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When a “typical,” normal, mongrel
dog is put into a small compartment
with a steel grid floor, he will usually
exhibit persistent exploratory behavior.
Thus confined, he will sniff at the grid
bars and the corners ol the compartment,
walk back and forth, intermittently stand
up on his hind legs with forepaws against
the walls of the compartment, occasion-
ally look over the head-high barrier
which separates him [rom another com-
partment, but will make no attempt to
jump over the barrier into the other
compartment. I[ this dog is suddenly
stimulated through the stecl grid floor
by a high-voltage electric shock, of an
intensity just below the tetanizing level,
the dog will immediately exhibit an in-
tense fear rcaction, I[ the shock is lelt
on during the time the dog remains in
the compartment, this intense [ear reac-
tion will typically contain these com-
ponents: T'he dog will scramnble rapidly
and vigorously around the compartment,
slamming into walls, perliaps, or leaping
up against them; he will simultaneously
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the rescarch was supported through the gener-
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thank the following psychologists for their as-
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bara N. Cohn, Dr. James Olds, Mr. Nathanicl
Kogan, Mr. Leon Kamin, Mr. Martin Coles, Miss
Mary Roschorough, and Miss Flaine Smulekoll,
Dr. Wynne was a USPH Postdoctoral Rescarch

Fellow in mental health when tbis experiment
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emit a high-pitched screech, will salivate
profusely, will urinate and defecate in a
manner which could be called “projectile
elimination,” and will roll his eyes
rapidly and jerkily; in addition, his pu-
pils will dilate, portions of his hair will
stand on end, small muscle groups all
over his body will tremble, and his
breathing will consist of short, irregular
gasps. Sooner or later the dog’s vigorous
scrambling movements result in his get-
ting over the barrier into the other com-
partment, to salety. I the shock is re-
peated at a later time, the same [ear
responses will occur again.

When a dog exhibits the conrponents
of a massive fear reaction in the presence
ol noxious stimulation that is very in-
tense, we should like to define the whole
event as a “‘traumatic experience.” Such
an cvent will typically include an intense,
unconditioned stimulus which elicits an
intense, unconditioned reaction pattern
containing the following components: (a)
visceral responses of high magnitude,
with their correlated fecdback stimula-
tion; (b) skeletal responses ol vigorous
ingensity, with their correlated proprio-
ceptive feedback stimulation; (¢) hor-
monal responses [rom endocrine glands
and nonendocrine glands, with their cor-
related effects upon the body chiemistry,
muscles, and neural centers; and (d)
higher brain-center activity.

One oflten relers to the visceral re-
sponses as emotional reactions; they are
often considered to be “expressive” rather
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than instrumental'in natare. "Fhe skeletal
responses are partly expressive (elicited
directly by the unconditioned stimulus)
and partly instrumental; we uvsually in-
terpret the instrumental portion of the
skeletal reactions as “adaptive” escape ov
aversive movements.? (‘There is also a
possibility that certain visceral responses
can become instrumental, as i Yogi
control ol autonomic responses.)

Within the pattern of the reactions ol
the typical dog, when he is stimulated
with an intense electric shock, are con-
tained the essential components of an
unconditioned fear reaction pattern. Be-
cause the components have all occurred
with high response amplitudes, and be-
cause we know the intensity ol the un-
conditioned stimulus to Dbe high, we
shall define the stirnulus-response pattern
as indicative of a traumatic experience;
and any learning which has as one ol
its conditions the occurrence ol such a
stimulus-response pattern, we shall define
as traumatic leayning. Fuarthermore, if
the traumatic learning is of such a nature
that it prevents the unconditioned stimua-
lus from occurring, we shall define it as
traumalic avoidance learning.

We have taken pains with this defini-
tion because there is some reason to
believe that trawnatic learning way pos-
sibly have certain functional properties
which differ qualitatively and quantita-
tively from those ol “ordinary motivated
learning.”

This paper will be restricted 1o the
characteristics of the acquisition of trau-
matic avoidance learning in dogs. LElse-

*There are aliernative chassifications in wide
use today which can be partielly substituted for
the “visceral” and “skeletal” catcgories, For ex-
ample, autonomic nervous system and central
nervous system functions, involuntary and vol-
unlayy actions are olten distinguished. Any of
these categorizations should be used with the
realization that these functions overlap con-
siderably in the intact organism.

where we describe the characteristics of
extinction and the cifects of special pro-
cedures (18, 19).

APPARATUS
A schematic drawing ol the apparatus
is presented in Figure 1. It is an adapta-

FOR DOGS

116. 1. Schematic drawing of the shattle-box
apparatus.

tion ol the Miller-Mowrer shuattle box
(11) which has been used for avoidance
learming in rats. We have modified the
shuttle box extensively for use with
dogs.

The shuttle box consisted of two compartments
separated by a barrier and guillotine-type gate.
The inside dimensions of cach compartment
were 45 in. long, 24 in. wide, and 4o in. high.
The barrier was adjustable in height. 'The gate
could be raised by means of a pulley system
above the level of the top of the compartments.
When the gate was closed it rested on top of the
barricr, thus crcating a solid wall completely
scparating the two compartments.

Owing to the vigorous battering the apparatus
received, the construction had to be rugged. The
frame was built of 2 % 4-in, pine. The walls
were composed of 34-in, plywood, sheathed on
the inner surface by 1/g2-in. aluminum, half-
hard plate. These aluminum inner walls were
painted flat black. The doors to the two cotn-
partments are omitted in Figure 1. They were
composed of s4-in. plywood sheathed with
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aluminum, painted flat black. They were hinged
on the end post of each compartment and were
locked in the closed position by means of slide
bolts.

The ceiling of cach compartment was covered
with 1-in, hardware cloth (No. 8 gauge). Dircctly
above cach compartment were two qo-watt lights,
shiclded so that cach pair cast light only into
the compartment dircctly below. When the gate
was up and only onc pair of lights was on, one
compartment was dark and the other illuminated.
Above the gate was a wooden scaflolding on
which werc mounted two pulleys. A cord was
strung [rom the middle of the top of the gate
through the pulleys to a counterweight hanging
at the side between the two doors. Draped over
the scaflolding and the whole apparatus was a
double thickness of cheesecloth serving as a
crude, one-way screen.

