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TEST OF THE PREPARATORY ADAPTIVE RESPONSE INTERPRETA​TION OF AVERSIVE CLASSICAL AUTONOMIC CONDITIONING1
JOHN J. FUREDY 2

 University of Toronto
Twenty-four Ss were differentially conditioned with light and tone as .3-sec. CSs and shock as the .3-sec. UCS. The trial series included inter​polated UCS-alone trials, and UCS intensity was varied within Ss from .5 to 2.5 mA. The main purpose was to test the hypothesis, implied by the preparatory adaptive response (PAR) interpretation, that anticipatory galvanic skin response magnitude and the felt intensity of the immediately following UCS are, over trials, negatively correlated. The hypothesis, shown by internal experimental checks to have been adequately tested, was not supported. Another implication of the PAR interpretation was chal​lenged by the failure of the signaled shocks to be rated as less intense than the unsignaled (UCS-alone) shocks, even though subjective intensity ratings were clearly sensitive to physical shock-intensity differences.
The preparatory adaptive response (PAR) interpretation of classical aversive condition​ing asserts that the response occurring be​tween CS and UCS becomes conditioned partly because it reduces the felt intensity of the UCS. Applying the PAR interpreta​tion to an autonomic response like the gal​vanic skin response (GSR), it follows that the apparently classically conditioned auto​nomic CR is, in fact, instrumental to the ex​tent that it adaptively prepares S for the UCS. Autonomic conditioning, in this view, is "flexible and emminently adaptive," rather than being a “ 'dumb' or senseless kind of learning (Kimmel, 1966, p. 232).”
A more general application of the PAR interpretation has recently been provided by Perkins (1968) in his analysis of the con​cept of reinforcement. In that analysis, Perkins (1968, p. 163) seems also to have recognized that the PAR interpretation ap​plied to GSR conditioning implies a negative
1 This research was supported by Grant APA 222 from the National Research Council of Canada awarded to the   author.     The author   wishes   to express   his   appreciation   to J.   Pilarski   for   his efficient gathering of the data, J. C.  Ogilvie for advice on design and analysis, and A. N. Doob for advice   on   interpretation   and   writeup.     A   brief version of the present paper was reported at the meeting of   the Midwestern Psychological Asso-​ ciation, Chicago, May 1969.
2 Requests for reprints should be sent to John J. Furedy, Department of Psychology, University of Toronto, Toronto 5, Canada.

correlation between the magnitude of the anticipatory, classically conditioned GSR over trials and the felt intensity of the im​mediately following shock UCS. Indeed, since the direction of the hypothesized effect is from GSR to felt shock intensity, this im​plication of the PAR interpretation can be more precisely formulated in regressional terms by stating that the slope of the re​gression of felt shock-intensity scores on conditional anticipatory GSR scores is sig​nificantly negative. The main purpose of the present experiment was to provide an adequate test of this regression hypothesis.
A necessary condition for the test's ade​quacy is that the anticipatory GSR be classi​fied as a conditional response. To check this, differential conditioning operations were employed. Another requirement is that S’s ratings are indeed sensitive. This was de​termined by presenting shocks of different intensities to all Ss to learn whether the subjective ratings reflected the physical in​tensity differences.
An additional aim was to check on an​other implication of the PAR interpretation: that a signaled noxious outcome is less sub​jectively aversive than one which is not signaled. This implication, which seems to have been extensively confirmed in both animal (e.g., Perkins, Seymann, Levis, & Spence, 1966) and human (e.g., Lanzetta & Driscoll, 1966) research, was tested in the
present study by signaling only half the shock UCSs, with the CS paired with the UCS, and obtaining intensity ratings for both signaled and unsignaled shocks. The other subsidiary aim was to examine the digital volume pulse change (VPC) response in the same way as the GSR.
Method
Subjects.—The 5s were 12 male and 12 female unpaid undergraduate volunteers from the University of Toronto.
