found similar re- 
suits when a group of  subjects was divided according to individ- 
ual levels of  fear about mutilation and was shown slides depict- 
ing mutilation. These studies suggest that a subject's level of  
fear about a category of  stimuli can determine whether his or 
her response to a stimulus is one of  orienting or defense (Stern 
& Sison, 1990). Note, too, that a common psychophysiological 
response across individuals (heart rate) to something as simple 
as emotionally evocative slides would have appeared unreliable 
and would have obscured important psychological differences 
were individual differences ignored or simply relegated to the 
error term. Given the complexity of  behavior and its determi- 
nants, meaningful measures within and across individuals are 
likely also to be complex. More longitudinal studies are needed 
to differentiate clinical from statistical significance and to de- 
scribe how individual differences (e.g., diagnostic categories) 
interact with social and environmental factors to produce psy- 
chophysiological responses. 

The concept of  individual response specificity has been fur- 
ther differentiated over the past 32 years. Individual response 
hierarchy refers to individual differences in the response (or 
responses) showing maximal, second most maximal, and so 
forth, to least maximal activation across stressors. Malmo and 
Shagass (1949), for instance, found that psychiatric patients 
who chronically complained of  headaches showed relatively 
high reactivity to stressors in muscle tension in the forehead 
region, whereas psychiatric patients who chronically issued 
heart complaints (e.g., heart palpitations) showed relatively high 
reactivity in heart rate and heart rate variability. Related to this 
concept is the notion of  individual response consistency, which 
refers to the reliability of  these physiological response profiles 
across time. Lacey et al. (1953) has demonstrated that individ- 
uals could be differentiated on the basis of  their response pat- 
terns across stressors, and Lacey and Lacey (1958) have found 
vast individual differences in response consistency in their lon- 
gitudinal study of  children's response to stressors. Lacey (1959) 
has further distinguished between intrastressor stereotypy, 
which denoted the tendency for individuals to show the same 
pattern o f  response to the same stressor, and interstressor ster- 
eotypy, which denoted the tendency for individuals to show the 
same pattern of  response to different stressors. Myrtek 0984) 
has provided an extensive review of  recent data. 

Finally, individual response uniqueness refers to differences 
across groups o f  individuals (e.g., hypertensives, normotensives) 
in response hierarchies. Moos and Engel (1962) have found that 
hypertensive subjects showed more blood pressure changes to 
stressors than did normotensive arthritic patients, whereas the 
arthritic patients showed more muscle tension over their ar- 
thritic joints than did hypertensive subjects. Furthermore, Kas- 
prowicz et al. (1990) have demonstrated that hypertensives' ele- 
vated pressor response to stressors can belie different physiolog- 
ical dispositions; some subjects showed pronounced increases 
in myocardial contractility and elevated blood pressure, 
whereas others exhibited large increases in vascular resistance 
and elevated blood pressure. 

The ontogeny of  individual differences in physiological func- 
tioning is less clear, though genetic contributions appear to be 
involved. Hypertensives and offspring of  hypertensives, for in- 

stance, are more likely to exhibit high cardiovascular reactivity 
than are normotensives and offspring of  normotensives (e.g., 
Fredrikson et al., 1985). This illustrates that individual-re- 
sponse uniqueness can be apparent in the absence of  patent 
pathology. It also reveals a need for twin studies to provide 
information about the extent and nature of  genetic involvement 
in maladaptive physiological responses and behavioral dis- 
orders. 

In sum, psychophysiological measurements might appear 
unreliable in part because their manifestation can differ so dra- 
matically among individuals. This problem has led to work on 
methods to partition the variance, and to proposals that reliable 
individual differences in physiological response can be used 
systematically to develop more sensitive physiological assess- 
ments of  psychotherapeutic progress. For instance, autonomic 
measures are commonly used to monitor progress in the treat- 
ment o f fear/anxiety response. However reasonable the theoreti- 
cal rationale for measuring autonomic responses to gauge re- 
ductions in fear and anxiety might be, dramatic variations 
among individuals can plague autonomic evaluations of  clinical 
progress. Levis and Smith (1987) have proposed a strategy by 
which to capitalize on this individual response stereotypy. Be- 
fore the start of  the experiment, they administered a stress (bal- 
loon burs0 test to determine each subject's most reactive auto- 
nomic channel. Subjects were then classified by a median-split, 
rank-ordered procedure as high-heart-rate responders, high- 
skin-conductance responders, high responders in both chan- 
nels, or low responders in both channels. Next, subjects were 
exposed to presentations o f a  fear-eliciting, bodily-injury slide. 
Consistent with the research reviewed above, the response hier- 
archies identified in the stress test generalized to the fear-elicit- 
ing stimuli. Levis and Smith went on to suggest that although 
no single autonomic measure may be best to gauge fear/anxiety 
and their reductions across individuals, the autonomic re- 
sponse on which an individual shows the greatest reactivity to a 
stressor may serve as a relatively sensitive means of  evaluating 
stressful topics and clinical progress. This does not mean that 
the autonomic response is a specific index of  fear and anxiety, 
but only that it is a variable that for specified individuals in a 
limited setting can be used to help monitor clinical progress. 
Decreases in fear and anxiety can be expected to lead to de- 
creases in autonomic response. It remains the case, though, that 
variations in autonomic response may result from the opera- 
tion of  other factors as well. 

