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Abstract. Twelve dogs were trained to avoid shock with response 
ccntingent termination s f  a 1,000 Hz tonal CS on all trials, whereas 
12 additional dogs received the same training except that on 50°/0 trials 
there was a fixed CS duration and no shock. Initial acquisition revealed 
that CS prolongation resulted in longer response latencies compared to 
subjects trained with response contingent CS termination. Both training 
groups were then assigned to subgroups (n = 4) that received either 
lateral or medial lesions of the prefrontal cortex or a rest pause of 
10 days. Postsurgical reacquisition indicated a medial deficit in response 
latencies for both training groups whereas performance levels of normal 
and lateral groups were comparable. Two generalization tests to tones 
of 600-, 800-, 1,000-, 1,200-, and 1,400-Hz followed. During the sampled 
test only one block of the five test frequencies occurred with the regular 
15 training trials, while the tonal frequencies were presented on all 20 
daily extinction trials during massed generalization testing. No evidence 
of extinction was observed during the sampled generalization test in 
either training group. However, during massed testing, all subjects 
trained with response contingent CS termination showed an overall ex- 
tinction influence, which was most pronounced in the medial subgroup, 
although the laterals showed frequency control as well. In the grou? 
tralned with CS prolongation the controls had clear, discriminative per- 
formance, while little stimulus control or extinction influence were 



found in the medial or lateral subgroups. Comparison with alimentary 
data indicated much broader tonal frequency generalization in dogs 
trained in avoidance. However, when the procedures reduced avoidance 
levels, double dissociation of medial and lateral lesion effects on stimu- 
lus control and susceptibility to extinction emerged. 

INTRODUCTION 

Recently it has been shown that stimulus generalization functions 
assessed through several generalization procedures were changed after 
prefrontal lesions in dogs trained to pedal press for food reinforce- 
ment (3). When blocks of test trials were presented within the context 
of reinforced training trials, dogs with medial prefrontal lesions 
showed complete generalization, whereas dogs with lateral prefrontal 
lesions responded in a manner similar to intact subjects in that the 
most frequent and shortest latencies occurred to the tonal frequency 
value of the conditioned stimulus (CS) used during training. A second 
test conducted in complete extinction revealed stimulus control in all 
three groups of dogs, however generalization gradients were broadest 
in the dogs with medial lesions despite their greater susceptibility to 
extinction. On the other hand, only small distortions of the gradients 
were observed in lateral dogs that had far greater resistance to extinc- 
tion than normal dogs. 

Thus, a double dissociation of the effects of medial and lateral 
prefrontal lesions on two indices of behavior was observed in this 
experiment; namely, stimulus control and susceptibility to extinction. 
Prior to this study only two experiments indicating impairment of 
stimulus control after massive prefrontal lesions both in dogs (1) and 
humans (12) were reported. Rather, attention has been directed to, 
prefrontal lesion effects on retention of go, no-go differentiation tasks 
in which differential responding to two discriminable stimuli was 
required. Most of these data were collected in experiments employing 
alimentary instrumental reflexes in which two training procedures were 
used. In go, no-go differentiation with asymmetrical reinforcement, per- 
formance of a specific movement to one CS (CS+) was required to obtain 
food, whereas a second CS (CS-) was never paired with food. In go, 
no-go differentiation with symmetrical reinforcement, performance of 
specific movement to CSC and withholding to CS- both resulted i n  
food presentation. Retention of the asymmetrically reinforced task 
deteriorated after medial lesions, whereas deficits in the retention of 
symmetrically reinforced differentiation were found after lateral pre- 



frontal lesions in dogs (5-7). The kind of disturbance was also different 
in the two situations. Medial dogs trained in asymmetrical differentia- 
tion tasks performed the instrumental response not only to the CS+ 
but also to the CS- during early postoperative periods, whereas lateral 
dogs in symmetrical differentiation tasks made errors of commission 
to CS- and errors of omission to CS+. 

Several hypotheses are proposed to account for such results. Most 
often the effects of medial prefrontal lesions, are considered as caused 
by the release of drive functions from cortical inhibitory control termed 
the "disinhibitory syndrome", the effects of lateral prefrontal lesions 
are presumed to reflect somatoperseverative tendencies (5, 7, 9, 16). 
However, results obtained in experiments with instrumental defensive 
reflexes are not in agreement with comparable versions of the drive 
disinhibition hypothesis. Removal of proreus and orbital gyri in cats 
produced a disinhibition syndrome in various tasks in which alimentary 
instrumental reflexes were employed (26-28), whereas inhibitory re- 
flexes were not impaired when performance of avoidance responses was 
required to CS+ (31, 32). Similarly, dogs perfectly inhibited responses 
to the CS- following both medial and lateral prefrontal lesions admi- 
nistered after acquisition of go, n-go differentiation of avoidance 
reflexes that were reinforced either asymmetrically (19) or syrnmetri- 
cally (20). Moderate impairment of both tasks after similar lesions 
observed in another study (8), was most probably caused by the quality 
of CSi used (700 Hz vs. 1,000 Hz tones, with onsets accompanied by 
click). 

In light of these conflicting effects of partial prefrontal lesion on, 
retention of inhibitory alimentary and defensive instrumental reflexes, 
it seemed appropriate to assess whether and how prefrontal lesions 
influence stimulus control of avoidance reflexes in dogs. To maximise 
the possibilities for comparisions, it was necessary to design the present 
study of defensive CRs in a manner similar to the previous exarnina- 
tion of alimentary responses. A major difficulty in thls regard related 
to the issue of instituting a comparable partial reinforcement procedure 
as used in the experiment with alimentary CRs in order to increase 
resistance to extinction during stimulus generalization tests. That is, 
responses emitted during the 5 s CS-US interval produced food reward. 
on only 50°/o of trials. Both reinforced and nonreinforced presenta- 
tions of the CS were terminated by the instrumental response in that, 
experiment. If no response occurred, the trial was terminated after the 
elapse of 5 s (3). 

