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HUMAN ORIENTING REACTION AS A FUNCTION OF ELEC-
TRODERMAL VERSUS PLETHYSMOGRAPHIC RESPONSE
MODES AND SINGLE VERSUS ALTERNATING
STIMULUS SERIES1
JOHN J. FUREDY2

Indiana University
80 Ss were presented with 300-msec. tones and lights separated by a - mean interval of 45 sec and arranged in 40-trial sequences which con​tained both repeated single and alternating patterns as well as trials constituting changes from these patterns. GSR and digital blood-volume pulse change (VPC) were recorded. Both responses increased reliably after a stimulus change from single repetition, p < .001, but not after change from alternation, F < 1. For Trials 1-15 the GSR \habituated reliably and at the same rate to both repetition patterns p < .001, but the VPC did not habituate to either pattern, F < 1. A continuous time-estimation task given to half of the Ss in order to distract them from the stimuli did not affect the above results. Assuming the GSR and VPC to be components of the orienting re​sponse (OR), these findings create difficulties for OR and related theories of autonomic behavior.
Although noted by Pavlov (1927, p. 12), the importance of the orienting reaction (OR) has been emphasized only recently to American investigators by the work of Sokolov (1960, 1963). Sokolov’s theory postulates a hypothet​ical "neuronal model" which develops on the basis of past stimulation received by the organism and which acts as a predictor of future stimulation. The theory asserts that the OR will de​crease or habituate to a repeated series of stimuli, while a change in the series, because it is not predicted by the neuronal model, will reinstate or dishabituate the OR.
1This research was supported by Contract Nonr 908 (15), Office of Naval Research, Roger W. Russell, Project Director. The author is indebted both to other members of the project for their help in data collection and analysis, and to I. Gormezano and F. A. Stare for their helpful criticisms, respectively, during the conception and the interpretation of this study. A brief version of this experi​ment has been reported at the 39th Annual Meeting of the Midwestern Psychological Association, May 1967.
2 Now at the University of Toronto.

Apart from its intrinsic value, OR theory, poses an embarrassing problem for Es who consider that they are clas​sically conditioning autonomic re​sponses with interstimulus intervals (ISIs) which do not exceed the latency of these responses. Such short ISIs preclude measurement of the response to the conditioned stimulus (CS) on training trials, so that CS-alone test trials have to be used to assess condi​tioning. However, because both CS and the unconditioned stimulus (UCS) initially elicit similar responses, there being no neutral CSs, it is difficult to assert that the response to the CS alone on test trials is due to conditioning rather than to nonassociative factors (Zimny, Stern, & Fjeld, 1966). From an OR viewpoint, in particular, the presentation of an unpaired CS test trial constitutes a relative change from the previously experienced paired CS-UCS stimulus pattern. The basic dif​ficulty is that the associative operation of pairing CS with UCS is also that which transforms CS-alone presentations
into relatively novel trials, and this problem exists even for the dif​ferential conditioning paradigm, an arrangement which has been said to be the most unequivocal way of demon​strating associative autonomic learning (Kimmel, 1964).
A preliminary step towards assessing the role of OR habituation and dishabituation in response changes which have been traditionally attributed to classical conditioning is to examine these OR processes in the absence not only of a UCS but also of any repeated pairings of two stimuli, pairings which con​stitute the characteristic pattern of short-ISI conditioning. Response changes over trials consisting of sep- arately presented tone and light stimuli were therefore studied as a function of the following two-level factors: (a) whether the stimulus presented was a part of a repeating pattern or repre​sented a change from that pattern, (b) whether the repeated-stimulus series in​volved a single repetition pattern (e.g., tone, tone, tone, . . .) or an alternating repetition pattern (e.g., tone, light, tone, . . .), (c) whether the response mode was electrodermal or plethysmographic, these responses being among "the most commonly studied compo​nents of the orienting reflex" (Uno & Grings, 1965, p. 312), and (d) whether a continuous time-estimation task was or was not given to Ss. The last factor was varied in order to determine whether the amount of OR increase to change could be reduced if 5 were dis​tracted from the stimuli.
Method
Design.—The single (S) and alternating (A) levels of the repeated-pattern-type fac​tor were varied within Ss, a procedure which introduced the order of presentation (lst-2nd) as an additional factor. This fac​tor was counterbalanced by presenting the S and A series in two sequences to two equal