The floor of the apparatus consisted of
polished 1-in, stainless steel (channel) bars 14 in.
apart, parallel to the barrier. The bars werc
suspended on two bars of bakelite (1 in. x 34
in.) running the length of the apparatus outside
of the compartments. The walls were supported
by angle irons so that therc was a L4-in. space
between the bottoms of the walls and doors and
the surface of the stecl bars, Thus the steel bars
were only in contact with bakelite outside the
compartments. This type of construction in-
sured that urine would not create an clectrical
contact between the bars,

The steel grid bars of each compartment were
individually wired to two cannon plug re-
ceptacles, one mounted at each end of the ap-
paratus, A multiple-strand cable connected each
plug to a comimutator circuit. This type of circuit
for supplying fairly stable clectric shocks has
been deseribed by Skinner (17). It is so designed
that an alternating current is supplied to the
grid bars with a rapidly shilting polarity pattern.
Such a technique for distributing clectric cur-
rent to the grid bars cflectively prevents dogs
from cscaping shock by shorting out adjacent
grid bars with [eces. The shock circuit was
powercd by a poo-v. A.C. transformer cnergized
by 110-v. A.C. A fixed vesistance of 3,500 ohms
was placed in scrics with the grid bars so that
the experimenters could not accidentally clec-
trocute a dog. In addition, a 1000-ohm variable
voltage divider was placed in parallel with the
s00-v. power supply in such a way that the
vollage at its source could be varied [rom o to
500 v. An clectronic voltmeter was placed across
the fixed resistance so that the voltage drop
could be continuously rcad. In this way, the cur-
rent flow in the circuit could always be known.

SupjrcTs

The subjects used in this study were
go mongrel dogs of medium size. Their

range in weight was approximaltely {rom
9 to 13 kg. All the subjects were strays
and probably free from experimental
sophistication. The data in this study
were obtained while the dogs were ap-
parently healthy.

Procrpure

The barrier was adjusted to approximately
the height of the dog's back. Therefore, the dogs
could look over the barrier from one compart-
ment to the other when the gate was raised.

Pretesting. Fach dog was pretested in order to
reveal the presence of a previously acquired
tendency to jump the barrier. Each subject was
led into the experimental room on a leash and
was coaxced into, or put into, one of the compart-
ments. The door to the compartment was then
locked and, since the gate was down (closed), the
dog was thus completely confined. The lights
above the compartments were on. The com-
mutator motor was running, providing a low
background noisc. The dog was observed during
a 1o-min. pretrial “acclimation period.”

Then, at the end of this period, the first pre-
test trial was conducted. The lights above the
compartment in which the dog was confined were
turned off by mecans of a foot pedal. Simultanc-
ously, the cxperimenter raised the gate by pull-
ing the countcrweight on the pulley system.
Thercfore, the subject was in relative darkness
but was, at the same time, exposced to the pres-
ence of the barrier, and immediately beyond it
the other compartment was still illuminated.
This situation will be referred to as the condi-
tioned stiinulus pattern (CS), or the “signal.”

Each dog’s rcaction to the C§ was obscrved.
If, at the cnd of a 2-min. interval, the dog had
not jumped out of the darkened compartment
over the barrier into the illuminated compart-
ment, the gate was lowered and the lights turned
back on. Such a trial was recorded as “no re-
sponse” with respect to jummnping, but salient
fcatures of the dog’s activity during his exposure
to the CS were rccorded in protocols,

One minute after the gate was closed, the
sccond prelest trial was begun. It was identical
to the first trial. Thus, the interval between
presentations of the CS was g min. For most
dogs, 10 pretest trials were conducted in orvder
to make certain that cach dog was nol a
“jumper” in this situation, (A few dogs were
pretested for only five trials if they cvidenced
complete indifference to the CS8.) After the tenth
trial, the dog was left in the illuminated com-
partment with the gate down for a 10-min,,
postrial “cooling-ofl period.” Then the dog was
taken out of the apparatus and returncd to his
living cage. The go dogs used in this report werc
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not “jumpers.” That is, their “operant level”
for jumping over a barrier approximately the
height of their backs was close to zcvo.

Training. On the day after the pretest, cach
dog was subjected to avoidance training. The dog
was brought into the experimental room in the
samc manner as for the previous pretest, He was,
however, placed in the compartment opposite to
the one in which he had been pretested. Just as
had been done on the previous day, cach dog
was kept in one ol the compartments, with lights
on and gate closed, for a pretrial acclimation
period of 10 min, duration. Then, at the end
ol Lhis period Lhe first training trial was begun.
The CS was presented, just as has been described
for the pretest trials. Ten scconds later, the grid
on the floor of the darkened compartment was
clectrified with a voltage which was the highest
possible without producing tetany of the dog’s
leg muscles. This shock voliage was monitored
with the aid of the clectronic voltmeter, and the
current drawn at a just-subletanizing stimulation
level was approximately 10.0 to 12.5 ma. for most
dogs. The voltage applied to the shock circuit
was slightly different from dog to dog, since
resistance conditions were not constant from dog
to dog, and current flow necessary for tetany
diflered from dog to dog.

‘T'he shock was kept on in the darkened com-
partment until the dog jumped or scrambled
over the barrier into the illuminated compart-
ment. The gate was closed immediately follow-
ing such an cscape [rom shock, thus preventing
any retracing on a given trial. If a dog failed
to get out of the electrilied compartment within a
2-min, interval [ollowing the presentation of the
CS, the lights were switched on and the gate was
lowered, accompanied simultaneously by termi-
nation of the shock. In such a case, the next
trial was started after a 1-min. interval follow-
ing the termination of the CS.

There was a standard CS-US temporal interval
of 10 sec. maintained throughout all escape
trials (the shock is the unconditioned stiinulus).
The time interval between trials (between suc-
cessive presentations of the CS) was kepl constant
at g min. The latency ol response was mcas-
ured for cach trial and was defined as the tinie
interval clapsing between the presentation of
the CS and the occurrence of jumping over the
barrier. The latency was measured by stop watch
to the nearcst tenth of a second,

If a dog jumped within less than 10 sec. fol-
lowing the presentation of the CS, the gate was
lowered to prevent retracing just as was the
case in those trials on which the dog had a
latency of over 10 sec. and was shocked. If a dog
was moving toward the barrier at the end of
the 10-sec. interval after the CS, the shock was
witliheld until the dog stopped moving toward
the bairier, (This procedure was actually neces-
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sary on only ty of 8oo training trials.)

An escape trial or shock trial is defined as a
trial in which the dog is shocked before he
jumps the barrier. An avoidance trial is defined
as a trial in which he jumps the barrier without
being shocked. Thus, with the cxception of the
very few trials in which shock was withheld
when the animal was approaching the barrier
at the end of 10 scc., all avoidance trials have
a response lalency of 10 sec. or less, whereas
all escape trials have a latency of more than
10 sec.

Ten training (rials were conducted in each
experimental session. Fach session was concluded
with a 10-min. posttrial cooling-off period. Then
the animal was removed {from the apparatus and
returned to his home cage.

Certain aspects of the maintenance schedules
for the animals were left uncontrolled. While the
dogs were [ed once a day, and usually had water
in their home cagcs, it was true that sometimes
they might be hungry and sometimes not hungry
at the time of an experimental session. Usually
the dogs were not thirsty. We believe that the
variations in the maintenance schedule do not
reflect themselves in our data on avoidance learn-
ing motivated by intense electric shock.