The question of how to introduced a partial reinforcement procedure 



in active avoidance learning was resolved on the basis of two-factor 
theory (e.g., 23, 25). Performance of the required response permits 
avoidance of the nociceptive US, which provides the primary source 
of reinforcement. However, due to systematic pairings of CS with US 
on early acquisition trials, the CS acquires properties to evoke condition- 
ed fear responses according to the laws of classical conditioning (18). 
Termination of the fear-evoking CS with the required instrumental 
response provides the second source of reinforcement (15). In experi- 
ments on dogs it has been shown that this secondary reinforcement 
is so efficient that after the avoidance reflex has been learned, the 
motor response may persist for hundreds of trials without any presenta- 
tion of the US (e.g., 10, 24). Thus, it was reasoned that if shock is 
available on only 50°/o of the training trials and the required response 
is ineffective in terminating the CS on the other trials, conditions 
should be similar to the partial reinforcement procedure employed in 
alimentary situations. In both cases the US is available on only 50°/o 
of trials and instrumental responses on the remaining trials are in- 
effective in producing the major source of reinforcement: food presenta- 
tion in the alimentary situation and termination of the fear-eliciting 
CS in the defensive situation at that stage when the nociceptive US 
is effectively avoided on nearly all trials. 

However, the ineffectiveness of the instrumental response in ter- 
minating the CS on half of the trials may acquire discriminative 
properties of US omission. To postpone such incidental learning, avoid- 
ance response were trained initially by use of the typical procedure 
in whch responses terminated CS (or CS plus US) on all trials. 

Accordingly, an investigation of the consequences of such a partial 
reinforcement procedure on avoidance performance constituted the 
second aim of the present study. To achieve this goal, it was necessary 
to make comparisons between pa~t ia l  reinforcement training and 
ayvoidance training involving US availability on all trials with response 
contingent termination of the CS (or CS plus US). The introduction 
of groups with typical avoidance training was also necessary for 
another reason. It has been shown that stimulus generalization func- 
tions were broader after defensive than after alimentary conditioning 
procedures (13). In the course of testing, the generalization functions 
narrowed due to the influence of extinction. Since the avoidance reflex 
is relatively resistant to extinction, partial reinforcement procedures 
may additionally lower the sensitivity to the influence of extinction. 
It was not clear prior to the study whether either avoidance training 
procedure would be a better method for obtaining stimulus generaliza- 
tion functions. 



MATERIALS AND METHOD 

A total of 24 male, experimentally naive mongrel dogs of weights 
ranging from 10- to 16-kg were used in this experiment. The experi- 
ment was conducted initially with 12 dogs described below as the 
B groups, and subsequently the remaining dogs, described below as 
the A groups, were used. An interval of approximately one year inter- 
vened between the beginning the first and second parts of the experi- 
ment. All subjects were housed individually and maintained on a daily 
ration of mixed cereal and meat with water. During the experiment, 
a  mall patch of fur on the right hind leg of each dog was shaved ta  
facilitate surface contact with the electrode fastened to deliver shock. 

Training and testing were conducted in an acoustically shielded 
chamber which contained an elevated platform, measuring 68 cm wide X 
177 cm long, on which the subject was placed with its four h b s  
secured by leather straps suspended from above the platform. A per- 
manent magnet speaker, 8 cm in diameter, was mounted a t  a height 
of 75 cm approximately 50 cm in front the dog. A response pedal was 
located next to the subject within easy reach of the dog's right paw. 
The surface area of the pedal measured 20 cm long X 15 cm wide, 
and the pedal was fixed at an angular orientation toward the dog from 
a maximum height of 19.5 cm from the platform base. Overhead 
illumination was provided by four 40 w light sources. A one-way win- 
dow and two-way speaker system provided visual and acoustical access 
to the dogs from outside the chamber during experimental sessions. 
All programing equipment for automatic presentation and recording 
of experimental events was kept in the outer room. A ~ e w l e t t - ~ a c k a r d  
Audio Oscillator (Model 201C) provided tonal frequencies of 600-, 800-, 
1,000-, 1,200-, and 1,400- Hz. A Bruel Kjaer Pulse Precision Sound Level 
Meter (Type 2209) indicated that the tonal intensity value of 1,000-HZ, 
measured from the approximate position of the dog in front of the 
speaker, was 70 dB (0.0002 dyne/cm2). The measured intensities of the 
other frequency values ranged from 66- to 71-dE SPL, and these values 
were found to be fairly constant with maximum variation not exceeding 
0.25 dB. The ambient sound level within the chamber, without tones, 
was measured a t  45 dB SPL. A current from a condenser, one pulse 
per second, given through electrodes placed on the right hind leg was 
used as the US. The optimal shock intensity, ranging from 2 mA to 
5 mA, was determined for each dog a t  the beginning of training and 
remained constant throughout the experiment. 

During all stages of training and testing, response latencies, the 
number of correct responses, the number of intertrial responses (ITR) 



and descriptive observations of each dog's daily behavior were collect- 
ed as dependent m e a m .  The observations involved listing the se- 
quence of overt movements from orienting reactions to the instru- 
mental response, the behavior during intertrial intervals and "emotional'" 
reactions such as barking, struggling in the harness and aggression. 