groups of Ss. In both sequences, each con​taining 40 trials, the S series consisted of 15 trials with the same stimulus (x, x, . . . x), while the A series consisted of 25 trials with the stimuli being alternated (x, y, . . . x, y, x). The change (C) from a repeated (R) stimulus pattern consisted of presenting a stimulus which was different from (S series) or the same as (A series) that on the immediately preceding trial. Italicizing the two change trials in both sequences, Se​quence I (S first) consisted of the series, x, x, ... x, y, x, ... x, y, x, x, while Sequence II (A first) consisted of the series, x, y, . . . x, y, x, x, . . . x, y. The change (C) from S repetition therefore occurred on Trials 16 and 40 in Sequences I and II, respectively, while the C from A repetition occurred on Trials 26 and 40 in Sequences I and II, respectively. The nature of the stimulus on a given trial was counterbalanced by specifying x as tone and y as light for half the Ss and reversing this specification for the remaining Ss. The Ss were also di​vided equally between those who did and did not receive the time-estimation task, but the response-mode factor was varied within 5s by recording both the electroder​mal and plethysmographic responses from all 5s.
Subjects.—The Ss were 80 undergraduates drawn mainly from a summer-school pop​ulation at Indiana University who were told that they could earn up to $2.00 for partici​pating.
Apparatus.—The S was seated in a padded armchair placed in an electrically shielded room separate from E and the main appara​tus. There was intercom contact between E and S, while a peephole also allowed E to observe, without S’s knowledge, whether S’s eyes were open. Brush crystal earphones on S delivered a 60-db. SPL white masking noise which was continuous except when a 2,000-cps, 80-db. tone was delivered. For the light stimulus, the illumination from a ceil​ing lamp was increased from 1.5 to 3.3 ftl. as measured, with a Macbeth Illuminometer directed at the wall in front of S at eye level.
The duration of the tone and of the light was controlled by an electronic timer. The nature of the trials and the intertrial inter​vals were programmed through a Western Union tape transmitter. At about 15° above eye level and 48 in. away from S were three colored 3/4 -in. glasses mounted to form an isoceles triangle with base and sides of 21/2 in. and 2 in., respectively. An orange glass was the downward-pointing apex, with
the green and red glasses being the points joining the base of the triangle. Behind each glass was a 24-v. bulb, the onset and offset of which was under E's push-button control.
The electrodermal or galvanic-skin re​sponse (GSR) was picked up by two elec​trodes of the Zn-MnO2 type in conjunction with contact pads of saline-soaked cotton which were placed on the left palm and outer lateral surface of the left forearm about 4 in. above the elbow. The GSR was measured with an electronic dc ampli​fier of the bridge type supplying a constant 30 (a. to the electrodes. The amplifying unit, designed and constructed at Indiana University, had an automatic range-changing device, and a range of nine sensitivities which could be adjusted according to S's basal level and changes in resistance. The output was recorded on a Stoelting servo-graphic recorder run continuously at a speed of 6 in/min.
To record the plethysmographic response of change in digital blood-volume pulse, the tranducer was attached to the tip of S's left index finger. For most Ss the trans​ducer was photoelectric, but for some Ss a piezoelectric transducer was used. The sig​nal was amplified and recorded by an Offner type-R dynograph run continuously with a paper speed of 21/2 mm/sec.
Procedure.—The task (T) group receiv​ing time-estimation instructions were told of the tone and the light, and then of their task, which involved silently counting the seconds and calling out the passing of each 2 min. They were advised to ignore the tone and the light, since these would be presented at irregular intervals, and were told that their performance would be monitored by E, who would take some money from S's original $2.00 stake whenever the latter's estimate of the passing of each 2 min. was inaccurate. The E undertook to flash a colored light two or three times during the session in order to indicate to S that he should speed up (green), slow down (red), or maintain (orange) his current rate of counting. The no-task (NT) group received the same instructions as the T group except that: (a) the reference to time estimation was omitted, (6) the colored lights were men​tioned along with the tone and the light as the stimuli which S would receive, and (c) S was instructed to keep his eyes open on pain of forfeiting a dollar from his $2.00 stake.
The duration of the tone and light (from

the ceiling) was 300 msec, while the inter-trial intervals were randomly varied between 371/2, 45 (mean), and 521/2 sec The colored lights were interpolated at about 10 sec after the tenth and thirtieth trials for ap​proximately 1 sec. The 5"s for the T and NT groups were run successively in pairs, with the performance of 5* in the T group determining the color of the colored lights and the total earnings for both members of the pair. The allocation of each pair to other conditions was random.
Results