REsSuLTs
1. Definition of Acquisition

In avoidance learning it is very difhcult
to point out logically where the acquisi-
tion phase ends and extinction begins.
This is so because the delivery of the un-
conditioned stimulus (shock) to the sub-
ject is contingent upon the subject’s
aversive movements. ‘T'hus, if one con-
siders the shock (o be the reinforcing
agent nccessary for acquisition, one might
argue that extinction of avoidance be-
gins when the aversive movements are
such that shock is avoided. However, in
terms ol the experimenter's own opera-
tions, the acquisition-extinction distinc-
tion is not as easy to delite as one might
think. Suppose a subject suffers a rever-
sal; that is, after avoiding successfully
for a few trials, he has a long latency and
is shocked belore he responds with aver-
sive  movements. Where, then, would
extinction begin? Also, il one takes an
anxiety-reduction point of departure, the
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point at which acquisition ends and the
extinction process begins is even more
ambiguous. We cannot ascertain accu-
rately at present whether or not anxiety
reduction takes place after a given re-
sponse on a given trial, so to define pres-
ence or absence of reinforcement in those
terms is not [easible.

We have taken the stand that an arbi-
trary criterion is probably the best we
can do—one based on how many times
the experimenter has not shocked the
dog. For all animals, if no shocks have
been received [or 10 consecutive trials,
the acquisition phase is over; the animal
has met our criterion for avoidance learn-
ing. And from then on, no matter what
the dog happens to do in the presence
of the signal, he will never receive the
shock. The state of affairs that defines
the extinction procedure is thus the im-
possibility of receiving a shock in either
compartment, ne matter how long the
dog may delay jumping after presenta-
tion of the CS.

Despite such a definition of the onset
ol extinction, the response characteristics
ol our dog suggest that, in traumatic
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Fia. 2. Mean reciprocals of latency, trial by trial,
for the go dogs.

avoidance learning, rarely, if ever, do we
enter a true extinction phase, a sequence
of trials where no reinlorcement occurs.
For this reason, we will present be-
havioral data for several trials beyond the
poing at which the 10 avoidances out of
10 trials criterion has been met. In a
later paper, we shall discuss extinction
characteristics at greater length, but it
should be clear here that we do not be-
lieve that there is any strongly tenable
distinction available at present which
would enable us to separate acquisition
procedure {rom extinction procedure in
the case of traumatic avoidance learning.

2. Latencies of Jumping Responses

a. Beginning of training as anchor
point. 'The mean reciprocal of latency
for the go dogs is plotted [or each trial in
Figure 2. Note that a logarithmic ordi-
nate is used; this is merely for conven-
ience. The median reciprocal of latency
for the go dogs is plotted for each trial
in Figure g. Notice that as the response
latencies decrease, the logarithms of the
reciprocals of response latency increase in

magnitude. The right-hand ordinate
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translates the median reciprocals into the
original latencies in seconds. For means,
however, the right-hand ordinate is an
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from cscape responses to avoidance responses is
final and complete, with no reversals. Here is an
instance ol avoidance lcarning which is not a
case of irregular or aperiodic reinforcement.
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approximation, since the antireciprocal
ol the mean reciprocals may not be the
same as the mean raw latency. It may be
convenient for the reader to interpret
the graphs as indices of response strength,
or response velocity. As responsc latencies
decrease, response strength increases.
We have found that the distribution
of latencies on given trials in our experi-
ment may be either bimodal, skewed, or
normal, depending upon the phase ol
training. Therelore, ordinary techniques
of data combination led to measures of
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Fi, 6. An individual acquisition curve for a very
slow learner. Note the large number of alterna-
tions from cscape (o avoidance responses, from
avoidances to escapes.

central tendency which were delinitely
not representative of most of the indi-
vidual animals in our experiment. In
view of this we have selccted a set of
representative  individual —acquisition
curves, Figures 4-g.

In all of the graphs (Fig. 2-g), the
horizontal line at 10 sec. (or at 10 on the
scale of 1/latency x 100) indicates the
boundary between escape and avoidance.
Above the horizontal line, the points in-
dicate a latency of response to the con-
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ditioned stimulus alone, with no shock
administered. Below the line, the points
represcnt a latency of response to the
US as well as to the CS. The distance that
each point below the horizontal line lies
[rom the horizontal line is the number
of seconds of shock received whilc the
animal was failing to get out of the “hot”
compartment. These points represent
escape or shock trials.
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F1c. 4. An individual acquisition curve for a very
gradual learncr.

The vertical arrows in Figures 2-9 in-
dicate the trials on which the criterion of
acquisition was reached (10 avoidances
in a row). After che arrow has appeared,
the dogs are under extinction rules—they
cannol receive shock for latencies of re-
sponse to the CS of 10 sec. or more. They
are now “sale,” no matter what their re-
sponses are like,

An examination of the six individual
rccords (Fig. 4-9) would lead one to sus-
pect that the function in TFigure g is
more representative of what actually
occurred in our experiment than is the
function in Figure 2. That is, combina-
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tion ol data through use ol means dis-
torts our data more than with medians.
This is very intercsting on several counts.
If we had generalized solely from the
graphs of individual performance, we
would have described a trend more simi-
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Note also the absence of response latencies in the
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lar to that indicated by the medians ol
Figure g. (T'his is what many physiolo-
gists typically do, without resort to sta-
tistical operations for combining data.)
An inspection of the individual acqui-
sition curves reveals to some extent why
the combined data, especially the means,
are unrepresentative. First, the animals
learn at different rates. In addition, there
is a suggestion that we have a bimodal
distribution of latencies because of a
scarcity of latencics between 5 and 10
sec. Finally, we felt that there was an
over-all tendency lor the animals to learn
abruptly, and il this were true, together
with the differential learning rates, then
such a tendency would be obscured by
combining data in conventional ways.
Many of the methods of analysis which
we shall present have been designed to
clarily the extent to which this tendency
to lecarn abrupty exists. I there is a
strong tendency for our animals to learn
abruptly, then the following should be

SOLOMON AND LYMAN C.
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true: (@) There should be a sudden
change [rom 100%, escape responses Lo
100%, avoidance responses; and (b) the
latency of response to the shock on escape
trials should be approximately equal to
the latency ol response to the signal on
the first avoidance trials—that is, therc
should be no gradual shortening of lat-
cncies in making the transition [rom
cscape reactions to avoidance reactions.

Since the combination ol latencies (or
escape and avoidance responscs by dil-
ferent animals on any given trial will
give intermediate valnes [or the means,
it seemed reasonable to separate cscape
and avoidance responses. Such a pro-
cedure is indicated [or medians in Figure
10. Both of these graphs show that escape
latencies change very little alter the first
lew trials. On the other hand, the avoid-
ance latencies do not begin in the vicinity
ol 10 sec. and gradually diminish; rather,
avoidance responses begin in the vicinity
ol 5 sec. and decrease gradually to an
asymptote.