The problems raised by Lacey (1959) helped shape research 
for several decades (Coles, Jennings, & Stern, 1984). Despite 
Lacey's recognition that social factors could exert powerful ad- 
ditive and interactive effects on psychophysiological functions, 
research on social and molar psychological processes and states 
was partially diverted to address the fundamental problems 
outlined by Lacey. This research has shed light on autonomic 
organization and assessment, but there remains an abyss sepa- 
rating physiological functions and clinical processes and out- 
comes. In the following section, we will discuss some principles 
and formulations in the area of  social psychophysiology, and we 
will consider their implications for bridging this abyss. 

Social Psychophysiology 

Social psychophysiology concerns the study of  the cognitive, 
emotional, and behavioral effects of  human association as re- 
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lated to and revealed through physiological measures. This per- 
spective encompasses the reciprocal relationship between physi- 
ological and social systems, as well as the specification of  men- 
tal, social, and behavioral processes as a function of  
physiological events. Social psychophysiology, therefore, is a 
broad conceptual perspective encompassing work on the im- 
pact of  society on the individual (e.g., socialization), the impact 
of  individuals on one another (e.g., social support), and the im- 
pact of  artifacts, cultures, and histories produced by others (e.g., 
ethnic differences in symptomatologies). It encompasses the 
interactive (moderating) effects of  human association or the so- 
cial environment on a person's physiological response to stim- 
uli, the mental or behavioral responses to physiological events, 
and the reciprocal relationship between events in the social and 
in the physiological domains. Theory and research in social 
psychophysiology, therefore, may be of  some interest. 

The possibility that important aspects of  human nature and 
human problems might be discovered by focusing on the inter- 
action between an information-processing organism and social 
and environmental stimuli was recognized more than 2,000 
years ago (Mesulam & Perry, 1972). Only recently, however, 
have developments stimulated in part by Lacey's (1959) seminal 
paper enabled investigators to use physiological principles and 
measures to address fundamental questions about the organiza- 
tion and governance of  normal and disordered thought and 
behavior in humans. Recent reviews of  social psychophysiologi- 
cal research are available elsewhere (Cacioppo & Petty, 1983, 
1986; Wagner, 1988; Wagner & Manstead, 1989; Waid, 1984). 
Our aim in this section is to survey briefly several general princi- 
ples that suggest that the study of  social factors and processes is 
a necessity, not a luxury, if psychophysiology is to produce gen- 
eral answers to complex mental health disorders or to provide 
information about the psychotherapeutic processes and out- 
comes. 

Social Psychophysiological Principles 

The term levels has been used to refer to the level of  struc- 
tural organization or representation, the level of  explanation, 
the level of  processing, and the level of  analysis (see Cacioppo & 
Tassinary, 1990a). We use levels here to refer to levels of  organi- 
zation, or to different scales in which the body or behavior can 
be represented. A psychological phenomenon can be repre- 
sented, for instance, at the chemical, cellular, tissue, organ, sys- 
tem, human organism, social, or cultural level of  organization. 

