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Motivational vs. associative role of the US
in classical conditioning of the rabbit’s
nictitating membrane response
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Two experiments tested the motivational role of the US in classical conditioning of the
rabbit’s nictitating membrane (NM) response. In Experiment 1, subjects were trained to an
intermediate performance level and then given a series of (1) CS-US trials, (2) “backwards”
US-CS trials, (3) CS-alone trials, (4) US-alone trials, or (5) no-stimulus presentations. Interpolated
presentations of the US, either alone or in a backwards contingency, tended to produce an
impairment of subsequent acquisition. In Experiment 2, subjects were trained with strong or
weak US intensity on paired or interpolated trials. US intensity on interpolated trials had
only a very small effect, whereas the effect of US intensity on paired trials was quite
large. Shifts in paired-trial US intensity produced corresponding shifts in performance, but
shifts in the intensity of the interpolated US produced no apparent effect. We conclude that
the arousal of motivation is not sufficient to maintain performance in classical NM conditioning.

The role of the US in classical conditioning is
fundamentally ambiguous. In conditioning of the
rabbit’s nictitating membrane (NM) response, as in
most Pavlovian paradigms, US intensity is an ex-
tremely powerful variable (e.g., Hoehler, Kirschenbaum,
& Leonard, 1973; Smith, 1968). However, the mech-
anism of these effects in not entirely clear. Changes
in US intensity, US quality (e.g., Bruner, 1965), or
US location (¢.g., Salafia, Daston, Bartosiak, Hurley,
& Martino, 1974) will simultaneously affect both as-
sociative and motivational features of the conditioning
situation, and the two are, sometimes, quite difficult
to separate. By definition, associative factors are
critical for classical conditioning, and, in fact, studies
of the CS-US interval have clearly demonstrated
theimportance of temporal contiguity (e.g., Gormezano,
1972; Hoehler & Thompson, 1980; Smith, 1968). The
role of motivation is somewhat less well established.
Bruner (1966) and Frey, Maisiak, and Dugue (1976)
have shown that presentation of reinforcing brain
stimulation during the US tends to facilitate con-
ditioning. However, Martin, Land, and Thompson
(1980) have demonstrated that direct electrical stimu-
lation of motoneurons in abducens (6th nerve) nucleus
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can serve as a US for NM extension. Thus, motiva-
tion may be unnecessary for NM conditioning.

The role of motivation in classical conditioning
may also be investigated using interpolated presenta-
tions of the US. This method is based on the presump-
tion that motivational effects of the US do not
depend on CS-US pairing but will occur with equal
strength if the US is presented alone. Two important
studies in the human eyelid-conditioning literature
have shown that (1) after a few CS-US trials, a series
of interpolated USs may produce a performance in-
crease comparable to that produced by continued
CS-US pairing (Kimble, Mann, & Dufort, 1955), and
(2) interpolated presentation of a high-intensity US
may prevent the performance decline that normally
results from a reduction in US intensity (Trapold &
Spence, 1960). These studies suggested that motiva-
tion is extremely important for both the acquisition
and the maintenance of classical CRs. In the studies
to be reported here, the above-mentioned experimental
paradigms were extended to classical conditioning of
the rabbit’s NM response.

EXPERIMENT 1

The first paradigm was originated by Kimble et al.
(1955), who reported an experiment indicating that
the first few CS-US pairings were sufficient for the
formation of the associations necessary for eyelid
conditioning and that, beyond this point, presenta-

0090-4996/8 1/020239-06300.85/0



240 HOEHLER AND LEONARD

tions of the US alone were as efficient as CS-US
pairings in improving performance. The basic experi-
mental design consisted of training a group of sub-
jects to an intermediate level of performance, and
then presenting a series of US-alone trials followed
by a final series of CS-US pairings. The performance
of this experimental group was found to be virtually
identical to the performance of a group of control
subjects given only CS-US pairings. This finding was
offered as evidence for two distinct processes in eye-
lid conditioning: (1) an associative process that
depends upon the contingency of CS-US pairings,
and (2) a performance factor linked to motivational
processes determined by the US. A further implication
drawn from this experiment was that ‘‘pseudocondi-
tioning may be a part of all conditioning in which
a noxious stimulus is employed” (Kimble, 1961,
p. 62).