In the first four trials, very [ew ani-
mals avoided. From T'rial 5 to 7 there was
a considerable increase in the proportion
of the animals avoiding (439, on Trial 5,
97% on Trial 6, and 57%, on Trial 7).
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i, 11. Cumulative frequency of occurrence
curves plotted on probability paper, showing the
frequencies of occurrence of different response

latencies at differing numbers of trials.
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Hence, at this point in learning, il most
ol the animals are making an abrupt
change [rom relatively long latencies to
relatively short ones without a gradual
diminution of latency, then the distribu-
tion of latencies on those trials should
be bimodal.

A convenient way ol demonstrating the
characteristics ol several different [re-
quency distributions on one graph is the
use of cumulative [requency distribu-
tions. Il these are plotted on proba-
bility paper, they clearly demoustrate
the degree of departure [rom a not-
mal curve. (In such a graph a nor-
mal distribution will yield a linear func-
tion.) Figure 11 presents these curves for
a selected sample of trials. For the first
[our trials, the frequency distributions of
latencies are skewed, tending to pile up
progressively at a latency of about 12
sec. On Trial 5, along with a marked in-
crease in the number of animals avoid-
ing the shock, a striking change in the
shape of the [requency distribution takes
place. There is a sudden increase in the
percentage of latencies in the 2 to 5-sec,
range. At the same time, there is no in-
crease in the percentage of latencies in
the 5 to 1o-sec. range. Those latencies
greater than 10 sec. continue in their
tendency to pile up at about 12 sec. This
bimodality gradually disappears as the
number ol training trials increases, so
that by Trial 15 we again find a skewed
distribution, piling up now in the 2 to
g-sec. range. This degree ol skewness pro-
gressively diminishes, as illustrated in the
plots of Trials go and 6o.

A gencral, though not complete, de-
scription of acquisition of avoidance in
this experiment can be derived [rom com-
bining the implications ol Figures 1o
and 11. It would go something as [ol-
lows: On the first [our trials, most ani-
mals are getting considerable shock but
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their response latencies are decreasing.
On Trial 5, a number of the animals
shift over to respond quickly to the signal
alone, while the rest continue to receive
the shock. Finally, all ol the animals
avoid with very short latencies.

b. First avoidance trial as anchor
point. Since the trial on which the first
avoidance response occurs varies [rom
animal to animal, combining the data
on the basis of the number of trials of
training obscures the characteristics of
the first avoidance, as well as the re-
sponses preceding and  [ollowing it
Therefore, we constructed a new baseline
which is defined as trials after the first
avotdance, and we combined the data ol
all animals [or each of thesc trials,

When the escape latencies and avoid-
ance latencies [or trials after the first
avoidance are unsegregated, as in Figure
12, an acquisition curve is obtained which
would lead one to believe that therc is
a gradual transition from long to short
latencies and that there is a high fre-
quency of response latencies in the § to
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Fic. 13. Acquisition of avoidance as represented
by median reciprocals of response latency for
trials after the first avoidance response. Note
that the shock trials and avoidance trials arve
trcated scparately.

10-sec. range. This impression, however,
would be erroneous. When the escape or
shock responscs are treated separatcly
[rom the avoidance or nonshock responses
(Iig. 13), the median latency of the first
avoidance response is approximately 5
sec. Therealter, on successive trials fol-
lowing the first avoidance response, the
latency of escape responses remains [airly
stable at about 12 sec,, but the latency of
avoidance responses progressively di-
minishes. Tt is interesting to note that
after an animal has made his first avoid-
ance, he responds very quickly to shock.
Immediately prior to the first avoidance
the latency of the escape responses was
still decreasing.

The cumulative frequency distribu-
tions for a selected sample of trials after
the first avoidance are shown in Figure
14. The first avoidance trial (o) scems
to be a transitional trial. On the trials
belore the first avoidance, the distribu-
tions are highly skewed, tending to pile
up at a latency of about 12 sec. The trial
after the first avoidance (+1), in contrast,
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sliows a distinctly bimodal distribution
of latencies. The distribution ol latencies
on the first avoidance trial is intermediate
between the highly skewed type immedi-
ately before the first avoidance and the
deflinitely bimodal type immediately alter
the first avoidance trial. Thus, with the
exception of the {irst avoidance trial, the
trials immediately following those on
which 1009, of the animals were lailing
to avoid exhibited bimodal distributions.
On these trials alter the first avoidance,
il an animal failed to avoid, he jumped
very quickly when shocked, and if he
made an avoidance response, he jumped
very quickly to the signal alone. There
arc very few responses in the 5 to 10-sec.
range. Figure 14 shows this quite clearly.

c. Last shock trial as anchor point.
Since the number of trials needed to
meet the criterion for acquisition ol
avoidance learning (10 consecutive
avoidance responses) diflered [rom ani-
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F16. 14. Cumulative frequency distributions of
latencies for various numbers of trials alter the
first avoidance response. The ordinate is on a
probability scale.

mal to animal, combining the data on
the Dbasis of the number of training trials
obscures the characteristics of the trial on
which the last shock was given, and those
“criterion” trials dircctly following it.
Therefore, we constructed another base-
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line which is defined as trials after the
laust shock, and we combined the data for
all animals for each of these trials.
When the latencies for all go animals
for trials after the last shock are com-
bined, leaving escape and avoidance re-
sponses unsegregated, the acquisition
curve for median response latencies for
trials after the last shock is quite strik-
ing. (See Fig. 15.) When the latencies for
the shock and avoidance responses arc
separated, we obtain the curves plotted
in Figure 16. The separated curves show
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Fi. 15. Acquisition of avoidance as represented
by median latencies for trials after the last shock
(escape) trial. The shock and avoidance responsecs
have heen combined in determining the me-
dians.

clearly that the latencies of the avoidance
trials were gradually decreasing before
the trial on which the last shock was
given. This indicates that, despite the
relatively abrupt appcarance ol quite
short avoidance latencies, these latencies
diminish progressively with increased
number of training trials. Interestingly
enough, the latencies of avoidance re-
sponses after the last shock has been re-
ceived by all animals continue to decrease
in an orderly manner, approaching a
median asymptote at approximately 1.8
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Fic. 16. Mcdian rveciprocals of latency for trials
after the last shock when the shock and avoid-
ance responses arc scparafed.

sec. As was the case lor the other basc-
lines, the shock response latencies change
little during those trials directly preced-
ing the last shock trial.