Outline of the experimental procedure. CS indicates the stimulus value used in training. 
R's indicate responses 

Stages of experiment Number of Performance and testing I 1 daily trials / criteria 
I I I 

1 10 i 80% avo ihce  ab  for 

1. Preliminary training. 
CS = 1,000 Hz 
a. Continuous reinfor- All 

cement (CRF) 
b. Prolonged CRF 

Partial reinforcement 
(PRF) 

5. Resumed training 
CRF 
PRF 

2. Surgery 
Bilateral medial 
Bilateral lateral 
Rest 

AN, M, L 90% avoidance R's for 
5 consecutive days 

groups 
AN, M, L 
BN, M, L 

6. Generalization in cornple- i All 1 20 ( 10 days 

3. Resumed training 
CRF AN, M, L 90% avoidance R's for 
PRF l B N P M p L  1 I 5 consecutive days 

4. Sampled generalization 20 
(5 values) 

AM, BM 
AL, BL 
AN, BN 

te extinction (5 values) I groups I I 

20 
20 

10 days postsurgical recovery or rest 

The overall design of this experiment required repeated measure- 
ment of behavioral generalization following various types of training 
and surgical manipulations. Table I contains an overview of the various 
stages of the experiment, which may be described as follows: 

Preliminary training. Prior to the introduction of tonal presenta- 
tions, the dogs were habituated to the training situation; this involved 
3-4 days during which subjects were accustomed to the chamber and 
harness straps. Following this habituation period, the dogs began daily 
training sessions of ten trials each during which the onset of the 

3 consecutive days 
90% avoidance R's for 
5 consecutive days 
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1,000 Hz tonal CS was followed by the shock US. Pedal responses 
emitted in the presence of the 1,000 Hz tone terminated the tone and 
precluded shock onset. Responses made after the onset of shock coter- 
minated both CS and US. The daily sessions with 100°/o shock availab- 
ility continued until subjects responded within 5 s of the tone on 80°/o 
sf the trials for three consecutive days. Following this criterion, 
subjects were assigned to one of two major groups for further training. 
Group A, containing 12 dogs, received 20 daily trials during which shock 
was potentially available on all trials, or continuous reinforcement 
(CRF). Group B, also made up of 12 dogs, was trained on a partial 
reinforcement schedule, wherein only half of the 20 daily trials could 
end with shock onset. On those trials with shock potentially available, 
avoidance responses successfully precluded shock and terminated the 
tone, and escape responses terminated both the tone and shock. For 
the remaining ten trials, shock was not available and tone duration 
was response independent. That is, if the animal responded during 
the CS, the tone remained on for 5 s from its onset, whereas the tone 
automatically terminated after 5 s if the subject failed to respond. The 
order of reinforced and nonreinforced trials for Group B was determin- 
ed by a Gellerman Series (11). All training trials for both groups were 
separated by a variable interval (40, 60 and 80 s; average of 1 rnin). 
Dogs from both groups continued under the respective procedures until 
they responded within 5 s of the onset of the 1,000 Hz tone on 90°/o 
of all trials over five consecutive days of training. 

Surgery. Within Groups A and B, dogs were randomly assigned 
to  one of two surgical treatments or a control condition. The four 
subjects in each of the normal subgroups (AN and BN) rested in their 
home cages for a ten day interval. Of the surgical treatments, two 
subgroups of four subjects (AL and BL) underwent bilateral removals 
of the lateral prefrontal cortex (proreal and orbital gyrii), whereas the 
medial prefrontal aspects of each hemisphere were removed in the 
remaining two subgroups of four animals (AM and BM). Both types 
of operations were done by aspiration under aseptic conditions with 
Nembutal anesthesia. The experiment resumed after ten days for 
surgical subjects. 

Sampled generalization. The two training procedures, each in- 
volving 20 daily trials under the CRF or PRF schedules described in 
the first stage, resumed after the 10 days pause due to surgery or rest. 
When each subject again reached the criterion of 9090 correct respond- 
ing for five consecutive days, the first type of generalization testing 
procedure was introduced. For 20 successive days, five consecutive trials 



within the 20 daily trials involved the presentation of 600-, 800-, 1,000-, 
1,200- and 1,400-Hz tones with no shock available and fixed 9 s durations 
of test stimuli. Within each five trial block, the order of test stimuli 
was randomly determined. The block of test trials occurred during 
one of the four quarters of each training session, and the daily order 
was counterbalanced across subjects within each subgroup and 20 testing 
days. The remaining 15 trials in each daily session fol l~wed the CRF 
or PRF schedules for the respective groups. However, it should be 
noted that shock availability was further reduced for Group B to 
a maximum frequency of 35O/o of the-20 total trials. 

Generalization in complete extinction. Following the 20 days of 
sampled generalization, the CRF and the PRF schedules were reintro- 
duced for each animal until it met a criterion of 90°/o avoidance 
responses on all trials during five consecutive days, a t  which point 
the second series of generalization tests was instituted. This involved 
20 trials per day with no shock, for ten successive days. Again, tones 
of 600-, 800-, 1,000-, 1,200- and 1,400-Hz served as test stimuli, and 
the order of stimulus presentation was random, with the constraint 
that each test stimulus occurred once in each block of five test trials 
and the same stimulus value was not presented twice in a row. Trials 
terminated after 9 s independently of the dog's behavior. 

Two additional stages of the experiment (go, no-go differentiation 
training and postdifferentiation generalization testing) followed. Results 
obtained on these stages together with histological verifications of 
cortical damage will be published separately. 

