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ABSTRACT
The purpose of the present experiment was to investigate the role of imagery ability in Pavlovian HR decelerative conditioning with a bead-up to head-down body tilt as the US. From imagery theories of conditioning (e.g., King, 1973), it was hypothesized that the CR of subjects with good imagery abilities should be more similar to the UR than the CR of subjects with poor imagery abilities. The Betts QMI was used to select 32 subjects for their imagery ability. All subjects were treated identically during the course of the experimental session. Following 10 CS-US acquisition trials, the HR CR was assessed on a second-by-second basis during 9 CS-alone test trials. The data provided support for the hypothesis: the form of the CR was significantly different for the two groups. The CR of the good imagers remained below baseline for 10 sec (the duration of the actual tilt-US) while the CR of poor imagers returned to baseline within that period although the average magnitude of the CR for good and poor imagers did not differ. Implications of these data for human Pavlovian HR conditioning and applied (e.g., desensitization) psychophysiological research are discussed.
DESCRIPTORS: Imagery ability, Betts QMI, US-imagery, Pavlovian conditioning, HR deceleration.
Most human Pavlovian heart rate (HR) condi​tioning studies have employed shocks and loud noises as the unconditional stimulus (US). These traditional USs produce HR acceleration as the un​conditional response (UR), but the form of the con​ditional response (CR) is variable. The CR is not uniformly accelerative and it has been further re​ported by Wegner and Zeaman (1958) that its form varies considerably among subjects within the same experiments. The absence of uniformity in the form of the critical dependent variable (i.e., the CR) is disturbing because the effects of experimental ma​nipulations, such as those of US-intensity, on con-
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ditioning become difficult to assess quantitatively. These problems that arise with the traditional hu​man HR conditioning procedures may be due to the types of USs employed (Headrick & Graham, 1969). A less traditional procedure that seems to avoid the problems is one involving a head-up to head-down body tilt as the US (Furedy & Poulos, 1976). This conditioning paradigm produces both an unconditional and conditional HR deceleration which is easily quantified with little evidence of response variability among subjects (i.e., the CR is clearly a monophasic HR deceleration), making this a promising procedure for the study of human HR conditioning.
Recent research with this tilt-US has suggested that an "imaginational" version, wherein subjects are instructed to imagine the US whenever the con​ditional stimulus (CS) is presented, enhances the magnitude of the CR (Furedy & Klajner, 1978). It has further been found that while instructions to imagine the US resulted in conditioning, instruc​tions to imagine an irrelevant (non-US) stimulus precluded conditioning even when both imagery-instruction groups received identical CS-US pair​ings (Arabian, 1982). These data are consistent with
hypotheses drawn from imagery theories of Pavlovian conditioning (King, 1973; Konorski, 1967; Mowrer, 1960), which suggest that the CR results from a CS-produced image of the US and that anything affecting US-imagery production should affect the CR. Thus, irrelevant imagery instructions would be expected to interfere with the ability of the CS to evoke an image of the US and in turn inhibit the development of the CR.
Another way to investigate the role of imagery in Pavlovian conditioning would be to examine the effects of individual differences in imagery ability. Paivio (1975) has suggested that such individual differences may be used to study objectively the role of imagery in various tasks. Individuals with good imagery ability would be expected to perform better than individuals with poor imagery ability on tasks that require the use of imagery. In a conditioning situation this notion suggests the hypothesis that, given US-imagery instructions and identical ac​quisition trials, the CR of good, as opposed to poor, imagers should be more similar to the UR. The purpose of the present experiment was to test this hypothesis.
This type of research strategy, however, requires tests/questionnaires which are able to assess im​agery abilities related to the experimental task. Un​fortunately, most imagery ability indices are based on subjective, self-report questionnaires dealing only with the visual modality (White, Sheehan, & Ash-ton, 1977), and even objective tests of purported visual imagery have been found to measure abilities unrelated to imagery (Richardson, 1977, p. 40). Thus, there are two basic problems: response biases from subjects' perceptions of the social desirability of certain types of responses, and restricted ability to assess non-visual imagery abilities. Despite the problems inherent in subjective questionnaires, Sheehan’s (1967a) revision of the Betts QMI was selected for use as the best available tool. Although the test's construct validity has not been established (White et al., 1977b), research has demonstrated its reliability and predictive utility (Ashton & White, 1975; Miller, Levin, Kozak, Cook, McLean, Carroll, & Lang, 1981; Richardson, 1977; Sheehan, 1967b; White, Ashton, & Brown, 1977; White, Ashton, & Law, 1974, 1978). A particularly im​portant feature of the Betts QMI for our purposes was its capability of assessing the variety of im​agery modalities. In the absence of data which spec​ify the important imagery-modality factor(s) in this tilt-US procedure, an indicator of general, rather than modality-specific imagery ability was viewed as necessary.
The investigation of the role of individual dif-