The principle of multiple determinism states that elements in 
the physiological domain and elements in the psychological 
domain can be influenced by a multiplicity of  factors within 
and across levels of  organization. Erectile dysfunctions, for in- 
stance, can stem from psychogenic and organic problems, and 
psychophysiological assessments of  penile erections during 
sleep have been used to differentiate these substrates (e.g., see 
Haynes & Wilson, 1979). Considerable evidence has amassed 
over the past several decades demonstrating that a target event 
at one level of  organization (e.g., autonomic response, expressive- 
ness) may vary as a function of  changes within or across levels of  
organization (New Frontiers in the Behavioral Sciences and 
Health, 1989). An important implication is that the concor- 
dances observed across multimodal assessments can vary be- 

cause the set of  determinants for each response channel is only 
partially overlapping. Overt and autonomic expressions of  
emotion are a case in point. We recently replicated previous 
research showing that college students viewing slides alone ex- 
hibit stronger skin conductance and expressive reactions to neg- 
ative stimuli than to neutral stimuli, and they rate the negative 
stimuli as being more arousing and emotionally intense than 
the neutral stimuli. When these subjects spoke with an experi- 
menter about emotionally disturbing and neutral topics during 
a follow-up assessment, they again showed higher skin conduc- 
tance activity and rated the negative discussions as being more 
arousing and emotionally intense than the discussions about 
the neutral topics; analyses of  the videotapes of  their facial 
expressions, however, revealed these subjects were less expres- 
sive when speaking to the experimenter about emotionally trou- 
blesome topics than about neutral topics (Uchino & Cacioppo, 
1990). 

A corollary of  the principle of  multiple determinism is the 
corollary of proximity, which states that the mapping between 
elements across levels of  organization becomes more complex 
(e.g., many-to-many) as the number of  intervening levels of  orga- 
nization increases. This is because an event at one level of  orga- 
nization (e.g., depressive behavior) can have a multiplicity of  
determinants at an adjacent level of  organization (e.g, psycho- 
logical), which in turn may have a multiplicity of  implementa- 
tions at the next level of  organization (e.g., physiological), and so 
forth. The implication is not to avoid venturing across the abyss 
separating physiological and behavioral levels of  organization, 
but to proceed incrementally. Understanding a behavioral 
problem at multiple levels of  organization can be important in 
optimizing the selection and application of  clinical interven- 
tions. Linking physiological functions to clinical progress and 
outcomes by using intervening psychological and social pro- 
cesses may improve predictions of  these outcomes and, more 
important, may differentiate similar outcomes that were 
achieved by different means (cf. Cacioppo & Petty, 1986). This 
could ultimately prove useful in answering questions about 
what interventions and therapist behaviors are best for what 
problems in which individuals. 

Another important implication of  the principle of  multiple 
determinism is that an exclusive focus on a reductionistic (e.g, 
neurophysiological, molecular, genetic) level of  analysis may 
mask contributions of  other levels of  organization to mental 
disorders. For instance, let ~I, represent an element in the psy- 
chological domain (e.g., a cognitive or affective disorder) and ~ 
represent an element in the neurophysiological domain (e.g, the 
dopaminergic system). Evidence that manipulations of  ~ are 
followed by ~t, have led to claims ranging from the assertion that 
,I~ n is a "marker" of  the psychological disorder to the conclusion 
that cI,~ represents the mechanism responsible for the disorder. 
However, neither conclusion logically follows from these data. 
The fact that controlled variations in ~ lead to corresponding 
changes in g' does not imply that the emergence or mainte- 
nance ofxI, is invariably (or even usually) initiated by'I~t; ~ may 
represent but one of  many physiological mechanisms capable 
of  producing ~ or one of  a complex of  biochemical variables in 
which subsets (coalitions) are capable of  generating • Another 
possibility is that ~ is not an antecedent to g' but rather, like 
is a consequence of  some other underlying process. For in- 
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stance, dopamine antagonists (neuroleptics) alleviate some of  
the symptoms of  schizophrenia but they do not eliminate 
schizophrenia, as might be expected if this disorder were 
caused exclusively by an excess in dopamine. The point is that 
identifying a physiological or biochemical feature of  a psycho- 
logical process or outcome can be important but does not itself 
establish ultimate causality. 

