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And Autonomic Classical Conditioning 
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Abstract 

The extent of cross-modal generalization (CMG) was examined under identical and 
non-identical reinforcement schedules for tone and light as the two CSs. in 
Exp. I, the skeletal eyelid response of 128 Ss was conditioned with a 500-msec. 
CS-UCS interval, where an infra-orbital shock served as UCS. Exp. IT employed 
a 1-sec. CS-UCS interval for 128 Ss with a forearm shock as UCS, and GSR, digi¬ 
tal volume pulse change (VPC), heart rate, and respiration as the autonomic 
responses. Both experiments included groups of 6U Ss run as controls for con¬ 
ditioning, and this was reliably obtained in Exp. I. In addition, CMG in the 
eyelid CR was a reliable function of the reinforcement-scheduî e manipulation, 
as well as of within- and between-Ss manipulations of UCS intensity. In Exp. 
II. only the GSR and the VPC responeee indicated reliable conditioning, but even 
with these responses the other factors shown to be effective in Exp. I did not 
produce reliable differences. 

Among the many explanations of primary stimulus generalization is the 

"failure-to-discriminate" interpretation, which asserts that the stimuli must 

be confused by the organism for there to be any generalization between them. 

Kimble (1961, p. 353) has noted that experiments exhibiting any appreciable 

amount of cross-modal generalization (CMG) weaken this hypothesis, since it is 

unlikely that confusion would occur across modalities. Razran (19U9) has des¬ 

cribed Russian experiments in which conditioned responses (CRs) generalized 

across modalities by as rauch as 382, while American investigators have reported 

cases of CMGs as high as 602 (Marlatt, Lilie, Selvidge, Sipes, & Gormezano, 

1966). The confusion hypothesis was even more conclusively refuted, however, 

by a case of total or 1002 CuG, a situation where, at least for the condiUoned 

GSR, it was as if the two modally different conditioned stimuli (CSs) of tone 

and light were the same (Furedy, 1965, p. 206). More recently it has been 
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suggested that this lack of CR differentiation between two clearly discriminable 

CSs was due to the fact that the training or reinforcement schedules for the 

CSs were identical, both stimuli being paired with the unconditioned stimulus 

(UCS) at the same rate (Furedy, 1966). The same report outlined methods for 

testing whsther generalization was total (no differentiation) or partial between 

any two CSs. The purpose of the two experiments to be reported was to apply 

these methods to study the extent of CMC or, its converse, CMD (cross-modal 

differentiation), as a function of whether or not the reinforcement schedules 

were the same for the CSs, and whether or not the UCSs paired with the CSs 

differed in intensity. 

In Exp. I a skeletal response, the eyelid, was the dependent variable. 

This response was used for two reasons: (a) its conditionability is relatively 

well established; (b) its short latency allows measurement of conditioning on 

training (CS-UCS) trials even with interstimulus intervals (iSIs) as short as 

500 msec., a feature which in turn permits the use of the extinction generali¬ 

zation test (Furedy, 1966, p. 6). In addition, it was thought that differen¬ 

tiation in such a skeletal system may be superior to that in the autonomic 

responses used in Exp. II, where the following indices were examined: (a) 

galvanic skin response (QSR), (b) the plethysmographic digital blood volume 

pulte change, (c) heart-rate, and (d) respiration* 

Information additional to that concerning the extent of CMG or CMD was 

sought from both experiments. First, there was the question of whether the 

response system involved demonstrated reliable conditioning, a question which 

was rhetorical only in the case of the eyelid response. Secondly, there were 

^Respiration is not a "pure" autonomic response in that striate muscle 
systems are clearly involved. However, for the present purposes, this response 
will be treated as autonomic to distinguish it ffom the clearly skeletal eyelid 
response. 
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other questions concerning such aspects of conditioning as the effects of within- 

and between-Ss variations of UCS intensity. 

Experiment lî Skeletal CMD 

The most commonly used UCS for eyelid conditioning has been the corneal 

puff. However, the fact that the conditioned response (CR) can modify the 

noxious effect of the air-puff UCS introduces the problem of "voluntary" re¬ 

sponders (Gormesano, 1965). On the other hand, the noxious effects of an infra¬ 

orbital shock UCS is less likely to be modifiable by the CR, and such a UCS has 

recently been used to demonstrate relatively unequivocal eyelid conditioning 

(Fernald, Gormezano, and Smith, 1966). In the present experiment, therefore, 

the infraorbital shock technique, as developed by Gormezano and his associates, 

was employed to condition the skeletal eyelid response. 

Method. 

EVp-rH mental design .—St jmulus orders were developed for the purpose of 

measuring the extent of CMD by the use of two tests: training differentiation 

(TD) and extinction differentiation (ED). Except for the label change from 

"generalization" to "differentiation", both the two tests and their rationales 

have been described in detail in the previous report (Furedy, 1966). The TD 

test, briefly, compares conditioning performance to two sets of extinction or 

non-reinforced (F) trials: N(S,d) and N(s,D). Any trial in the N(S,d) set has 

been preceded by more training or reinforced (R) trials with the same (s) CS 

as that being tested than R trials with the different (d) CS. For any trial in 

the N(s,D) set, on the other hand, the s value for previous R trials is exceeded 

by the d value for previous R trials. Provided that the two sets of N trials 

are equal in all other respects (such as the mean sum of the s and d values for 

previous R trials), the outcomes of N(S,d) - N(s,D) and N(S,d) ? N(s,D) indicate 
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respectively, the absence and presence of training differentiation between the 

two CSs. Similarly, the ED test compares conditioning performance on two sets 

of R trials: (s,D)R and (S,d)R. For any trial in the (s,0)R set, the s value 

for previous extinction or non-reinforced (N) trials is exceeded by the d value 

for previous N trials, while this s : d relationship is reversed for all R 

trials in the (3,d)R set. Then, provided that the two sets of R trials are 

equal in all other respects (such as the mean sum of the s and d values for 

previous N trials), the absence and presence of extinction differentiation is 

indicated, respectively, by outcomes of (s,D)R ■ (S,d)R and (s,D)R > (S,d)R. 

Table 1 shows the four basic bl-trial orders in which the two CSs 

(x-type and y-type) are paired under partial (67%) reinforcement schedules. 

The schedules are identical for the two CSs throughout training, with the 

maximal variation (MV) at any point between s and d values being unity (MVl). 

For the TD test, the orders provide an N test trial for all unequal pairs of s 

and d values for previously presented R trials; for the ED test, the s and d 

values for previously presented N trials are given only for those R trials 

which were used in the test. Within the limits set by having to provide the 

conditions for the differentiation tests, the stimulus orders are relatively 

unsystematic with respect both to R-N (training vs test trials) and to x-y 

(type of CS) sequences along the Ul-trial series. The most regular R-N pattern 

occurs early in the series: in Orders 1 and 2, trials 2-13, there is an NRR 

pattern repeated four times. The most regular x-y pattern is a simple triplet 

(xxx) occurring in Order U, trials 1U-16. 

Table 2 shows the four basic orders for the non-identical reinforcement 

schedules, where the maximal variation (iiV) between s and d values for previous- 

y presented R trials is five (MV5). It will be noted that the N trials, which 

are required for the test of TD, appear in the same position in the MV5 orders 
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Table 1. 

Trials 

1 
2 
3 
k 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1U 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2U 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3U 
35 
36 
37 
38 
39 
U0 
41 

Basic four orders for identical reinforcement schedules (wVl orders) 

Qi ders 

1.2 3 h 

D Y 
Nx(l,0) 

(0,l)Ry 
(l,0)Rx 

Ny(l,2) 
Ry 
Rx 
Nx(3,2) 

(l,2)Ry 
(2,l)Rx 

Ny(3,4) 
Ry 
Rx 
Ny(4,5) 
Kx(5iU) 
Ry 
Ry 
Rx 
Ry 
Ny(7,6) 

(3,U)Rx 
(4>3)Ry 

Nx(7,8) 
Rx 
Ry 
Rx 
Rx 
Nx(10,9) 
Ny(9,10) 
Ry 
Rx 
Vy(10,ll) 

(6.5) Ry 
(5.6) Rx 

Nx(12Jll) 
Ry 
Rx 
Ny(12,13) 
Ry 
Rx 
Nxd^U) 

Ry 
Nx(0,l) 

(l,0;Rx 
(odiRy 

Ny (2,,1) 
Rx 
Ry 
Nx(2,3) 

(2,l)Rx 
(lj2)Ry 

Ny(4j3) 
Rx 
Ry 
Ny(5,U) 
Nx(4,5) 
Rx 
Ry 
Rx 
•p-y 

Nyíó,?) 
(4.3) Ry 
(3.4) Rx 

Nx(8,7) 
Ry 
Rx 
Ry 
Ry 
Nx(9,10) 
Ny(10,9) 
Rx 
p-y 

Nx(ll,10) 
(5,6)Ry 
(6s5)Rx 

Ny(ll,12) 
Ry 
Rx 
Rx(13,12) 
Ry 
Rx 
Ry(13,14) 

Px 
Ny(0,l) 

(IjO)Ry 
(0,1)Rx 

Nx(2,l) 
Ry 
Rx 
Ny(2,3) 

(2.1) Ry 
(1.2) Rx 

Nx(4,3) 
Ry 
Rx 
Ry 
Ry 
Nx(5,6) 
Ny(6,5) 
Rx 
Ry 
Fx(6,7) 

(U,3)Rx 
(3.4) Ry 

Ny(ö,7) 
Rx 
Ry 
Ny(9,8) 
Nx(8,9) 
Rx 
Ry 
Rx 
Ry 
Ny(ll,10) 

(5,6)Rx 
(6.5) Ry 

Nx(ll,12) 
Rx 
Ry 
Ny(13,12) 
Rx 
Ry 
Nx(13,lU) 

Ry 
Ny(l,0) 

(0,l)Rx 
(l,0)Ry 

Nx(l,2) 
Rx 
Ry 
Ny(3,2) 

(1.2) Rx 
(2,l)Ry 

Nx(3,U) 
Rx 
Ry 
Rx 
Rx 
Nx(6,5) 
Ny(5,6) 
Ry 
Rx 
Nx(7,6) 

(3.4) Ry 
(4.3) Rx 

Ny(7,8) 
Ry 
Rx 
Ny(8,9) 
Nx(9,8) 
Ry 
Ry 
Rx 
Ry 
Nx(10,ll) 

(6.5) Rx 
(5.6) Ry 

Ny(12,ll) 
Rx 
Ry 
Nx(12,13) 
Rx 
Ry 
Ry(14,13) 

Note that: N(s,d) denotes a non-reinforced trial preceded by s reinforced 
trials with the same CS as that being presented and by d reinforced 
trials with the different CS from that being presented; (s,d)R denotes 
a reinforced trial preceded by s non-reinforced trials with the same CS 
as that being presented and by d non-reinforced trials with the Tifferent 
CS from that being presented; for both non-reinforced (N) and reinforced 
(R) trials, the x-y variable specifies the nature of the CS on the trial 
being presented. 