ferences in imagery ability in the Pavlovian tilt-US procedure took the following form. Subjects were selected for good and poor general imagery ability based on their Betts QMI scores. The selection pro​cedure was such that a visual imagery ability var​iable (good vs poor) could also be identified in the event that visual imagery was particularly impor​tant as suggested by Westergren and Furedy (1978). All subjects, regardless of their imagery abilities, received identical treatment throughout the exper​iment. Since the primary goal of this experiment was to investigate the effects of imagery ability on the decelerative HR response, the procedure em​ployed was designed to optimize conditioning. A backward (US-CS) control group was not em​ployed because, firstly, the relative difference in the responses of good and poor imagers was under in​vestigation and, secondly, given a limited number of well-defined good and poor imagers, forming multiple groups would have required reducing the separation of imagery levels. Furthermore, condi​tioning relative to a US-CS control group has been previously obtained with the same experimental procedure (i.e., number of acquisition trials, test trials, stimulus parameters, etc.) employed in the present study (cf. Arabian, 1982). Thus, the omis​sion of a backward control group does not appear to limit seriously the implications of the present data for conditioning.
Method 

Subjects
Sixteen male and 16 female undergraduate volunteers, aged approximately 18-22 yrs, served as subjects. They were pre-selected for participation on the basis of their self-reported general and visual imagery abilities. The selection procedure is described below. All subjects re​ceived course credit for either writing a report or passing an oral examination on the purpose and design of the experiment. Subjects were in general good health and free of cardiovascular pathology by their self-report. They were informed that they were free to discontinue the experi​ment at any time, although no subject did so. An equal number of male and female subjects was assigned to each experimental condition.
Apparatus
An E & M Instruments physiograph model 4A, lo​cated in the "control room'* was used to record HR and respiration from signals picked up through silver/silver chloride electrodes placed on the subject's sternum, and left and right (grounding electrode) sides of the lower rib cage. The electrodes were filled with EKG electrode paste and attached to the subject's body by means of double-sided electrode collars. Signals from the electrodes were
passed through a Narco Biosystems Biotachometer, BT-1200, to obtain the beats per minute (bpm) HR tracing. Respiration was monitored from the lower thorax by a Narco impedance pneumograph. The last physiograph channel was used to record the onset and duration of the experimental events (i.e., the .5-scc tone-CS and 10-sec tilt-US).
The tilt table apparatus, similar to that employed by Furedy and Poulos (1976), was located in an adjacent room ("experimental chamber") with sound-attenuating tiles on the walls and ceiling. A one-way mirror parallel to the table permitted visual observation of the subject from the control room while the physiograph chart was monitored. The table itself has been described in detail elsewhere (cf. Furedy & Poulos, 1976). Essentially, it consisted of a padded board with shoulder and foot sup​ports mounted on a fulcrum. Straps placed across the subjects* arms and legs restricted body movement and reminded subjects to remain still.
The table was held in the upright position, 45 * above the horizontal plane, by an electromagnet. Relay-con​trolled interruption of the electrical circuit allowed the table to fall back. The tilt, through 90 degrees of arc, was dampened as it stopped by a pneumatic cylinder, 10.2 cm in diameter, 45.7 cm stroke. Without tilting the subject more than 2 or 3* below horizontal, it was possible to adjust weights beneath the table and balance each subject such that a constant time (1.7 sec) was taken to reach the 45* below-horizontal or down position. The subject remained in this position for the duration of the 10-sec US at which time a l/3 horsepower motor was relay-ac​tivated, lifting the table back to the upright position.
The experimental chamber also contained an audio speaker used to present the 1000 Hz tone-CS and a taped vocal "UP" command which instructed the subject to bend his/her head forward, away from the table. Another speaker was used to deliver white noise to mask sounds from the hallway. The noise level, measured at the sub​ject's head in the upright position, was 57dB in the ab​sence of the tone. The tone plus white noise produced a noise level of 62dB. Two 100-watt light bulbs illuminated the room. An intercom was set so that any sounds coming from the experimental chamber could be heard in the control room.
All experimental events were initiated and timed by electromagnetic relays in the control room. A trial was initiated by a pulse from one channel of a master tape recorder.

