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Abstract. The acquisition and the consolidation processes of avoidan-
ce responding in go, no—go differentiation with asymmetrical and sym-
metrical reinforcement procedures were studied in 49 male mongrel
dogs. Differentiation training procedures with asymmetrical and sym-
metrical reinforcement were contrasted by the occurrence of painful
shock on negative trials. The quality of conditioned stimuli and their
relative saliency exerted strong effects on the rapidity of learning and
the number of commision errors when the ‘“asymmetrical”’ procedure
was used, whereas these effects were strongly attenuated under “sym-
metrical” procedure of reinforcement. Dogs trained in “symmetrical”
go, no—go differentiation showed characteristic responses executed with
shorter latencies and larger percentages of errors on negative trials and
numerous extra-and intertrial responding in early stages of differentia-
tion learning. Retention tests showed a greater stability of acquired
differential responding trained under “symmetrical” than under “asym-
metrical” procedure of reinforcement. The data indicate that the
strength of the secondary punishing effect of CS jprolongation is directly
related to the saliency of the stimulus. The relations between the pri-
mary and secondary punishing effects in the two types of differentia-
tion task, and problem of signalling and arousing properties of stimuli
used in training, were discussed.
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INTRODUCTION

Go, no-go differentiation is a commonly used behavioral test for
studying discriminative abilities and/or capacities for internal inhibition.
In initial experiments employing instrumental reflexes go, no-go diffe-
rentiation procedures were used in which only the positive conditioned
stimulus (CSt) signalled the possibility of reinforcement given imme-
diately after the performance of an instrumental response. On other
trials independent of instrumental responses, the unconditioned stimu-
lus (US) was never paired with the negative conditioned stimulus (CS™).

In several studies from the early 1960’s, Gross and Weiskrantz
employed another kind of go, no—go differentiation test. They reinforced
correct responding with food presentation on both positive and nega-
tive trials, so that food was given not only after instrumental response
to the CS* but also after inhibition of such response to the CS—. They
described this type of test as differentiation with symmetrical reinfor-
cement, as distinct from the earlier go, no-go differentiation procedu-
res which they called differentiation with asymmetrical reinforcement
(15, 16). They considered the difference between the two tasks in terms
of the presentation of unconditional reinforcement on positive and nega-
tive trials, but they did not examine the mechanisms responsible for
their acquisition and performance.

Both differentiation tasks have been used in experiments designed
to study prefrontal cortical functions. The igreatest disturbance in re-
tention of asymmetrically reinforced go, no—go differentiation occurred
after the removal of the orbital part of the prefrontal cortex in mon-
keys (7, 28) and the medial part of the prefrontal cortex in dogs (4-6).
In contrast, retention of symmetrically reinforced go, no-go differen-
tiation was most heavily impaired after the removal of the dorso-late-
ral part of the prefrontal cortex in monkeys (15, 16) and in dogs (9,
10, 12).

On the basis of results obtained from studies of alimentary reflexes,
different physiological mechanisms involved in performance under each
type of differentiation procedure were postulated. According to Dgbrow-
ska (10), there are excitatory connections from the cortical CSt center
through the drive center to the center of the instrumental response.
There is also a direct connection between the CS* center and the instru-
mental response center (40). In go, no—go differentiation with asymme-
trical reinforcement the inhibition of responses to CS— is due to the
development of inhibitory connections between the CS— center and the
drive center. The correct performance to CS— depends on the excitatory
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level of the drive center. The performance on symmetrically reinforced
differentiation task reflects somewhat alternate processes. As Dgbrow-
ska suggested, this type of differentiation is based on two opposite res-
ponses: flection and extension of the leg. The drive center is activated
not only by the CST but also by the CS—. Only direct connections bet-
ween centers of the stimuli and centers of the instrumental responses,
reciprocally, define which movement should be performed to a given
conditioned stimulus. Such a mechanisms has been proposed previously
by Wyrwicka (41) for the left-leg, right-leg differentiation task. Simil-
arly, Konorski (22, 23) postulated that during “asymmetrical” go, no-go
differentiation, the CSt excites the drive center, and CS— excites the
anti-drive center having an inhibitory influence on the drive center.
He considered go, no—go differentiation with symmetrical reinforcement
as the differentiation of the two mondirectional motor acts.

Another aspect of the differences between the two go, no—go diffe-
rentiation tests has been analyzed by Zielinski (47, 48). Based on Ko-
norski’s classification of conditioned reflexes (20, 24). Zielinski conside-
red the differences between the two tests from the perspective of the
influence of the subject’s behavior on the appearance of unconditioned
reinforcement. According to such an approach, the so called “asymmet-
rical” test is in fact a differentiation between instrumental responses
on positive trials and classical responses on negative trials. In the “sym-
metrical” test the animal differentiates two instrumental responses,
because not only on positive but also on negative trials performance of
a specific motor response determines the likelihood of unconditional re-
inforcement presentation. In the case of defensive reflexes, Zielinski
postulated that if the instrumental response is ineffective to terminate
the CS— action, the response is punished due to the secondary negative
reinforcement properties of the CS— (47, 48). A similar position was
held by Dabrowska, who considered defensive go, no—go differentiation
tasks as “symmetrical” differentiation of the two motor acts indepen-
dent of US appearance on negative trials (11).

However, the strength of secondary reinforcement based on fear-
evoking properties of conditioned stimuli should depended on the extent
of generalization between the CSt and the CS—, related to both simila-
rities between conditioned stimuli and their relative saliency. The
effects of these variables on the two go, no-go differentiation tasks has
not been previously investigated experimentally. We have published
data from part of the dogs used in the present study, which suggest the
importance of these variables for the learning of the two tasks (25, 26),
however, no direct comparison of the two procedures was presented.
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Thus, so far the physiological mechanisms responsible for learning and
performance of the two differentiation tests were established on the
basis of research containing a limited number of independent variables.

The aim of this study was to examine the course of the acquisition
and consolidation processes of avoidance response differentiation with
symmetrical and asymmetrical reinforcement. Pairs of conditioned sti-
muli having presumably different generalization gradients were emplo-
yed. Some dogs were trained with a CS* of greater saliency than CS—,
while others were trained with the opposite salient relations between
CS* and CS—. To more clearly observe the stability of the acquired
conditioned reflexes, a control pause of ten days was incorporated into
the experimental procedure. '

MATERIAL AND METHODS

In a set of 4 experiments 49 male naive mongrel dogs with weights
ranging from 5 to 14 kg were used. A 2X2X2 .experimental design was
employed with the type of differentiation task, the acoustical CS qua-
lity, and the arrangement iof stimuli pairs as independent variables
(Table I).