RESULTS 

Acquisition and retraining stages. The mean number of daily 
sessions required t o  meet the preliminary training criterion of 80°/o 
avoidance responses over three consecutive days was 7.25 (ranging 
from 4 to 17) for all subjects. Daily sessions of 20 trials each were 
then introduced, and shock was available on only 50°/o of the trials 
for Group B. Responses emitted during the CS-US interval on non- 
shock trials for subjects in Group B did not terminate the CS; it 
remained on for the entire 5 s. However, all responses terminated the 
CS for subjects in Group A. Examination of the mean number of 
sessions (Group A = 6.4, Group B = 6.5) necessary to satisfy the pre- 
surgical avoidance criterion of 90°/o avoidance responses over five con- 



secutive days revealed little difference due to the prolongatioi of the 
CS on half of the trials for Group B. However, the progressive shorten- 
ing of response latencies was modified by the introduction of partial 
CS termination. As illustrated in Figure 1, the effect of introducing 
partial reinforcement was rather rapid as shown by the comparison 
of the distributions of response latencies for the last 3 sessions of the 
Stage l a  and the first 3 sessions of the second stage when the groups 
were split between CRF and PRF. In Group A, a rapid increase in 
the proportion of short-latency responses was observed (Smirnov two- 
tailed test, Dm,, = 0.16, P < 0.001; point of Dmax a t  1.2 s). However, 
in Group B, in which the partial reinforcement procedure was intro- 
duced, the increase in short-latency avoidance responding was rather 
small and the two distributions did not differ (Dm,, = 0.07, P > 0.05; 
point of Dm,, at  2.2 s). Thus, comparisons of distributions of response - 
latencies between preliminary training and experimental training em- 
ploying CRF vs. PRF indicate that the response latencies of Group B 
(PRF) were slower. 

More detailed analyses of the latency data are given in Tables 11, 
I11 and IV. The first column of Table I1 presents the merm median 
latencies for Group A during the presurgical acquisition criterion 
sessions with response contingent CS termination on all trials. These 
data are categorized according to the surgical treatment to which sub- 
jects were eventually assigned. Smirnov comparisons of the point of 
maximum difference in the distributions of response latencies showed 
that the normal subjects of Group A were fastest and subjects assigned 
to lateral prefrontal lesions were slowest. Similar data and comparisons 
for presurgical latency performance are indicated in  the first column 

1 Throughout the remainder of this paper, as in previous studies (3, 30), respon- 
se latencies are reported in percent group frequency distributions. Essentially, this 
procedure involved the ordering of frequencies of responding by each subject a t  
0.2 s intervals. The cumulative frequency a t  each 1 s interval of the CS-US in- 
terval was then determined and this subtotal was calculated as a group per cent 
value of the total number of trials. Accordingly, the various points on the distri- 
butions represent the magnitude of the cumulative frequency of responding a t  
successive 1 s periods of the CS-US interval, relative to the total opportunlity 
for responding in that group. This technique permits comparisons of the vigor of 
responding at earlier and later periods of the CS-US interval so that such influen- 
ces as CS onset on responding may be readily observed. The median latency of 
total trials for each group may be easily determined by examining the response 
level at the 50 percentile. 



Time in seconds 

Fig. 1. Cumulative frequency distributions of response latencies during the three 
criterion sessions of preliminary training with shock available for all subjects on 
each of the ten daily training trials (sdid lines) and during the five criterion ses- 
sions after the introduction of 20 training trials (broken lines) for Group A (closed 

circles) and Group B (x ) .  

of Table I11 for the subjects of Group B. Comparisons of the latency 
distributions in  Group B showed that subjects assigned to the lateral 
prefrontal lesion subgroup were fastest and the control, normal subjects 
were slowest. The first column of Table IV, showing comparisons be- 
tween presurgical performance within Groups A and B, confirms that 
prolongation of the CS retarded response latencies in normals and in 
medials, however, the opposite occurred in the laterals, presumably 
due to sampling errors. It  should be added that an analysis of numbers 
of training sessions during Stage 1 of the experiment indicated no 
difference between groups (A vs. B) or subgroups (N vs. M vs. L). 

The analysis of the number of postsurgical sessions required to 
meet the criterion of 90°/a avoidan.ces over five consecutive days showed 
no significant differences due to CS termination treatments, surgical 
procedures, or their interaction. The subgroups mean values were: 
ZiAN=5, 5iAM=7.5,ZAL=5, jZBN=18.5, i tBM=lO, X B I , = 5 .  However 
the overall number of avoidance responses emitted during the post- 



Mean median latencies during the three acquisition and retraining stages for Group A 
in which responses terminated CS action on all trials. Comparisons between subgroups 
are based upon the percent of total responses for each subject. N > M indicates that 
in the normal subgroup, a greater proportion of responses was emitted with latencies 

shorter than the point of Dm, compared to the responses of the medial subgroup 

I Presurgery 

Normal (N) 0.85 
Medial (M) 
Lateral Q 

Mean median latencies during the three acquisition and retraining stages for Group B 
in which CS action was prolonged on half of the trials. Comparisons between subgroups 

are based upon the percent of total responses for each subject 

Comparisons between A subgroups 
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N >  M 
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N >  L 
0.265 * 
1.2 

M >  L 
0.190*** 

Comparisons between B subgroups 
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1.2 

M < L  
0.195*** 
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0.303*** 
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N c L 
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2.0 
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0.453*** 
2.0 



Comparisons of subgroups from response contingent CS termination group (A) with CS 
prolongation subgroups (B) during the three acquisition and retraining stages 

I Presurgery I Postsurgery I Post ampled 
generalization 

A vs. B 
Controls 
Dmax 
Seconds 
Medials 
Dmax 
Seconds 
Laterals 
Dmax 
Seconds 

Fig. 2. Distributions of response latencies during the first five sessions of post- 
surgical retraining in Group A (Panel A) amd Group B (Panel B) for the normal 
(solid lines), medial (broken lines) and lateral (broken lines with dots) subgroups- 

surgical sessions in Group A was higher than in Group B [F (2/18) = 

11.23, P < 0.0051. In addition, the main effect of surgical treatment was 
significant [F (2/18) = 11.39, P < 0.0011, which was largely caused by 
a medial deficit in the number of avoidances (see Fig. 2). Neither the 
effect of progressive days of training nor any interactions attained 
significance. 