Table 2, Basic fovr orders for noi;-identical reinfoicaraont schedules (MV5 orders) 

Orders 

Trials 1 2 3 il 

1 
2 
3 
h 
5 
6 
7 
8 
9 

10 
n 
12 
13 
lil 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2li 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3li 
35 
36 
37 
38 
39 
Uo 
hl 

Nx(l,0) 
Rx 
Rx 
Ny(0,3) 
Rx 
Rx 
Nx(5,0) 
Ry 
Rx 
Ryd.ó) 
Ry 
Ry 
Ry(3j6) 
Rx(6,3) 
Ry 
Ry 
Ry 
Ry 
i'y(7,6) 
Rx 
Ry 
Nx(7,8) 
Ry 
Ry 
Ry 
Ry 
Rx(7,12) 
Ny(12,7) 
Rx 
Rx 
Nx(9,12) 
Rx 
Rx 
îiy(12,ll) 
Ry 
Rx 
Nx(12,13) 
Rx 
Rx 
^v(13,ll4) 

Ry 
Nx(0,l) 
Ry 
Ry 
Ky(3,0) 
Ry 
Ry 
Nx(9j5) 
Rx 
Ry 
iT,y(6,i) 
Rx 
Rx 
Ny(6,3) 
rx(3,6) 
Rx 
Rx 
Rx 

iiy(6,7) 
Ry 
Rx 
Nx(V) 
Rx 
Rx 
Rx 
Rx 
.^(12,7) 
Hy(7,l2) 
Ry 
Ry 
^x(12,9) 
Ry 
Ry 
Ny(lli12) 
Rx 
Ry 
Kx(13il2) 
Ry 
Ry 
Ny(li*,13) 

Rx 
NyiO,!) 
Rx 
Rx 
Nx(3,0) 
Rx 
Rx 
Ny(o,5i 
Ry 
Rx 
íxíó,!) 
Ry 
Ry 
Ry 
Ry 
wx(6,5) 
Ry(5,6) 
Ry 
Ry 
Nx(6,7) 
Ry 
Ry 
Ny(9,6) 
Ry 
Ry 
Nydlió) 
Nx(6,ll) 
Rx 
Rx 
Rx 
Rx 
Ny(ll,10) 
Rx 
Ry 
Kx(ll,12) 
Rx 

Ny(12,13) 
Rx 
Rx 
^(15,12) 

Ry 
Ny(l,0) 
Ry 
Ry 
Nx(0â3) 
Ry 
Ry 
Ny(5,0) 
Rx 
Ry 
Nx(l,6) 
Rx 
Rx 
Rx 
Rx 
ïix(5#6) 
Ry(6,5) 
Rx 
Rx 
Kx(7>6) 
Ry 
Ry 
Ny(6,9) 
Rx 
Rx 
Ny(6,ll) 
Nx(ll,6) 
Ry 
Ry 
Ry 
Ry 
Ny(10,ll) 
Rx 
Ry 
Kx(12Jll) 
Ry 
Ry 
Ny(13,12) 
Ry 
Ry 
Nx(12,l5) 

Note» See note for Table 1. 



7 

as in the MV1 orders, «hich allows comparisons of TD as a function of the degree 

of identity of reinforcement schedules. On the other hand, ED wa¿ not assessed 

with the MV5 orders, since there are very few suitable R trials available for 

such a test, there being too many places where the same CS is repeatedly pre¬ 

sented on successive R trials. 

The Ss for whom the CS and UCS were paired (experimental group) were run 

under one of 128 different conditions which were generated as follows. Intro¬ 

ducing the reinforcement-schedule (MV) factor (MV1-MV5) doubled the original U 

stimulus orders or conditions. The 8 conditions were again doubled by the factor 

of UCS variation (UV): whether the UCS paired with the two CSs for a given S 

was constant (CCN) or varied (VAR) in intensity. The 16 conditions were further 

doubled by the UCS intensity(UI) factor. For CSs paired with the constant 

intensity UCS (CON), the UI factor was varied between Ss in terms of whether both 

the X- and y-type CSs were paired with the weak (VIEA) or the strong (STR) UCS; 

for CSs paired with UCSs of varied intensities (VAR), UI was varied within Ss 

in terms of whether the x- and y-type CSs were paired, respectively, with the 

STR and WEA, or WEA and STR, UCSs. The 32 conditions resulting from the varia¬ 

tion of the UI factor were fiarther doubled through varying the factor of the 

nature of the CS (NC): whether the CS was a tone (T) or a light (L). For half 

the conditions, x and y were specified as T and L, respectively; while the con¬ 

verse specification held for the remaining conditions. Finally, the 6h condi¬ 

tions were doubled by introducing sex as a factor. The experimental group 

(paired CS and UCS), consisted of one replication of each of the 128 conditions. 

The control group, for whom the CS and UCS was unpaired, consisted of one repli¬ 

cation for each of the 6U conditions derived from all factors except that of 

sex; the sex factor was randomly assigned over the 6U conditions with the re¬ 

striction that half of the control Ss be male. The unpairing of CS and UCS for 
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control So was achieved by aeparating the CS and UCS elements of the R trials 

of Tables 1 and 2 above, the randomising the order of CS and UCS for these 

separations with the restriction that no sequences of more than 3 adjacent CS 

trials were allowed* Thus the control group received 68 trials as compared to 

the Ul trials received by the experimental group, but both groups were presented 

with the CS on lù trials. 

Apparatus. —Separate from E and the main apparatus, S sat on a hard-backed 

chair with chin rests (approximately 100 Ss) or, later, in a dentist chair which 

allowed positioning of the head without a chin rest (the remaining Ss). The 

S's room, well-illuminated and sound-treated, contained a U* x U' white board 

with a 10-cm. milk glass disc at its center, which was approximately U ft. in 

front of S. An abrupt change in hue (to reddish-orange) and an increase of il¬ 

lumination (from .19 to .26 mL.) of the disc served as the light CS. The tone 

CS was a 1000-cps, 70-db SPL tone presented over a continuous $0 db white noise 

through Grason-Stadler D30 headphones which also permitted E to communicate 

with S. The duration of both CSs was set on a Hunter timer at 500 msec. The 

UCS was a 120-v. (werk) or 260-v. (strong) dc shock of approximately 1-msec, 

duration delivered simultaneously with CS offset by the discharge of a .01-MFD 

capacitor. Silver electrodes, 9 mm. dia., were impeded in a 22 mm. Plexiglass 

disc filled with Offner electrode paste, and were placed 2 cm. below the tem¬ 

poral end of the right lower eyelid (negative electrode) and at the right ex¬ 

ternal canthus (indifferent electrode). The pickup and recording apparatus was 

identical to that described by ftoore and Qormesano (1961). A Western Union tape 

transmitter controlled the intertrial intervals and partly determined the nature 

of the stimuli on each trial. The latter aspect was further determined by 16 

tapes which, in conjunction with a system of switches, delivered the 128 types 

of stimulus orders. 

JÉOiailiMlllailÉUtyjMlMdMWtiilkMlMMÉlAHaiillHWaill 
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Subjecta.—For the experiment proper, the ¿a were 96 men and 96 women from 

introductory paychology claaeea at Indiana Univeraity who were free to chooae 

between receiving #1.50 or aatisfying a courae requirement. In addition, there 

were 1;0 male Sa from the aame aource who were uaed in the two pilot atudiea to 

be deacribed below. 

Procedure.—In connection with the testa of training generalization, an in¬ 

spection of the orders in Tables 1 and 2 indicates that the first place at 

which the variation between a and d values differs most between the identical 

(MV1) and the non-identical CiVS) reinforcement schedules is at trials 6 and 11. 

However, it was noted previously that a desirable condition for using the 

N(S,d) : N(s,D) test TD is that performance be an increasing function of pre¬ 

vious number of R (training) trials (Furedy, 1966, p. 8). This condition, more¬ 

over, may fail to hold not only through performance becoming asymptotic, but 

also through it not having started to improve for seme Ss. Because the eyelid 

can be relatively slow to condition (Prokasy, 1965, P» 215), a pilot study was 

run with 20 Ss to estimate what percentage of Ss would be likely to be giving 

at least seme CRs by the stage of the series bounded by trials 8 and 11. The 

study was also used to gain some idea of the sensitivity of the TO test to a 

situation where some differentiation (only partial generalization) was expected. 

Hence, only the non-identical (MV5) reinforcement schedule series was employed 

with both CSs paired at a 500-msec, interstimulus interval with the strong UCS. 

The response measures were frequency and magnitude, as deacribed more precisely 

at the beginning of the Results section below. Examination of CR magnitudes on 

trials 3 and 11 indicated only an insignificant tendency for performance on 

N(S,d) trials (in this case, N(5,0) and N(6,l)) to be superior to performance 

on N(s,D) trials (in this case, N(0,5) and N(l,6)). However, since 65$ and 

70$ of the Ss did not respond at all on trials 8 and 11, respectively, it was 
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clear that the desirable condition of performance being an increasing function 

of previous number of R trials had not been generally met. 

In the second pilot study, therefore, the alternative was tried of in¬ 

itially training all Ss to a low criterion of performance (Furedy, 1966, p. 8) 

before administering one of the MV5 test series. The training consisted of 36 

CS-UCS trials with the two CSs being continuously reinforced (all R trials). 

Training was terminated either at the end of the training series, or when S 

had reached a criterion which is specified in more detail below. Each of 20 

Ss was then presented with the first 11 trials of one of the four MV5 orders, 

as in the first pilot study. This time only yft of the Ss failed to give a CR 
on both trials 8 and 11. horeover, when these trials were used for the TD test, 

a sign test based on differences in CR magnitudes on the N(S,d) and N(s,D) 

trials for each S yielded a significant, £ < .05, difference in favor of the 

N(S,d) trials. 

Since the method of training to criterion appeared to yield a sufficient¬ 

ly sensitive index of TD, this technique was used in the main experiment. After 

attaching the recording apparatus and the shock electrodes to S, and describing 

the type of stimuli (tone, li§ht, and shock) to be presented, E left S's room 

and read the following instructions through S‘s earphones. 

Please listen carefully to the following instructions. Remain 
seated comfortably and keep looking at the gray disc in front of you. 
Do not touch anything on your head at any time during the experimental 
session. The stimuli will consist of a tone, a light from the disc, 
and a mild electrical stimulus to your cheek. Be careful not to control 
voluntarily your natural reactions to the stimuli. Keep as detached an 
attitude as possible and simply let your reactions take care of them¬ 
selves. You can communicate with me at any time by speaking in a normal 
voice. Are these instructions perfectly clear to you? 

Following instructions, all Ss were presented with a continuous series 

of R trials in which the x- and y-type CSs were unsystematically presented 

with the restriction that the number presented of each type be equal after 
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trials 2, U, 8, 12, lU, 16, 18, 20, 22, 2U, 26, 28, and 32. The intertrial 

interval (ITI) was randomly varied between 25, 30 (mean) and 35 aec. The speci¬ 

fication of X and y, and the intensity of the two UCSs were the same as that 

employed in the following Ul-trial (experimental group) or 68-trial (control 

group) test series. The training series was terminatea either after the 36th 

trial, or as soon as S had given CRs on two consecutive trials and had also 

satisfied one of the following conditions: (a) at least one CR to each CS 

before the 12th trialj (b) at least two CRs to each CS before the 25th trial; 

(c) at least three CRs to each CS before the 36th trial. 

In the test series, the UO ITIs for the experimental group (paired CS-UCS) 

was varied unsystematically between 30, UO, and $0 sec. intervals of which there 

were, respectively, 13, lU, and 13. The test series for the control group (un¬ 

paired CS and UCS) had 67 unsystematically varied 20, 25, and 30 sec. intervals 

of which there were, respectively, 30, 20, and 17. These ITI distributions 

approximately equated the duration of the test series for the two groups. The 

Ss were randomly allocated to groups and conditions until all 192 cells speci¬ 

fied in the ftttperimental design section above had been filled. 

Results. 

Response definition and measures of conditioning.--On both R (CS-UCS) and 

N (CS-alone) trials, pen deflections of at least 1 mm. initiated between 151 

and 500 msec, following CS onset were counted as CRs. The amplitude of any 

such CR was measured to the nearest mm., and was deiined as the difference be¬ 

tween response initiation and the maximal point of deflection up to 500 msec, 

following CS onset. 