These unusual data did not meet with uncritical
acceptance. The effect was replicated and extended in
a follow-up study by Kimble and Dufort (1956), but
another replication attempt by Goodrich, Ross, and
Wagner (1957) found that an interpolated series of
US-alone presentations had no effect on perfor-
mance. Dufort and Kimble (1958) again replicated
the effect and attributed the discrepancy to the
presence or absence of a ‘‘ready signal.”” Unfortu-
nately, Goodrich, Ross, and Wagner (1959) failed to
find the effect with or without a ready signal. Several
successful (Kimble & Ost, 1961; Loess, 1964) and
unsuccessful (Grant, McFarling, & Gormezano, 1960;
McAllister, 1960) replication attempts can be found in
the later literature, but the controversy has never
been resolved. In the present experiment, we examined
the performance of five groups of rabbits receiving
an interpolated series of (1) US-alone presentations,
(2) continued CS-US pairing, (3) CS-alone presenta-
tions, (4) backward US-CS pairing, or (5) no stimu-
lation.

Method

The apparatus and procedure used for rabbit NM conditioning
have previously been described (Hoehler et al., 1973). The sub-
jects were 80 albino New Zealand rabbits, 1.5-3.0 kg, obtained
from a local supplier. During conditioning, they were restrained
in Plexiglas boxes with adjustable head stocks and padded ear
clamps (see Gormezano, 1966, p. 407). A small loop of mono-
filament nylon was sutured into the NM, and a miniature precision
rotary potentiometer was mounted on the subject’s head, by
means of a lightweight muzzle, and mechanically attached to the
NM suture, Thus, NM extension created a voltage change that was
amplified and recorded by a polygraph with amplification ad-
justed so that the UR produced a pen deflection of approximately
15-20 mm. A pen deflection of 1 mm or more, initiated 100-
250 msec after CS onset, was scored as a CR.

The subjects were conditioned four at a time in identical sound-
attenuation chambers, each equipped with a blower system for
ventilation and a light for illumination. The CS was a 250-msec,
1,000-Hz, 85-dB tone, while the US was a 10-msec, 10-mA dc¢
electric shock delivered via stainless steel subcutaneous electrodes
located above and below the right eye. Offset of the CS and on-

set of the US were simultaneous during regular conditioning
trials, and offset of the US and onset of the CS were simul-
taneous during the backward-conditioning trials. The intertrial
interval was approximately 60 sec. Presentation and timing of
all stimuli were automatically controlled by a Digital PDP-8/S
computer interfaced for that purpose.

Data were collected during a single conditioning session, con-
sisting of three consecutive phases. In the first phase, five randomly
selected groups of 16 rabbits each received 50 CS-US pairings,
bringing each group to an intermediate level of performance. In
Phase 2, which followed Phase 1 without interruption, three ex-
perimental groups received a series of 40 trials of various types.
Group US received 40 presentations of US alone, Group BK re-
ceived 40 backwards US-CS pairings, and Group CS received
40 CS-alone extinction trials. Two control groups were employed:
Group C, which continued to receive CS-US pairings, and Group R,
which merely ‘‘rested’’ for 40 min. In Phase 3 (90 trials), normal
conditioning, identical to Phase 1, was resumed, Thus, all groups
received a total of 140 reinforced trials, with the three experi-
mental groups receiving 40 additional trials of interpolated stimuli.

Results and Discussion '

As shown in Figure 1, interpolated US-alone trials
did not facilitate performance but, rather, appeared
to produce a substantial impairment of subsequent
acquisition. The percentage of CRs on the first block
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Figure 1. The effect of various interpolated stimuli (Blocks 6-9)
in Experiment 1. Filled squares: continued CS-US pairings
(Group C). Open squares: 40 min of no stimulation (Group R).
Filled triangles: 40 presentations of US alone (Group US).
Open triangles: 40 presentations of backward CS-US pairings
(Group BK). Open circles: 40 presentations of CS alone (Group CS).
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of 10 tnials following interpolation revealed a sig-
nificant difference between groups [F(4,75)=3.77,
p < .01]. Duncan’s range test comparisons indicated
that Group C was superior to Group US (the equiv-
alent of Kimble’s experimental group), as well as to
Groups BK and CS, but that Group C was not superior
to Group R. In addition, Group R was found to be
superior to Group US. Mean CR amplitudes (as a
proportion of UR amplitude) were .54 in Group C,
.30 in Group R, .40 in Group US, .26 in Group BK,
and .29 in Group CS. There was a significant dif-
ference between groups {F(4,64)=3.54, p < .05], and
Group C was superior to Groups R, US, and BK.
Note that, in Group US, six subjects produced no
CRs and, hence, were not included in the averaged
CR amplitude data. No other group contained more
than three subjects that produced no CRs.