Distributions of response latencies during the first 5 postsurgical 
sessions are shown in Figure 2. Panel A indicates the slowing of 
medial performance while overall lateral and normal response speeds 
were similar. However, Smirnov tests contained in the middle column 
of Table I1 show that individual comparisons resulted in a significant 
point of difference between lalteral and normal subgroups with Dm,, 
at the 0.6 s point. Further, the medial deficit was clearly confirmed by 
the tests. The effects of CS prolongation during postsurgical training 
in  Group B resulted in a more severe medial deficit in response speed 
and a slowing of responses in the normal subgroup as  well, whereas 
the lateral performance level was quite elevated. The middle column 
of Table I11 indicates that all subgroups were significantly different 
from each other during postsurgical reacquisition training. Comparisons 
of the distributions of response latencies between subgroups trained 
under either response contingent CS termination or partial CS prolonga- 
tion are given in the middle column of Table IV. In all cases differen- 
ces between subgroups at Stage 3 had the same sign as during the 
Stage 1 of the experiment, although the level of conf~dence was weakel- 
in the comparison between lateral prefrontal subgroups. 

Following the sampled generalization test (see below), subjects 
received retraining with either response contingent CS termination or 
partial CS termination on 50°/a of the trials, and the number of sssions 
to criterion performance did not differ due to either the type 01 

Fig. 3. Cumulative distributions of response latencies during the first five sessions 
of training after the sampled generalization test in Group A (Panel A) and Group 
B (Panel B) for the normal (solid lines), medial (broken lines) and lateral (broken 

lines with dots) subgroups. 



training or surgical manipulations. The distributions of response laten- 
cies during the first 5 sessions after the sampled generalization test 
are shown in Panel A of Figure 3 for the three A subgroups. The trend 
of this stage of reacquisition followed the postsurgical stage in that 
the medial deficit in latencies was clearly differentiated from the 
iateral and normal subgroups. However, significant points of maximal 
difference in the distributions were found among all subgroup com- 
parisons, as indicated in the third column of Table 11. Panel B of 
Figure 3 shows the response latency distributions obtained from the 
B subgroups during reacquisition training after the first generalization 
test. Rather interestingly, the normal subgroup had the slowest response 
level, suggesting that the generalization test produced some overall 
extinction. Conversely, the lateral prefrontal group continued at an 
elevated speed level. Although the medial subgroup persisted in some- 
what lower response speeds compared to the lateral subgroup, there 
was rather dramatic recovery of faster responding in the medial sub- 
jects compared to their immediate postsurgical level of reacquisition 

Time in seconds Ttme in seconds 

Fig. 4. Cumulative frequency dktributions of response latencies to the test stimuli 
during sampled generalization in the normal subgroup of Group A (Panel A) and 
Group B (Panel B): 0 denote responses to the 600 Hz tone; A, 800 Hz; 0 ,  1,000 Hz; 
v, 1,200 Hz; CI, 1,400 Hz tone. Filled circles show the distribution of response la- 
tencies to the 1,000 Hz, stimulus presented in the 15 training trials outside of 
t h e  block containing the testing tonal frequencies. The end of the CS-US interval 
during training trials is marked by the short vertical line. The monotonic line of 
each panel shows the level of responding that might be expected an the basis of 

spontaneous intertrial responding. 



Ttme in seconds 

Fig. 5. Cumulative frequency distributions of response latencies to the test stimuli 
during sampled generalization in the medial subgroups of G m p  A (Panel A) and 

Group B (Panel B). Denotations as in Fig. 4. 

T i m e  in s e c o n d s  

Fig. 6. Cumulative response latency distributions for test stimuli during sampled 
generalization in the lateral subjects of Group A (Panel A) and Group B (Panel B). 

Denotations as in Fig. 4. 



latencies (compare Figure 2, Panel B). The third column of Table I11 
shows highly significant points of maxima.1 difference obtained from 
all of the subgroups after the first generalization test. The Group B 
medial recovery resulted in a significantly faster responding at the 
point of Dm,, compared with the comparable subgroup of Group A, 
as shown in Table IV, middle column. By this 5th stage of the experi- 
ment, response latencies in  the laterals were shorter in Group A than 
i n  Group B. 

Generalization tests. Panels A of Figures 4, 5 and 6 show the 
distributions of response latencies to each of the five test values during 
the blocks of sampled generalization for the normal, medial and lateral 
prefrontal A subgroups, respectively. The overall differentiation of 
the 1,000 Hz original CS value from the remaining stimuli occurred 
in the normal subgroup, and the 600 Hz value emerged as clearly 
evoking the slowest response speed. Response latencies in  both the 
medial and lateral subgroups were nondifferentiated, but overall la- 
tencies of the latter subgroup were markedly elevated. The 20 daily 
blocks of testing were collated into five successive series of blocks and 
submitted to a Surgery X Testing Blocks X Stimuli, mixed design 
analysis of variance. Only the main effect of Stimuli [F (4/36) = 3.25, 
P < 0.051 was significant, as were the interactions of Blocks X Stimuli 
[F  (16/144) = 1.94, P < 0.051 and Surgery X Stimuli [F (3/36) = 2.75, 
P < 0.011. The latter interaction reflects the emergence of stimulus 
control obtained from the normals that was not present in  the oth'er 
.subgroups. 