The various aspects of conditioning were measured in three ways: (a) 

percentage frequency of CRs over blocks of 10 trials; (b) CR magnitude in mm. 

deflection, where the absence of a CR was defined as a zero score; (c) trials 
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to criterion during the training trial series, where failure to reach criterion 

before the 36th trial was scored as 36. 

Conditioning and sex.—Fig. 1* shows mean percentage CRs to the CS (tone or 

li^ht) for the first UO of the Ul times that it was presented daring the test 

series. The variables shown are those of conditioning (experimental-control), 

sex (male-female), and trial-blocks (1 ... h). It will be noted that CS and UCS 

were paired for all control as well as experimental Ss during the immediately 

preceding training trial series» A three-factor analysis of variance for un¬ 

equal groups, using an unweighted-means solution (Winer, 1962, 337-3UO), and 

applied to the arcsine transforms of the individual percentage CRs, showed that 

the divergence between experimentais and controls over trial-blocks was signifi¬ 

cant, as indicated by the conditioning x blocks interaction, F (3, 572) ■ 5U.939, 

£ < .001. Other significant effects were: (a) superior overall performance of 

experimentais relative to controls, F (1, 188) » 31.U91, £ * .001; (b) a non¬ 

monotonic increase over blocks, F (3, 572) ■ 3»5Í43, £ < .05, with mean (arc¬ 

sine) performance decreasing from the first to the second block; (c) a blocks 

x sex interaction, F (3, 572) • 9.769, £ < .005; (d) a second-order condition¬ 

ing x blocks x sex interaction, F (3, 572) - 2.877, £ < .05. Separate analyses 

of this second-order interaction showed that a blocks x sex interaction was 

present for the controls, F (3, 186) - 12.365, £ < .001, but not for the experi¬ 

mentais, F <1. In turn, separate analyses for blocks x sex interaction within 

th< controls indicated that females were significantly superior to males on 

block 1, t (62) ■ 2.b3, £ < .05, but this sex difference had disappeared in the 

following blocks, t < 1 for blocks 2, 3, and Ii. 

UCS intensity between subjects.—The effects of between-Ss variation of UI 

*For captions of this and following figures, see pages at the end of the 

report. 
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could be examined in those Ss for whom the UCS intensity was constant (CON). 

Fig,. 2 shows the mean percentage CRs of these COF Ss in the control, group (N • 32) 

as a function of the UI factor. * trial-blocks x UI analysis of variance on the 

arcsine transforms of individual percentage CRs Indicated that only the blocks 

effect was significant, F (3, 90) ■ 6.027, £ < .001, with performance seeming 

to be a U-shaped function of trial blocks. Both the UI and UI x blocks inter¬ 

action effects failed to approach significance, F < l.i*. 

The performance of the CON Ss in the experimental group (N ■ 6U) is shown 

in Fig. 3j which includes sex as an additional counterbalanced factor. A three- 

way analysis of variance with UI, sex, and blocks as the factors indicated the 

following significant effects: (a) strong superior to weak UCS, F (1, 60) - 

2I.98U, £ < .001} (b) females superior to males, F (1, 60) » U.26U, £< .05} (c) 

a monotonie increase of performance over trial blocks, F (3, 180) ■ 16.278, 

£ < .001. The apparent UI x sex interaction, suggesting that the sex difference 

was present only with the strong UCS, was not significant, F (l, 60) ■ 2.125, 

£ > .1} all other interaction effects failed to approach significance, F < 1.2. 

The between-Ss variation of Ul could also be assessed in terms of the 

trials-to-criterion measure for the CON Ss during the lOO^-reinforceraent train¬ 

ing trials which preceded the test series. Since, at this training stage, there 

was no difference between the treatments of the experimentais and controls, these 

groups have been combined in Fig. U, which shows the distributions of the trials- 

to-criterion scores for the two groups of VIEA and STR Ss, where N ■ 96 for each 

group. Because of the obvious departures from normality of the two distributions, 

the nonparametric mann-tohitney U test was used to assess the difference between 

the two groups. The difference was significant, U (96, 96) ■ 816, f < .05, with 

fewer trials to criterion for Ss trained with the strong UCS. 

Training differentiation.—The effect of TD, as represented by the difference 
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between sets of N(S,d) and Nis^D) trials, was examined only in the experimental 

group during the iil-trial test series shown in Tables 1 and 2 above. The first 

analysis concerned the 6U Ss for whom the reinforcement schedule was non-identi¬ 

cal (MV5), conditioning being measured at those test points where the variation 

between previous s and d values was in fact maximal (V5). Inspection of the 

MV5 orders in Table 2 above shows that trials 8 and 11 provide the source of the 

1st suitable pair of N(s,d) and N(s,D) trials, while the 2nd pair of V^-type 

N(S,d) and N(s,D) trials have to be drawn either from trials 28 and 29 (Orders 

1 and 2) or trials 26 and 27 (Orders 3 and U). The left panel of Fig. 5 shows 

mean CE magnitude as a function of the TD (N(S,d) vs N(s,D)), UV (VAR vs CON), 

and trials (Ist vs 2nd) factors. Analysis of variance indicated significantly 

superior performance to N(S,d) relative to N(s,U) trials, F (l, 62) - 3U.037, 

£ < .001, and to 2nd relative to 1st trials, F (i, 62) « 12.U82, £ < .001. The 

remaining main effect of UCS variation (UV), as well as all interactions, did 

not approach significance, F < 1. 

The statistical analysis of the effect of the counterbalanced NC (nature- 

of-CS) factor in conjunction with the UV and TD factors required that the data 

represented in the left panel of Fi¿;. 5 be broken down into 1st and 2nd trials, 

as shown, respectively, in the middle and right panels of the figure. Even 

this breakdown does not permit an immediate statistical assessment of the data 

in the form of a simple UV x TD x NC factorial design, because the distribution 

of Ss does not allow a split-plot model to be applied. Such a model is appli¬ 

cable, however, to an "interactive" factorial, in which the NC factor is re¬ 

classified so that it is connected to the TD factor. It has been shown that 

the statistical results from this interactive factorial are logically equivalent 

to the effects describable in the simple factorial terms of UCS variation, 

training differentiation, and nature of CS (Furedy, 1967). In these simple 
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factorial terms, the Ist-trial results (middle panel) indicated significantly 

superior performance to h(S,d) relative to N(s,D) trials, F (i, 60) - 12.631, 

£ <.001. The superiority of the tone (T) relative to the li$it (L) was not 

significant, F (1, 60) ■ 2.123, £ >*lj the remaining effects, including all 

interactions, did not approach significance, F ^ 1.2. For the 2nd-trial results 

(right panel), the TD effect was again significant, F (l, 60) ■ 25.632, £ < .001, 

with N(S,d) superior to N(s,D), while the NC effect was near-significant, 

F (l, 60) * 3.792, £ ç .1, with T superior to L; the remaining effects, includ¬ 

ing all interactions, did not approach significance, F ^ 2.3, £ > 

The TD effect could also be tested in MV5 Ss at a point where the actual 

variation between previous number of s and d reinforced trials was only one 

(VI), a value which was not exceeded at any point along the test series given 

to the identical-reinforcement-schedule (MV1) Ss. Inspectior. of the MV5 orders 

in Table 2 above shows that the source of the 1st Vl-type N trials is trials 

20 and 23 (Orders 1 and 2) or trials 17 and 20 (Orders 3 and U), while the 2nd 

Vl-type trials have to be drawn from trials 35 and 38 (Orders 1 and 2) or 32 

and 35 (Orders 3 and i*). Fig. 6 shows the data arranged and broken down in the 

same way as the V5 data in Fig. $. The statistical treatment was the same as 

that of the V5 data, and yielded the following outcomes. The only significant 

effect from TD x UV x trials analysis (Fig. 6, left panel) was a superiority 

in performance to the 2nd relative to the 1st trials, F (1, 62) ■ 6.621, £ { .05. 

The superiority of the N(S,d) over the N(s,D) trials was not significant, 

F (1, 62) - 2 731, £ > .1, while all other effects failed to approach signifi¬ 

cance, F < 1.3. Considering the NC (T-L) variable, the 1st-trials results 

(middle panel) indicated that tone (T) was significantly superior to light (L), 

F (1, 60) ■ U.27li, £ ¢.05, while there was a near-significant superiority of 

the N(S,d) relative to the N(s,D) trial, F (l, 60) • 3.667, £ < .1; all other 
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effects failed to approach significance, F < 1. For the 2nd trial (rirht panel), 

only the superiority of the T relative to the L was significant, F (l, 60) - 

11*933, £ < .01; all other effects, including that due to TD, failed to approach 

significance, F < 1. 

fhe other half of the experimental group, for whom the reinforcement sched¬ 

ule was identical (iiVI), were tested for TD at two stages along the iil-trial 

test series set out in the MV1 orders in Table 1 above. The trials for the 

N(S,d) and N(s,D) trials in the 1st stage were drawn from trials 2, 5, 8, and 11 

for all four orders; 2nd—stage N(S,d) and N(s,D) trials were drawn from trials 

lh, IS, 28, and 29 in Orders 1 and 2, and from trials 16, 17, 26, and 27 in 

Orders 3 and ir. Fig. 7 shows the data arranged and broken down in the same way 

as the V5 (Fig. 5) and VI (Fig. 6) data of the MV5 Ss, except that the N(S,d) 

and M(s,D) measures for each S at each stage a, e based on two trials rather than 

one. The statistical treatment was alsc the same as that for the MV5 data. The 

only significant effect from the TD x UV x trials analysis (Fig. 7, left panel) 

was that of trials, F (1, 62) - 7.853, £ < .01, with 2nd superior to 1st; all 

other elfects failed to approach significance, F < 2.k, £ > .1. As regards the 

NC variable, the Ist-trials results (middle panel) showed only a significant 

superiority of T over L, F (1, 60) - Ó.01Ó, £ < .05, with all other effects 

failing to approach significance, F < 1. For tr.e 2nd trials, the FC effect was 

insignificant, F < 1, as were all other effects, F< 2.2, £ > .1. 

To determine more directly how the TD effect was influenced by the MV 

factor (reinforcement schedule), and, within the MV5 group, by the V factor 

(actual variation between s and d values at point of testing), it is possible 

to obtain TD scores for each S at certain stages along the test series by taking 

algebraic differences between pairs of suitable F(S,d) and F(s,D) trials. Pro¬ 

vided that the pairs are chosen so as to counterbalance for other factors such 
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as nature of the CS and stage along the trials series, the positive mean value 

of these difference scores represents the degree of differentiation between the 

two CSs. Panel A of Fig. 8 shows this relative TD as a function of MV, UV 

(VAR-CON), and trial pairs (lst-2nd). The KV variable in Panel A includes both 

the MV and V factors, since the actual variation for the MV5 trials was 5* Thus, 

the 1st MV5 trial pairs were drawn from trials 6 and 11 of Table 2 above, while 

the 2nd HV5 trial pairs were drawn from trials 28 and 29 (Orders 1 and 2) or 

trials 26 and 27 (Orders 3 and U); the hVl trial pairs were drawn from the same 

numbered trials of the hVl orders of Table 1 above. The MV x UV x trial-pairs 

analysis of variance indicated significantly better differentiation in the MV5 

group than in the MV1 group, F (1, m) - 23.52U, £ < .001, and a near signifi¬ 

cant MV x UV interaction, F (1, 12U) - 3-359, £ < .1, with the MV5-HV1 differ¬ 

ence seeming to be larger in the CON than in the VAR group. All other effects 

failed to approach significance, F <1. 