Apparatus.—The 5 was seated in a room separate from but in continuous intercom-contact with E. The shock UCS was delivered to 5's right upper arm through Tursky-type concentric electrodes (Tursky, Watson, & O'Connell, 1965) from a con​stant-current source and was variable in intensity from .5 to 2.5 mA. in .5-mA. steps. The visual CS was a room-illumination increase from 2.9 to 4.7 ftl., as measured with a Macbeth illuminometer directed at the wall in front of 5 at eye level; the auditory CS was a 2000-Hz., 73-db. tone, pre​sented through a speaker located above 5's head against a background of continuous white masking noise. The time intervals and nature of the stimuli were controlled by a combination of electronic timers and preprogrammed tapes.
The 5 rated perceived shock intensity by rotat​ing a lever up to 180° with his right hand (Kimmel & Schultz, 1965). A voltmeter in E's room was connected to the lever and was linearly related to the degrees of lever rotation. The GSR and VPC pickup arrangements were the same as used by Kleist and Furedy (1969). Briefly, the GSR was picked up through saline-manganese-dioxide-zinc contacts from the left palm and arm, amplified by a Fels dermohmmeter, and recorded on a rectigraph (Esterline-Angus); the VPC was picked up by a photoelectric transducer (E & M Instruments) from the left forefinger and amplified and recorded on a physiograph  (E & M Instruments).
Procedure.—A trace-conditioning paradigm was used with an interstimulus interval (ISI) of 5 sec. and .3 sec. for both CS and UCS durations. The choice of stimulus durations was arbitrary, but that of the ISI was restricted by conflicting desiderata for testing the regression hypothesis. Specifically, for maximizing conditioning, I Sis of less than 2 sec. are probably desirable, but such short I Sis preclude complete observation of the anticipatory autonomic CR on all conditioning trials. The 5-sec. ISI used here easily allowed such com​plete observation in the case of the GSR, but not in the case of the secondary autonomic measure, the VPC, a response that can take more than 8 sec. after stimulus onset to reach full development.
All 5s were given a preliminary stage comprising five UCS-alone trials and two each of the auditory and visual CSs. One CS occurred between any two UCSs, and 5s were asked to rate the intensity

of each shock with the rotating lever. The lever was to be returned to its original position when, and only when, 5 had been thanked by E, who took at least 6 sec. to observe and record the voltmeter reading. The shocks increased in physical inten​sity from .5 to 2.5 mA., and at the end of the preliminary stage 5s were told that since they would be receiving no stronger shocks than had so far been presented, they should use most of the possible 180° of lever rotation in their judg​ments during the following conditioning stage. This stage, preceded by instruction that the tone or the light would now always be followed by shock, consisted of 15 each of CS + UCS, CS-, and UCS-alone trials. The nature of the trials, including variations in shock intensity, was un-systematically ordered in one of three trial se​quences, and the intertrial intervals varied ran​domly among 30, 40, and 50 sec. The visual and auditory CS stimuli were counterbalanced between 5s with respect to pairing with the UCS (CS-h: CS—). In addition, the random allocation of 5s to conditions accidentally resulted in equal numbers of males and females.
Results
Conditioning.—The GSR, defined as a drop in resistance from 1 to 5 sec. follow​ing stimulus onset was transformed into micromho, conductance-change units, and Fig. 1 shows the evidence relevant to the existence of conditioning. The difference in responding to CS+ (to be paired with the UCS during conditioning) and CS— in the preliminary stage did not approach signifi​cance, F < 1, but performance to CS+ sig​nificantly exceeded that to CS— during the 15 conditioning trials, F (1, 22) = 20.06, p < .001. Throughout both stages, responding to the visual CS was significantly greater than that to the auditory CS, F (1, 22) = 26.9, p < .001, but since there was no inter​action between this factor and the CS+: CS— effect, F < 1, the visual-auditory CS difference, though an undesirable source of variation, was adequately controlled by coun​terbalancing (Furedy, 1967). It has also been argued recently (Rescorla, 1967) that a CS+:CS— difference of the sort obtained here could be due solely to response inhibi​tion to CS— generated by its becoming a safety signal for the absence of the noxious UCS. Though logically possible, this inter​pretation of the data is implausible, since the CS— function in Fig. 1 does not show the degree of inhibition to be expected on the
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Fig. 1.    Mean anticipatory GSR to CS+ and CS— during preliminary and
conditioning trials.
grounds of GSR habituation alone, there being no significant decrease in responding to CS— over trials, F < 1. The present data, therefore, do suggest that the anticipa​tory GSR to CS+ could be classified as a conditional response.