The cumulative {requency curves for
a selected sample of trials alter the last
shock are shown in Figure 14. The trials
immediatcly preceding the trial before
the last shock show the familiar bimodal
distributions. The frequency distribution
for the trial belore the last shock (—1),
however, seems to be transitional in
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Fic. 17. Cumulative frequency distributions of
latencies for different numbers of trials alter
the last shock trial,
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shape, in that it is neither highly skewed
nor bimodal in character. In contrast, the
last shock trial (o) is dchnitely skewed
with a piling up of response latencies
at sec. The trial after the last
sliock (4 1) appears to have the sane type
of frequency distribution as the last shock
trial (o), but the median latency of the
irial after the last shock is 9.1 sec. shortey
than the median latency of the last shock
trial. "U'he fact that the magnitude of the
difference between these two medians ap-
proximates the magnitude of the CS-US
interval used in training is probably not
accidental, and the significance of this
finding will be discussed later.

12

3. Sequential Patterns of Escapes and
Avoidances

In the scction above we have discussed
response latencies. It should be pointed

AND LYMAN G. WYNNE
out that this has not been the accepted
way ol reporting the data of avoidance
learning experiments (sce, (or example,
Brogden, 2, g). Usually the ordinate of
the learning curve has been in terms ol
the percentage of avoidances in blocks
ol trials ol arbitrary lengtly, though there
have heen exceptions (see, for cxample,
Miller, 6, 7). In our experiment, learning
took place so rapidly that this method
of analyzing the data was not feasible,
Neither was the Vincent curve technique
feasible. Instead, it seemed more reason-
able to supplement the latency data with
an analysis of sequential patterns of
escape responses and avoidance re-
sponses, without regard to latency magni-
tudes within each class of responses.
Belore examining the specilic scquen-
tial patterns, an over-all summary ol oc-
currences ol escapes and avoidances for

TABLE 1

o [rial

%o No. N
.0 -1 30
.0 o 30
.0 +1 30
.3 +2 30
-3 +3 30
7 +4 30
.7 +5 30
.0 -+6 30
-7 +7 30
.7 +8 30
-3 +9 30
.0 -10 30
o) “Gr11 30
.0 12 30
-7 +13 30
.0 +14 30
.0 +15 30
.3 416 30
7 + 7 30
.0 +18 30
i +19 30
.0 -|-20 30
.0 +30 22
.0
.0
.0

Trials after the
I'irst Avoidance

Trials after the
Last Shock

% No. N %
0.0 —13 13 23.1
100,0 —12 14 28.6
50.0 —T1 17 18.8
66.7 —10 1g 21.0
560.7 -9 20 25.0
73.3 —8 23 47.8
03.3 -7 20 34.0
66.7 —06 28 50.0
73.3 -5 30 43.3
8o0.0 -4 30 56.7
83.3 -3 30 56.7
00.0 —2 30 40.0
93-3 —1 30 66.7
93-3 o 30 100.0
06.7 1 30 100.0
96.7 -+30 14 100.0
90.7
906.7
100.0
100.0
96.7
100.0
100.0
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TABLE 2

RELATIONSHIPS AMONG [XSCAPE AND
Avormance Ri:SPONSES

Relationship Mean gffn Range
Number of escapes before
first avoidance 4.3 4.0 1-8
Number of escapes before
second avoidance 6.5 6.0 2-14
Number of trials of train-
ing to and including the
last shock 12.4 12.0 0-2j%
Total number of shocks
received 7.8 7.0 4-13
Number of trials after first
avoidance up to and in-
cluding the last shock 6.8 6.5 o-1g9
Number of shocks received
after first avoidance re-
sponse 3.3 3.0 o-g9
Number of alternations of
escapes and avoidances
before meeting criterion
of acquisilion 5.5 5.0 I-13

the three types of baseline will serve as
orientation to the data. An examination
of Table 1 will reveal the general char-
acteristics ol the acquisition of avoidance
without regard to response latency.

The sequential patterns ol escape and
avoidance responses stand out more
clearly if we measure the central tenden-
cies for escapes and avoidances to occur
in certain sequential positions, regardless
of response latency characteristics. These
central tendencies are shown in Table 2.

If we take the median sequential rela-
tionship as representative of the “typi-
cal” animal in our experiment, we arrive
at the following sequential pattern: four
successive escapes (shocks) on the first
four trials of training; the first avoidance
response on T'rial §; two escape and four
avoidance responses
Trials 6 through w11, with two alterna-
tions of escapes and avoidance within
this sequence; the last shock appears on
Trial 12, [lollowed by 1009, avoid-
ance responses. This sequence pattern
makes no refcrence to magnitudes of re-
sponse latency within the two classes of
response.

distributed over .

4. Admount of Shock Received

Since the amount ol shock received by
a given animal (in seconds of shock)
varied [rom animal to animal, depending
upon many factors, it seems important
to assess its relevance to the behavioral
aspects of individual animals. The total
number ol seconds ol shock varied from
10.1 $eC. to 454.9 sec., with a mean ol
99.5 sec. and a median of 56.8 sec. The
first quartile of this distribution was 24.0
sec., and the third quartile was 146.3
sec. That the total seconds of shock re-
ceived were related to sequential aspects
of the course of acquisition is suggested
by the fact that the total seconds ol shock
werce negatively correlated with the num-
ber of alternations of escapes and avoid-
ances. The more shock an animal re-
ceives, the [less tendency there is for him
1o be sequentially erratic. The correla-
tions coeflicient (rho) is —0.44.

Most of the relationship between
amount of shock reccived and number
of alternations is due to shock received
on those irials preceding the first avoid-
ance response. The correlation ol seconds
of shock belore the first avoidance with
number of alternations is —o0.38. The
correlation between the number of shocks
before the first avoidance and number ol
alternations is —o.42. While these corre-
lations are low, they suggest that rela-
tively large amounts of shock before the
first avoidance lend lo decrease sequen-
tial variation during the trials following
the first avoidance. Other correlations
relating seconds of shock and nwmber ol
shocks before the first avoidance to other
aspects of acquisition were low, but they
were consistent with the implications of
the correlations cited above.

5. Behavioral Observations

In the protocols, we tried to record
the [ollowing kinds of observations: (a)
gross skeletal movements and vocaliza-
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tion; (b) position within the apparatus
at selected points in time; (c) signs ol
autonomic reactions, such as: salivation,
delecation, urination, shivering, panting,
pupillary changes, and respiratory ratc;
(d) anticipatory reactions, such as posi-
tion shiflts directly following presentation
ol the CS, and autonomic signs, vocali-
zation, and skeletal movements directly
following the CS. Clearly, such observa-
tions give us little information about the
cvents taking place in the nervous system
or details about the animal’s motivational
state. However, it is possible that such
observations may be related to the oc-
currence or nonoccurrence of avoidance
responses. In the present study, we arc
especially interested in the possible rela-
tionship between these behavioral ob-
servations and the occurrence ol the first
avoidance response and the last shock
response.