A second principle, the principle ofnonadditive determinism, 
also implies that the understanding of  complex mental pro- 
cesses and behavior can be advanced by multilevel integrative 
analyses. According to this principle, certain properties of  a 
behavioral phenomenon or of  the order underlying it may 
emerge only when examined across levels of  organization. Anal- 
yses have traditionally focused on a given level of  organization 
(e.g., behavioral, molecular) with generally good success. The- 
ories of  emotion within social psychology, for instance, have 
been derived largely from verbal analyses, and the resulting 
knowledge regarding people's conceptual organization of  emo- 
tion has contributed to our understanding of  the cognitive ante- 
cedents and consequences of  emotion (e.g, priming, mood con- 
gruence effects). Analyses limited to phenomena within a given 
level of  organization can also mask the underlying order in 
data, however. In an illustrative study, Haber and Barchas 
(1983) found that the administration of  amphetamine had no 
reliable effect on primate behavior until the primate's position 
in the social hierarchy was considered: Amphetamine adminis- 
tration increased dominant behaviors in primates high in the 
social hierarchy but increased submissive behaviors in primates 
low in the social hierarchy. Although this result can be ex- 
plained in terms of  Hull-Spence drive theory, it is interesting 
because it demonstrates how the effects of  the physiological 
changes on behavior can appear unreliable (or chaotic) until 
analysis is extended across multiple levels of  organization. A 
physiological analysis, regardless of  the sophistication of  the 
measurement technology, may not have unraveled the orderly 
relationship that existed between the physiological manipula- 
tion and behavior. There are, of  course, physiological mecha- 
nisms underlying these phenomena, but the identification of  
these mechanisms may often be better served by systematic 
investigations within and across multiple levels of  organization 
rather than by a reductionistic focus alone. Disorders of  human 
thought and emotion may be at least as stealthy a set of  behav- 
ioral phenomena. 

Finally, the principle of reciprocal determinism specifies that 
there can be a reciprocal influence between biological and envi- 
ronmental-social factors in determining brain and behavioral 
processes. Research in behavior genetics has revealed that there 
are a wide variety of  genetic influences that are repressed un- 
less or until certain environmental factors are introduced (i.e., 
brain and behavioral processes are a function of  particular ge- 
netic factors, which in turn are governed by environmental 
agents; Plomin, 1989). Within social psychology, Zillmann 
(1984) has demonstrated that violent and erotic material influ- 
ences the level of  physiological arousal in men, and that the 
level of  physiological arousal has a reciprocal influence on the 
perceptions of  and tendencies toward sex and aggression. Of 
course, the reciprocal influences between biological and social 
factors cannot be mapped if either level of  organization is re- 
garded as irrelevant. 

Implications for Psychophysiological Evaluations o f  
Psychotherapeutic Processes and Outcomes 

Lacey (1959) alluded to but did not pursue the complexities 
posed by multiple determinism when he observed: 

Nobody seems ever to wonder whether something other than 
"arousal" or "affect" may be involved, or whether the interpreta- 
tion of the significance of somatic response involves more than a 
simple one-to-one formula for the relationship (p. 174). 

Multiple determinism of physiological responses, however, has 
perhaps constituted as important and troublesome an obstacle 
to psychophysiological evaluations as any problem identified in 
Lacey's review (e.g., see Coles, Gratton, & Gehring, 1987; Don- 
chin, 1982). Psychophysiology has traditionally been defined as 
the study of  the physiological effects of  psychological or behav- 
ioral variables (e.g., Sternbach, 1966). The relations observed 
between elements in Sets xI, and • have been characterized as 
"correlates" and measures of  physiological response have been 
called on to index the psychological process or state with which 
it was known to be associated (Lacey, 1959). However, tradi- 
tional psychophysiological studies are better expressed as the 
conditional probability P(~/~) than as the joint probability P(~, 
~I,) when the element or elements in the psychological domain 
serve as the independent (or blocking) variable, and element or 
elements in the physiological domain serve as the dependent 
variable. For instance, let q represent a defense response, and 
let ~ represent a skin conductance response. The evocation of  a 
defense response has been linked reliably with a skin conduc- 
tance response (e.g., see Turpin, 1986)--that is, the p(cI,/xI,) is 
large and positive. Given the multitude of  factors that lead to 
skin conductance responses, the P(~, ~I') can nevertheless be 
near zero. Establishing that p(cI,/xI~) is large and positive says 
very little in and of  itself about the magnitude of  the psychophys- 
iological or brain-behavior correlation. 

Furthermore, P(xI,/~)--not P(~/9) or P(~, ~)---represents the 
question at hand when physiological events are asked to index a 
psychological element or event (e.g., psychopathologics, psycho- 
therapeutic processes or outcomes). Although the terms P(~I,/~), 
P(~/~), and P(~I,, q)  are related, they are not interchangeable 
(Cacioppo & Tassinary, 1990b). Psychophysiological (and 
brain-behavior) "correlates" in the literature are not always 
what they pretend to be. 

The most common method for dealing with the problem of  
multiple determinism in psychophysiology has been to appeal 
to an extant theory of  psychophysiological relations, typically 
developed on the basis of  studies showing that some psychologi- 
cal or behavioral construct (e.g., anxiety) has a particular physio- 
logical effect, at least for a specifiable subset of  individuals. The 
physiological responses observed during psychotherapy are 
then interpreted in light of  this theoretical context (Laces 
1959). This is a form of  weak inference, and one that can yield 
errors and inconsistencies. This is simple to show. Let the state- 
ment,/f~I, then ~, represent a theoretical hypothesis or an empir- 
ical outcome. 