For a VPC, a previously used (Furedy, 1968), relatively long-duration definition could not be employed, because the 5-sec. ISI prevented full observation of this anticipatory autonomic response. Hence, peripheral vasoconstrictive VPC was, for present pur​poses, defined as the algebraic difference be​tween the magnitude of the base pulse imme​diately preceding CS onset and that of the minimal pulse occurring from 1 to 5 sec. after CS onset. A VPC percentage score (%VPC) was obtained by expressing each difference between base and minimal pulse as a percentage of the base pulse. Statistical analysis of these %VPC scores failed to yield evidence for reliable differential con​ditioning, although the trends were in the expected direction. In addition, the data suggested that the VPC measure was not completely insensitive to stimulus differences, since the visual-auditory CS effect noted in the GSR did emerge as significant in the VPC analysis, F  (1, 22) = 4.19, p < .05.

Sensitivity of shock-intensity ratings.— The physically more intense shock was judged more intense by each of the 24 Ss for each pair of adjacent physical intensity values except for two cases of equal rated-intensity judgments between .5 and 1.0 mA. for one S and between 1.5 and 2.0 mA. for another S. It is clear, therefore, that the subjective intensity ratings were sensitive to physical shock-intensity differences.
Regression of ratings on conditional re​sponses.—The previously mentioned evi​dence for the sensitivity of the shock-in​tensity ratings and for the CR status of the anticipatory GSR, though not of the VPC, provided the necessary conditions for testing the regression hypothesis for the former autonomic measure. For all but one S, all 15 conditional GSR scores to CS-f- were available together with the 15 rated-intensity scores of the shock following each GSR. The slope of the regression of rated-intensity scores on GSR scores was determined for each S, and the possible effects due to trials and physical shock intensity were taken into account by including these variables with the GSR score in the regression equation. The regression hypothesis predicts that the re​gression coefficients of the 23 Ss should be
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Fig. 2. Form of the statistically significant inter​active effect of the physical shock-intensity and the signaled-unsignaled factors on rated intensity.
significantly negative, but a t test and a sign test both indicated that the mean of the distribution of these regression scores did not deviate significantly from zero, p > .1. Since GSR conditioning was demonstrated only as a statistically reliable trend, rather than as holding for each of the 23 Ss, it might be argued that the aforementioned lack of support for the regression hypothesis was due to the insensitivity of the test rather than to the falsity of the hypothesis. To check on this possibility, absolute condition​ing (AC) and differential conditioning (DC) scores were computed for each 5. The AC score was the algebraic difference between the mean response to CS+ during conditioning and during the preliminary stage; the DC score was the algebraic differ​ence between the mean algebraic CS+ :CS— difference during conditioning and during the preliminary stage. Rank-order correla​tions over the 23 Ss were then obtained be​tween their AC and DC scores on the one hand and the degree of negativity of their regression coefficients on the other hand. If the regression hypothesis held more clearly for Ss producing stronger GSR con-

ditioning, the obtained correlations should have been positive, but neither the AC-based nor the DC-based correlation differed sig​nificantly from zero, r’s < .1, p > 2.