Panel B of Fig. 8 shows relative TD as a function of the same variables 

as those in Panel A, except that the MV variable does not include V as a factor. 

To obtain the required Vl-type N(S,d) and N(s,D) trial pairs for the MV5 Ss, 

trials 20 and 23 (Orders 1 and 2) or trials 17 and 20 (Orders 3 and U) from the 

MV5 orders were used for the 1st pair, while trials 35 and 38 (Orders 1 and 2) 

or 32 and 35 (Orders 3 and b) were used for the 2nd pair. This time the MV 

variable, with V held constant, yielded no significant effect from the three-way 

analysis of variance, F < 1, and all other effects also failed to approach 

significance, F < 1.1. 

The effect of varying V within the MV5 Ss is shown in Panel C of Fig. 8. 
The hifh-V (V • S) N(s,d) and N(s,D) trials are drawn ftom %he same source as 

MV5 trial pairs in Panel A. To obtain the lov-V (1 ^ V ^ 3) N(S,8) and N(g,D) 

trial pairs from the MV5 drtfersi trials 2, 5, lii, and 15 (Orders 1 and 2) 

or 2, 5, 16, and 17 (Orders 3 and b) were used for the 1st stage, while 
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trials 20, 23, 32, and 35 from all four orders were urjed for the 2nd stage. 

Inspection of these trials in Table 2 above shows that for both stages, the mean 

V value for the low-V N(S,d) and N(s,D) trials was 2.5. The only significant 

effect yielded by the V x UV x stages analysis of variance was the greater TD 

on the high-V relative to the low-V trial pairs, F (1, 62) - 11.14*0, £ < .01; 

all other effects failed to approach significance, F <1.2. 

The above results indicate that the nonidentical-reinforcement schedule 

(MV5) produced reliably greater TD than the identical-reinforcement schedule, 

although this difference did not persist when the actual variation (V) at the 

point of testing was held constant between the nV5 and nVl schedules. To check 

whether the MV5-hVl differences in TD were partly due to some overall difference 

in CR strength between the two wv groups, the mean percentage CRs of the experi¬ 

mental group over the first 1*0 trials of the l*l-trial test series were examined 

as a function of the MV factor, as well as the factors of UV (VAR-CCF) and sex 

(male-female). This data, plotted over four 10-trial blocks, is shown in Fig. 9. 

The UV x MV x sex x blocks analysis of variance performed on the individual 

arcsine transforms indicated that neither the UV effect nor the interaction 

between UV and blocks approached significance, F < 1. The only two significant 

effects were a monotonie increase of performance over blocks, F (3, 360) ■ 

29.567, £ < .001, and a sex x blocks interaction, F (3, 360) ■ 3*151, £ < *05, 

with the sex difference apparently decreasing over blocks. The overall sex 

effect itself was near-significant, F (1, 120) - 3*335, £ < .1, with females 

superior to males. All other effects failed to approach significance, F < 2.1*8, 

£ > .1. 

The effect of UV on overall response strength was examined in a similar 

way within the control group, as shown in Fig. 10. One difference between this 

and the preceding figure is that the sex factor has been dropped. The other, 
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and more Important, difference is, that within the control group, the MV variable 

doea not involve a difference in reinforcement schedules or rate of CS-UCS pair¬ 

ings, since the CS and UCS are unpaired. The only difference between the MV5 

and MV1 controls is that the stimulus pattern presented to the former is more 

predictable than that presented to the latter. The UV x mV x blocks analysis 

of the arcsine transforms of the scores depicted in Fig. 10 indicated the fol¬ 

lowing significant effects: (a) MV5 group superior to hVl group, F (1, 60) - 

9*331» £ < .01j (b) a decrease of performance over blocks, except for the last 

block, F (3, 180) - 11.615, £ < *001; (c) an MV x blocks interaction, F (3, 180) - 

3.663, £ < .05, with the MV5-MV1 difference increasing over blocks. All other 

effects failed to approach significance, F < 1. 

Extinction differentiation.—The effect of ED, as represented by the differ¬ 

ence between suitably counterbalanced sets of (s,D)R and (S,d)R trials, could be 

tested only in the MV1 Ss of the experimental group. The test points used were 

those R trials in Table 1 above for which the preceding number of s and d N tri¬ 

als are specified. The left panel of Fig. 11 shows mean CR magnitude as a func¬ 

tion of the ED ((s,D)R vs (S,d)R), UV (VAR vs CON), and trials factors. It will 

be noted that the trials factor is specified in terms of the sums of prec Jing 

s and d N trials. Analysis of variance indicated significantly superior per¬ 

formance to (s,D)R relative to (S,d)R trials, F (1, 62) m $.360, £ < .05, as 

well as a monotonie increase over trials, F (3, 186) * 22.278, £ < .001. All 

other effects failed to approach significance, F < 1.6. 

Collapsing the trials classification of the data in the left panel of Fig. 

11 permits the influence of the MC (nature-of-CS) factor to be assessed in con¬ 

junction with the ED and UV factors, as shown in the ritfit panel of the same 

figure. In addition to the significant ED effect, F (1, 62) ■ 5*027, £ < .05» 

the analysis of variance also yielded a significant NC effect, F (1, 62) " 13*281, 
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£ <. .001, with superior performance to the tone relative to the light. All 

other effects failed to approach significance, F< 1. 

UCS intensity within subjects.—The effect of within-S UI variation could be 

examined in those experimental Ss for whom UCS intensity varied (VAR). Fig. 12 

shows the mean CR magnitudes of these Ss on all N trials as a function of the 

UI factor, as well as of NC (tone-light), MV (MV5-MV1), and trials. The trials 

factor is specified in terms of the mean sums of preceding s and d training (R) 

trials. From Table 1 (or 2) above, the N trials for the first abscissal point 

are drawn from trials 2, 5, 8, and llj those for the second abscissal point fïom 

trials 1U-17, 20, 23, and 26-29j those for the third abscissal point from trials 

32, 35, 38, and Ul. The analysis of variance indicated the following signifi¬ 

cant, £ < .001, effects: (a) greater CR to CS paired with strong (STR) than 

with weak (WEA) UCS, F (l, 60) - 23.798, this F value being of the same order 

of magnitude as the corresponding F of 21.98U obtained earlier for the between-S 

UI effect; (b) greater CR to tone than to light, F (1, 60) ■ 15.725; (c) mono¬ 

tonie increase over trials, F (1, 60) - 17.306. The apparent interaction between 

MV and UI, with greater UI difference for the MV$ than for the MV1 group, was 

not significant, F (1, 60) ■ 1.369, £ > .1; nor did any other effects approach 

significance, F <1.5, £ > .1. 

Discussion. 

The reliably superior performance of the experimental group relative to 

the control group during the test series, as well as the significant divergence 

between these groups over trial blocks (Fig. 1), suggest that the CS-UCS pairing 

was effective in producing conditioning. Since the control Ss were run with an 

unpaired rather than a "truly random" arrangement of CS and UCS, a possibility 

pointed out recently has to be considered: that the difference between the 

groups may have been solely due to an inhibitory factor operating in the control 



M
ean 

N
um

ber 
o

f 
P

rev
io

u
s 

T
rain

in
g
 
T

ria
ls 

32 

Mean CR Magnitude in MM . 

ír- Ov CXD O ro £• 
T 



1 

33 

Ss through the CS becoming a signal for the absence of the noxious UCS (Rescorla, 

1967, p. 73). However, the fact that under the paired CS-UCS condition the Ucs 

intensity effect emerged reliably both between Ss (Figs. 3 an«.5 U) and within Ss 

(Fig. 12), while there was no such reliable UCS-intensity effect under the un¬ 

paired condition (Fig. 2)t suggests that the pairing operation, in its own right, 

was effective in producing conditioning. 

Within the experimental group, Ss presented with the non-identical rein¬ 

forcement schedule .(MVS ) showed olèar evidence òfttraining differentiation (TD) 

between the twò CSd (Fig. S), while Ss presented with the identical reinforcement 

schedule (hVl) did not (Fig. 7). That this difference between the MVS'and MV1 Sa 

was itself significant was shown by the reliable difference between the TD 

scores of the two groups in favor of the MVS Ss (Fig. 8, Panel A)* However, 

when TD was assessed in the nV¿ group at points where the actual variation (V) 

was only that of the identical-reinforcement schedule (MV1) group, the superi¬ 

ority of N(S,d) over N(s,D) trials was not reliable (Fig. 6). Nor was the 

d3 fference between TD scores of the MVS Ss measured at VI points and those of 

the MV1 Ss significant (Fig. 8, Panel B). Finally, the importance of the V 

factor independently of MV was confirmed by the reliably superior TD scores on 

high-V relative to low-V trials within the MVS group (Fig. 8, Panel C). The 

reinforcement-schedule manipulation then, provided it was combined with varying 

the actual s : d difference at the point of testing (V), did reliably affect the 

degree of differentiation between the two CSs. On the other hand, there was no 

evidence from any of the results that the UCS variation (U7) had any effect on 

the degree of training differentiation. 

Although the TD tests indicated no cross-modal differentiation (CMD) 

between the physically dissimilar tone and light for the Ss run under the 

identical-reinforcement schedule, t;ie extinction differentiation (ED) test did 



indicate reliable OID for these MV1 Ss, as shown by the significant superiority 

of the (s,D)R relative to the (3,,d)R trials (Fig. 11). Since ED was not measured 

in the MV5 3a, the influence of the iW variable on differentiation could not be 

assessed. The influence of the UV variable, on the other hand, could be measured, 

and, as in the case of TD, the UCS-variation manipulation did not affect the de¬ 

gree of extinction differentiation (Fig. 11). 

Independently of the results of the TD and ED tests, there is clear, 

though indirect, evidence in the present experiment that, at least for the Ss 

run under the varied ÜC3 intensity (VaR) condition, there was some degree of CMD 

(i.e., only partial generalization) between the two CSs. This evidence is pro¬ 

vided by the reliable within-S UCS intensity effect which emerged for the VAR 

group of Ss, because some differentiation is a necessary condition for the 

emergence of any within-S treatment effect (Furedy, 1966, p. 3). Moreover, since 

the UV (VAR-CON) factor did not affect the degree of TD or ED, it is reasonable 

to assume that CMD occurred not only for the VAR, but also for the CON, Ss. 

While the emergence of the within-S UI effect in this experiment therefore rend¬ 

ered the TD and ED tests superfluous for determining the occurrence of CMD, these 

tests are not superfluous in other experiments where no within-S treatment effect 

emerges. For such experiments, however, the present results indicate that the 

outcomes of the TD and ED tests need not be identical. Hence, whenever possible, 

the experiment should be so designed that, in the event of a failure to obtain 

any within-S treatment effects, it is possible to apply both forms of the dif¬ 

ferentiation tests. 

Since the test series constituted a partial reinforcement (67^) schedule, 

the emergence of the reliably greater CR strength for Ss trained with the strong¬ 

er UCS is in apparent conflict with a reported inverse effect of UCS intensity 

upon partially reinforced eyelid conditioning (Boice & Boice, 1966). This con¬ 

flict, moreover, is sharpened by the fact that like Boice and Boice's experiment. 
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and unlike the study of Ross and Spence (I960), where performance was a direct 

function of UCS intensity, the present study both used omitted rather than de¬ 

layed UCSs on nonreinforced trials, and did not use a ready signal. The inverse 

effect of UI, according to Boice and Boice, is due to the greater amount of 

inhibition induced by the omission of the strong than of the weak UCS. This 

explanation implies at least that CRs on trials following reinforced trials be 

stronger than those to trials following non-reinforced trials, an implication 

which was confirmed by their data (Boice and Boice, 1966). The operation of 

this sort of inhibition could be examined in the present study.by comparing 

relative CR strengths to three classes of trials, namely those immediately fol¬ 

lowing one nonreinforced (N) trial, one reinforced (R) trial, and two R trials. 