If ~l then • logically implies if not-~ then not~l (!) 
If¢1 then • does not logically imply tf4, then ~1 (2) 
If ~l then ~b does not logically imply if not-~ then not-~ (3) 

Extant theory, based o n / f g '  then ~, yields predictions that 
can be disconfirmed--that is, if not-~ then not~ The reader 
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may recognize that the statement, ifnot-~ then not~ in Equa- 
tion 1 represents a scientific inference based on hypothetico- 
deductive logic. The logical basis for this reasoning is why hy- 
pothetico-deductive research provides grounds for strong infer- 
ence. One implication for psychophysiological assessments of 
psychotherapeutic processes and outcomes (or for scientific in- 
quiry generally) is that strong inferences can be drawn if these 
assessments are based on hypothetico-deductive logic. The lim- 
itation to the hypothetico-deductive approach when given/f~I, 
then • is that physiological events provide evidence about the 
absence, not about the presence, of an element in the psycholog- 
ical domain. 

Equation 2, which denotes the logical fallacy of affirmation 
of the consequent, reveals why the presence of a predicted physi- 
ological event does not constitute logical grounds for inferring 
that the theoretical construct was also present. Nevertheless, 
Equation 2 represents the form of inference used when the pres- 
ence of a physiological response is interpreted in light of some 
psychophysiological theory to "index" a particular psychothera- 
peutic process or outcome. As indicated by Equation 2, this 
reasoning constitutes weak inference, which Platt (1964) has 
argued undermines the incremental nature of  scientific inquiry. 
Given this form of reasoning, it should not be surprising that 
physiological events have appeared fickle. 

Equation 3 denotes the logical fallacy of denying the anteced- 
ent, which can lead to hazards such as an overestimation of 
psychophysiological (e.g., brain-behavior) covariations and ele- 
vated false-alarm rates. Consider, for instance, a hypothetical 
element in the psychological domain (e.g, guilty knowledge, 
early childhood trauma) that reliably evokes a physiological re- 
sponse when broached (e.g., skin conductance response). Equa- 
tion 3 represents the form of reasoning used when statements 
about the "correlation" between these elements is based on anal- 
yses of the physiological event as a function of the variations in 
the psychological element. As noted above, the former term can 
be specified as P(~ ~), whereas the latter can be specified as 
p(cI,/~). The important point here is that the former can be 
much smaller than the latter when • is multiply determined. 

It is important to note that there is a commonality in the 
logical fallacies in Equations 2 and 3 that holds a key to circum- 
venting this limitation. These fallacies are based on the denial 
that different events can produce similar outcomes. Thus, a 
procedure that ensures that there are not different events pro- 
ducing the same outcome (i.e., that yields a one-to-one mapping 
between the element of interest in the psychological domain 
and the element or elements in the physiological domain) pro- 
vides a basis for strong inference and yields a physiological 
index of the psychological element. Although this may seldom 
be completely achievable in practice, the strength of inference is 
clearly improved by working to achieve (rather than simply as- 
suming) a one-to-one mapping between ~ and 0. 

As noted above, one key to improving the specificity of psy- 
chophysiological mappings is to reconceptualize what consti- 
tutes elements in the psychological domain and what consti- 
tutes elements in the physiological domain. A second and re- 
lated key is to recognize that the relation between the 
physiological data and theoretical construct may have a limited 
range of validity (i.e, the relation may hold only for certain 
persons or situations). These limits to generalization can consti- 

tute an interesting theoretical challenge that, once solved, leads 
to a reconceptualization of elements in one or both domains. 
Recall that Hare (1973) has found that arachnophobics exhibit 
heart rate increases when shown slides of spiders, whereas non- 
phobics exhibit heart rate decelerations. If arachnophobia were 
a diagnostic category of interest, then the elements in the psy- 
chological domain (i.e.,)) might be reconceptualized to repre- 
sent the differential psychological reactions to stimuli expected 
of "normals" and of arachnophobics. Thus, a deceleratory 
heart rate response to a spider would contraindicate the classifi- 
cation of an individual as arachnophobic, whereas an accelera- 
tory heart rate response would be consistent with such a classifi- 
cation. 