Procedure
The following procedure was employed to select the pool of subjects from which the experimental sample was drawn. Eight hundred copies of the Sheehan revision (Sheehan, 1967a) of the Betts QMI were distributed to students in the introductory psychology course. One hundred and six forms were returned. They were sorted according to sex of respondent (45 males and 61 females) and scored by adding the ratings for each modality. Gen​eral Imagery Ability was defined by the score obtained from summing the scores for all modalities except the

visual mode. A separate score was obtained for Visual Imagery Ability (the sum of the ratings for visual im​ages). This was done in order to ensure that the General Imagery Ability factor would be as independent from visual imagery ability as possible.
The Good and Poor General Imagery Ability groups (n =35 and 32, respectively) were defined by extreme low and high scores (good and poor imagery ability, respec​tively; approximately in the lowest and highest 25% of all scores). Within this sample of high and low General Imagery Ability scores, two levels of the Visual Imagery Ability variable (good and poor) were then defined as the lower and upper 50% of the scores on the visual modality questions. Hence, half the students in each General Im​agery Ability group rated themselves as having good vis​ual imagery and half rated themselves as poor visual im-agers. This ability definition/subject selection procedure was followed independently for each sex. (It should be noted that only 32 of the possible 67 students were em​ployed as subjects. This was because only students scoring at the extremes of the visual imagery scale were selected.)
Students who scored at the extremes within each of these groups were contacted by telephone two or three months after they had responded to the questionnaire. They were told that the experimenter was interested in training people to lower their heart rate. The nature of the body-tilt was then explained without reference to im​agery. An appointment was subsequently scheduled and the individual was asked to refrain from having coffee or tea for at least one hour before the appointment and not to eat just prior to the experiment for his/her own com​fort.
Upon arrival at the laboratory, subjects were asked to complete the informed-consent slip. The electrodes were then attached and the subject was assured that the ex​periment did not involve any deception and that they would be informed about periods when the tilt would occur. The subject was then positioned on the table in the 45 * above horizontal position and asked to relax while the recording devices were calibrated. When this had been accomplished, the experimenter returned to the experi​mental chamber and read the instructions to the subject.
Regardless of imagery ability designation, all subjects were told to drop their head back against the table and roll their eyes whenever the tone-CS was presented. The "UP" command, presented 13 sec after CS onset, sig​nalled the end of a trial and prepared the subject for the next CS presentation. Subjects were further instructed to remain relaxed, breathe regularly, keep their eyes open, and refrain from non-instructed movement (cf. Furedy & Klajner, 1978, for details of the general instructions).
The same sequence of trials as that employed by Ara​bian (1982) was presented to all subjects. Following standardized preliminary trials used to acquaint subjects with the procedure, 10 CS-US trials (with a .5-scc ISI and average inter-trial interval of 60 sec ranging from 55 to 65 sec) were presented. In the final (test) phase of the session the CS was presented alone (test trials) on trials 3, 6, 8, 10, 11,13, 14, 15, and 17. The remaining 9 trials were CS-US trials. Imagery vividness ratings were ob-
tained on all CS-alone trials. (A rating of "1" indicated perfectly vivid while a rating of "7" indicated no image.) All testing was accomplished without immediate prior information regarding the subjects' imagery ability scores. At the conclusion of the session, subjects were debriefed and thanked for their cooperation.
Data Reduction