The results of sampled generalization in the B su,bgroups are 
indicated by the response latency distributions in Panels B of Figures 4, 
5 and 6. The overall analysis confirmed the impression from the figures 
that little differentiation emerged in any surgical subgroups trained 
with CS prolongation, since none of the surgical, stimuli or block 
effects, or their interactions attained significance. 

Overall comparison between A and B subgroups during sampled 
,generalization did not show effects from either Surgery or whether 
CS termination was response contingent during training. However, 
both the main effects of successive Testing Blocks [F (4/72) = 2.62, 
P < 0.051 and Stimuli [F (4172) = 4.67, P < 0.011 attained significance. 
Additionally, the interactions of Blocks X Stimuli [ F  (16/72) = 2.25, 
P < 0.051 and Stimuli X Surgery [F (8172) = 2.88, P < 0.011 were 
significant. Accordingly, the overall analysis further confirms that 
some control was obtained from norma.1~ in  sampled generalimtion 
testing when they were trained with response contingent CS termina- 
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Fig. 7. Cumulative frequency distributions of response latencies to the test stimuli 
during generalization in complete extinction in the normal subgroup of Group A 

(Panel A) and Group B (Panel B). Denotations s s  Fig. 4. 
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Fig. 8. Cumulative response latency distributions for test stimuli during the gene- 
ralization test in complete extinction for the medial subjects of Group A (Panel A) 

and Group B (Panel B). Denotations as in Fig. 4. 
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Fig. 9. Cumulative response latency distribubions for test stimuli during the gene- 
ralization test in complete extinction for the lateral subjects of Group A (Panel A) 

and Group B (Panel B). Denotations as in Fig. 4. 

tion. Moreover, the testing procedure did slow overall responding, 
except for the lateral subjects that responded nondifferentially to all 
stimuli at an elevated level. 

The second generalization test had the greater extinction influence 
since shock was not given over the 10 days of testing. Panels A of 
Figures 7, 8 and 9 show response latency distributions to the test 
stimuli for the A subgroups of normal, medial and lateral subjects, 
respectively. The analysis of these data confirmed the impression of 
few surgical effects during this test. Only the main effects of progressive 
sessions of testing [F (9/81) = 3.93, P < 0.0011 and Stimuli [F (4/36) = 
4.24, P < 0.0011 were significant. Panels B of Figures 7, 8 and 9 show 
similar generalization data for the B subgroups of the respective 
normal, medial and lateral treatments. The effect of complete extinc- 
tion slowed normal and medial subjects response speeds, with the for- 
mer group also showing differential response latencies to the test 
stimuli. The analysis of these data indicated that the effect of Surgical 
treatment only approached acceptable significance (P < 0.10), but the 
main effects of progressive testing Sessions [F (9/81) = 2.37, P < 0.051 
and Stimuli [F (4/36) = 2.83, P < 0.051 did reach acceptable confidence 
levels. In addition, the interaction of Sessions X Surgical treatment 
[F (18/81) = 2.72, P < 0.011 was significant, reflecting the progressive 
extinction in the normal and medial groups, whereas the lateral subjects 
continued to respond vigorously throughout the testing sessions. 



Comparisons between the types ,of acquisition training and per- 
formance on the second generalization test indicated an overall signifi- 
cant main effect of response termination of the CS vs. CS prolonga- 
tion [F (1118) = 5.45, P < 0.051. Both the effects of progressive testing 
sessions [F (91162) = 5.83, P < 0.011 and Stimuli [F (4/72) = 6.35, P < 
0.011 were significant. In addition, the interactions of Surgery X Testing 
Sessions [F (18/72) = 1.76, P < 0.051, Stimuli X Surgery [F (8/72) = 2.14, 
P <'0.05], and Testing Sessions X Surgery X Type of Training 
[F (.18/72) = 1.76, P < 0.051 attained significance levels. Accordingly, the 
results of the second test suggest that the complete extinction testing 
procedure successfully produced differential responding that resulted 
from the interacting influence of the type of avoidance training and 
surgical treatment. 

Extra and Intertrial responding. The first bar press emitted after 
CS onset was either an avoidance or an escape response. However, on 
50°/o of the training trials in Group B and ton test trials during genera- 
lization testing both in Groups A and B, the CSi were of a fixed dura- 
tion. A typical behavior observed on these trials was the emission of 
extra responses until CS termination. As seen from Table V, mean 
frequencies of extra responses were generally higher in Group B than 

Mean frequencies of extraresponses per second of the 
prolonged CS action during the sampl& (SG) and massed 

(MG) generalization tesing 

Controls 
Medials 
Laterals 

Group A 

Source of 
variation 

Groups B 

! 
1:18 

Subgroups C 2: 18 
BC 2: 18 
Tests A 1:18 
AB 1 : 18 
AC 2: 18 
ABC 2: 18 

Group B 

I 

Values of F statistics 

SG MG I SG MG 



in Group A. The markedly lower frequency of extra responses during 
massed generalization, compared to the sampled generalization test, 
reflected the differenc,e in extinction influences between the two pro- 
cedures. Prolonged training had a negligible effect on the frequency 
of extra responses as shown by comparison of the data from the 
>criterion sessions preceding the two generalization tests in dogs trained 
under partial reinforcement procedure (Group B). 