Limits to the ranges of validity of psychophysiological rela- 
tions may also be due to events other than the psychological 
element or elements of interest causing changes in physiological 
activity (ig., P[Not~ tI,] > 0; Cacioppo & Tassinary, 1990b). 
Therefore, in addition to considering how one defines elements 
in Sets ~ and O, one can usefully think of psyehophysiological 
relations in terms of their specificity (e.g., one-to-one vs. many- 
to-one) and generality (e.g., situation specific vs. cross-situa- 
tional or pancultural). Knowledge that/fqF then q constitutes a 
psychophysiological outcome. Once this outcome has been es- 
tablished as being robust, the questions of specificity (ig., 
P[Not~ O]) and generality can be addressed. For instance, an 
acceleratory heart rate response would not be compelling evi- 
dence ofarachnophobia unless research also demonstrated that 
the heart rate response was highly specific and diagnostic in the 
particular assessment context used. Because greater specificity 
may be achieved by redefining what constitutes an element in 
the psychological and physiological domains, research de- 
signed to maximize the degree of specificity in a limited para- 
digm should often precede questions about the generality of the 
psychophysiological mapping. 

Potential contributions to psychotherapeutic evaluation: An il- 
lustration. In this section, we will examine a study in which 
physiological events (facial efference) were used to mark 
changes in affect or arousal that are subtle and otherwise not 
easily detectable in the course of a therapeutic interview. This 
focus is meant only to be illustrative. Pretreatment psychophysi- 
ological assessments have also been used to aid in the selection 
of an appropriate intervention and in the prediction of treat- 
ment outcomes. Reviews of this research are provided by 
Haynes et al. (1989) and Zahn (1986). Although some notable 
successes have been achieved, Haynes et al. (1989) have 
correctly noted that 

The identification of psychophysiological indices or"markers" of 
expected intervention effects necessitates complex and carefully 
conducted longitudinal research programmes which take into con- 
sideration individual differences in causality of behaviour dis- 
orders and the multiple treatments available... Such research has 
been infrequently conducted (p. 188). 

We hope that the conceptual framework outlined in this article 
wil  contribute to productive research examining the links be- 
tween psychophysiological functions and psychotherapeutic 
outcome as well as between psychophysiological functions and 
psychotherapeutic processes. 

Ekman and Friesen (1969) have suggested that involuntary 



SPECIAL SECTION: SOCIAL PSYCHOPHYSIOLOGY 333 

(i.e., automated) expressions of  emotion might leak despite an 
individual's efforts at disguise, but that this leakage would 
emerge in subtle aspects of  facial activity such as microexpres- 
sions. Only recently have detailed analyses of  overt facial ac- 
tions been conducted to investigate spontaneous and deliber- 
ately controlled facial expressions of  emotion (e.g., Ekman, Frie- 
sen, & O'Sullivan, 1988; Ekman, Hager, & Friesen, 1981). 
Furthermore, facial efference can result in muscle action poten- 
rials that are too weak or brief to produce a visible facial action 
even though these muscular actions can be recorded continu- 
ously through the use of  facial EMG. Evidence from several 
laboratories now exists showing that (a) positive, in contrast to 
negative, emotional imagery, sensory stimuli, and social events 
are associated with increased EMG activity over the zygomati- 
cus major (cheek) and orbicularis oculi (ocular) muscle region, 
and decreased EMG activity over the corrugator supercilii 
(brow) muscle region; (b) EMG activity over the medial fiontalis 
(forehead) and orbicularis oris (perioraD muscle regions, on the 
other hand, has not varied consistently as a function of  these 
mild alfective stimuli; and (c) EMG activity over the perioral 
region has varied consistently as a function of  silent language 
processing (for a recent review, see Cacioppo, Tassinary, & Frid- 
lund, 1990). 

Note that this research allows one to make statements about 
physiological events as a function of  psychological events, but it 
does not provide a basis for strong inference about the psycho- 
logical significance of  physiological events. To examine this 
latter issue, we conducted a study in an analogue clinical inter- 
view setting (Cacioppo, Martzke, Petty, & Tassinary, 1988). Spe- 
cifically, we sought to determine whether distinctive EMG re- 
sponses over the corrugator supercilii muscle region could be 
used as a marker of  the valence of  subjects' momentary affec- 
tive reactions while they were talking about themselves. Pre- 
vious research has examined the spatial pattern of  facial EMG 
activity evoked by variations in emotion, but this spatial pat- 
terning in EMG activity across the face can be insensitive when 
individuals are speaking (e.g., due to the EMG cross talk re- 
corded over the zygomaticus major muscle region, which is at- 
tributable to overt articulatory movements and to false or ner- 
vous smiles) or when very mild emotions are involved. To pre- 
dict mild variations in people's emotional experiences as they 
were speaking during an interview, attention was given to the 
manner in which the EMG response over the corrugator super- 
cilii muscle region unfolded over time (i.e., its waveform) while 
matching for the gross level of  EMG activity observed over the 
zygomaticus major and medial frontalis muscle regions. 