TABLE I
Outline of experiments

Stimulus arrangement

Quality of stimuli Differentiation task
Group 1 " Group 2
Asymmetrical (Exp. I) CS+: Click CS+: Tone
Click vs. Tone CS-: Tone CS-: Click
. CS+: Click CS+: Tone
Symmetrical (Exp. IT) CS-: Tone CS-: Click

CS+: 70 dB CS+: 50 dB
CS-: 50 dB CS-: 70 dB

White noise intensity . CS+: 70 dB CS+: 50 dB
Symmetrical (Exp. IV) Cs-:50 dB | CS: 70 dB

Asymmetrical (Exp. III)

Training was conducted in an acoustically shielded chamber. The
animals from Experiment I were trained in a cage measuring 55X55X
X 40 cm and containing a bar, located 10 cm above the gridfloor in the
middle of the oblong wall opposite to the entrance door of the cage.
To facilitate shaping of bar-pressing, a 25X12 cm platform was used
as an extension of the bar during initial training. The platform dimen-
sions were subsequently changed to 12X7 cm and then to 11X3 cm,
before the final use of the 10X2 cm bar. The sources of the CSi, loca-
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ted near the center of the cage ceiling were a loudspeaker, through
which a 1,000 Hz, 65 dB tone was presented, and an, electromagnetic
relay, which produced a rhythmic 5/s click. Alternating current of
50 Hz and 25 V to 100 V from a transformer was used as the US. The
optimal voltage for each dog was chosen at the beginning of training
and remained constant throughout experimental sessions.

In Experiments II, III, and IV the dogs 'were placed on a platform
measuring 68 cm wide and 177 cm long. Their limbs were secured with
straps suspended from above the platform and they were secured in
a harness. The sources of CSi were located facing the dog. A loudspea-
ker presented a 1,000 Hz 65 dB tone or white noise of 50 dB or 70 dB
(re 0.0002 dyne/cm?) intensity, and an electromagnetic relay produced
a 5/s click. The instrumental response consisted of pressing a bar mea-
suring 20 cm long X |15 cm wide located on the right side of the stand
in front of the right foreleg. A current from a condenser, one pulse
per second administered through electrodes placed on the Jeft hindleg,
was used as the US.

The experiments contained the following stages:

1. Acquisition of the avoidance response. During this stage there
were 10 trials in each daily session. A trial started with CS* onset and
terminated with the bar press. A bar-press executed within 5 s after
CS* onset terminated the CSt, prevented the US presentation, and was
scored as an avoidance response. If an avoidance response did not poccur
5 s after CSt onset the electric shock was given, the occurence of the
bar press coterminated both the CS*T and US, and the response was
labelled as an escape. The intertrial intervals were randomly ordered
periods of 40, 60 and 80 s. Training was continued until each dog re-
ached a criterion of 100 per cent avoidance responses on two consecu-
tive days in Experiment I, and 90 avoidance responses in ten consecu-
tive sessions for Experiments II, III and IV.

2. Go, no—go differentiation training. The day after the avoidance
acquisition criteria were met under the both training procedures, diffe-
rentiation training was introduced. At this stage of the experiment
each daily session consisted of 10 positive and ,10 negative trials. The
order of positive and negative trials was changed each day according
to a Gellerman, series (14). A positive trial started with CS* onset and
terminated \with the avoidance or the escape response. A negative trial
consisted of the 5 s CS— presentation independent of instrumental bar-
pressing responses. Differentiation training procedures with symmetri-
cal and asymmetrical reinforcement were contrasted by the occurence
of an electric shock on negative trials. No shock was given on negative
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trials in the asymmetrical procedure of reinforcement, whereas in the
symmetrical procedure of reinforcement each bar-press during the CS—
action was punished by shock. Differentiation training was continued
until the criterion of -95% correct responses to CS* and to CS— during
ten consecutive sessions was reached in Experiment [ and 90 per cent
correct responses on positive and on negative trials in ten consecutive
sessions was reached in Experiments II, III and IV.

3. Control rest period. After attaining differentiation criteria,
a 10-day rest from the experimental procedures followed, in which the
dogs remained in their home-cages.

4. Retention of go, no-go differentiation. ‘After the control pause,
retention of go, no—go differentiation was tested using the same proce-
dures and criteria measures for each experimental group as used in
Stage 2.
~ The main indices of behavior were: (i) the number of avoidance res-
ponses executed to CST; (ii) the number of disinhibited negative trials;
(iii) latencies of the avoidance and escape responses, and of the first
bar-press response emited to CS— in disinhibited megative trials, all
measured to the nearest 0.2 5; and (iv) the number of extra responses
to CS— and intertrial responses (E + ITR). During all stages of the ex-
periments the dogs’ behavior was observed through a one-way window
from the room adjacent to the training chamber.

It should be moted that the major differences between Experiment I
and Experiment II-IV were the type of apparatus used for training and
testing, and the criteria measures employed for acquisition and diffe-
rentiation training. For statistical analysis an attempt was made to
equate all experiments. That is, that portion of acquisition performance
in Experiments II-IV, which occurred to the criteria level used in Ex-
periment I, was used in the statistical comparison. Conversely, diffe-
rentiation performance in Experiment I .wias restricted to the 90 per
cent correct response level to CS* and to CS—; i.e., the criterion of
Experiments II-IV. Thus, although the first experiment was distinqui-
shed from the others, for statistical purposes all were treated together
according to the three-factorial design.

RESULTS

AVOIDANCE ACQUISITION

During avoidance acquisition identical procedures were used in Ex-
periments IIT and IV, and the results obtained @t this stage were analy-
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sed together. Within the combined results of Experiments III and IV as
well as the other procedures (Experiment I and Experiment II) Group 1
and Group 2 were separately analyzed. The comparison between expe-
rimental groups was done with a uniform criterion of acquisition, the
same as used for Experiment I — 100%o avoidance responses in the two
consecutive experimental sessions. /An analysis of variance (27) showed
no significant differences between groups in the speed of avoidance
acquisition and in the number of escape responses (errors) to criterion.
Moreover these data showed no influence from the two experimental
apparatuses (cage or platform) on the acquisition of conditioned re-
flexes.