Response measures.—The GSR, a drop in skin resistance initiated be​tween 1 and 4 sec. after stimulus onset, was transformed into conductance change (AC) scores in microhms. The plethysmographic digital blood-volume pulse change (VPC), whether recorded through a photo- or a piezo​electric transducer (74 Ss and 6 Ss, respectively), is a decrease in pulse magnitude representing peripheral vasoconstriction. However, the mea​surement of the VPC response is often complicated by brief and nonstimulus-connected arythmic pulse-magnitude changes. The response definition adopted sought to control for such brief changes by requiring response initia​tion and termination to occur for longer than two-pulse periods. Specifically, response initiation was looked for from 2 to 8 sec. after stim​ulus onset, and defined as occurring at the first (base) pulse, I, for which either (a) I was followed by Pulses J and K where I > J > K, or (b) I was followed by Pulses J, K, and L where I > J > L. Response termination was taken to have occurred at Pulse T, which followed I and J and which itself was followed by Pulses U and V such T < U < V. The amount of change was the algebraic difference between I and T expressed as a percentage of I, which is a volume-pulse change mea-
sure expressed as a percentage of the base pulse.
Change from repeated pattern.—Fig​ure 1 shows the mean electrodermal and plethysmographic performance on the block of repeated (R) trials imme​diately preceding a change (C) trial and on the C trials themselves as func​tion of the task (T-NT), pattern-type (S-A), and order (first-second) fac​tors. The counterbalanced order fac​tor, introduced through the variation of the pattern-type factor within Ss, makes it difficult to statistically assess the data in the form of a simple R-C X T-NT X S-A X First-Second factorial design, because the distribu​tion of Ss does not allow a split-plot model to be applied. Such a model is applicable, however, to an "interactive" factorial, in which the order factor is reclassified so that it is connected to the pattern-type factor.    It has been

shown that the statistical results from this interactive factorial are logically equivalent to effects describable in the simple factorial terms of change, task, pattern type, and order (Furedy, 1967). In these simple factorial terms, the electrodermal results (left panel of Fig. 1) yielded significant, p < .001, effects due to change, F (1, 76) = 35.475, pattern type, F (1, 76) = 25.494, and interaction between change and pattern type, F (1, 76) = 45.850; the p values for all other effects ex​ceeded .1. Separate analyses of the Change X Pattern-Type interaction showed that the performance on the C trials was superior to that on the R trials with the single pattern, F (1, 76) = 59.979, p < .001, but the in​feriority of the C relative to the R trials with the alternating pattern was not significant, F (1, 76) = 2.461, p > .1. For the plethysmograph (right panel
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Fig. 1.   Mean electrodermal and plethysmographic responses to repeated (R) and changed (C) trials as a function of the pattern-type, task, and order factors.

of Fig. 1), the effects due to change, pattern type, and their interaction were again significant, p < .001, with F (1, 76) =14.660, 12.790, and 13.266, re​spectively, for the three effects. There were also significant effects due to order, F (1, 76) = 4.781, p < .05, with superior performance under the first-presented condition, and to an Order X Change interaction, F (1, 76) = 5.800, p < .05. Finally, there were near-significant, p < .1, effects due to task, F (1, 76) = 3.248, with the NT group superior to the T group, and to a triple interaction between order, change, and pattern type, F (1, 76) = 3.713. For all remaining effects, F < 2, p > .1. Separate anal​yses for the significant Change X Pat​tern-Type interaction showed that the superior performance on the C trials relative to R trials was significant with