Four forms of  phasic EMG activity over the corrugator super- 
cilii muscle region were identified during pilot testing. The first 
represented basal levels of  EMG activity over the corrugator 
supercilii muscle region and was included to establish baselines 
for reports of  emotional experience (EMG controls or"pseudo- 
trials"). The second represents an acicular burst of  EMG activ- 
ity over the corrugator supercilii muscle region (an EMG spike). 
Acicular EMG responses could be expected to occur for a vari- 
ety of  reasons. Increases in muscle tonus (which might result 
from sustained attention to a task) result in changes in spontane- 
ous EMG responding, which can manifest as very brief semi- 
stochastic unimodal EMG pulses or spikes (i.e., less than 2 s in 
duration). Such activity is said to be spontaneous because the 

spikes occur in the absence of  any known precipitating stimu- 
lus or associated thought, emotion, or intention (see Sternbach, 
1966, p. 68). Eye blinks can also manifest in this form. In addi- 
tion, a fleeting emotion could lead to this form of  EMG re- 
sponse, but the transient nature of  the emotion, coupled with 
the various nonemotional determinants of  EMG spikes, should 
weaken the prediction of  an individual's emotional experience 
based on the appearance of  an EMG spike during an interview. 

The final two forms of  EMG response were defined as (a) a 
relatively smooth response less than 5 s in duration, marked by 
a gradual onset and offset (an EMG mound), and (b) a ballistic 
EMG response also less than 5 s in duration, which manifests 
more like a cluster of  two more partially overlapping EMG 
spikes (an EMG cluster). Facial actions include those that serve 
primarily an interpersonal communicative function (e~, lower- 
ing of  the brows while speaking, to emphasize nonverbally a 
point made verbally), as well as those, to paraphrase Darwin, 
that are in direct or indirect service of  personal sensations and 
desires (see Darwin, 1872/1965, p. 28). Phasic EMG clusters 
over the corrugator supercilii muscle region are less likely than 
EMG spikes or mounds to be associated with nonemotional 
events (e.g., spontaneous activation, paralinguistic signaling) 
and, hence, may be especially likely to mark variations in emo- 
tions during an interview (Cacioppo et al, 1988; cf. Darwin, 
1872/1965). Thus, four specific forms of  phasic EMG response 
over the corrugator supercilii muscle region were investigated as 
predictor variables during a clinical interview: (a) basal levels of  
activity, (b) spikes, (c) mounds, and (d) clusters. Because rela- 
tively few nonemotional antecedents were thought to exist for 
EMG clusters over the corrugator supercilii muscle region dur- 
ing an interview, the emotional experiences marked by EMG 
clusters were expected to differ from those marked by basal 
levels, and the emotional experiences marked by EMG spikes 
and mounds were expected to fall between these extremes. 

Subjects were interviewed individually while unobtrusive 
video recordings and recordings of  facial EMG activity were 
obtained. Specifically, subjects, seated in a dimly lit room, were 
instructed to talk about themselves with the goal of  disclosing 
their "true selves." The interviewer, an advanced clinical psy- 
chology student who was located in a separate room and was 
unaware of  the experimental condition, sought descriptions 
ranging from the superficial (e.g., physical attributes, demo- 
graphics) to the intimate (e.g., perceived strengths and inade- 
quacies, traumatic experiences). Throughout the interview, two 
other experimenters, who were unaware of  the experimental 
hypothesis and of  the subjects' self-disclosures, identified ex- 
emplars of  each of  the four types of  EMG responses over the 
brow region. To ensure that these periods were otherwise com- 
parable, exemplars were selected only if the individual was 
speaking, and EMG activity over the corrugator supercilii mus- 
cle region did not reflect a blink or generalized activation of  the 
facial muscles. 