The quality and intensity of CSi influenced the latency of instru-
mental responses (Fig. ;1). There were shorter avoidance response laten-
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Fig. 1. Cumulative frequency distributions of the latencies of bar-pressing responses
in the criterion sessions of acquisition of the avoidance reflex.

cies in Groups 1 than in Groups 2 of each experiment {(see Table [II).
In Experiment I a low level of instrumental response performance
during the first second of CS action jwas connected with the approa-
ching movement of the dogs to the pedal. Table II shows the compari-
sons between cumulative frequency distributions of response latencies
to the CSi used in each experiment (8). As is 'evident, the largest Wdiffe-
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TasLE 11

Between group comparisons of changes in the distribution of response latencies on CS+* trials in

criterion sessions of the avoidance acquisition stage. S Click > S Tone denotes that in dogs trained

with the click CS+ a greater proportion of responses was emitted with latencies shorter than the

point of Dy than in dogs trained with the tone CS*; n; denotes number of trials in Group 1, and
n, denotes number of trials in Group 2

| Size of samples Difference Dpax !_Point of Dpay in s
Exp. I n, = n, = 160 Sclick > S Tone 0.131 1.3
Exp. II n, = n, = 140 Sclick > S Tone 0.321* 0.9
Exp. LII+1V n, = 200 Ss0a8 > Ssoas | 0.060 1.1
n, = 180

* P < 0.001 (Smirnov Test)

rences between compared distributions, the Dp,y, were localized at the
beginning of the ,\CS-US interval (Smirnov two-tailed test). It is inte-
resting that among the dogs that were trained in the same experimen-
tal situation (Exp. II and Exp. III4+1IV) an especially high level ©f short-
latency responses occurred to the CST click.

On the first CST presentations during initial avoidance acquisition,
clear orienting responses were observed. The conditioned fear response
to the CSt occurred on the second or third trial, at which time strong
emotional and motility symptoms in the dogs developed ‘and involved
vocal responses (barking, whining and squeaking) and autonomic res-
ponses (pupil dilatation, -gasping, salivation, and occassionally urination
and defecation). The dogs tried escape from the cage or from the har-
ness. They sometimes bit the cage walls, the pedal, the grid floor or
the harness. Then, in some jdogs strong emotional responses changed to
freezing responses. ‘These forms of fear reactions disappeared together
with acquisition of the effective instrumental response. Some dogs trai-
ned in the cage revealed istereotype behavior such as walking around,
running and whirling, wheeling just before pressing the bar. After the
instrumental response was acquired, each dog performed the bar-pres-
sing response by using one, and always the same, foreleg.

DIFFERENTIATION TRAINING

During this stage a common, criterion for Experiment 1T and Expe-
rimenits II-IV was ‘also employed. For this purpose the performance of
each animal from Experiment I was limited to ‘the number of trials
and errors committed to criterion from subjects in the remaining ex-
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periments: 90%o correct responses on CST and CS— in ten consecutive
experimental sessions.

The length of learning to criterion and number of errors. Compari-
sons of the number of trials to the differentiation training criterion for
“asymmetrical”’ and ‘“symmetrical”’ tasks in the same stimulus arran-
gement groups are shown in Fig. 2. The length of acquisition of the
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discrimination for dogs trained with the *“asymmetrical’ procedure
depended on the quality and the arrangement of CSi. The most rapid
differentiation learning was found in dogs trained with the easily dis-
criminable stimuli when the CS* was more salient than the CS— (click
CS* vs. tone CS™). The most prolonged training to the criterion occurred
in dogs differentiated two intensities of the white noise and when the
CS™ was less salient than the CS— (50 dB CS* vs. 70 dB CS—). In com-
parison with “asymmetrical’ differentiation training, the analogous
groups of dogs in “symmetrical”’ test did not show such clear differen-
ces. Rather the most important factor for the rapidity of learning at
this stage was the quality of CSi (Factor B, Table III). This factor also
influenced the percent of trials with errors on CS* and on CS—. The
dogs trained with the click and the itone reached criterion faster and
committed smaller numbers of ierrors on positive and on negative trials
than the degs trained with the intensities of white noise. Moreover, the
frequency of trials with errors on CS™— was higher in “symmetrical”
than in “asymmetrical” differentiation (Factor A, Table III). The signi-
ficance of the AB interaction indicates that when easily discriminable
stimuli (click and tone) were used, the dogs trained with symmetrical
reinforcement committed more errors to the CS— and reached the cri-
terion more slowly than the dogs trained with asymmetrical reinforce-
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ment. But when less discriminable conditioned stimuli were used (50 dB
and 70 dB white noise) “symmetrical” training was faster, and dogs
committed smaller numbers of errors to the CS— than dogs trained in
“asymmetrical” differentiation.

The course of differentiation training. For each dog the number of
trials to criterion was vincentized into five blocks (39), and the mean
numbers of avoidance responses to CSt and trials with errors to CS—
were calculated for each block and group. Figure 3 shows a comparison
of the course of differentiation learning between the experimental
groups trained with the same arrangement between CSt and CS— under
asymmetrical iand symmetrical differentiation procedures. At the be-
ginning of training in each group many disinhibited responses to CS—
occurred. Dogs trained with symmetrical reinforcement committed
a higher per cent of errors on CS— trials than in the asymmetrical
reinforcement procedures. Moreover, at the beginning of differentia-

TasLe III
Mean values of performance indices during differentiation training; », number of dogs in a group

Percentage of Percentage of
. . Number of trials to criterion | CS+ trials with | CS- trials with
Differentiation task
errors errors

CS+: Click ‘ CS+*: Tone Click .Tone Tone Click
i n=3§8

|
Asymmetrical (Exp. I) . n=38
230.0 | 3400 | 2.4 2.8 39 6.1
ical (Exp. II n=171 (n=1 | )
Symmetrical (Exp. II) 5914 | 7743 | 26 59 | 164 | 203
CS*: 70 dB | CS*: 50 dB | 70dB | 50 dB | 50 dB | 70 dB

A ical (Exp. 111 n=>3 |n=3
symmetrical (Exp. I11) 9400 | 1560.0, 5.1 | 74 | 168 | 20.5
S ical (E v n=35 t n=4 i
ymmetrical (Exp. IV) 9200 | 765.0 | 4.1 33 | 212 | 294
Source of variation df Values of F statistics
Differentiation task [ :

A) 1;41 <1 Lo<1 29.655%%*
Quality of stimuli ‘

(B) 1;41 29.601*** 5.375* | 26.547%%*
Stimulus arrange- !