In each S, performance on the three sorts of trials was measured at 10 points 

for each sort of trial along the test series specified in Tables 1 and 2 above. 

For Orders 1 and 2 (in both tables), the 30 points were drawn from trials 3-3Ö 

with the exception of trials 16, 19, 20, 27, 28, and 30j for Orders 3 and U (in 

both tables), the points were drawn from trials 3-38 with the exception of tri¬ 

als 15, 16, 18, 28, 31, and 32. Table 3 shows the mean percentage CRs (based. 

Table 3* Mean percentage of CRs of COH Ss in experimental group 

Following one Following one Following two 

non-reinforced reinforced reinforced 

trial trial trial a 

260 V. 

STR 63. 75.0 75.9 

UCS 

120 V. 

WEA 35.3 1*5.9 U8.Ü 
UCS 
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for each S, on ten trials) of the STR and WEA groups on trials as a function of 

the three different immediately preceding reinforcement histories (IFRH). A 

two-way analysis of variance performed on the arcsine transforms of individual 

percentage CRs yielded highly reliable, £ ¢- .001, effects for UI, F (1, 62) ■ 

17.919, with STR superior to WEA, and for IFRH, F (2, 12U) ■ 19.U21, with a 

monotonie, though negatively accelerated, increase of OR strength as a function 

of the number of immediately preceding reinforced trials. The UI x IFRH inter¬ 

action, which is also implied by Boice and Boice's explanation of the inverse 

UI effect, but was not found by them (Boice and Boice, 1966), failed to approach 

significance in the present case. 

In summary, the conditions for the CCi1 Ss in the experimental group dup¬ 

licated Boice and Boice's arrangement to the extent of using a partial rein¬ 

forcement schedule, omitted UCS on nonreinforced trials, and no ready signal; 

their results were also duplicated as regards the emergence and non-emergence, 

respectively, of the IFRH and IFRH x UI interaction effects. The presently 

obtained function between performance and UI, however, was reliably direct, in 

contrast to their marginally significant inverse UI function. To resolve this 

discrepancy, it may be suggested that the present situation was not a true 

partially reinforced schedule, since it was preceded by a training session of 

continuously reinforced CS presentations. However, if the inverse UI effect 

depended on the introduction of partial, as contrasted with continuous, rein¬ 

forcement, one would expect any direct UI effect at the introduction of the 

partial reinforcement schedule to be reduced as the partially reinforced series 

of trials progressed. This reduction in UI, as expressed in a UI x trial-blocks 

interaction, did not occur (Fig. 3). Considering that Fishbein (1967) also 

obtained a reliably direct UI effect in a partially reinforced (50¾) eyelid con¬ 

ditioning experiment, it would seem that the connection between partial rein- 
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forcement and the inverse UI effect is as tenuous as the evidence for the exis¬ 

tence of the inverse UI effect itself. 

The within-Ss UI effect, tested on experimental Ss run under the VAR 

condition, was also reliably and directly related to CR strength (Fig. 12). 

Unlike the between-Ss UI effect, which was measured with the conventional per¬ 

centage .frequency method, the within-Ss UI effect was measured in terms of CR 

magnitude. However, as mentioned in the Results section above, the statistical 

sensitivity of the measures of the between- and within-Ss UI effects were of 

the same order, with highly significant F values (£ < .001) being obtained for 

both effects. 

To complete the measures (percentage vs. magnitude) x comparison-type 

(between vs. within) matrix, between- and within-Ss UI comparisons were carried 

out with magnitude and percentage, respectively, as measures in the experimental 

Ss. The between-Ss magnitude measures were taken from the same trials as those 

used for the percentage means above (Fig. 3); the obtained UI function was 

direct and significant, F (1, 60) » 10.3U7j £ <.005. The within-Ss percentage 

measures were obtained by taking the first 20 STR and WEA trials from the Ul- 

trial test series for each experimental S run under the VAR conditi on, and 

dividing both sets of 20 trials into 10-trial blocks? the UI function was again 

direct and significant, F (1, 60) » 12.837» £ < .001. The results of the pres¬ 

ent study indicate, therefore, that CR strength under partial reinforcement is 

a reliably direct function of UCS intensity whether the intensity is varied 

within or between Ss, and whether the response measure is percentage frequency 

or a combination of frequency and amplitude, i.e., magnitude. 

Among the incidental findings of interest is the way in which sex appeared 

to affect response strength. Consistent with a recent review by Spence and 

Spence (1966), who report that this variable has a significant, though relatively 
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weak, effect on eyelid conditioning, the superiority of females over the males 

was marginally significant (£ < .05) over the CON Ss in the experimental group 

(Fig. 3). Other aspects if the data suggest, moreover, that the sex variable 

affects conditionability rather than being simply a function of females having 

a higher "operant- blink rate than males. Thus, the performance curves of all 

the experimentais and controls during the test series of trials (Fig. 1) indi¬ 

cated a second order interaction between blocks, groups, and trials, the source 

of which seemed to be that the sex difference disappeared in the control group 

as CS and UCS were no longer paired. 

While the unpairing operation, as carried out on the controls during the 

test series, seemed to remove the differential sex effect, the same operation 

appeared to be responsible for the emergence of another effect: the reliably 

higher percentage CRs given by HV5 Ss relative to HV1 Ss during the test series 

in the control group only. It will be noted that the series contains longer 

sequences of the same CS (tone or light) than does the MV1 series. The present 

findings, since they were confined to the control Ss, suggest, therefore, that 

in the absence of conditioning operations, the frequency of responses occurring 

within the latency limits defining a CR is increased as a function of the length 

of predictable stimulus sequences presented in the trial series. 

The final incidental result of interest is the tendency of the NC vari¬ 

able to affect conditioning, with tone producing greater responding. This ef¬ 

fect, like that of sex, was not always significant, but taken together, the 

data do indicate that the counterbalancing of the he factor was a necessary 

precaution in this experiment. That it was also sufficient is indicated by 

the general failure to find any interactions between NC and the other variables 

such as TD and UI (Furedy, 1967, p. I4W). Nevertheless, while the bone-light 

difference did not therefore constitute a serious source of error in this 
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experiment, it is puzzling to find this variable present, since the two CSs had 

been psychophysically equated for intensity. The difference may lie in the fact 

that S, even when keeping his eyes open, can more easily exclude the light from 

his attention (by looking away) than he can the tone. If this is the case, it 

would be advantageous to use a general increase of room illumination rather than 

a small visual field as the visual CS in future experiments. 

Experiment II: Autonomic CM) 

The GSR, since it was the response in which complete generalization be¬ 

tween tone and light (no CM) had been previously found (Furedy, 1965), was the 

indicator of primary interest in the autonomic experiment. Although the basic 

approach was the same as that for the concurrently run eyelid study, certain 

characteristics of the conditioned GSR necessitated modifications as detailed 

below in the Method section. Of the other autonomic responses, the plethysmo- 

graph is most like the GSR in the sense that the form of both responses to 

stimulation is relatively clear: a decrease in resistance and in volume pulse 

magnitude for the electroderma! and plethysmographic responses, respectively. 

On the other hand, since the type of change in heart rate and respiration pro¬ 

duced by stimulation is less obvious, there was a real problem in identifying 

the response to be measured in the case of these autonomic indicators, quite 

apart from any question of conditioning, or of conditioned cross-modal differ¬ 

entiation. 

Method. 

Experimental design.--While it was intended to test training differentiation 

(TD) as in the previous experiment, the test of extinction differentiation was 

abandoned here, because CR strength could not be measured on reinforced (R) 

trials. The joint factors of relatively long CR latency (over 1.5 sec. for the 



GSR) and the one-sec. interstimulus interval (ISI) were responsible for abandon¬ 

ing the ED test. In addition, because of the relatively rapid rate of GSR. re¬ 

sponse habituation (Kimmel, 1959), the Ul-trial test series used for the eyelid 

experiment was shortened to 23 trials. The orders used, therefore, were trials 

1 to 23 in Tables 1 and 2 above, with the modification that the left-hand side 

subscripts for R trials for the MV1 orders have no relevance, since the ED test 

was not employed. The number of conditions and Ss were the same as those des¬ 

cribed in the skeletal-rerounse study, except that the sex factor was not coun¬ 

terbalanced over any of the ther conditions. The other difference between the 

two experiments was the method of unpairing CS and UCS for control Ss. The 

control procedure used in the eyelid study presents more trials to the control 

group than to the experimental group. Given that the total session length is 

equated, this means a shorter average intertrial interval (ITI) for the controls 

relative to the experimentais. Since the ITI is known to be inversely related 

to GSR strength for values up to UO sec. (Prokasy and Ebel, 196U), it was con¬ 

sidered important to prevent this factor from favoring the experimental group. 

Ideally, one would want to equate all factors between the two groups except for 

the association between CS and UCS, but it is clear that it is clear that it is 

logically impossible to concurrently equate the ITI, total session length, and 

the number and nature of stimuli received by the experimental (association of 

CS and UCS) and control groups. It was therefore decided to try to ensure that 

any difference between the two groups (aside from the Cs-UCS association) would 

favor the controls. To this end, the control Ss received the same trials with 

the same ITI as the experimentais, but the CS was omitted on all reinforced 

(CS-UCS) trials. This procedure equates the ITI, total session length, and 

number of shocks (sensitization) received. The rationale assumes that response 

strength decreases as a function of number of CS presentations (habituation), 
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so that, in this sense, the control group is favoreu over the experimentais. 

Apparatus.—The surroundings of S, the 300-msec, tone and light stimuli 

used as CSs, and the GSE pickup were the same as described elsewhere (Furedy, 

I960). The intensities of the tone and the lights were adjusted so as to pro¬ 

duce approximately equal GSRs for a group of 5 pilot Ss. The 200-msec. UCS was 

a 1.0 (weak) or 2.5 (strong) milliamp shock ûelivered from a constant-current 

source designed and constructed at Indiana University. The shock electrodes, 

8-mm. dia., Grass silver, and coated with saline jelly, were taped approximately 

one in. apart on the ventral surface of the right forearm. One channel of an 

Offner type-R was used to record the plethysmograph, which was picked up photo- 

electrically, as described elsewhere (Furedy, 1968). :i second channel was em¬ 

ployed for recording heart rate (HR). A Lead II arrangement was used to pick 

up HR with saline-filled electrodes being placed on areas of the right arm and 

left leg from which the hair had been removed, Ey means of an integrator coupler, 

the HR recording channel produced beatcby-beat rates ranging from UO to 120 beats 

per sec. Respiration changes were picked up with a strain gage mounted on an 

elastic belt placed around the waist, and amplified onto the third channel of 

the dynograph. The paper speed (for all three responses recorded on the dyno- 

graph) was 5 mm. per sec. The ITIs and nature of the stimuli on each trial were 

controlled by a Western Union tape transmitter and a system of switches which 

was similar to that employed in Exp. I. 

Subjects.—The experiment proper used 192 students from introductory psychol¬ 

ogy classes at Indiana University who served both to satisfy a course requirement 

and to earn $1.00. In addition, there were 8 Ss from the same source who were 

used in a pilot study to be described in the Results section below. 

Procedure. —Since conditioning in the GSR appears to occur over far fewer 

trials than for the eyelid response (Prokasy, 1965, p. 215), there was no 



attempt to train Ss to some criterion before administering the test series of 

trials. The 23-trial test series were preceded only by one presentation of each 

CS in order to obtain a pre-training sensitivity index for the tone and the 

light. 