Ratings of signaled and unsignaled shocks. —Contrary to the PAR interpretation's im​plication that signaling the shock reduces its felt intensity, none of five separate sign tests over all 24 Ss at each of the five physical shock-intensity levels indicated significantly smaller intensity ratings for the signaled relative to the unsignaled shocks, p > 1.3 A parametric test of the same issue was pro​vided by an analysis of variance that included physical shock intensity and signaled-un​signaled shock as factors, and the main effect for the latter factor failed to approach sig​nificance, F < 1. The interaction between the two factors, depicted in Fig. 2, was statistically significant, F (4, 88) = 3.32, p < .05, but the nature of this interaction, which seems to be psychologically meaning​less, does not support the PAR interpreta​tion. Together with the highly significant physical shock-intensity main effect, F (4, 88) = 400.50, p < .001, the interaction sug​gests only that the rated intensity as a dependent variable was highly sensitive in this experiment. The analysis of variance also yielded a significant main effect for sex, F (1, 22) = 7.65, p < .05, with higher ratings for females (X = 47.8% of full-scale rotation) than for males (X = 36.5%). However, the sex effect did not interact either with the shock-intensity or the sig​naled-unsignaled factors.
Autonomic UCRs to shocks.—These data were analyzed to examine similarities and differences between the patterns of intensity ratings and autonomic responses elicited by the same stimuli.    The response definition
3 One contrast was significant, p < .05, but the signaled shock was rated as more intense than the unsignaled shock. Since this occurred at the weakest, .5-mA., level, and since at this level there were a considerable number of zero ratings, it is most likely that this difference reflects a threshold rather than an aversiveness effect, with the shock being easier to detect when S was warned that it was coming. It should also be noted that as shown by Fig. 2, the signaled-un​signaled difference at the .5-mA. level was not maintained when the data were analyzed para-metrically.
for the GSR was the same as that for the anticipatory form of the response, 1-5 sec. after stimulus onset. For the longer dura​tion VPC, however, the absence of the re​striction from the 5-sec. ISI allowed the 2-8-sec. form of the definition to be used, as detailed elsewhere (Furedy, 1968). As for the intensity ratings, there was a highly significant, p < .001, and direct relationship between physical shock intensity and both the GSR (see Fig. 3, left panel), F (4, 88) = 60.42, and the VPC (see Fig. 3, right panel), F (4, 88) = 8.58. However, in con​trast to the rated-intensity results, the sig​naled shock elicited significantly smaller UCRs than the unsignaled shock, both in the GSR, F (1, 22) = 9.60, p < .01, and in the VPC, F (1, 22) = 4.55, p < .05. The interaction between the shock-intensity and signaled-unsignaled factors was not signifi​cant in either autonomic measure, F (4, 80) < 2.18, p > .1, and sex was also an insig​nificant variable, F < 1.
Discussion
At least for the GSR, the results indicated that the conditions necessary for testing the re-

gression hypothesis had been met. The hy​pothesized relationship between anticipatory conditional GSRs and shock-intensity ratings was not obtained, and the hypothesis also failed to receive support from further checks that allowed for the possibility of individual differ​ences in degree of GSR conditioning. This implication of the PAR interpretation for clas​sical GSR conditioning, and hence the inter​pretation itself, was therefore clearly not con​firmed by the present investigation.
The results also did not confirm the other tested implication of the PAR interpretation: that the signaled shock is less aversive than the unsignaled shock. However, both implications of the interpretation can be protected from the present results by arguing that the very pro​cedure used here to validate the sensitivity of Ss subjective ratings—varying shock intensity within Ss—may have "blunted" the sensitivity of these ratings. Thus, given the crude and easy discriminations between the levels of phys​ical shock intensity, Ss may have failed to at​tend to "finer" differences, due either to varying anticipatory conditional GSR magnitudes or to the signaled-unsignaled effect. However, this argument is weakened by the data gathered re​cently from 32 Ss presented with constant physical intensity shocks, who also failed to rate
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Fig. 3.   Mean unconditional GSR (left panel) and VPC (right panel) elicited by shock UCS as a function of the physical shock-intensity and the signaled-unsignaled factors.
the signaled shocks as less intense than the unsignaled shocks, F < 1.