ment (C) 1;41 2.911 1.193 2.518
AB 1;41 13.368%** ‘ 3.155 4.795*
AC 1;41 1.612 <1 <1
BC 1;41 <1 <1 <1
ABC 1;41 3.218 1.582 <1

*P < 0.05; *** P < 0.001
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tion training, more disinhibited responses were found in dogs trained
with two white noise intensities than with the click and tone stimuli.
The dogs trained in differentiation of easily discriminated stimuli com-
mitted more errors to the CS— click than to the CS— tone, and, simi-
larly, the dogs trained with white noise intensities performed more
errors to the 70 dB CS— than to the 50 dB CS—. The data were sub-
mitted to an arc sin transformation for analysis of variance. In this
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Fig. 3. Changes of performance in the course of differentiation training. The solid

lines refer to groups trained in go, no-go differentiation with the symmetrical

reinforcement, and the dotted lines show groups trained with the asymmetrical pro-
cedure of reinforcement.
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analysis the data were collapsed across the variable of stimuli arrange-
ment which had not significantly influenced the number of errors to
CS* iand to CS— (compare Table III). The correlated factor, Vincentized
fifths of the differentiation training, was indicated by “K”. The in-
fluences of the uncorrelated factors (denoted as in Table III) were
similar to that indicated in Table III. The per cent of errors to CSi
diminished with progressive Vincentized fifths of trials (CSt: Fy;g =
= 12,83, P <<0.001; CS—: Fy,4 = 63,37, P <<0.001). The dogs that dif-
ferentiated the intensities of white noise committed more errors at
the beginning of training to CS— than did the dogs that differentiated
the tone and click (KB interaction: Fyg = 2.42, P < 0.05). During
differentiation learning the per cent of errors to CS— diminished more
rapidly in the symmetrically than in the asymmetrically reinforced
procedure (KA interaction: Fy.e = 12.53, P << 0.001). In the course of
differentiation training the number of intertrial responses and extra
responses (bar-presses subsequent to the first) emitted to the CS—
(E + ITR index) also diminished (factor K : Fy.16 = 10.39, P <<0.001).
The two procedures of reinforcement also influenced the E + ITR
index which was higher in “symmetrical” than in “asymmetrical” dif-
ferentiation test (factor A: Fi.4 = 11.75, P < 0.001). Similar to the
extinction of responses to negative stimuli in successive blocks of
training, the E 4+ ITR index diminished faster in differentiation with
symmetrical reinforcement (KA interaction: Fyj6 = 5.93, P <<0.001).
However, in each Vincentized fifth, the E + ITR index was higher in
the “symmetrical” than in ‘“asymmetrical” procedure. Moreover, when
the dogs differentiated the tone and click, the index of E + ITR was
higher under “symmetrical” training, but during white noise intensity
differentiation this index was higher in ‘“asymmetrical” training (AB
interaction: Fy.4 = 5.14, P < 0.05).

Response latencies to CSt and CS—. Differences between “asym-
metrical” and “symmetrical” training were also seen in the latencies of
responses to CSi. An analysis of variance showed that the mean median
latencies of responses during the 5 s of CST and of CS— actions were
shorter in symmetrically than in asymmetrically reinforced differen-
tiation (CS*: Fyp.»q =26.20, P<<0.001; CS—: Fi.q = 1326, P <<0.001).
Interestingly, these differences occurred from the very beginning of
training. An additional four-factor mnalysis of variance showed that
in the first consecutive five sessions after CS— trials were introduced,
the latencies to CSt lenghtened (Fyu16 = 6.69, P <<0.001), but in each
session the mean median latencies of responses made by dogs trained
with symmetrical reinforcement were shorter than in asymmetrically
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reinforced differentiation (Fy,4 = 13.26, P <<0.001). Moreover, the same
analysis showed that the response latencies to CS* in Groups 2 (CS*
less salient than CS™) were longer than in Groups 1 (CS* more salient
than CS—). These differences were small for tone and click differentia-
tion and very large in the white noise intensity differentiation (BC
interaction, Fi.4 = 4.27, P << 0.05). These relations were also influenced
by the type of differentiation test (Fig. 4.) resulting in a significant
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Fig. 4. Interaction among differentiation training, the quality of CSi and the sti-
mulus arrangement, for response latencies to CS+ during the first five consecutive
differentiation sessions. Denotations as in Fig. 2.

triple ABC interaction (Fi,q = 5.67, P <<0.025). In fact, the click vs
tone differentiation resulted in slightly longer latencies in Groups 2
than in Groups 1, both in the “symmetrical” and the “asymmetrical”
procedure. On the other hand, the dogs differentiating intensities of
the white noise in the “asymmetrical”’ test showed much longer la-
tencies in Group 2 than in Group 1, whereas in the “symmetrical”
test latencies were shorter in Group 2 than in Group 1.

A relationship between responses latency and the physical strength
of CSi was also found. Figure 5 shows the cumulative distributions of
response latencies on CS¥ trials during criterion sessions of differentia-
tion training separately for each group and experiment. Dogs from
Experiments III and IV emitted a larger proportion of short-latency
responses to the 70 dB CS* than to the 50 dB CS+. Similarly, in Experi-
ment II more responses of short latencies occurred to the click CSt
than to the tone CSt. Only in Experiment I, during criterion sessions
of the differentiation training, were more short latency responses
observed to the tone CS* than to the click CS*. Two-way Smirnov
tests revealed highly significant between-group differences in each
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Fig. 5. Cumulative frequency distributions of response latencies to CS+ during
criterion sessions of differentiation training. The solid lines refer to the symmetri-
cally reinforced procedure, and the dotted lines indicate the asymmetrically rein-

forced procedure.

experiment (Table IV). Data from both Fig. 5 and Table IV support
the finding that the dogs trained under the “symmetrical”’ procedure
emitted more short latency responses than dogs trained with asym-
metrical reinforcement. Due to this result, the points of maximal dif-
ferences between distributions of responses latencies to different sti-
muli were located among shorter latencies for “symmetrical”’ than for

“asymmetrical”’ differentiation.
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TABLE 1V

Between group comparisons of the distributions of response latencies on CS+ trials during criterion
sessions of differentiation training. Denotations as in Table II.