At the outset of the experiment, E, before attaching the electrodes, told 

S that one of the stimuli would be a weak electric shock, and that, on being 

shown this stimulus, S could discontinue the experiment if he felt the shock to 

be too severe; less than one percent of the Ss discontinued on these grounds. 

After attaching the electrodes (and explaining the purpose of each), E showed S 

a i-milliamp., manually-delivered shock of approximately ^-sec. duration, and 

then instructed S as follows: 

All you have to do in this experiment is to sit here in a relaxed 

and natural manner, iou should avoid movement as much as possible, es¬ 

pecially with your arms and hands, but don't stay rigidly still to do 

this. In addition to the shock, I shall sometimes present a light and 

sometimes a tone during the session. The light will consist of a brief 
increase of illumination in the room. It will come from up there (point), 

but you'll see it without looking up, because the whole room will be 
illuminated. The tone will come from a set of earphones which I'll put 

on you now. At the moment you'll hear a noise through them (put on). 

Now, although I have told you to relax, you should not go to sleep. The 

session will last about 30 minutes, ana if you go to sleep you will lose 
the dollar you are to be paid for this experiment. So I want you to 

look fairly straight ahead most of the time. I'll be watching you every 

now and then without you knowing when, and if I find that you've closed 

your eyes or gone to sleep, you'll forfeit your dollar. 

do you have any questions? I shall now leave you, and, after a 

little while, I'll let you know over the intercom that the session is 

starting. 

Following instructions, Ss were presented with the initial CS-alone trials, 

which were followec by the 23-trial test series, where, for the control condition, 

the CS was omitted on R trials. When paired with the CS, the UCS followed CS 

onset by 1 sec. in a trace-conditioning paradigm. The III for all conditions 

was randomly varied between 37^, U5 (mean), and 52^ sec. The Ss were randomly 

allocated to groups and conditions until 192 Ss had been run, resulting in the 
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double and single replication, respectively, of all conditions in the experimen¬ 

tal and control groups. 

Results. 

Response definitions.—The definitions of the electrodermal and plethysmo- 

graphic responses were relatively simple and required no preliminary investiga¬ 

tion. The GSR, a drop in skin resistance initiated between one and four sec. 

after stimulus onset, was transformed into conductance change (AC) scores in 

micromhos, a measuring method which has been used elsewhere (Furedy, 1963). The 

Plethysmographie digital blood volume pulse change (VPC) was also measured in 

the same way as detailed elsewhere (Furedy, I960). Briefly, this method involves 

defining the vasoconstriction as the algebraic difference between the pulse at 

response termiiu,tion (minimal pulse) and that at response onset (maximal pulse) 

expressed as a percentage of the magnitude of the latter pulse. 

To determine the form of the unconditioned response in the HR and respira¬ 

tion indicators, 6 Ss were given 16 shock-alone trials in a series in which 8 

strong and 3 weak shocks were ordered unsystematically. Inspection of the HR 

records did not make it clear whether the typical response to stimulation was 

an accelerative, decelerative, or some biphasic function. Indeed, it was not 

apparent that stimulation had a reliable effect on HR which could be distin¬ 

guished from non-stimulus connected changes. In locking for the response, there¬ 

fore, an equivalent pre-stimulus period was examined to determine the degree to 

which the post-stimulus changes could be attributed to stimulation. The post- 

and pre-stimulus periods vfere the 10 sec. intervals immediately following (F) 

and preceding (P) stimulus onset. Acceleration was defined as the difference 

in HR between the basal rate at the beginning of the 10 sec. period and the 

maximal HR period during the 10 sec. period; the maximal period itself was de¬ 

fined as the mean HR of the fastest beat and the beats immediately following 



and preceding that beat. The measurement of deceleration was identical to that 

of acceleration except for the substitution of minimal for maximal Hh periods. 

In addition, to look at the possibility of a biphasic response, an overall change 

measure was used, which was the arithmetic sum of the acceleration and decelera¬ 

tion scores. The index of sensitivity of a given form of the response (acceler¬ 

ation, deceleration, or change) was simply the mean percentage of occasiona that 

the F measure exceeded the P measure on a given trial. For change, deceleration, 

and acceleration, respectively, these indices were U6Æ, UcU, and 71%. Since it 

was possible that Ss varied consistently in their mode of response, a combined 

acceleration-or-deceleration scoring metí od was tried in which only 6 of the 8 

Ss were scored for acceleration in their P and F recordsj the remaining two Ss, 

who showed higher decelerations than the others in their F records, were scored 

for differences in P and F decelerations. The combined mean percentage of 

(F > P) occurrences, however, was only 6$%t which was less than the pure accélér¬ 

ât ory index of 71%. 

The HR response definition adopted was therefore based on maximum acceler¬ 

ation within 10 sec. following (F) stimulus onset. However, because of the 

obvious presence of "noise" (n) in the system, the response measure included an 

equivalent prestimulus (?) control period where the greatest acceleration from 

the onset of the control period was also measured. The HF. acceleration was 

defined as a percentage-signal-detection (/ÓSD) score where the n and signal- 

noise (sn) were represented, respectively, by the P and F responses. For any 

given trial, if the response to n (Rn) was less than the response to sn (Rsn), 

ÍSD was equal to 100(Rsn - Rn)/Rsnj for Rn > Rsn, &3D • 100(Rsn - Rn)/Rn. It 

will be noted that the ÆSD measure, which is symmetrically weighted for sn and 

n scores, varies about zero from +100 to -100, and that average signal-detecta¬ 

bility of a given form of the response is indicated by the size of any positive 

mean $SD score. 



Inspection of the respiration records of the same Ö 5s again did not sug¬ 

gest any obviously reliable response to stimulation. In particular, there was 

no clear change in respiration rate following stimulus onset. However, the 

records did suggest the presence of a greater apneic; period following stimula¬ 

tion, this period being the interval between the end of exhalation and the be¬ 

ginning of the next inspiration (E-I interval). This increased period of not- 

breathing seemed to take place during che first respiratory cycle following 

stimulus onset. Since these cycles and the stimulus presentations were not 

coordinated, the following signal-detection procedure was adopted for determining 

the sensitivity of the ^¡pneio response. Using that relatively sharply pointed 

peak marking the end of inspiration and the beginning of the next expiration 

(I-E peak) which was closest to stimulus onset as a reference point, two P and 

tno F respiratory cycles, respectively, were examined with I-E peaks immediately 

preceding and following the reference I-E peak. The interval measured for each 

of the four cycles was that between the I-E peak and the beginning of the next 

exhalation. This " apaste " interval (AI) contains the inspiration as well as the 

true apnete period. However, the former period is usually fairly constant, 

while, in some cases, the end of inspiration is difficult to locate precisely. 

The inspiration period was therefore included in the AI interval. For each 

trial, the larger of the two F intervals was compared to the larger of the two 

P intervals. The mean percentage of time that the larger F AI score exceeded 

the larger P AI score vas 1$%. The respiration response definition adopted, in 

terms of the apneic interval (AI), was a ¡¿SD score constructed in the same way 

as the HR measure, except that the noise (n) and signal-noise (sn) responses were 

defined, respectively, in terms of the P and F AI scores. 

Finally, it should be noted, that neither the HR nor the respiration 

measures of the pilot study seemed to indicate any differential responding as a 



function of shock intensity. Or the other hand, both the piethysmograph and the 

GSR did differentiate significantly between the two shock intensities, £ <.05 

and £ <.01, respectively, by a sign test. 

Conditioning and nature of CS.—The four panels in Fig. 13 show performance 

in the four autonomic response modej: electrodermal (GSR), plethysmographic (VPC), 

heart rate (HR) and respiration (RTSP.). In each panel, mean performance is 

plotted for the initial pre-training, CS-alone trial (PREL) and the consequent 

two pairs jf CS-alore (N) trials (1-2 and 3-U, respectively) which occurred dur¬ 

ing the 23-trial teat series (see Tables 1 and 2 above). The two parameters in 

each panel are the conditioning (exjierimental-contrcl) and NC (tone-light) fac¬ 

tors. 

A toree-factor analysis of variance for unequal groups, using an unweight¬ 

ed-means solution (Viner, 1962) was applied to the GSR scores. The divergence 

between experimertails and controls over trials was significant as indicated by 

the conditioning x trials interaction, F (2, 380) - 8.27U, £ < .001. In addi¬ 

tion, performance to the tone was significantly superior to that to the light, 

F (1, 190) - 8.385, £ <.01, and there was a significant increase of performance 

over trials, F (2, 380) ■ 5*059, £ <.01. Finally, the superiority of the ex¬ 

perimental relative to the control group was near-significant, « (1, 190) ■ 3*351, 

£ < .1, as was the second-order interaction between the conditioning, nature-of- 

CS, and trials factors, F (2, 380) - 2.6Ui, £ < .1. The GSR panel of Fig. 13 

indicates that this interaction arose from an apparent difference between the 

experimental and control groups with respect to the development of tile tone- 

light différer ce over trials, dll othe:? effects failed to approach significance, 

F < 1. 

The divergence between experimentais and cor trois over'trials was also 

significant for the plethysmograohic V (2, 38( » 21.539, £ < .001, as was 
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the superiority oí' tone over light, £ (1* 190) * 28.298, £ < .001, and the in¬ 

crease of perfonr.ance over trials, F (2, 380) * 3*892, £ .05. However, unlike 

GSR, the VPC showed a significant nature-of-CS x conditioning interaction, with 

the T-L difference being smaller for the experimental (paired CS-UCS) group than 

for the controls. All other effects failed to approach significance, F < 1.8, 

£ > *2. 

Statistical analysis was not applied to the Hjx data, because, not only 

do the means depicted in Fig. 13 not show any conditioning trend, but the ob¬ 

tained mean $SD values do not suggest that the response following the stimulus 

(signal-noise) was any greater than that preceding the stimulus (noise). For 

these reasons, also, n further examination of the HR results were made in 

connection with other aspects of the experiment to be reported below. 

The respiration (RESE) means in the lower right panel of Fig. 13 also 

shov relatively low 5gSD values, but the apparent divergence between experimental 

and control groups over trials does indicate a conditioning trend. The three- 

way analysis of variance showed that this conditioning x trials interaction only 

approached significance, F (2, 380) ■ 2.681, £ < .1, although the overall super¬ 

iority of the experimental relative to the control group was significant, F 

(1, 190) - 5.766, £ < .05, despite the inferiority of the experimentais on the 

initial CS-alone trial (PREL). There was also a significant trials effect, 

F (2, 380) « U.622, £ < .05, with a monotonie increase over trials. All other 

effects failed to approach significance, F 1. Although the evidence for con¬ 

ditioning in respiration was not nearly as convincing as that for GSR or VPC, - 

and although the apneic' respiratory response itself to the CS was very small 

in comparison to non-stimulus—connected fluctuations (noise), respiration was 

included with the GSR and VPC in the examination of other effects to be des¬ 

cribed below. 



UC3 intensity between subjects.--The three panels of Fig, ll| show electroder- 

mal, plethysnographic, and respiratory performance, respectively, of the two sets 

of 32 experimental Ss for whom the paired shock was always strong (STR) and weak 

(MEA), respectively. The NC factor (tone-light) is the other parameter, while 

the two pairs of CS-alone (N) trials following the initial CS-alone trial are 

shown on the abscissae. For added precision, a covariance adjustment based on 

initial, pre-training response levels, was applied to the UI (STR-WEA) between-Ss 

comparison in the analysis of variance. For the GSR, the (adjusted) UI effect 

did not reach significance, F (1, 6l) - 2.012, £ > .1 (r « .518 between initial 

and training GSR levels), although the direction of the effect was in the ex¬ 

pected direction. The only significant effect was an increase of responding 

over trials, F (1, 62) - Ii.201, £ < .05; all other effects failed to approach 

significance, F < 1. 