The animals’ responses to the nuncon-
ditioned stimulus (subtetanizing shock)
were quite uniform. (A description of
these responses was given in the introduc-
tion.) However, it was still possible for
the experimenters to rank the animals in
order of intensity of reaction to the
shock. This ranking procedure was car-
ried out in an arbitrary fashion by assign-

TABLE 3

CLASSIFICATION OF IXMOTIONAL SYMPTOMS AND
WEIGHTS UsED IN COMPUTING THE
EMorioNar INDEX

Weight

‘motional Behavior

Urination
Defecation, breaking wind
Salivation, drooling

Yelping, shricking

Attacking apparatus, clawing at it
Shivering, shaking, trembling
Pupillary dilatation

Whining

Posturing

Restlessness, agitation

Barking

Panting

Scrambling on grid bars

HoH o= H D RNWGW NN W
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ing weights to the occurrence ol specific
emotional signs. The signs which were
recorded in the protocols, and the weights
which were assigned to each, are listed
in T'able §. Using this scale, an emotion-
ality scorc could be computed lor each
dog, and this score could be then cor-
related with other observations
measures derived from the data.

The results of the analysis of emotional
reactions were highly instructive. The
mean trial on which the first anticipatory
emotional signs occurred was 3.0, It will
be remembered that the (rial on which
the first avoidance response occurred, as
listed in Table 2, was 5.5 (a mcan value
ol 4.5 shock trials before the occurrence
of the lirst avoidance response). "FThus,
on the average, the dogs tended to ex-
hibit some type of overt emotional re-
action to the CS on a trial approximately
two trials belore the trial on which the
{irst instrumental avoidance responsc to
the CS occurred. 1t should be emphasized
that the analysis showed that the antici-
patory emotional signs were predomi-
nantly skeletal rather than visceral in
nature: symptoms such as restlessness and
agitation, whining and barking, and, n
several dogs, shying away [rom the gate
and retreating to the rear of the com-
partment. There is great likelihood that
many anticipatory visceral reactions werc
unobservable without instrumentation.
Since the raising of the gate signalled the
oncoming shock, it is not surprising that
some animals retreated {rom it; in a few
cases, primitive “perceptual delense” was
observed when a dog would shy away
from the gate and hide his head in a
corner of the compartment so that the
visual stimuli from the open gate were
effectively shut out.

Anticipatory signs in the presence of
the CS tended to be more obvious in the
fast learners who received relatively few
shocks. The correlation coefficient for the

and
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relationship between the number of
shocks belore the first avoidance response
and the emotionality score was —o.39.
This might indicate that the more upset
a dog appears to be (in the judgment of
the experimenters) during the first few
trials of training, the quicker will the
first avoidance response appear. This
could be interpreted to mean that there
is a tendency for the more frightened
dogs to learn more quickly. However, the
correlation betwecen the emotionality
score and seconds of shock received be-
lore the first avoidance was only —o.16.
While the difference between the rho of
—o0.39 and —o0.16 was not significant, it
is possible that the frequency of shocks
is not the same as seconds of shock re-
ceived with regard to psychological sig-
nificance.

In general, analysis of the emotionality
scores both belore and after the dogs
reached the criterion for learning (ten
avoidance responses in 10 trials) reveals
that the dogs were more upset belore
the criterion was met than they were
afterward. But it should be emphasized
that several of the dogs remained in an
extremely agitated state alter they were
regularly avoiding the shock.

The protocols contained a brief de-
scription of the behavior of the animals
during the g-min. interval between trials.
There was a strong tendency for stereo-
typing to develop. For example, immedi-
ately after jumping a dog might position
himself in a specific part of the appa-
ratus, facing his body and head in a fixed
direction, and he might maintain this
position until the next presentation of
the CS. In opposite compartments of the
apparatus, such stereotyped behavior
would often be symmetrical or a mirror-
image. When such a degree of stereo-
typing was observed, it was usual to find
that many previously exhibited emo-
tional signs were no longer evident.

e

DIscUSSION

We believe that the data of this ex-
periment are most efficiently discussed
within the framework of a two-process
learning theory. The theoretical writings
of Skinner (15, 16), Schlosberg (13), and
Mowrer (8, g) are prominent in the de-
velopment of our own point of view.
We assume that in the establishment of
avoidance learning two processes are op-
erative: (a) the process of classical con-
ditioning governed by the principle of
stimulus contiguity, and (b) the process
of trial-and-error learning governed by
the S-R reinforcement principles.

The classical conditioning component is re-
sponsible for the appearance of emotional
responses elicited by the conditioned stimulus.
Some of the attributes of the original uncondi-
tioned responsc to the noxious stimulus come
under the control of the once-ncutral CS. The
animal then appears 10 be emotionally upset or
anxious, cxhibiting a wide waricty of rcactions
that include both skeletal and visceral compon-
ents. We do not follow Mowrer’s relegation of
autonomic rcactions to classical conditioning
and skcletal responses Lo trial-and-crror learning.
Rather, we adhere more closely to Schlosberg’s
conceptlion that diffuse condilioned emotional
responscs may develop under conditions of
stimulus contiguity. These classically conditioned
responses give rise to a stimulus pattern having
drive properties. It is this stimulus patlern 1o
which Mowrer (8) and Miller (6) rcfer in de-
scribing anxiety as an acquired drive,

The reinforcement of lcarned instrumental
avoidance responses comics about through drive
reduction. Early in the learning process when
the animal is cscaping from shock, the instru-
mental act removes the US, as well as the CS.
Drive reduction then consists of reduction in rhe
intensity of Dboth pain and emotional upscl.
Later, when the animal is avoiding the shock,
drive reduction consists of reducing the intensity
of the emotional upset by removing the CS.

Our formulation of a (wo-process theory en-
ables one to cxplain without [urther assump-
tions: (a) the development of conditional cmo-
tional responses during the course of avoidance
training, and (b) the maintenance of avoidance
responses once Lhey have occurred. lHowever, the
mechanism whercby the animal makes the transi-
tion from escape Lo avoidance behavior is usually
neglected in theorctical accounts ol avoidance
learning.

Wilh repetition of the CS-US sequence (during
the escape phase), the emotional reaction to the
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CS incrcases in amplitude or intensity. Thus,
the response pattern to the CS will gradually
approximate more closely the emotional response
to the US, and the response-produced drive
stimulus pattern which follows the CS will grad-
ually approximale more closcly the responsc-
produced drive stimulus pattern which follows
the US. During the cscape phase the instru-
mental act has consistently taken place in the
presence of a stimulus patlern composed of the
CS, US, and emotional upset. When the CS will
clicit the same sort of cmotional upsct, the
instrumental act will tend to take place cven
though the US has not occurred. Presumably
the stimulus genceralization principle wilt ac-
count for this phenomenon.

The animal which previously responded in-
strumentally to CS, US, and upset now responds
instrumentally to CS and upset. Thus a two-
process theory will explain the occurrence of a
transition from escape to avoidance responses.