; | . Point of D,
Size of samples . Difference Dpax in's
Exp. I 1; '
Asymmetrical n=n, =80 | Sciick < Stone | 0.140*** 1.3
Exp. 1T
Symmetrical ! ny = n, = 700 | ScClick > STone | 0.236*** 1.1
Exp. III '
Asymmetrical n, = n, = 500 ! Sso4p > Ssogq | 0.238*** 15
Exp. IV ' i
Symmetrical i n, = 500, n, = 400 ’ S70dB > SsodB 0.]92***7’ 1.1

*** P 20,001 (Smirnov Test)

The dependence of the speed of responses on the physical strength
of stimuli was even more evident for disinhibited responses on CS—
trials. Figure 6 shows cumulative latency distributions of bar-presses
emitted to negative CSi for the entire course of differentiation train-
ing. The diagonal straight lines in the four panels of the Fig. 6 re-
present the hypothetical distributions for the case when the probability
of response was the same for each portion of the CS— action. Ex-
pansion of all empirically derived curves above this theoretical line
indicates that CS— onset increased the probability of instrumental res-
ponses. Similarly to responding on positive trials, responses to CSi—
were performed with shorter latencies under the “symmetrical”
than under the “asymmetrical” procedure. Independent of the differen-
tiation test, a greater proportion of responses in the first seconds was
performed to the click CS— than to the tone CS—, and to the 70 dB
CS— than to the 50 dB CS—. The differences between each empirical
distribution and theoretical distribution (Kolmogorov Goodness of Fit
test, two-tailed) and between the two empirical distributions within
each experiment (Smirnov two-tailed test) were statistically significant
(Table V).

The behavior of the dogs. At the beginning of differentiation tra-
ining, CS— onset evoked orienting responses that eventually habituated.
The inability to terminate the CS— action resulted in the reappearance
of the anxiety syndrome in all subjects. Some of dogs trained in asym-
metrically reinforced differentiation (Exp. I and III) increased the fre-
quency of bar-press responses iat the very beginning of differentiation
training. In two dogs from Experiment I a violent increase of emo-
tional responses (whining, squeaking and running) was observed, which
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Fig. 6. Cumulative frequency distributions of the latencies of bar-pressing response
to CS— during the entire differentiation training. Denotations as in Fig. 5.

extinquished after several presentation of CS™. Gradually, the dogs
calmed and stayed quietly in the harness or sat near the pedal. Errors
to CS— as a rule consisted of emission of a single bar-press response.
The emotional excitability of dogs trained with symmetrical reinforce-
ment was even stronger. Punishment of instrumental responses to the
CS— resulted in enhancement of defensive responses, similar to the
behavior observed at the very begining of avoidance conditioning. The
increased frequency of instrumental responses was noted not only to
CSt and CS—, but also during intertrial intervals. On the other hand,
shock punishment of each bar-press response to CS— caused the with-
holding of instrumental responses even during the CS* action. Ac-
cordingly, at the beginning of differentiation training performance
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TABLE V

Between group comparisons of the cumulative frequency distributions of response latencies
on CS- trials in differentiation training. Denotations as in Table 1I

s ’ | .
Size of sam- Difference | Drax Point ‘of
I ~ ples - | Dmax in s
| |
Exp. 1 n =178 STone > STheoret. | 0.169% . 2.9
Asymmetrical ny = 219 Sclick > STheoret. 1 0.307** ! 1.7
Sclick > STone 0.209*** 0.9
Exp. 1I n; = 703 STone > STheoret. 0.502** 1.5
Symmetrical ny =989 | Scilick > STheoret. 0.573** 1.1
! Sclick = STone 0.259*** 0.5
Exp. 111 n, = 853 SsodB > STheoret. | 0.260** 17
Asymmetrical n, = 1608 S70dB > STheoret. 0.297** 2.1
S70dB > SsodB 0.084*** 0.9
Exp. 1V ny = 1102 | Ssoq > STheoret. 0.454%** 1.7
Symmetrical n, = 938 S70dB = STheoret. 0.554*** 1.5
S70dB > SsodB 0.300*** 0.5

* P <0.05; ** P<0.01; *** P <0.001 (Kolmogorov or Smirnov Tests)

fluctuated from responding to both CSi to complete inhibition of res-
ponding. Abortive responses to both CSi were ialso observed. By the
end of training there were no important differences in the behavior
observed from dogs trained with asymmetrical or symmetrical re-
inforcement.

CONSOLIDATION OF DIFFERENTIATION

An analysis of variance (Table VI) showed that the crucial factors
affecting the speed of reaching the retention criterion were the type
of differentiation test and the quality of stimuli. During retention
testing the dogs trained with symmetrical reinforcement reached the
criterion more rapidly than did the dogs trained with asymmetrical
reinforcement, whereas during original differentiation training the
effect of the type of differentiation task on the speed of learning was
not significant (see Table III). Table VI also shows that dogs trained
with the two intensities of white noise required more trials to the
retention criterion and committed a higher percentage of errors on
negative trials than did dogs that discriminated between click and tone
stimuli. The number of trials to criterion and the percentage of errors
to CS— were also influenced by the joint action of the type of dif-
ferentiation test and the quality of CSi. Among the dogs trained with
symmetrical reinforcement, only small differences between groups were
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TABLE VI

Mean values of performance indices during testing of the differentiation retention

Percentage of Percentage of
Diff L. K Number of trials to criterion | CS+ trials with | CS- trials with
ifferentiation tas] errors errors
CS+:Click ’ " CS+:Tone I Click l Tone l Tone | Click
Asymmetrical (Exp. I) 30200 34 | 15 86 | 22
Symmetrical (Exp. II) 212 | 202 1.7 ’ 54 5.6 2.7
CS+:70dB | CS+:50dB | 70dB | 50dB | 50dB | 70 dB
Asymmetrical (Exp. III) 352 548 39 | 26 139 | 215
Symmetrical (Exp. IV) 200 224 1.2 [ 3.2 5.8 5.4
Source of variation | df | Values of F statistics
Differentiation task
A) 1;41 7.253* <1 2.368
Quality of stimuli
(B) 1;41 5.099* <1 14.816%**
Stimulus arrange-
ment (C) 1;41 <1 <1 <1
AB 1;41 4.356* 3.215 6.059*
AC 1;41 <1 5.623* <1
BC 1;41 4.309* <1 3.214
ABC 1;41 1.572 <1 <1

* P <0.05; *** P < 0.001

observed, whereas the dogs trained with asymmetrical reinforcement
required more trials to criterion and committed more errors on CS—
trials, especially in the case of white noise intensity differentiation.