Respiration was not scored, although it was visually inspected. Two subjects who constantly held their breath during the trials were eliminated and replaced with new subjects before HR was even scored. Replacements were made with same-sex subjects whose scores were most sim​ilar to the scores of the eliminated subjects. No subject had to be eliminated for failure to comply with instruc​tions to refrain from bodily movement.
HR, to the nearest bpm and sampled on a second-by-second basis during CS-alone (test) trials, was obtained from the physiograph chart record. The baseline was com​prised of the 3 sec prior to and including the CS-onset (i.e., seconds -2, -1, 0) and the CR was defined as seconds 1 through 10. Since the CR had been defined as a decrease in HR from a given trial's average baseline over time, the raw HR data were converted to difference-from-baseline scores for analyses of variance. The UR during the test phase was scored in the same manner as the CR.
In order to ensure that differences in tonic HR (base​line) levels could not account for differences in the mag​nitude of deceleration between groups and/or conditions (i.e., Law of Initial Values, cf. Wilder, 1967), a between-subject correlation was obtained. Thus, a correlation from 32 pairs of observations was computed. The mean base​line and mean maximum CR deceleration for each of the 32 subjects comprised a paired observation. A non-sig​nificant correlation would indicate that observed differ​ences from baseline in HR deceleration were not simply a function of differences in tonic HR levels.
Alpha was set at .05 for rejection of the null hypothesis in all analyses.
Results

Imagery Ability Scores
The subject-selection procedure appeared to have successfully produced separate General (G) and Visual (V) Imagery Ability factors. There were no differences in imagery abilities between the sexes (see Table 1).
Heart Rate
The correlation between mean baseline and mean maximum deceleration from baseline failed to reach statistical significance (32 observations, r = .33), allowing the use of difference-from-baseline scores for the interpretation of the data.
A three between- and two within-subject AN-OVA was performed on the second-by-second HR

Table 1

Imagery ability scores for good and poor general imagery
groups and the good and poor visual imagery subgroups,
and male and female mean scores for both abilities

	Subject Groups
	Mean Scores (SDs in Parentheses) and t Values

	
	General Imagery Ability
	Visual Imagery Ability

	Good 

Poor
	51.38   ( 7.97) t(30)-8.62 9138   (16.76)
	8.19   (1.97)

t(30)-9.08

15.88   (2.75)

	Male
	73.75   (22.16)

t(30)<1
	12.19   (5.17)

t(30)<1

	Female
	69.00   (2636)
	11.89   (4.03)


difference-from-baseline scores. The three between factors were: Sex of subject (male or female), Gen​eral Imagery Ability (good or poor), and Visual Imagery Ability (good or poor). The two within-subject factors were: Trials (9 CS-alone test trials) and Seconds (10 post-CS seconds for each trial). This Main Analysis revealed significant Seconds (F(9/216) = 18.561) and G Imagery Ability X Seconds (F(9/216) = 3.148) effects. In the absence of a G Imagery Ability main effect, the analysis suggested that while good and poor imagers did not differ in terms of the magnitude of the deceleration, they did differ with respect to some other aspect of the topography of their HR response. The means for the G Imagery Ability X Seconds effect1 (see Figure 1) supported this interpretation. The topo​graphical difference between good and poor ima​gers could be characterized as a difference in re​sponse-recovery rate. In other words, while the dif​ference in the initial deceleration between the two groups of subjects over seconds (to the point of maximum change, i.e., fourth second) was relatively
1 Because this interaction is based on a repeated-measures source of variance, recent statistics texts (e.g., Winer, 1971) and papers in this journal (e.g., Jennings & Wood, 1976; Richards, 1980) have argued that the conventional alpha level is too liberal. This argument, based on heterogeneity of variances and covariances, is sound as a general one in sta​tistics, and if the most conservative correction (which reduces the (//values to 1 and 24) is applied, the alpha level of the present F exceeds .05. It is for this reason that the interaction depicted in Figure 1 is characterized with caution in the text. On the other hand, both the differential CR trends in Figure 1, and the identical UR trends in Figure 2, appear to be quite orderly, which suggests that the recovery-portion topograph​ical difference between the CRs of the two imagery groups is probably a real effect. Some additional support for this view comes from a later experiment (Arabian, 1980) where a similar topographical CR difference seemed to emerge be​tween two groups of 5 subjects split above and below the median of their Betts QMI scores.
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Figure 1. Mean CR HR difference from baseline over seconds for each level of general imagery ability.
small, the two groups appeared to differ in the acceleratory or recovery portion of the response. The good imagers tended to maintain the decelerative HR response while the poor imagers1 HR re​turned to baseline within the 10-sec period.
This interpretation of the interaction was sup​ported by sub-analyses. An ANOVA on the deceleratory portion of the response (seconds 1 to 4) failed to reveal a significant G Imagery Ability X Seconds effect (F<1), while an ANOVA on the recovery (acceleratory) portion of the response (seconds 5 to 10) revealed a significant G Imagery Ability X Seconds interaction (F(5/120)-2.367). Furthermore, the mean return-to-baseline slope was found to be significantly different from zero for the poor imagers (mean slope-1.01; s=O88; t(15)=4.572), but not for the good imagers (mean slope-0.44; s=1.29; t(15) =1.363). The differ​ences in the two slopes from zero supported the suggestion that the good imagers’ HR returned to baseline more slowly (i.e., they maintained the HR deceleration) than the poor imagers’ HR, which, in fact, returned to baseline within 10 sec.
It should be noted here that while the analysis of the UR revealed a significant seconds effect (F(9/ 272)=80.13), it failed to reveal significant G Im​agery Ability (F(l/28)=0.001) or G Imagery Ability X Seconds (F(9/252)=0.917) effects. For purposes of comparison with the CR, the means for the UR G Imagery Ability X Seconds interaction have been plotted in Figure 2. It can be seen that the HR deceleration for both imagery groups re​mained below baseline for the full 10 sec.
Apart from a possibly significant but psycholog​ically uninterpretable2 Sex X G Imagery X Trials