The UI effect in the VPC did not approach significance, F < 1 (r - .687 

between initial and training VPC levels). There were near-significant, £ < .1, 

effects due to NC (T superior to L), F (1^ 62) * 3.870, and to a second-order 

NC X UI X trials interaction, F (1, 62) - 3.115. The VPC panel indicates that 

the form of this interaction arose from T being superior to L in all cases ex¬ 

cept trials 1-2 with the WEa ¿roup. All other effects failed to approach sig¬ 

nificance, £ > .1. Respiration indicated no significant UI effect, F < 1 (r - 

.109 between initial and training RESP. levels), nor did any other effects ap¬ 

proach significance, F < 1. 

The data for the two sets of 16 control Ss in the STR ani WEA groups are 

plotted in Fig. 15 in the same way as for the experimentais in the previous 

figure. The same statistical analyses as those performed for the experimental 

Ss indicated that the inverse UI effect on the GSR (STR inferior to WEA) did not 

approach significance, F < 1 (r ■ .367 between initial and training OSR levels), 
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but there were significant £ < .05, GSR effects due to hC, with T superior to L, 

F (1, 30) = U.U61i, to trials, with a decrease of responding over trials, F 

(l, 30) = 5*927, and to a second-order UI x NC x trials interaction, F (1, 30) ■ 

5.5U5* Inspection of the left panel of Fig. lU indicates that the source of 

this interaction was that the decrease over trials was present mainly with the 

T for the WEA group and with the L for the STR group. Finally, the GSR analysis 

indicated a near-significant, £ <C *1, x trials interaction, F (l, 30) 3»lUl, 

with a greater decrease over trials for the WEA than for the STR group. 

The inverse UI effect shown in the VPC panel of Fig. 1 was near-signifi¬ 

cant, F (1, 29) = 3.862 (r - .5U7 between initial and training VPC levels), 

£ < .1, and the T was significantly superior to the L, F (1, 30) =■ 11.117, 

£ < .005j all other effects failed to approach significance, £ > .1. The res¬ 

piration analysis indicated no significant UI effect, F< 1 (r * -.159 between 

initial and training RESP. levels), nor did any other effects approach signif¬ 

icance, £ > .1. 

Training differentiation.—The effect of TD, as represented by the difference 

between sets of N(S,d) and N(s,D) trials, was examined only in the experimental 

group. The first analysis concerned those Ss for whom the reinforcement schedule 

was identical (iiVl) for the two CSs during the 23-trial test series. For later 

comparison purposes with the MV5 Ss, the test points used were trials 8 and 11 

from Table 1 above, since it was at these points that the variation was maximal 

in the MV5 Ss. The left-hand column of panels in Fig. 16 show mean performance 

in the three autonomic modes as a function of the TD, UV (VaR-CON), and NC (T-L) 

factors. Since no difference was found between the mean N(S,d) and N(s,ü) re¬ 

sponse levels for the GSR, the F value for the TD effect was zero; nor did any 

of the other effects approach significance, F c 2.2, £ > .1. The superiority 

of the N(S,d) trials relative to the N(s,0) trials in the VPC did not approach 
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significance, F (l, 60) ■ 1.01*2, £ > .1, and, apart from a near-significant 

superiority T relative to L, F (1, 60) « 3.036, £ < .1, none of the remaining 

VPC effects approached significance, F < 1. In the respiratory mode (RESP.), the 

superiority of the VAR relative to the COM Ss was near-significant, F (l, 60) ■ 

2.900, £ < .1; the TD and all other effects failed to approach significance. 

Since none of the above comparisons indicated any evidence of cross-modal 

differentiation for the MV1 Ss, the next step was to determine whether there was 

any more differentiation manifested by the HV5 Ss. For these conparisons, TD 

difference scores were obtained for each experimental S by taking algebraic dif¬ 

ferences between pairs of l(S,d) and N(s,D) trials drawn from trials 8 and 11 

from Tables 1 (hVl Ss) or 2 (ïiV5 Ss) above. It will be noted that the s : d 

variation (V) was maximal (V5) for the MV5 Ss at these points. The middle row 

of panels in Fig. 16 shows this relative TD in the three autonomic modes as a 

function of the MV (ilV5-MVl) and UV (VAR-CON) factors. In the GSR, the mean TD 

of the MV5 group was inferior to that of the MVl group, although the MV x UV 

analysis of variance indicated that this effect did not approach significance, 

F< 1. There were near-significant, £ <.l, effects due to UV, F (1, 121*) ■ 

3*562, with greater TD in the VAR than in the CON group, and to a UV x MV inter¬ 

action, F (1, 121*) ■ 3.751, with the VAR-CON effect seeming to be present only 

for the MVl Ss. The analysis of the VPC results indicated that none of the three 

effects of MV, UR, and MV x UV interaction approached significance, F < 1.3, 

£ > .1. Similarly, there were no significant effects on TD in the respiratory 

mode, F <1.8, £ > .1. 

Since the above tests of the MV variable included the V factor itself, 

the failures to find significant MV effects in any of the three response modes 

suggested that the actual s : d variation (V) would not affect TD. However, the 

effect of V was examined for the mV5 Ss in case this within-S comparison proved 
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to be more sensitive than the previous between-S comparison. The high -V (V - 5) 

N(S,d) and N(s,D) trials were drawn from trials 8 and 11 of Table 2 above. To 

obtain the low-V (1¾. V^ 3) N(S,d) and N(s,D) trial pairs, all the remaining N 

trials of the 23-trial test series were used, so that the mean V value of the 

low-V trials was 2. The right-hand column of panels in Fig. 16 shows the mean 

TD difference scores in the tiire- • modes as a function of the V (bil¬ 

low) and UV (VAR-CCN) factor». In ÒR, the mean TD on high-V trials was 

less than that on low-V trials, although the two-way analysis of variance indi¬ 

cated that neither this V effect nor the mV and MV x V interaction effects, 

approached significance, F < !• In the VPC, the high-V trials did produce 

greater TD than did the low-V trials, but again, neither this V effect, nor 

the remaining two effects, approached significance, F < l.U, £> .1. The res¬ 

piratory mode results, like the VPC, indicated greater TD on the high-V than 

the low-V trials, but again, none of the three effects approached significance, 

F < !. 

Since the MV5-MV1 variation had no effect on TD in any of the three re¬ 

sponse modes, it was deciaed to check whether any TD differences may have been 

obscured by certain overall differences in CR strength between the two MV groups. 

Fig. 1? shows the mean GSR, VPC, and RESP. performance of the experimental Ss 

on CS-alone (N) trials as a function not only of the MV factor but also of the 

UV (VAR-CON), NC (f-L), and trials factors. For added precision, the between-Ss 

MV and UV effects were adjusted by covariance analysis on the basis of pre¬ 

training, initial response levels. For the GSR, ohe (adjusted) MV effect was 

near-significant, F (1, 123) ■ 2.861;, £ < .1 (r ■ .533 between initial and 

training GSR levels), with superior performance by HV5 Ss. The only significant 

effect was an increase in performance over trials, F (1, 12U) « 6.188, £ < ,0S¡ 

all other effects failed to approach significance, F < 1.9, £ > .1. For the VPC, 
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the (adjusted) UV effect was near-significant, F (1, 123) * 3*389, £ < .1 (r - 

.611 between initial and training VPC levels), with superior performance by VAR 

Ss. There were also significant, £ < .05, effects due to NC, F (1, 1?U) “ ij.069, 

with T superior to L, and to trials, F (1, 12U) ■ 5.008, with an increase in 

performance over trials. All other effects failed to approach significance, 

F < 1.5, £ > .1. For the respiratory mode, no effects approached significance, 

F< 2.1, £ > .1 (r ■ .098 between initial and training RESP. levels). 

The influence of the MV and UV factors on response levels was also ex¬ 

amined in control Ss, the mean performance of whom is shown in Fig. 18. The 

same mode of analysis was applied as that for the experimental Ss. For the GSR, 

there were significant, £ < .01, effects due to NC; F (1, 60) * 7.099, and to 

trials, F (1, 60) - 7.990, with T superior to L, and an increase of responding 

over trials, respectively. There was also a near-significant second-order 

MV X UV X NC interaction, F (1, 60) ■ 3.63h, £ <. .1, which seemed to arise from 

the T being markedly superior to L under all combinations of the MV x UV condi¬ 

tions except for the MV5 Ss given variable-intensity (VaR) shocks. All other 

effects failed to approach significance, F< 2.2, £■> .1 (r « .U83 between ini¬ 

tial and training GSR levels). For the VPC, the only significant effect was 

the markedly superior performance on T relative to L trials, F (l, 60) - 20.233, 

£ < .001] all other effects failed to approach significance, F< 2.1, £ > •! 

(r ■ .566 between initial and training VPC levels). For the respiratory mode, 

no effects approached significance, F< 2.1, £> .1 (r - -.052 between initial 

and training GSR levels). 

UCS intensity within subjects.—The effect of within-Ss UI was examined in 

those experimental Ss for whom UCS intensity varied (VAR). Fig. 19 shows mean 

performance in the three autonomic modes of these Ss as a function of the UI 

factor, as well as of NC (T-L), MV (iaV5-flVl), and trials. The analysis of the 
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GSR data indicated that no effects approached significance, Fc 2.3, £> .1. 

However, in the VPC, there was significantly superior performance to CSs paired 

with the strong (STR) UCS relative to those paired with the weak (WEA) UCS, 

F (1, 60) = U.713, £ < .05, as well as a significant MV x UI interaction, F 

(1, 60) » li.6ÖU, £ < .05. There was also a near-significant increase of per¬ 

formance over trials, F (1, 60) - 3.U92, £ < .1; all other effects failed to 

approach significance. Separate analyses of the *'JV x UI interaction showed that 

STR was significantly superior to WEA within the non-identical reinforcement 

(MV5) Ss, F (1, 30) ■ 10.120, £ < .01, but the UI effect was not significant 

within the MV1 Ss, F < 1. In the respiratory mode, there was only a near¬ 

significant increase of performance over trials, F (1, 60) - 2.792, £< .lj 

all othe;>’ effects failed to approach significance, F< 2.7, £> .1. 

Discussion. 

As regards the electrodermal (GSR) and plethysmographic (VPC) response 

modes, the highly reliable divergence over trials between experimentais and 

controls (Fig. 13) suggests t-hat the CS-UCS pairings did produce conditioning, 

provided one accepts the assumption stated above, that the omitted-CS method 

used for the control group could only have introduced non-associative factors 

favoring that group. The tone produced reliably greater GSRs and VPC responses 

than did the light, and these tone-light differences appeared to be greater in 

the control than in the experimental group. However, the nature of this NC x 

conditioning interaction in the GSR and the VPC was not such as to undermine 

the view that reliable associative electrodermal and plethysmographic condition¬ 

ing had occurred in the present experiment. 

In contrast, the HR data did not indicate any conditioning, even in terms 

of the trends exhibited by the means of the 192 Ss as plotted in Fig. 13 above. 

Indeed, there was no suggestion that the presence of the CS produced any greater 



acceleratory HE response than that which occurred in the absence of the CS. At 

the same time it must be recognized that the method employed in this study to 

look for conditioning in the various response systems assumes a similarity of 

form between the UCR and the CR, whereas much of the HR conditioning literature 

suggests that while the UCR is always an acceleration, the OR can be deceleratory 

in form (e.g.. Black, 1965; Zeaman and Smith, 1965). The HR tracings following 

CS onset were examined for such decelerations in the present study, but no 

obvious trends were apparent. It was not deemed worthwhile to undertake more 

subtle statistical investigations in search of such non-acceleratory CRs, because 

of the danger that one can always find some statistically signif nt trend in 

any set of data provided enough aspects of that data are examinee However, to 

allow for the possibility of non-acceleratory CRs, it is safer to interpret the 

present results only as suggesting that, even with large samples, a UCR-like CR 

does not emerge as a reliable laboratory phenomenon in HR conditioning. 