It is worthwhile to note that at this stage of the experiments, in
addition to the main effect of the quélity of stimuli on the number of
trials to criterion, an interaction between the quality and the arrange-
ment of stimuli was also observed. In Groups 1 the mean number of
trials to retention criterion was the same for both qualities of stimuli.
Dogs differentiating intensities of white noise had more prolonged
training in Groups 2 than in Groups 1, quite opposite to the dogs dif-
ferentiating tone and click. Accordingly, the criterion was reached most
rapidly by dogs that differentiated tone CS* and click CS— as a result
of the fewer number of errors to the CS—, but this kind of interaction
for the percentage of CS— trials with errors did not reached statistical
significance. For the percentage of errors made on CSt trials, the
significance of the interaction between the quality of stimuli and the
type of differentiation task indicates that during “asymmetrical”’ tra-
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ining more errors were observed in Groups 1, whereas during “sym-
metrical”’ differentiation more errors to CSt appeared in Groups 2.

The joint effect of the quality of stimuli and the differentiation
task also influenced the E + ITR index. Similar to the previous stage
of experiment for those dogs differentiating between the tone and the
click, this index was higher under “symmetrical” training, whereas
for dogs differentiating white noise intensities, the higher values of
this index were observed in “asymmetrical”’ training (AB interaction:
F1;41 = 855, P < 0001)

Similar to original differentiation training on the criterion reaqui-
sition trials, the latencies of instrumental responses to CSt were
shorter in symmetrically than in asymmetrically reinforced training
(F1;41 = 5.31, P << 0.05).

Significant changes in behavior were not observed after the control
pause. The dogs continued their earlier acquired sterotypes of respond-
ing. Only one dog from Experiment I (Group 1) showed the typical
syndrome of the experimental neurosis state (13). It was restless, resist-
ed entering the chamber, trembled and defecated. These manifestation
were accompanied by enhance responding on negative trials. After 29
retraining sessions it was decided to discontinue training of this dog
for ten days. Normal behavior of this dog in the homecage soon reco-
vered, and when training was renewed, it reached the criterion after
an additional 18 sessions.

DISCUSSION

Although data reported in this paper were derived from four sepa-
rate experiments, identical experimental designs and the possibility
of recalculation of the data using the same criteria allowed joint
examination of the results. We believe that such multifactorial analyses
may throw some light on the mechanisms of acquisition, consolidation
and extinction of defensive conditioned reflexes. Our first concern was
the effects of the reinforcement procedures on the course of go, no-go
differentiation tasks. However, these effects interacted both with the
quality of stimuli and the relative saliency of CSt and CS—. Moreover,
these interactions changed in the course of training.

Generalization between CSt and CS—

Inspection of the tables presented in this paper indicate that at all
stages of differentiation training a large portion of variance in most
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measures was controlled by the quality of stimuli variable. This factor
had no influence on the rapidity of original acquisition of the avoidance
response, indicating that all stimuli used in the experiments were
equally discriminable from the background. The dogs differentiating
the intensities of white noise required longer training and committed
more errors to CSt and to CS— than the dogs differentiating the click
and the tone. These differences were related to the amount of general-
ization between CS* and CS—. This conclusion is supported by many
experimental results showing more difficult discriminations when phy-
sically similar CSi have been used (1, 17, 29, 31, 32). However, all of
these studies employed go, no-go differentiation tasks with asym-
metrical reinforcement. Our data clearly indicate that the influence
of CSi quality on the rapidity of differentiation learning and numbers
of errors to CS— was strongly attenuated in the case of the go, no-go
differentiation with symmetrical reinforcement. This effect was docu-
mented by significant interactions between the type of differentiation
task and the quality of stimuli on number of trials to criterion and the
percentage of CS— trials with errors. Group means for most of the
measures influenced by this interaction showed that the punishment
of errors on CS— trials increased the number of trials to criterion, the
number of errors and the E + ITR index only when easily discrimin-
able stimuli (click vs. tone) were used, conversely punishment of errors
to CS— shortened the length of training when difficult discriminable
stimuli (50 dB vs. 70 dB white noise) were employed.

Before attempt to explain this effect of reinforcement procedure,
some important information must be recalled. At the beginning of
differentiation training a much larger proportion of the errors to CS—
was committed by dogs trained in “symmetrical” than in “asymmetri-
cal” differentiation independent of the quality of CSi and the relations
between their relative saliency. In effect the percentage of CS— trials
with errors was significantly higher in dogs trained in the “symmetri-
cal” task even if the number of trials to acquisition criterion was lower
than in dogs trained with the same stimuli under the “asymmetrical”
procedure. The reinforcement procedure also exerted a main effect on
the latencies of responses. Both on CSt and on CS— trials responses
were performed with shorter latencies when differentiation with sym-
metrical reinforcement was employed. Moreover, the level of intertrial
responding was higher in the “symmetrical” than in the “asymmetrical”
differentiation task. All of these data indicate that the introduction of
shock punishment of bar-pressing responses emitted in the presence
of CS— leads to a strong increase of the fear level in animals.
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The following mechanism of acquisition and consolidation of instru-
mental defensive responses may be proposed. At the beginning of
training, when only CS* trials were employed, the dogs learned that
the CST signals painful shock which has to be either avoided or ter-
minated by the escape response. Thus, the CSt acquires fear-evoking
properties according to the rules of classical conditioning. Termination
of the CS™ action has a positive secondary reinforcing effect on the
instrumental response. For this reason the dogs emitted the majority
of instrumental responses during the two initial seconds of the CS-US
interval. At the beginning of the differentiation training the CS— in-
troduced to the experimental situation acquired aversive features due
to generalization from the CS*. In effect instrumental responses on
negative trials appeared. However, inability to terminate the CS— by
the instrumental response is in fact a punishment of this reaction
(2, 3, 37, 38, 48), and increases the fear drive conditioned both to the
whole experimental situation, evidenced by more numerous ITRs, and
to the CSi resulting in an enhancement of generalization from CS*
to CS—. Similar symptoms have also been observed in dogs trained
in type of partial reinforcement procedure, in which only one CS was
used not terminated by the instrumental escape or avoidance respon-
se on some proportion of trials (49).