2If even a relatively liberal correction for heterogeneity of variances and covariances (see footnote 1) is applied, the alpha for this F exceeds .05, so it is characterized in the text as only "possibly" significant. However, what differentiates this three-way interaction from the two-way interaction re​ferred to in footnote 1 is that: a) it is completely disorderly
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Figure 2. Mean UR HR differences from baseline over 9 trials for each level of general imagery ability.
interaction, (F(8/192) =2.02), the main analysis failed to reveal any other significant main effects or interactions. In particular, the Visual Imagery Ability factor failed to account for any statistically significant changes in the decelerative HR re​sponse.
Imagery Ratings
The mean CR imagery ratings for the Good and Poor G imagers, although in the predicted direc​tion, did not differ significantly (mean rating for Good imagers = 3.57; s=0.97; mean rating for Poor imagers = 3.92; s=1.14; t(30)<l).
Since the imagery theory of conditioning would predict a positive correlation between US-imagery vividness and the CR, Pearson product-moment correlations were computed for each subject over the 9 test trials. The two variables in each corre​lation were the imagery ratings and one of three topographical aspects of the CR: maximum HR change occurring between seconds 3 and 8 (peak amplitude), slope of the HR response to the point of maximum change (response latency), and slope of the HR response from the point of maximum change to the tenth second (response recovery). None of the three mean correlations for cither the Good or Poor G Imagery Ability groups differed significantly from zero (all were below .10).
Discussion
The hypothesis that the decelerative HR re​sponse would be affected by individual differences, in terms of general imagery ability, was supported.