Bar press performance in the absence of the CS during intertrial 
intervals were analysed separately. In Figures 4-9, illustrating the 
distributions of response latencies to tonal frequencies presented during 
'generalization tests, the monotonic line passing from 0 to the distant 
-ordinate shows the level of responding that might be expected on the 
basis of spontaneous ITR's. Group means were ,estimated from numbers 
.of ITR's emitted by each individual dog during the test sessions. 
Although the individual variability of this index was very high, half 
of the lesioned dogs trained with the partial reinforcement procedure 
were marked by their elevated level of intertrial responding. Analysis 
of variance of the data collected a t  the four stages of training (criterion 
.sessions before sampled generalization, sampled generalization, criterion 
sessions before massed generalization, and massed generalization) in- 
dicated that the effect of response terminstion of the CS vs. CS pro- 
longation only approached acceptable significance level [F (1/18) = 3.67, 
P < 0.101. Surgical trealtments, stages of training and interactions of 
the main effects were all far from significant. The tendency for more 
frequent ITR's in Group B than in Group A was observed in all com- 
parisons done for each consecutive stage of training. One of these 
analyses was of particular interest. Data collected during the sampled 
generalization test enabled us to compare frequencies of intertrial res- 
ponding after CS presentations terminated by the bar press and after 
trials with the CS of fixed duration. It was found that ITR's were less 
frequent after fixed duration CSi than after trials terminated by the 
bar pressing response [F (1/18) - 14.18, P < 0.0051. A considerable part 
of the variance was controlled by the training procedures [Group A 
vs. Group B comparison; F (1/18) = 4.07, P < 0.101 and by the interac- 
tion of these two main effects [F (1/18) = 3.96, P < 0.101. The effect of 
surgical treatments and other interaction terms were far from signifi- 
cant. 

Summarizing, on the basis of intertrial responding and observations 
of the dogs general behavior, it may be inferred that prolongation of 
the CS action after bar press avoidance responses exerted a strong 
effect on performance as indicated by numerous extra responses, in- 



creased levels of intertrial responses during the entire experimental 
session and some restlessness in the experimental space. 

DISCUSSION 

Data collected in this study allow us to make two kinds of com- 
parisons. The first examines whether in the defensive situation, as in 
the previous study employing alimentary reflexes (3), double dissocia- 
tion of the changes in stiniulus control and susceptibility to extinction 
after partial prefrontal lesions were found. Information concerning this 
problem is especially interesting, since numerous experiments indicate 
that defensive and alimentary instrumental reflexes differ in the shape 
of stimulus generalization gradients, speed of extinction as well as 
the character of performance changes after partial prefrontal lesions. 
Secondly, the comparison of the two training procedures used in this 
study is directly related t o  the long standing discussion concerning 
the importance of response-contingent CS termination for avoidance 
responding. 

The comparison of the present data with those reported earlier (3) 
indicates that stimulus generalization along the tonal frequency di- 
mension tested through avoidance behavior was much broader than 
that with reward procedures. In control nonoperated dogs trained to 
press the bar for food, the distribution of response latencies to 1,000 Hz 
tone, the CS+ value, was very distinctly separated from the latency 
distributions to other tonal frequencies both in sampled and in massed 
generalization tests. Nonoperated dogs trained to perform the same 
bar-pressing to avoid shock responded only slightly more vigorously 
to the 1,000 Hz tone than to other frequencies. Some interaction be- 
tween avoidance training and generalization testing procedures was 
observed. Normal dogs trained with shock available and response-con- 
tingent CS termination on all trials (CRF, Group A) showed a steeper 
generalization gradient during the sampled than during the massed 
generalization test, whereas the opposite occurred for normal dogs 
trained with shock available and response-contingent CS termination 
.on 50°/o of the trials (PRF, Group B). 

In the alimentary situation, dogs subjected to medial prefrontal 
lesions yielded the broadest generalization gradients and the greatest 
susceptibility to extinction, whereas dogs with lateral prefrontal lesions 
showed perfect stimulus control. In the defensive situation lateral dogs 
showed some stimulus control during massed generalization test but 



only when they were trained under the CRF avoidance procedure, 
TJnder all other training andlor testing procedures lateral dogs, similar 
to thwe with medial prefrontal lesions, responded indifferently to all 
tonal frequencies presented, and corresponding cumulative response 
latency distributions were often overcrossed. 

As far as resistance to extinction is concerned, the same pattern 
of prefrontal lesion effects were observed in both alimentary and 
defensive studies. Especially evident under the massed generalization 
testing procedure was the finding of least responding in groups with 
medial prefrontal lesions and most responding in dogs subjected to 
lateral prefrontal lesions, independently of the reinforcement employed. 

It  should be pointed out that the lengths of generalization tests 
were different in the alimentary reward and the shock avoidance 
conditions. In the sampled generalization tests, data were collected 
from 16 sessions in the alimentary and 20 sessions in the defensive 
studies, whereas in massed generalization, tests of 5 and 10 sessions 
were used respectively. As a result of the twice longer massed gene- 
ralization testing, dogs trained under the CRF avoidance procedure 
reduced their responding even more than did the dogs trained in ali- 
mentary reflexes. However, only slight indices of extinction were 
observed in dogs trained under the PRF avoidance procedure. It is 
important to note that in spite of much broader stimulus generaliza- 
tion gradients in avoidance than in alimentary reward reflexes, a double 
dissociation of the medial and lateral prefrontal lesions effects o n  
stimulus control and susceptibility to extinction were observed, when 
avoidance responding was markedly reduced. Thus, as far as stimulus 
generalization testing is concerned, training of the avoidance reflex, 
with shwk available and C S  termination response-contingent on all  
training trials, produced conclitions more comparable to those in which 
partially reinforced alimentary reflexes were tested than did the 
avoidance training in which shock was available and CS termination 
response-dependent on only 50°/o of trials. 