ITowever, whether the transition will be abrupt
or gradual is not derivable from such a theory.
Nor, indced, are such predictions possible on the
basis of cognitive theory, S-R reinforcement
theory, or S-R contiguity theory. T'he degree of
abruptness of avoidance learning can be defined
in several ways, but all such definitions seem
to fall into two classes: («) those that characterize
the rate of change of lalency of the instrumental
responsces, and (D) those that characterize the rate
of change from 1009, cscape responses Lo 1009,
avoidance (sequential pattern).

[L is interesting that a Lwo-process theory al-
lows a prediction about the magnitude of latency
of the first avoidauce response while not making
a direct prediction about abrupiness of latency
change. Other theories do not scem to lend
themselves to making cven so limited a predic-
tion. 1f, as we argued above, the first avoidance
response appears as a reaction to the stimulus
pattern which accompanies the emotional upset,
then the latency of the instrumental response
will be the summation of two quantities. The
first quantity will be the time between the
presentation of the €S and the appcarance of
the conditioned emotional response. This latency
quantity will presumably be inversely correlated
with the level of intensity of the conditioned
cmotional response (1, 12, 20). With a [airly
high level of cmotional intensity we can reasor-
ably expect a latency ol about 1.5-2.5 scc. The
second latency quantity is the characteristic time
required for performing the instrumental act,
T'his can be estimated from the latency of escape
responscs. In our data the median latency for
the trial before the first avoidance was 12.6 sec.,
indicating that the instrumental response re-
quired 2.6 scc. following the onset of the shock.
Adding the two quantities together gives an ex-
pected range from 4.1 to 5. sce. for the total
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latency of the first avoidance response, ‘The ac-
tual median latency of the fivst avoidance re-
sponsc was 5.1 scc.

It is interesting Lo note that whether or not
this transition from the cscape latency to the
avoidance latency is judged to be abrupt de-
pends on the magnitude of the CS-US interval.
If the magnitude of the latency of the first
avoidance is predetermined by the two processes
described above, then with a long CS-US interval
the rate of change of latency will scem great
on the first avoidance trial. If, however, the CS-
US interval is relatively short (for example, if it
had been 5 sec. in our experiment), the transi-
tion from escape to avoidance will scemt to be
characterized by a small change in latency. These
thcoretical considerations point up the im-
portance of carrying out experiments systemalti-
cally varying the CS-US interval in avoidance
learning.

It is to be expected that fluctuations in the
physiological state of the aniinal will affect
the intensity of the conditioned emotional re-
sponse and stimulus pattern. Such changes in
intensity will be reflected in fluctnations in the
latency of the instrumental response. 'T'hen, too,
owing to changes in orientation of the animal
in the apparatus, the degree of cffective expo-
sure o the CS will vary somewhat from trial
to trial. The time mechanically necessary for the
animal (o get over the barrier will also vary
with orientation in the apparatus. These fluctu-
ations associated with orientation will be greater
in the carly stages of training before relatively
stercotyped behavior in the iuterval between
trials has developed.

If theve is fluctuation in latency, this may
produce reversals from avoidance to escape. Such
reversals will lead to additional reinforcement
of the instrumental act duc o reduction of
anxiety and pain. Therefore, when the next
avoidance response does occur, its latency should
be shorter than that of the first avoidance re-
sponse. Also, the animal may show a lowering
of latency associated with adjustments in orien-
tation in the appavatus and increased proficiency
in making the instrumental response. In our ex-
periment, the median latency for the second
avoidance trial was 4.1 secc., u {ull sccond shorter
than that for the first avoidance (rial,

With repeated reinforcement duce to anxiety
reduction on avoidance trials, we would expect
that the latency of the instrumental act should
decrease gradually cven after no more shocks
arc being administered. Our data on trials after
the last shock bear out this expectation. The me-
dian latency for the first five trials after the
Tast shock was 3.1 scc. The median latency for
“I'vials 26-g0 after the last shock was 2.1 sec.
It is interesting to note that on the first five
trials after the first avoidance response, the
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median lalency for escape responses, when they
did occur, was 12.1 scc. ‘Thus, the instrumental
response componenl, at a comparable level of
training, is exactly the same (2.1 sec.) no malter
whether the response is elicited by the CS or
by the US. When the instrumental response is
elicited at this time by the CS, it can no longer
be argued that a conditioned cmotional reaction
is operative in eliciting the instrumental re-
sponse, This can De deduced because the in-
strumental act occurs before, or simultaneously
with, any emotional reactions clicited by the
CS. When this occurs, it appears that the animal
is acling cognitively.

The reversals [rom avoidance to escape, or
from escape to avoidance appcar to be an all-or-
none phenomenon, as though the control of the
instrumental component were switching back
and forth {rom the CS to the US. The median
shift of latency from the last shock trial to the
first trial alter the last shock (lirst criterion
trial, 1) was 9.1 scc., and an all-or-none con-
ception would require this difference to be the
magnitude of the CS-US interval, or 10.0 scc.
The difterence hetween 10 sec. and g.1 scc. in
this case is, however, not statistically significant.
tHere again, Lhe carrying out of au experiment
which systematically varies the CS-US interval
from group to group appears to have strategic
importance. For example, using the experimental
procedures which produced our data, il the €S-
US interval were 2o sec. instead of 10 sec., then
the shift in latency from the last shiock trial
to the subsequent trial should be 2o sec. The
first avoidance trial should exhibit a latency of
about & sec., decreasing gradually o a latency of
about 2 scc. at go trials following the last shock
trial.,

The theoretical significance of the “switching
phenomenon” is hard to assess. Most cases ol
classical conditioning (see 1, 4, 5, 20) which scem
to fit a stimulus-substitution paradigm are char-
acterized by gradual growth in the magnitude
of the CR. If the switching phenomenon is a
special case of a stimulus substitution process,
then under what conditious doces it occur? Cog-
nitive theorists might interpret the switching
phenomenon as an example ol insight. But, then,
why do we sce reversion Lo escape reactions alter
the animal has demonstrated his capacity to
avoid the shock? An S-R reinforcemnent or $-R
contiguity interpretation might emphasize the
role of competing responses in accounting for the
data; such theories might argue that the experi-
mental situation, and cspecially the US, tends to
clicit responses which may be incompatible with
the instrumental avoidance response. Such an
interpretation would indeed account for plateaus
in the learning process, but would not lead
to a deduction of the switching phenomenon.
As a matter of fact, responsc incompatibility

might suggest the occurrence of a platecau at in-
Lermediate latencies in our experiment. Such was
not the case in our data. Tn short, we do not
fecl that a fully adequale theoretical explana-
tion of such findings is available ai present.

An examination of the sequential pattern of
cscape and avoidance responscs reveals that three
animals swiltched from 1009, escape responses
to 1009, avoidance responses without a reversal.
Scven animals had only one reversal and cight
animals had only two veversals, Sheflicld and
Temmer (14) have argued that random or
aperiodic reinforcement schedules are charac-
teristic of avoidance training. They have ex-
plained the relatively slow course of extinction
of avoidance responses in terms of the random
pattern. However, our data indicate that such
a pattern is not necessary in the normal course
of avoidance learning; and, indced, a fairly ex-
acL analysis of the actual scquential paticrns
is necessary in interpreting avoidance data. The
fact that some animals can learn to avoid with
the same schedule of reinforcement with the
US as that used in escape training needs to be
emphasized in thecories which try to account for
the diflference between escape and  avoidance
learning.