(for unsuccessful attempts to meaningfully depict the Sex X G Imagery X Trials interaction, see Arabian (1980), Figure 5 and pp. 72-74); b) it has failed to emerge in other exper​iments (Arabian, 1980). This is why we characterize this interaction as "psychologically uninterpretable."
As shown in Figures 1 and 2, the CS-elicited re​sponse appeared to be more similar to the response elicited by the US for good, as opposed to poor, imagers. The similarity between the CR and UR occurred in the recovery (return to baseline) portion of the response. The CR of the good imagers re​mained below baseline for 10 sec, as did the UR elicited by the 10-sec US. The CR of the poor im​agers returned to baseline within this 10-sec period although their UR remained below baseline. Im​agery ability, however, did not affect either the la​tency or the magnitude of the response; both good and poor imagers' HR CR decelerated to the same maximum level at the same rate. Despite the fact that the subject selection procedure successfully dif​ferentiated good and poor visual imagers on the basis of their Betts scores, visual imagery ability was not found to affect any topographical aspect of the HR response. Hence, general, but not visual, imagery ability, as indexed by the Betts QMI, was found to have predictive utility in this Pavlovian conditioning preparation. In this experiment, Sex interacted with Trials and General Imagery Abil​ity. However, this interaction did not occur over Seconds. Therefore, the topographical difference in response pattern in this experiment was obtained independent of the sex of subject and trials factors. The means for the Sex X General Imagery Ability X Trials interaction were, furthermore, not orderly and remain difficult to explain.
The US-imagery vividness ratings obtained on a trial-to-trial basis during the test phase of the experiment failed to correlate significantly with any of the three aspects of the CR. Although a differ​ence between good and poor imagers for response recovery slopes was identified, US-imagery ratings failed to correlate with these slopes. Thus it would appear that the within-experiment (situation-spe​cific) ratings may not have been reliable indices of this particular US-image. It is suggested that the novelty of the tilt-US, and hence subjects' lack of familiarity with the US-image, may have resulted in an inconsistent set of criteria which subjects em​ployed to rate the vividness of their image. In other words, on one trial a subject may have rated his/ her image in terms of the visual features of the image, while on another trial the subject may have selected the auditory modality, and so on. Since the critical modality features of the tilt (i.e., which sen​sory aspects may be responsible for the UR) remain unknown, it would be difficult to instruct subjects to attend to, and base their imagery and ratings on, specific sensory modalities. Therefore, in this ex​perimental situation, the Betts QMI turned out to be a better predictor of performance than the im​agery ratings which were specific to the novel, ex​perimental situation.

Despite the explanation offered for the absence of statistically significant correlations between the US-imagery ratings and the CR, it remains a pos​sibility that some factor associated with general imagery abilities but not imagery per se was re​sponsible for the difference in the CR. In other words, in the absence of significant correlations be​tween US-imagery ratings and the CR, it would be difficult to conclude that general imagery ability determined the nature of the CR. Some other factor associated with imagery ability (e.g., the ability to relax), rather than specific imagery of the US, could have been responsible for the results of this exper​iment. However, there is evidence contrary to this possibility from an earlier experiment (Arabian, 1982). In that study it was found that US-imagery instructions, as opposed to irrelevant (non-US) im​agery instructions, promoted conditioning. It ap​pears, therefore, that the imager response correla​tions might be increased if further work were done both to identify the critical sensory aspects of the US, and to increase the consistency of the subjec​tive image ratings along relevant sensory dimen​sions through instructions and training.
More generally, the present results indicated that individual differences in imagery ability, as indexed by the Betts QMI, and hence, US-imagery, have a functional role in this Pavlovian HR conditioning procedure: general imagery ability was found to affect the recovery of the HR CR. These data were, therefore, in line with an imagery theory (cf., e.g., King, 1973) of conditioning.
Although there was some reason to expect im​agery ability to influence the magnitude of the CR, based on the results of earlier experiments by Furedy and his associates (compare the Furedy & Poulos (1976) and the Furedy & Klajner (1978) results), sensitivity of CR recovery time to exper​imental manipulations is not without some docu​mentation. In an electrodermal (GSR) conditioning experiment, it was found that the recovery but not the magnitude of the response was sensitive to US-intensity manipulations (Furedy & Ginsberg, 1973). Thus, although response-recovery is frequently left unexamined, as in most of the earlier tilt-US ex​periments, this topographical aspect of the CR has been shown to be sensitive to experimental manip​ulations in two very different conditioning situa​tions.
These data have implications for other proce​dures which employ imagery-produced responses (e.g., desensitization therapy). When pairing an im​agery-produced stimulus with some other stimulus, such as a cue to relax, good imagers may be able to sustain a longer delay between image initiation and cue onset than poor imagers. This could result in a better outcome for individuals with good, rather
than poor, imagery ability, particularly if the relaxation response, for example, does not occur within a couple of seconds. It would perhaps be

beneficial to examine further the effects of imagery ability in such contexts in order to optimize the use of imagery-produced responses.
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