Some degree of respiratory conditioning, in its apneic form, did emerge 

from the results (Fig. 13), as indicated by the near-significant divergence of 

experimentais from controls over trials, and the marginally significant superi¬ 

ority of the former relative to tha latter group over all trials. However, when 

one recalls the number of Ss needed to obtain these levels of significance, the 

reliability of apneic human conditioning is not strikingly impressive. 

Turning now to the question of training differentiation (TD) within the 

experimental group, as manifested by superior performance on N(S,d) relative to 

N(s,D) trials, there was no evidence for such differentiation in any of the 

three response modes which were examined (Fig. 16, left column of panels) for 

Ss run under the identical reinforcement schedule (RVl). Nor did the data sug¬ 

gest that for Ss presented with the non-identical reinforcement schedule (MV5), 

TD was any greater than for the MV1 Ss (Fig. 16, middle column of panels). 



Finally, the manipulation of the V tactor independently of MV was also ineffective 

in influencing TD for any of the three examined autonomic modes (Fig. 16, right 

column of panels). The only hint that varyinr the reinforcement-schedule factor 

between CSe, and hence between CSs paired with different intensity UCSs, may have 

influenced the degree of differentiation was the significant UT x MV interaction 

obtained for the Plethysmographie mode (Fig. 19, middle panel), an interaction 

which indicated the presence of a within-S UI effect only for Ss presented with 

the non-identical reinforcement schedule (HV5). However, apart from this isolated 

result, the data, taken together, did not indicate either that cross-modal auto¬ 

nomic differentiation had occurred, or that either the reinforcement-schedule 

manipulation or the UCS-variation manipulation was effective in increasing the 

degree of differentiation. 

On the face of it,the apparent lack of cross-modal differentiation indi¬ 

cates that, as in the earlier OSR experiment which used only an identical rein¬ 

forcement schedule (Furedy, 1965), the two physically dissimilar CSs were the 

same for the three conditioned autonomic responses examined in the present study, 

even under those conditions where the reinforcement schedule was non-identical 

(wV5 Ss). Because these results are both unexpected and not in line with those 

obtained from Exp. I with the skeletal eyelid response, it is worth considering 

an alternative interpretation of the lack of obtained differences between N(S,d) 

and N(s,D) trials, a lack which was described at the outset as indicating total 

generalization of training between the two CSs. Implicit in such en interpreta¬ 

tion is the assumption that the gradients of conditioned autonomic generalisation 

of the sort reported by Hovland (1937) constitute a phenomenon which is both 

reliable and whose basis lies simply in the processes involved in simple associa¬ 

tive conditioning. Recently, however, both the reliability (Epstein and Buretein, 

1*66) and apparent simplicity (Gorman, 196?) of this phenomenon have been 

....i 
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challenged. The basic idea behind these suggestions is that in addition to the 

factor of the associative, generalized CR, the strength of which is directly 

related to the similarity between the test GS and the originally reinforced CS, 

another factor is also ir volved in determining the magnitude of the observed 

autonomic response to the test CS. This additional factor is the partially 

habituâtoù orienting reaction (CR) to the reinforced CS, and the influence of 

this OR factor is opposed to that of the associative CR factor, because the 

strength of the OR to the test CS is inversely related to the similarity between 

the reinforced and test CSs. Admitting the presence of such an Or factor there¬ 

fore makes it impossible to predict the simple conditior.ed generalization gra¬ 

dient, since the magnitude of the observed autonomic response has to be seen as 

depending on the two opposing factors of associative conditioning and "partial 

CR inhibition" (Gorman, 1967, p. 21*0). 

The interaction of such opposed forces can be plausibly applied to the 

N(S,d) t N(s,D) outcomes of the present autonomic experiment. Thus, while the 

associative factor of previous number of reinforced trials favors the N(S,d) set 

of trials, the OR-inhibition factor favors the N(s,L) set of trials, since there 

has been less exposure (and hence inhibition) to the CS being tested than to the 

different CS fron that being tested. The phenomena on which the OR-inhibition 

account are based, i.e., the inhibition and disinhibition of the autonomic com¬ 

ponents of the CR to stimulus repetition and change, respectively, are themselves 

not clearly understood (Furedy, 1968), but in the present case the notion of CR 

inhibition has enough cogency for one to doubt the validity of the N(S,d) i N(e^D) 

test of TD for autonomic CMD. Moreover, it is not easy to suggest ways of over¬ 

coming this difficulty, because the operations thought to produce autonomic 

conditioning appear to be closely related to those thought to influence CR inhi¬ 

bition. However, the use of a longer interstimulus interval (ISI) of at least 



8 soc. may provide more informative results concerning autonomic CMD, not only 

because this longer ISI would permit assessment of ED as well as TD (as in 

Exp. I with the eyelid response), but also because of the possibility that some 

of the multiple responses obser ved with the use of such longer ISIs may be shown 

to be independent of the influence of OR processes. 

as regards the effects of varying UCS intensity, despite the relatively 

clear conditioning effect with the GSR and VPC, the between-Ss UI manipulation 

for the C0Î' Ss of the experimental group failed to produce reliable differences 

in either of these two autonomic response modes, or in the respiratory mode 

(Fig. 15). Since varying shock incensity between 1.0 and 2.5 milliamps repre¬ 

sents a considerable portion of the ran e of variation that it is possible to 

use with human Ss, and since the sample sizes of the two groups of 32 Ss in 

each group are quite large, the present failure to obtain orderly results with 

respect to the between-Ss UI variation speaks poorly for the sensitivity of 

human autonomic conditioning as an index of stimulus differences. 

Failura to obtain a reliable between-Ss UI effect in the GSR has been 

reported by Wickens, Allen, and Hill (1963), who v&riecl the shock intensity over 

the same current values as those used here, and whose ample size of UO Ss in 

each of the STE and WEA groups is comparable to that used in the present study. 

More recently, however, Wickens and Harding (1965) have reported that a within- 

Ss UI manipulation did produce reliable differences, despite the possible lack 

of adequate differentiation between the CSs, a differentiation which they did 

not assess. In the present study, the within-Ss UI manipulation, except for 

the plethysmograph, failed even to produce trends in the expected direction 

(Fig. 19). The lack of differentiation between the CSs may have been responsi¬ 

ble for this failure, but no definitive conclusion is possible in the light of 

the failure to obtain reliable between-Ss UI effects, effects which did occur 
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clearly with the eyelid response in Exp. I. 

Apart from the conditioning operation, the only other relatively effective 

manipulation of the QSR and VPC response was an unintended source of variation: 

the nature of the CS (NC). Although not significant in all cases, the super¬ 

iority of the tone over the light emerged fairly reliably in the various anal¬ 

yses of the results, a fact which indicates that, as in Exp. I, the counter¬ 

balancing of the FC factor was a necessary precaution. Moreover, again as in 

Exp. I, although there were isolated instances of NC interactions of NC with 

seme other variables, thère were no significant interactions of NC with TD or 

UI, indicating that the counterbalancing for the NC, in this experiment, was a 

sufficient method of control (Furedy, 1967)» 
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Figure Captions 

Fig. 1 Mean percentage CRs of experimental (N • 128) and control (N - 6!|) 

Ss during the test series of trials. (CS-UCS pairings occurred with a 61% and 

frequency for the experimentais and controls, respectively.) 

Fig. 2. Mean percentage CRs of control Ss given unpaired and constant- 

intensity (CCN) strong (STR) or weak (WEA) UCSs during the test series of trials. 

Fig. 3# Mean percentage CRs of experimental Ss for whom a constant- 

intensity (CON) strong (STR) or weak (WEA) UCS was paired with a CS with a 61% 

frequency during the test series of trials. 

Fig. ii. Frequency distributions of trials-to-criterlon scores of two 

groups of 96 Ss for whom a strong (STR) or a weak (WEA) UCS was paired with a 

CS with a 100)6 frequency during the training series of trials. 

Fig, 5. Mean CR magnitude of experimental Ss run under the non-identical 

reinforcement schedule (MV5) and measured at trials of maximal s s d variation 

(V5) during the test series of trials. (The data shown in the left panel are 

broken down by trials in the middle and right panels which show, in addition to 

other effects, the effect of the nature-of-CS factor.) 

Fig. 6. Mean CR magnitude of experimental 8s run under the non-identical 

reinforcement schedule (MV5) and measured at trials of minimal s * d variation 

(VI) during the test series of trials. (This figure is plotted under the same 

conditions as Fig. 5*) 

Fig. 7. Mean CR iTiagnitude of experimental Ss run under the identical 

reinforcement schedule (MVl) during the test series of trials. (This figure is 

plotted under the same conditions as Fig. 5, except for the substitution of stages 

for trials.) 
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Fig. 8. Wean TD scores N(S,d) - N(s,D) in mm. as a function of both MV 

and V (Panel A), MV alone (Panel B), and V alone (Panel C), measured during the 

test series of trials. 

Fig. 9. wean percentage CRs of all experimental Ss during the test series 

of trials. 

Fig. 10. Mean percentage CRs of all control Ss during the test series of 

trials. 

Fig. 11. Mean CR magnitude of experimental Ss run under the identical 

reinforcement schedule (MV1) as a function of the ELt UV, and trials (left panel) 

or NO (right panel) factors, measured during the test series of trials. 

Fig. 12. Mean CR magnitude of experimental Ss for whom a varied-intensity 

(VAR) UCS was paired with the two C3s with a 61% frequency during the test series 

of trials. (The two panols represent the levels of the MV factor, while the UI 

and NC factors are represented as parameters in both panels.) 

Fig. 13. Electroderroal (GSP.), plethysmographic (VPC), heart-rate (HR), 

and respiratory (RESP.) performance on CS-alone (N) trials as a function of con¬ 

ditioning (present vs. omitted CS on CS-UCS trials) and nature of CS (tone vs. 

light). (For experimentais and controls, N ■ 128 and K ■ 6U, respectively.) 

Fig. lii GSR, VPC, and RESP. performance on CS-alone trials following 

initial CS-alone presentations of those experimental Ss for whom a constant- 

intensity (CON) strong (STR) or weak (WEA) UCS was paired with the CS with a 67% 

frequency. (The two factors of UCS intensity and nature of CS are represented 

as parameters in the three panels.) 

Fig. 15. GSR, VPC, and RESP. performance on CS-alone trials following 

initial CS-alone presentations of those control Ss for whom UCS intensity (UI) 

was CON. (This figure is plotted under the same conditions as Fig. Ik.) 
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Fig. 16. GSR, VPC, and RESP. training-differentiation (TD) effects in 

experimental group for MV1 Ss (left column), for all experimentais as a function 

of MV (middle column), and for MV5 Ss as a function of V (right column). (For 

details, see text.) 

Fig. 1?. GSR, VPC, and RESP. performance of all experimental Ss on C3- 

alone trials following initial CS-alone presentations. 

Fig. 18. GSR, VPC, and RESP. performance of all control Ss on CS-alone 

trials following initial CS-alone presentations. 

Fig. 19. GSR, VPC, and RESP. performance on CS-alone trials following 

initial CS-alone presentations of those experimental Ss for whom a varied- 

intensity (VAR) UCS was paired with the two CSs. 
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