These processes were even more intense in the case of go, no—go
differentiation with symmetrical reinforcement. In addition to the
introduction of a CS— of fixed duration, under this reinforcement
procedure each bar press executed during the CS— action was punish-
ed by the application of shock. The appearance of the aversive US
(which had occurred previously only on positive trials) in contiguity with
the responses emitted during the action of CS— resulted in greatly in-
creased defensive behavior. Besides observations of dogs behavior this
effect was evidenced by even stronger shortening of response latencies
to CST and CS— in the “symmetrical” than in “asymmetrical” different-
iation task. In effect, generalization between positive and negative trials
is also more intense, and at the beginning of “symmetrical”’ differentia-
tion many instrumental responses on negative trials appeared. They
occurred in series and sometimes one of them coincided with the end
of CS— action, providing an incidental positive reinforcing effect, which
made the extinction of instrumental responses on negative trials more
difficult.

" The above stated considerations provide explanations of the main
effects of the type of go, no—go differentiation task on the latencies
of instrumental responses, the percentage of disinhibited CS— trials
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and the frequency of ITRs. Although influencing all of differentiation
learning, these differences between “symmetrical”’ and ‘“‘asymmetrical”’
procedures were especially visible at early stages of training.

Both secondary (i.e., prolongation of the CS— action after bar-
pressing response) and primary (i.e., application of shock when the
instrumental response to the CS— is executed) punishments are res-
ponsible for the withholding of instrumental responses on CS— and
acquisition by this stimulus of inhibitory properties. At early stages
of training this inhibition in some cases generalized on positive trials
and resulted in the temporary disappearance of avoidance responses.
Therefore the punishment of responses to CS— occurring at the begin-
ning of differentiation learning quite often made discrimination be-
tween positive and negative trials even more difficult.

To solve the task the dogs had to discriminate two CSi, differentiate
contingencies related to the CSt and CS—, and adjust their behavior
on positive and negative trials. At the stage when the dogs began to
discriminate CSi and relate the contingencies with them, both secondary
and primary punishments of responding to CS— had quite opposite
effects than previously. The application of shock on CS™— trials in the
symmetrically reinforced procedure, initially resulting in an en-
hancement of generalization between CS* and CS—, then helped in
breaking out the pattern of responding to CS—, and accelerate process
of extinction of bar-pressing in presence of the CS—. These two op-
posite effects on differentiation learning canceled each other and only
measures reflecting the emotional state of the dogs (i.e., the latencies
of responses, the E + ITR index, percent of errors on negative trials)
showed significant main effects of the type of differentiation task.

The main effects of the quality of CSi on the percentages of errors
to CST and CS— and on rapidity of differentiation training are readily
explained by the fact that the discrimination of the two intensities of
white noise is more difficult than between click and tone.

Primary and secondary megative reinforcement

The amount of secondary punishment is related to characteristics
of the CS—, and depends on the quality of stimuli used in experiments.
It should be recalled that on the stage of avoidance response acqui-
sition, the quality of CS* influenced the latencies of instrumental re-
sponses. Taking into account dogs trained in the same experimental
situation the shortest latencies were observed to the click and the long-
est to the 50 dB white noise. A similar dependency has been shown
previously in cats trained with either click or tone (50) or with different
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intensities of white noise (19, 43-46, 48). It has to be noted that dif-
ferences in quality of CSi are confounded by differences in their phy-
sical intensity. During differentiation learning the reflexogenic strength
of a stimulus depends not only on its physical features but also on the
relative saliency of the CSt and CS—, labelled in this paper as the
stimulus arrangement. In many studies it has been shown that dif-
ferentiation learning is easier when the CS* is more salient than the
CS—, and conversely, is more difficult when the stimulus arrangement
is in reversed order (18, 25, 29, 30, 33-36, 42, 50, 51). And again all
of these studies employed go, no—go differentiation tasks with asym-
metrical reinforcement. Our data indicate that in the case of go, no—go
differentiation with symmetrical reinforcement the length of training
was not influenced by the relative saliency of CSi of different quality
(26) or intensity (Experiment IV of the present study).

Our explanation of the significant interaction between the quality
of stimuli and the type of differentiation task is based on the assump-
tion that the fear-evoking properties of the CS— are directly related
to the saliency of the CS—. The saliency of CS™, or more exactly the
reflexogenic strength of the CS— used in differentiation training, de-
pends not only on its physical intensity but also on the amount of
generalization to the CS— from the CS*t. This last reason is the main
confounding factor between the quality of stimuli and their physical
intensity in any go, no—go differentiation situation. Thus, the similarity
between CSt and CS—, and in addition, the higher CS— intensity than
that of the CS¥, increases the reflexogenic strength of CS— evoking
a larger increase of the fear state resulting in the execution of a greater
number of bar-presses to the CS—, compared to the situation in which
CSt and CS— are easily discriminable and the CS— is less intense than
the CS*. The fear-evoking properties of the CS—, which action is not
controlled by animals’ behavior, is in the “asymmetrical” task the only
factor increasing the level of fear. This factor explains why the simi-
larity between CS* and CS— has a great importance in the case of go,
no-go differentiation with asymmetrical reinforcement. Such an effect,
although evident, is strongly attenuated in the case of go, no-go dif-
ferentiation with symmetrical reinforcement, in which punishment of
errors to CS— with application of the shock US plays a dominant role.
Thus, significant interactions between the type of differentiation and
the quality of stimuli on such measures as the E + ITR index, the
percentage of errors on CS— trials, and the rapidity of differentiation
learning may be easily explained when we took into account the roles
played by primary and secondary punishments for extinction of the
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instrumental responses emitted to the CS™ in the “symmetrical” and
in the “asymmetrical” tasks.

The above discussion raises an important problem concerning the
meaning of symmetrical and asymmetrical reinforcement contingencies
in the case of go, no-go differentiation of defensive instrumental re-
flexes. Previous analyses of the mechanisms underlying the two tests
emphasized the contingency between the instrumental response and
the application of the unconditioned stimulus on negative trials in the
“symmetrical” task and the lack of such a contingency in the “asym-
metrical” task (47, 48). From this point of view a full analogy exists
between differentiation of alimentary and defensive instrumental re-
flexes. However, not only the USi and their innate reinforcing values,
but also acquired secondary reinforcements play important roles in
learned behavior. In the case of defensive reflexes the execution of
an instrumental response has mo effect on the termination of the
fear-evoking CS— either in asymmetrical or in symmetrical go, no—-go
differentiation tasks. In this respect both procedures of go, no—go dif-
ferentiation of instrumental reflexes do not differ from the go, no-go
differentiation of classically conditioned defensive reflexes. In all of
these tests prolongation of the action of the fear-evoking CS— denote
secondary punishment of the response performed during the CS—
action.