the single pattern, F (1, 76) = 19.114, p < .001, but not with the alternating pattern, F < 1. Similarly, separate analyses for the significant Change X Order interaction showed that the su​perior performance on the C trials was significant under the first-pre​sented condition, F (1, 76) = 15.838, p < .001, but not under the second-presented condition, F (1, 76) = 1.372, p > .1. As the triple interaction be​tween order, change, and pattern type had not reached significance, no sepa​rate analyses were performed. How​ever, the form of this interaction seemed to be that the Change X Order inter​action was present with the single, but not with the alternating, pattern.
Initial pattern repetition.—Figure 2 shows the mean electrodermal and plethysmographic performance over the first 15 trials in blocks of 3 trials as a
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Fig. 2.   Mean electrodermal and plethysmographic responses to first 15 repeated-pattern trials as a function of the pattern-type and task factors.
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Fig. 3. The effect of initial repetition as a function of the pattern-type, task, and response-mode factors. (Scores for each response mode are expressed as a percentage of the mean score on Trials 1-3 for that mode.)

function of task and pattern type. A Trials X Task X Pattern-Type analysis for the GSR showed only a significant trials effect, F (4, 304) = 28.615, p < .001, with a monotonic decrease of responding over trials; for all other effects, F < 1. The same analysis for the VPC showed no significant trials effect, F < 1, and all other effects also failed to approach significance, F < 1.4. To compare the amount of response decrease or habituation between the two response modes, a common ordinate for them was established by ex​pressing each score as a percentage of the mean score for that response mode over the first three trials. Fig​ure 3 shows the data plotted as a func​tion of response mode, task, and pat​tern type. The difference in slopes be​tween the electrodermal and plethysmographic modes, as represented by the Response-Mode X Trials interaction, was significant, F (4, 304) = 10.990, p < .001. Task, pattern type, and all interaction effects involving these two

factors   as terms   were   insignificant, F< 1.2.
Task effect.—Since the T and NT groups failed to differ in any significant way with respect to the effects of change from repetition and of repetition itself, the question arises whether the task had any influence on Ss. One implication of such influence is that responses to the interpolated colored lights would differ between the T and NT groups, since these stimuli had in​formational significance only for the T group. Figure 4 shows the mean elec​trodermal and plethysmographic re​sponses to the two interpolated colored-light trials as a function of the task factor. Although the greater electro-dermal responding of the T relative to the NT group was not significant, F < 1, the T group did give signif​icantly greater plethysmographic re​sponses than the NT group, F (1, 78) = 8.357, p < .01. In addition, the Groups X Trials interaction for the plethysmograph was near significant,
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Fig. 4.   Mean electrodermal and plethysmographic responses to the two interpolated

colored-light trials as a function of the task factor.

F (1, 78) = 3.729, p < .1, with the difference between groups appearing to decrease over trials. All other effects in the case of both response modes failed to approach significance,

Discussion
In the plethysmographic mode, though not in the electrodermal, the effect of change from a repeated pattern of stimula​tion was complicated by an interaction of this effect with the order factor. How​ever, at least for the first-presented condi​tion, the predominant feature of the change-from-repetition results; for both response modes was the interaction be​tween the change and pattern-type factors, there being a highly reliable response in​crease to change from a single pattern, but no evidence for such ail increase to change from an alternating pattern. It is noteworthy, moreover, that, these latter null findings are based on the same size of sample and degree of experimental control