The performance of Group R and the three experi-
mental groups on Block 10 does, of course, reflect
the incremental effect of the 10 CS-US trials within
that block. To examine these performance changes in
greater detail, the inset of Figure 1 shows Block 10
performance divided into smaller segments. It is ap-
parent that all groups started Block 10 at a lower
performance level than before interpolation, but that
the rate of recovery in Groups CS and R, which re-
ceived no shock during the interpolation phase, was
faster than the rate of recovery of Groups US and
BK, both of which did receive shock during interpola-
tion. A Mann-Whitney U test revealed that differ-
ence scores (obtained by subtracting percent CRs on
Trials 1-3 from percent CRs on Trials 8-10) were sig-
nificantly higher in the unshocked (CS and R) groups
(U =297, p < .001). Further confirmation of this im-
pression was found by comparing the performance of
the combined shocked groups with the combined
unshocked groups on Trials 7-10 of Block 10. Again,
the unshocked groups were significantly superior to
the shocked groups (U =355, p < .01).

We conclude that, in this conditioning preparation,
interpolated presentations of the US exert, at best, a
neutral effect, and, at worst, a negative effect on the
conditioning process. The performance of the “‘rest”’
group (Group R) is consistent with recent evidence
that rabbits condition fastest with 24-h intertrial in-
tervals (e.g., Levinthal, 1973) or that, during muitiple-
trial conditioning sessions, the greatest gains are
generally observed between, rather than within, days
(Frey & Gavin, 1975).

EXPERIMENT 2

The next paradigm to be considered originated
from the laboratories of the late Kenneth W. Spence
and, along with his work on manifest anxiety, con-
stitutes what is perhaps his most important contribu-
tion to the classical conditioning literature.

Spence set out to determine whether or not the
intensity of the US was a factor in determining the

241

strength of the associative bond linking stimulus and
response, as opposed to the notion that variations in
US intensity contribute only to the motivational state
of the organism. The problem was to hold the motiva-
tional effects of the US constant, while examining
habit growth under high or low US intensities. An
early experiment (Spence, 1953) employed a factorial
design in which conditioning was carried out under
high or low intensities on Day 1 and under the same
or opposite intensities on Day 2. While the significant
effect of Day 1 US intensity on Day 2 performance
suggested to Spence that associative bonds established
on Day | ‘‘carried over”’ to Day 2 performance, such
a design is difficult to interpret, since the results are
jointly determined by the rate of change of the post-
shift performance and the precise portion of the per-
formance curve selected for evaluation and analysis.

Spence’s eventual solution to this problem was to
vary US intensity on CS-US paired trials (trials during
which associative strength was hypothetically being
generated) and to counterbalance the motivational
effects of a given US intensity by randomly inter-
spersing US-alone trials of the opposite intensity.
Thus, two basic groups were generated: one which re-
ceived CS-US pairings at a strong US intensity in
conjunction with US alone at a weak intensity (the
strong-weak condition) and another which received
the weak US on paired trials along with strong US
alone (the weak-strong condition). The superior per-
formance of the strong-weak (SW) group relative to
the weak-strong (WS) group would implicate an as-
sociative factor, since motivation would be equated,
and several experiments (e.g., Spence, Haggard, &
Ross, 1958; Trapold & Spence, 1960) produced such
aresult.

As a further test of the hypothesis that associative
strength was a direct function of US intensity in clas-
sical conditioning, it was proposed that, after asymp-
totic levels of conditioning had been attained, a shift
in US intensity from strong to weak, with motiva-
tional levels again equated, should have little or no
decremental effect on performance. This prediction
stemmed from Hull’s (1943) assertion that associa-
tion, or habit strength, was a relatively permanent fac-
tor. In a study reported by Trapold and Spence (1960),
the SW group outperformed the WS group in Phase 1
of the experiment, and a shift from SW to WS in
Phase 2 resulted in only a slight, nonsignificant
decrement in performance. In contrast, a substantial
performance decrement was produced by a shift
from SW to a weak-weak (WW) condition. On the
basis of these results, Spence argued that habit
strength built up in Phase 1 might sustain perfor-
mance in the second phase when factors favorable to
further habit growth were removed.