Immediately following the interview, the interviewer con- 
ducted a videotape reconstruction with the subject. Subjects 
watched and listened to the entire videorecording, which was 
paused at 20 separate segments (five randomly selected exem- 
plars from each of  the four preceding response forms). At each 
pause, subjects were asked to report what thoughts and images 
"flashed through their minds" at that moment during the inter- 
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view, and the entire videotape reconstruction was audiotaped. 
Subjects returned within a few days for a final session, at which 
time they rated each of  the 20 verbal descriptions that were 
recorded during the videotape reconstruction along an abbre- 
viated version of  the differential emotions scale. Results re- 
vealed that the rating of  the reported associations varied as a 
function of  the type of  EMG burst: Recollections during the 
transient spike and control periods were equal and positive, 
those during EMG clusters were rated as being more negative, 
and those during EMG mounds were rated between these ex- 
tremes. The results also suggested that these EMG responses 
did not differentiate among the negative affects (e.g., sad, fear- 
ful). Thus, the results provided support for the notion that spe- 
cific forms of  EMG activity over the corrugator supercilii mus- 
cle region, when identified within a particular pattern of  facial 
EMG activity, can serve as an episodic marker of  negative affect 
when subjects are unaware of  the target physiological response 
and of  the experimental hypothesis (and, hence, are unlikely to 
engage somatic actions that would inhibit or mask the re- 
sponses of  interest). 

For exploratory purposes, an expert judge (a licensed clinical 
psychologist in a large academic psychology clinic) viewed the 
videotapes and rated each of  the 20 verbal descriptions that 
were recorded during the videotape reconstruction along the 
same abbreviated version of  the differential emotions scale as 
used by the subjects. This was done to examine whether an 
expert could detect the transient emotional fluctuations that 
were manifest in the incipient facial responses. Analyses of  his 
ratings failed to reveal any significant differences across types 
of  EMG response. Although these results are preliminary, they 
raise the possibility that certain forms and patterns of  facial 
EMG response may provide information about transient affec- 
tive events that are normally not accessible to therapists. 

Conclusion 
Lacey (1959) alerted psychotherapy researchers to the pit- 

falls of  simplistic views of  autonomic and skeletomotor re- 
sponses--either as a single dimension (e.g., increases across 
measures index "arousal") or as a simple set of  invariants (e.g., 
EMG "indexes" anxiety; heart rate "indexes" anger/conflict). 
An unfortunate consequence of  this alert was to diminish the 
enthusiasm for and use of  psychophysiological measurements 
in studies of  social, contextual, and molar psychological pro- 
cesses: 

A number of  different factors influence states of arousal. Also, a 
number of different factors in addition to arousal account for psy- 
chophysiological responding. Unfortunately, we have known for 
years that psychophysiological responses are not well correlated 
even with each other, reflecting, as they do, different bodily func- 
tions. Building a precise theory of anxiety reduction based on 
psychophysiological responding, no matter how promising, will 
be time-consuming and difficult. (Barlow, 1988, p. 308) 

This need not be the case. We have reviewed progress in 
conceptual, methodological, and statistical avenues for the use 
of  psychophysiological measures in psychotherapy research. 
Much was needed to be accomplished, in Lacey's 0959) view, 
for psychophysiology to make substantive contributions to de- 
tect otherwise unknown changes in the client's affect or arousal, 
to reveal conflict and problems during the course of  therapy, to 

determine the differential effectiveness of  therapists, and to 
provide another important measure o f  therapy progress and 
outcome. Much has in fact been accomplished in the 32 years 
since Lacey's review. 

Physiological fractionation, for instance, is a complexity that 
can be turned to an advantage. It makes possible a more de- 
tailed view of  specific psychological and biological processes 
than would be the case if  physiological activity simply increased 
or decreased in a uniform fashion. Further specificity in psycho- 
physiological relations are possible when the configural and 
temporal patterns of  physiological events, and the ranges of  
validity of  psychophysiological mappings, are considered. The 
use of  multiple measures with low intercorrelations within and 
across individuals can therefore be informative, particularly 
when combined with cross-validations to ensure that the out- 
comes are reliable, and due attention is given to the logic and 
the biologic of  the psychophysiological assessments. Finally, evi- 
dence was reviewed demonstrating that the social environment 
is more than a powerful determinant of  psychophysiological 
response, that it could also moderate psychophysiological and 
brain-behavior relationships. To the extent that the interactive 
effects of  social factors and processes manifest in psychother- 
apy, factors and processes derived from the social environment 
will need to be incorporated, to eschew the appearance of  unre- 
liable psychophysiological data and to fully realize the substan- 
tive uses of  psychophysiological evaluations in psychotherapy 
envisioned by Lacey a third of  a century ago. 
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