which produced the highly reliable increase to change from single repetition. Although the alternation pattern used here does not seem to have been studied in other experiments, the null findings appear surprising in the light of outcomes such as those reported by Berlyne, Craw, Salapatek, and Lewis (1963), who found that changes from seemingly more com​plex patterns did reliably increase re​sponse amplitude. However, the patterns used by these Es were visual configura​tions with the components presented si​multaneously. The alternation pattern used here, though basically simple, does have sequentially presented components which require temporal integration for pattern registration. Such registration, at least as regards the autonomic re​sponses studied here, did not appear to occur.
As for the influence of initial pattern repetition prior to change, the only reli​able effect was the difference in rate of response decrease over trials between the electrodermal and plethysmographic re-
sponse modes. This difference, moreover, was that while the GSR did decrease monotonically and reliably, the VPC in the same sample of 5"s showed no evi​dence of doing so. This failure of the VPC to habituate is not consistent with an interpretation of experiments by Unger (1964) and Zimny and Miller (1966), two studies which have been said to clearly demonstrate the phenomenon of plethysmographic habituation (Zimny & Miller, 1966, p. 91). However, the former experiment showed only that from 20 Ss it was possible to select 12 Ss who, at some unspecified stage along a trial series of numbers presented seriatim, failed to respond over three successive trials (Unger, 1964, p. 13), and this is hardly compelling statistical evidence for habituation. Zimny and Miller (1966, p. 87) did obtain a highly significant (p < .005) monotonic response decrease over five successive trials with 26 (un-selected) Ss, but the stimuli producing this result consisted of 5-sec. applications of hot or cold surfaces to the forearm, with intervals of 25 sec. between applica​tions. As these conditions do not ensure that the effects from the last stimulus are completely dissipated before the onset of the next stimulus, it is at least plausible that sensory adaptation rather than ha​bituation was responsible for the observed reliable response decrements to successive stimulus onsets. Consistent with this pos​sibility is the failure of successively pre​sented tone stimuli to produce a reliable response decrement in the same experi​ment; these stimuli were of short duration and were separated by at least 4 min. (Zimny et al., 1966, p. 85). Aside from the above two experiments, Uno and Grings (1965) varied tone intensity and found a marginally significant (p < .05) Trials X Intensity interaction which they interpret as suggesting that if there was any habit​uation, it occurred only to tones at the lower intensities (60 and 70 db.). With the possible exception of low-intensity tones, however, the evidence does not point to plethysmographic habituation to initial repetition as a reliably demon​strable phenomenon.

Although some features of the results are consonant with the OR position, others are not. The most relevant of the latter is the failure of both the electro-dermal and plethysmographic responses to increase as a function of change from alternation. Although alternation is not a particularly complex pattern, it would seem, in terms of Sokolov's (1960, 1963) theorizing, that 25 alternating trials were not sufficient to establish a neuronal model for alternating input. In addition, while the alternating pattern used here is different from the paired-stimulus pat​terns of classical conditioning, the ap​parent failure of the present alternating pattern to be registered does raise the question whether the patterns of stimu​lation used in classical autonomic condi​tioning are sufficiently simple for neu​ronal models to be established, and for the ORs to be reinstated following pattern changes.
The failure of the plethysmograph to decrease as a function of initial repeated stimulation also casts doubt on the gen​erality of OR theory, since habituation to repetition is one of the defining character​istics of the OR (Sokolov, 1960, p. 189). The present failure to habituate, it should be noted, was not confined to the alter​nating pattern, so that, as regards the repetition operation, the expected effects from the influence of the neuronal model failed to occur in the plethysmograph in​dependently of the type of repetition pat​tern employed. Finally, to the extent that one expects the orienting behavior to be influenced by the degree of the organism's attention to the stimuli presented, the failure of the time-estimation task to affect responding either to change from repetition or to repetition itself is not consistent with the OR position. It is possible that the task simply did not dis​tract Ss at all, but the results concern​ing responses to the colored lights (which contained information about performance only for the time-estimation group) pro​vided some evidence that Ss were not en​tirely unaffected by the task.
In conclusion, the results obtained for the first-presented condition under the
TABLE 1
Effects of Initial (First-Presented) Rep​etition and Change Operations as a Function of Response Mode

and Pattern Type
	Response Mode
	Operation

	
	Repetition
	Change

	Electrodermal

Single pattern 

Alternating pattern

Plethysmographic

Single pattern

Alternating pattern
	decrease* decrease*
no effect

no effect
	increase

no effect
increase

no effect


* No difference in rate of decrease between pattern types.
various combinations of change, pattern-type, and response-mode factors are sum​marized in Table 1. The startling fea​ture of the table is the lack of correlation between outcomes. Thus, whether a response system is or is not affected by the initial repetition operations appears to be unrelated to whether it is or is not affected by the change operations. The table also serves to warn against using a term like "dishabituation," which involves the implicit and sometimes false assump​tion that prior habituation to repetition has occurred. No unifying explanation has been offered for the results reported here, but they do suggest that until the behavior of the electrodermal and plethys​mographic components of the OR to stim​ulus repetition and to change from repeti​tion is better understood, it is premature to subsume too wide a class of autonomic

phenomena under the rubric of the orient​ing reflex.
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