The failures to find these rated-intensity dif​ferences appear to conflict with both animal and human studies from other laboratories where the signaled shock is typically preferred, but other factors need to be ruled out before the reality of this conflict can be assessed. Thus, the present study differs from most of the animal studies inasmuch as it used a fixed-electrode technique, thereby preventing external modification of shock intensity by 5. By con​trast, the two most widely quoted animal sig​nal ed-shock-preference results (Lockhard, 1963; Perkins et al., 1966) are typically based on techniques that not only involved delivery of shock through foot grids, but also failed to use a scrambled shock-delivery system in the grids. The factor of external shock modifica​tion does not apply to other human studies where the signaled shock is still typically pre​ferred, although there are large individual dif​ferences (e.g., Lanzetta & Driscoll, 1966). However, the conflict between these studies and the present study remains sharp only if one assumes that in comparing signaled and un​signaled shocks, preference and rated intensity4 are equivalent alternative indexes of subjective aversiveness. While this assumption is plausi​ble, it is possible that the reason for the signaled-shock preference is not a reduction in subjective aversiveness, but simply a desire for information. An untested ramification of this possibility, moreover, is that the expression of a preference itself reduces subjective aver​siveness, and this could be tested by requiring preferences and rated-intensity judgments in an appropriate order within the same experiment.
Some investigators have suggested that the relative subjective aversiveness of signaled vs. unsignaled shocks can also be assessed by ex​amining the autonomic UCRs to the shocks
4 Rated intensity has been used by E. Kimmel (1967) to compare, between Ss, paired (signaled) and unpaired (unsignaled) shocks. She employed the present I SI of 5 sec, but also varied CS dura​tion as a between-Ss factor (1, 3, and 5 sec). Neither the signaled-unsignaled factor nor its interaction with CS duration was significant. The three-way interaction including trials as the third factor yielded an F (14, 714) = 1.88, which was claimed to be significant at p < .05 (Kimmel, 1967, p. 540), but is only so if the bias from inflation through large degrees of freedom is disregarded (Winer, 1962, pp. 305-306). Kimmel's (1967) re​sults, then, do not provide unequivocal support for the view that the signal decreases the aversiveness of the shock.

(e.g., Lanzetta & Driscoll, 1966), and in the present case a signaled-unsignaled difference did emerge in both autonomic measures. How​ever, to use such UCRs as indexes of subjective aversiveness is to ignore the fact that the signal itself elicits autonomic responses that inhibit the UCR to the signaled shock. Whether this occurs through an associative process such as UCR inhibition (Kimmel, 1966) or whether a simpler, nonassociative process of response in​terference (Grings & Schell, 1969) is involved is not yet clear. The present results favor the latter view inasmuch as the VPC, which did not show reliable conditioning, still yielded the same signaled-unsignaled difference as shown by the GSR. What is clear, however, is that while the autonomic UCR measures, like the rated-intensity measure, were sensitive to phys​ical shock-intensity differences, they do not provide unconfounded indexes of the relative subjective aversiveness of signaled vs. unsig​naled shocks.
The lack of reliable conditioning in the VPC foiled one of the subsidiary aims of this ex​periment: to examine the regression hypothesis for the VPC. The failure to demonstrate con​ditioning may be due to the insensitivity of this autonomic measure relative to the GSR (Furedy & Gagnon, 1968), but a more likely reason is the inadequate response definition imposed by an I SI that was optimal for the GSR rather than for the VPC.
There is, then, scope for further work to investigate the hunches generated both from the lack of a difference in ratings between signaled and unsignaled shocks and from the failure to demonstrate VPC conditioning. Such specula-ations, however, are independent of the main purpose of the study, which was to test the regression hypothesis for GSR conditioning. Recalling that the internal checks both on dif​ferential conditioning and on ratings of physical shock-intensity differences indicated that the conditions necessary for testing this hypothesis had been met, the disconfirmation of the hy​pothesis not only weakens the PAR interpreta​tion, but also serves to caution against attrib​uting to the classically conditioned GSR in​strumental properties that it apparently does not possess.
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