Collectively, the results obtained in bath alimentary and defensive 
studies suggest rather complex relations between extinction influences 
and amount of stimulus control indicated in generalization curves. 
The double dissociations of the medial and lateral prefrontal effects 
provide the first evidence. Secondly, the massed generalization testing 
resulted in a stronger reduction of response probability in dogs trained 
under the CRF avoidance than under the alimentary reward procedure. 
However, much better stlmulus control was observed in the alimentary 



than in the defensive study. On the other hand, comparison of the two 
training procedures used within the defensive study indicate that PRF 
resulted in greater resistance to extinction and less stimulus control 
than CRF procedure. 

Some experimental data suggest that extinction procedures not 
only decrease performance level but also changed the character of 
emitted responses. It  has been shown that extinction of free-operant 
responding in rats resulted in both the lengthening of mean inter- 
response time and an increase in their dispersion (22). Similarly, in 
discrete-trials situation latencies of conditioned response may change 
during extinction. 

In light of these data, differences in response latencies between 
groups trained under different procedures and their changes in the 
course of testing are of special interest. Avoidance responding was 
faster than that reinforced by food. Overall mean median latencies 
during preoperative criterion sessions were 1.05 s for dogs trained in 
avoidance with shock potentially available on all trials (CRF, Group A), 
1.30 s when shock was available on 50°/o of trials (PRF, Group B), 
and 1.62 s in the experiment with food reinforcement available on 50°ia 
of trials. These differences increased during the experimental sessions, 
since a comparison of the data collected before and after sampled 
generalization indicates further lengthening of response latencies for 
the alimentary study and shortening of response latencies in dogs 
trained to avoid shock. Moreover, not only average latencies, but also 
their variances were different in the alimentary and defensive situa- 
tions. This finding is especially evident from the cumulative distributions 
of response latencies emitted during massed generalization tests. Inspec- 
tion of Figures 7-9 indicates that during massed generalization testing 
nearly all responses were emitted during the first two seconds after 
test stimuli onsets. Such rapid responding is in contrast to the alimen- 
tary study in which more than 50°/o of responses to the 1,000 Hz test 
stimulus were performed with longer latencies (3). Within-groups 
comparisons of latency distributions obtained during the sampled and 
massed generalization tests indicate that complete removal of shock 
together with the fixed duration of all stimuli presented had stronger 
decreasing effects on responses performed within the first two seconds 
after the 1,000 Hz tone onset than on responses performed with longer 
latencies. Again, such a differential effect of the extinction procedure 
on response performance dependent on their latencies was not observed 
in food-reward situation. Thus, dogs trained to avoid shock performed 



mostly short-latency responses at all stages of training and testing, 
whereas in the alimentary condition substantial proportions of responses 
were performed in later periods of CS or test stimulus action. 

Different mechanisms for short- and long-latency avoidance res- 
ponses have been previously postulated (29). It was assumed that long- 
latency avoidance responses are mediated by a fully developed fear 
drive whereas short-latency avoidance responses are driven by n o w  
specific excitation initiated by CS onset rather than by a fear reaction. 
Short-latency responses permit avoidance of not only pain but also 
of the fear state elicited by the CS. 

Differential responding during generalization testing is based on the 
correct estimation of the signalling properties of stimuli. In  several 
experiments employing alimentary (2, 21) or defensive (14) reflexes, it 
has been reported that generalization curves obtained from long-latency 
responses were sharper than those based on short-latency responses. 
Our data are in full agreement with these findings. Inspection of the 
Figures presented in our previous study with food reward reflexes (3)) 
showed that all tonal frequencies evoked nearly the same number of 
short-latency responses, whereas maximal differences in probability of 
responding to the 1,000 Hz tone and other tonal frequencies were obser- 
ved for responses performed with latencies of 3 s or even longer. In the 
present study, responses with such long latencies were performed very 
infrequently. This finding suggest. that the much broader generaliza- 
tion functions obtained in shock-avoidance rather than the food-re- 
ward situation, are largely due to differences in  the "morphology" of 
responses in the two training and testing procedures: short-latency res- 
ponding in avoidance training and long latencies in food reward training. 
This tentative explanation calls for further experimental verification. 

The two avoidance training procedures used in this study exerted 
different effects on several indices of behavior. First of all, the shorten- 
ing of response latencies observed at early stages of training was far 
more pronounced and rapid in dogs trained with shock available and 
response-contingent CS termination on all trials (CRF, Group A) than 
in dogs trained with shock available and response-contingent CS termi- 
nation on 50°/o of trials (PRF, Group B). This difference in mean median 
latencies was maintained at all consecutive stages of training and test- 
ing. Secondly, the two groups differed in resistance of the acquired 
avoidance responding to extinction. The overall analysis of variance 
showed that during the sampled generalization test, Group A and 
Croup B did not differ in latencies (and probabilities) of responses per- 
formed to test stimuli. However, during massed generalization test the 



same method revealed significant between-groups difference indicating 
greater resistance to extinction in Group B. Thirdly, Group B was 
marked by their increased level of intertrial responding and greater 
amount of extra responses during prolonged action of test stimuli. 

All of these differences between Group A and Group B must be 
considered as an effect of the CS-termination delay and not of the 
availability of shock on half of the training trials. The two procedures 
were introduced at the stage of training when failures to perform 
avoidance responses were infrequent. Secondly, all differences between 
the two training procedures used in the present study were either pre- 
dicted or demonstrated in earlier experiments in which groups of ani- 
mals differed only in length of CS duration after performance of the 
avoidance response (4, 15, 23). Clear and long-lasting effects of the 
procedure used for Group B indicate that response-contingent CS ter- 
mination provided main source of reinforcement of well trained avoi- 
dance responding. Thus, the decrease in probability of CS termination 
after performance of avoidance response has effects comparable to the 
introduction of partial reinforcement procedure in  responding based on 
appetitive drives. 
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