Experiment 2 was based on the design employed
by Trapold and Spence (1960). In addition to the
groups mentioned above, Experiment 2 contained
(1) a group that received a shift to a higher US in-
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tensity on paired trials (WS-SW), (2) two groups
necessary for a complete factorial analysis of the ef-
fects of US intensity on paired and interpolated trials
(SS and WW), and (3) a group that was shifted to a
low-intensity interpolated US (WS-WW),

Method

The general methods were similar to those employed in Ex-
periment 1. The US was a 10-msec pulse of electric shock at
either a strong (6.5 mA) or a weak (1.8 mA) intensity.

In Phase 1, four groups of rabbits received strong (S) or weak
(W) shocks alone or paired with the CS in a 2 by 2 factorial
design. The four groups may be designated as SS (N=8), SW (N=
24), WS (N=24), and WW (N =8), with the first letter indicating
the intensity of the US on paired CS-US trials and the second
letter indicating the intensity on US-alone trials. All subjects re-
ceived an irregular sequence of 120 CS-US trials and 120 US-
alone trials in Phase 1. The intertrial interval had a mean of 20 sec
(range = 15-25 sec), so that the interval between CS-US trials
averaged 40 sec.

In Phase 2, all groups received an additional 120 CS-US pair-
ings and 120 US-alone trials, but the subjects in Groups SW and
WS were (1) shifted to the opposite schedule (SW or WS), (2) shifted
to WW, or (3) continued under the same conditions as in Phase 1.
Groups SS and WW were not shifted in Phase 2. Thus, there
were eight groups of eight subjects each, including four unshifted
control groups (SS, SW, WS, WW) and four shift groups designated
by the following Phase 1 and Phase 2 schedules: SW-WS, and SW-
WW, WS-SW, and WS-WW,

Results and Discussion

Table 1 shows percent CRs and CR amplitude in
blocks of 60 reinforced trials during both the preshift
postshift phases of Experiment 2. From an examina-
tion of the four control groups (SS, SW, WS, and
WW), it is clear that the critical factor determining
both the rate of acquisition and the asymptotic CR
percentage was the intensity of the US on paired (CS-
US) trials. A 2 by 2 by 4 factorial analysis of variance,
with two levels of US intensity on paired trials, two
levels of interpolated US intensity, and four blocks
of 60 trials, indicated significant effects of paired-
trial US intensity [F(1,28)=114.9, p < .001] and trial
blocks [F(3,84)=76.3, p < .001]. Also significant
were the interactions of trial blocks with paired-trial
US intensity [F(3,84)=23.1, p < .001] and interpo-
lated US intensity [F(3,84)=4.35, p < .01], but no

other effects approached statistical significance. A
similar pattern was observed in the CR amplitude data.

The fact that the strength of conditioning is deter-
mined primarily by the intensity of the US paired
with the CS is consistent with findings from the human
eyelid conditioning literature and is in agreement
with Spence’s hypothesis that associative strength is
a direct function of US intensity. It might also be
noted that the facilitatory effect exerted by the more
intense US-alone trials runs counter to the notion
that interpolated USs interfere with conditioning by
disrupting consolidation processes (e.g., Grevert &
Moore, 1970). If the more intense US-alone trial did,
in fact, produce greater disruption of consolidation,
this negative effect must have been outweighed by
positive motivational factors. It has also been suggested
that interpolated US-alone trials may impair condi-
tioning through disruption of the CS-US contingency
(e.g., Leonard, Fischbein, & Monteau, 1972). This
hypothesis implies that conditioning should be more
impaired when the interpolated US is identical to the
paired US. That is, there should be a significant inter-
action between paired and unpaired US intensity.
Although this interaction appeared to be present, it
was not statistically significant [F(1,28)=2.55,
p > .10].