This very aspect was emphasized by Dgbrowska in her discussion
of the mechanisms of instrumental defensive reflex differentiation (11).
She preferred to consider both types of go, no-go differentiation of
defensive instrumental reflexes as “symmetrically” reinforced tasks.
Our data indicate that the strength of the secondary punishing effect
of the CS— prolongation is dependent on the reflexogenic properties
of the CS—. Therefore, if responses emitted to the CS™ are not punished
by the painful US, the extent to which go, no-go differentiation of
defensive reflexes may be considered as “symmetrical” depends on the
secondary punishing effect of the prolongation of CS— action. Ac-
cordingly, such factors as the amount of generalization from CS* to
CS—, the saliency of the CS—, and the latency of instrumental responses
emitted to the CS— of fixed duration play a role for differentiation
learning. Since all of these factors change in the course of extinction
of the generalized fear response on negative trials, the “symmetry”
of the task is not the same at the beginning and toward the end of
the go, no-go differentiation of defensive instrumental reflexes.

The role of secondary reinforcing (punishing) effects in differentia-
tion tests calls for more detailed examination. Before it will be done
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we prefer to base our classification of go, no—go differentiation tasks
on the contingencies between the conditioned response and the occur-
rence of the US (47, 48).

The stability of differentiation

The behavior of the dogs after the control pause when differentia-
tion retention was tested, provide additional arguments in favor of
the above considerations. Nearly all of the dogs (20 out of 23) trained
in “symmetrical’ differentiation reached the retention criterion in
a minimal number of trials, whereas such behavior was observed less
frequently among dogs trained in ‘“asymmetrical”’ differentiation (14
out of 26). Thus, independent of the length of original training, dif-
ferential responding was more consolidated when “symmetrical”’ re-
inforcement was employed.

The retention of the differentiation is better when dissimilar sti-
muli have been employed. This was evidenced not only in the number
of trials to the retention criterion but even more strongly in the per-
centage of disinhibited CS— trials. Since the quality of stimuli effect
was markedly attenuated when “symmetrical” reinforcement procedure
was employed, one may infer that punishment of the bar-presses
emitted to the CS— helps to overcome generalization from CS* to CS—.
The smaller percentage of errors on CS— trials committed after the
control pause by dogs trained in go, no-go differentiation with sym-
metrical reinforcement reflects influences which were in action at the
end of original differentiation training. While the main effect of the
quality of stimuli was the same for acquisition and retention, the main
effect of the type of differentiation task on the number of trials to
criterion and the percentage of errors to CS— was quite opposite at
these two stages of the experiments. This finding provides the main
reason for the introduction of the control pause into design of the
present experiments, which was to attempt to, reveal factors that in-
fluenced last phases of original differentiation training. .

The effect of stimulus arrangement was observed only during reten-
tion testing, resulting in a significant interaction with the quality of
the stimuli (on the number of trials to criterion measure) and with
the type of differentiation task (on the percentage of CSt trials with
errors). Among dogs differentiating intensities of the white noise, those
in Groups 1 (CST more intense than CS—) regained the criterion more
rapidly than those in Groups 2 (CS* less intense than CS™), whereas
in the case of tone and click differentiation Groups 1 required more
training to reach reacquisition criterion than Groups 2. The dogs dif-
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ferentiating tone CSt and click CS— reached the criterion in the
minimal number of trials. This interaction is easily explained by the
fact that similar relations, although not significant, were observed
between the stimulus arrangement and the quality of stimuli on the
percentage of errors on CS— trials. The smallest percentage (and the
absolute number) of errors to the click CS— after the control pause,
similar to the smallest number of trials to reacquisition criterion in
dogs trained with the tone CS*t and the click CS—, might be due to
the strongest secondary punishing effect of errors committed to this re-
flexogenic CS— in original differentiation learning.

The percentage of errors of omission on positive trials observed
during the retraining phase of the experiments was dependent on the
inhibitory influences exerted by the CS— on the CS*. The significant
interaction of the type of differentiation task and the stimulus arrange-
ment on this measure should be expected.

The arousing and signalling properties of stimuli

At the end of this discussion it should be recalled that the complex
interplay of signalling and arousing properties of stimuli, both condi-
tioned and unconditioned, is the most characteristic feature of dif-
ferentiation learning. The signalling properties of the CSi used in
differentiation learning depend on many factors: their discriminability
from the background, the physical differences between CSi, the con-
tingencies between each CS and the US, the consequencies of the per-
formance of learned responses on stimuli action, etc. Any difference
between the physical properties of the CSi or between the effects elicit-
ed by them in the central nervous system possesses information value
and may be used by a subject. Different levels of arousal evoked by
more or less intense stimuli, otherwise identical, may be the basis for
the animal’s classification of stimuli. If the stimuli differ in many
aspects, their discrimination is easier. However, the difficulty of dif-
ferentiation learning is not a simple function of the discriminability
of CSi depending on their physical properties. The contingencies bet-
ween CSi and US, the relationships among CSi, US and the conditioned
response imposed by the conditioned procedure, play an important role.
The information about contingencies employed may be obtained only
when a subject emitted different behaviors during consecutive pre-
sentations of the same stimulus. Analysis of “errors” distribution may
give valuable data on the strategy by which a subject recognize con-
tingences within a given task.

The present study showed that the difficulty of differentiation



learning involving the same pair of CSi depends on the contingencies
employed on CS— trials. The comparison of the course of go, no-go
differentiation learning with symmetrical and asymmetrical reinforce-
ment procedures provides strong support for the necessity to distingu-
ish between the two processes: the discrimination of stimuli and their
differentiation. According to Konorski (21) differentiation is a process
by which discriminated stimuli are utilized for differential responding
of the organism.

The contingencies related to the CSi may have an effect on mea-
sures of the discriminability of stimuli. When more salient stimulus
from a pair is used as the CS*, the amount of generalization exerted
on the CS— is less and differentiation training is easier than with the
opposite stimulus arrangement (18, 42, 51). Different efficacy of re-
inforcement, depending on the salienty relations between the two con-
ditioned stimuli, bears on the problem labelled as constraints of con-
ditioning. In light of the present discussion the effects of the stimulus
arrangement and the stimulus quality factors illustrate how the signall-
ing properties and arousing values of stimuli interact in the course
of differentiation learning.
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