The effect of US-intensity shifts was assessed by
examination of the groups labeled SW, SW-WS, WS,
and WS-SW. A 2 by 2 factorial analysis of variance,
with Phase 1 US intensity as one factcr and Phase 2
US intensity as the other, indicated that, during the
first half of Phase 2 (Trials 121-180), the effect of
Phase 1 US intensity predominated [F(1,28)=18.49,
p < .001], while the effect of Phase 2 US intensity
was not significant [F(1,28)=3.31, p > .05]. A similar
analysis performed on the last half of Phase 2 (Trials
181-240) revealed a complete reversal in which Phase 2
US intensity was significant [F(1,28)=23.65, p < .001]
and the effect of Phase 1 US intensity was not [F(1,28)
=1.20, p > .10]. There were no significant interac-
tions between the effects of Phase 1 and Phase 2
US intensities [Fs(1,28) < 1.77, ps > .10]. If CR per-
centage scores are examined in blocks of 10 trials,

Table 1
Percent CRs and CR Amplitude as a Function of the Intensity of Paired and Interpolated Shock (Experiment 2)

Percent CRs CR Amplitude (in Millimeters)
Phase 1 Phase 2 Phase 1 Phase 2

Group (61-120) 121-180 181-240 (61-120) 121-180 181-240
SS 79 92 95 5.1 7.2 7.8
Sw 85 92 94 6.2 6.9 7.6
SW-WS 89 83 64 6.2 6.7 3.0
SW-ww 85 72 64 59 4.4 2.2
WS-SW 13 58 94 1.3* 3.3 6.3
WS 8 32 41 1.4* 1.9* 3.7%
WS-ww 25 34 51 1.3* 1.4* 1.7*
ww 5 8 15 1.3* 1.1* 1.1*

*WN <8
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the crossover in group mean performance curves
occurs between Postshift Blocks 5 and 6. Group SW-
WS produced 81% CRs on Block 5 and 64% CRs on
Block 6, while Group WS-SW produced 63% CRs
on Block 5 and 95% CRs on Block 6. These shifts
in performance cannot be ascribed to a general motiva-
tional factor, because all four groups in this com-
parison received identical levels of averaged shock
intensity. The relatively minor role of strictly motiva-
tional factors is also indicated by the performance of
two groups shifted to a lower average level of shock
intensity in Phase 2. These groups (SW-WW and
WS-WW) were clearly not inferior to comparable
groups in which the general motivational level was
maintained (SW-WS and WS). It is apparent that the
intensity of the paired US exerts a powerful and fairly
rapid effect on performance and that effect is not at-
tributable to differences in the general level of
motivation.

GENERAL DISCUSSION

These experiments have investigated two experi-
mental procedures which tested the motivational role
of the US in human eyelid conditioning. Kimble et al.
(1955) reported that, after conditioning to an inter-
mediate level of performance, a series of US-alone
trials produced an increase in performance levels
equivalent to that produced by continued pairing of
CS and US. Trapold and Spence (1960) reported that
the interpolation of high-intensity US-alone trials was
sufficient to prevent the decline in performance nor-
mally associated with shifts in US intensity on CS-
US trials. These data implied that, after the first few
CS-US pairings, the association is completely and,
more or less, permanently learned and that subsequent
changes in performance are primarily due to changes
in motivation. Our data imply a much smaller role
for generalized motivational factors in classical con-
ditioning of the rabbit’s NM response. In Experi-
ment 1, a series of US-alone presentations actually
produced a decrease in subsequent performance.
This decrement may result from the same factors re-
sponsible for the impairment of acquisition produced
by US presentations interspersed throughout acquisi-
tion (Grevert & Moore, 1970; Leonard et al., 1972)
or presented prior to initial training (Mis & Moore,
1973). Because impairments occurred when the US
was presented (Group BK and Group US) but not
when the CS was presented alone (Group CS), the
most reasonable explanation would seem to involve
some form of habituation to the US, rather than a
specific disruption of the CS-US contingency. The
rapid recovery of the group that received CS-alone
trials is consistent with the notion that CS-alone ex-
tinction procedures are relatively ineffective in in-
hibiting the associative connection between the CS
and the US (Frey & Butler, 1977). In Experiment 2,
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the intensity of the interpolated US did tend to affect
acquisition, but the addition of interpolated USs suf-
ficient to maintain the average US-intensity level was
not sufficient to prevent the decline in performance
produced by reduction of US intensity on paired trials.
These data suggest that the role of the US, in the for-
mation of a generalized motivational state, is not
particularly important for classical conditioning of
the rabbit’s NM response.
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