‘T'he descriptive pratocols produced some in-
tercsting relationships. Despite the incomplete-
ness of the emotionality data, certain strong
tendencics stood out, and they pose some spe-
cial problems for theories of avoidance learn-
ing. It will be remembered that, on the average,
the first overt emotional reaction to the CS oc-
curred approximately two trials before the ap-
pearance of the first avoidance response, Mow-
rer (8, 10) has rcported a similar finding, and
both his observations and ours are compatible
with a two-process theory. This relationship be-
tween the occurrence of conditioned emotional
responses and the appearance of instrumental
behavior is worthy of more study. While a two-
process theory accounts for the development of
classically conditioned cmotional responses, and
for the devclopment of instrumecntal acts re-
inforced by drive reduction, the interrelation-
ships between the two processes are not worked
out. Tt is perfectly conceivable that there is a
great deal of independence between the two
processes under sowne conditions. An animal
might become upsct at a signal which had
been associated with shock, but because the in-
strumental response which might eliminate the
signal may be low in the response hicrarchy, the
animal may shift [rom ritual act to ritnal act with-
out developing any strong instrumental behavior.
Furthermore, the response hierarchy can vary
with differing external environmental conditions
as well as diffeving internal cmotional or drive
conditions. Internal emotional conditions which
are not directly arousable by the CS itsell, hut
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which arc long-lasting and a function of the
Lotal situation, can determine the response hier-
archy so that the act which might climinate
the signal may have either a low or high
probability of being emitted. In avoidance con-
ditioning, we have argued, there is a close in-
Llerrclationship between the (wo processes, a re-
lationship mediated by the assumption that con-
ditioned cmotional reactions have drive proper-
ties. But the determinants of the extent of this
relationship have not been studied systemati-
cally. Our data reveal that the observer’s pre-
diction of the occurrence of the first avoidance
is aided by the data on anticipatory emotional
responscs recorded in the protocols. The observer
is also aided in his predictions by knowledge
about the instrumental response as measured by
the latency of escape; the shorter the escape
response latencics, the greater is the lkelihood
of a shift to avoidance.

Another indication that the occurrence of
cmotional rcactions is related to the learning
of avoidance is the relationship between the emo-
tionality scores and the scquential pattern. The
correlation of —o.39 between the emotionality
index and the number of shocks before the first
avoidance suggests that, other things being equal,
with preater cmolional upsct the animals make
the instrumental response of avoidance sooncr.
ITowever, there is no relationship (rho = ~—0.06)
between emotionality and the total number of
trials to mect the learning critevion of ten
successive avoidances. Explaining such a finding
is extremcly diflicult because scveral partial re-
lationships secem Lo be opcrating in opposite di-
rections, For example, while the most upsct
animals rcquire the fewest shocks before the
{irst avoidance, thosc animals receiving the few-
cst shocks in early trials tend to alternate be-
tween escape and avoidance. Thus, the most up-
set animals, receiving the least shock in early
trials, should alternate more alter the first avoid-
ance. That the trend is in this direction is in-
dicated by a rho of to.27 between the emo-
tionality index and the number of alternations
between escape and avoidance.

Although a nuwmber of very general theoretical
problems have been introduced to this discus-
sion, we wish to cmphasize that the particular
condilions under which our experiment was car-
ried out dictated, ol necessity, the direction that
the discussion took. It should be remembered
that our animals were exposed to the following
important conditions: () a highly traumatic
unconditioned stimulus, (b) a CS-US interval
of 10 scc., (¢) a rclatively diflicult instrumental
act in jumping over a high barricr, (d) a shuttle
sequence which required the animals to return
lo the same compartment on alternate trials, (¢)
a CS which remained present until the instru-
mental act took place, and (f) the subjects were
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mongrel dogs. The results were a [unction of
the cxperimental procedures, and the theory
which scemed to fit our results best may prove
to be inadequate under other conditions. Many
variations of the conditions above will be in-
volved in subscquent tests of the gencrality of
both our findings and the theory we used Lo
account for them. 'The procedures we did use
produced behavioral data which posed challeng-
ing problems for theorics of learning, and many
new cxperiments were suggested in the course
of considering these problems.

SUMMARY

An experiment in traumatic avoidance
learning is reported in which dogs were
trained to avoid a just-subtetanizing
shock by responding to a signal which
preceded the shock by a period of 10
seconds. A shuttle-box jumping response
was reinforced as the instrumental avoid-
ance reaction. The dogs received ten
trials per day with a g-min. interval be-
tween trials.

The results can be stated briefly: (1)
During the escape phase of learning,
when the animals were receiving shocks
because they were not “anticipating,” the
latency of the jumping response de-
creased rapidly and did not change sig-
nificantly after the third trial. (2) The
first avoidance response, a response to the
signal having a latency of less than 10
seconds, appeared (on the average) on the
filth trial; it was preceded at about the
third trial by the appearance ol condi-
tioned emotional reaction to the signal.
(3) The latency of the first avoidance
response represented an abrupt decreasc
from the escape reaction latencies pre-
ceding it. (1) Alter the first avoidance
trial the latency of avoidance responses
continued to decrease in an orderly man-
ner, while the latencies of the escape
reactions did not change. (5) The latency
ol avoidance reactions continucd to de-
crease after the trial on which the last
shock was received. (6) The diflerence in
latency between the last shock trial and
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the avoidance trial following it was g.1
seconds, approximately the magnitude of
the CS-US interval. (7) The sequential
patterns of escape and avoidance reac-
tions showed that some dogs make a
complete change from 100%, escapes Lo
1009, avoidances without reversal. (8)
Relatively large amounts of shock re-
ceived during the firse few trials tended
to decrease the number of reversals from
avoidance Lo escape on the trials follow-
ing the first avoidance response. (g)
Stereotyping ol behavior was noted in
conjunction with decrease in cmotional

reactions.

The data of this experiment were ana-
lyzed, with the aid of several new tech-
niques for representing the course of
change of latencies and the characteristic
sequential patterns of escape and avoid-
ance responses. These techniques helped
to some extent in presenting data on
abrupt changes in behavior.

The results were discussed within the
framework of a two-process theory of
learning. Sceveral inadequacies in current
tearning theories were revealed in trying
to explain our findings.

REFERENCES

ERMAN, M. K., Reep, P, & KRAUSKOPF,
J. The effect of the duration of the un-
conditioned stimulus upon conditioning
and extinction. Amer. J. Psychol,, 1932,
65, 250-202.

. Brogpen, W. J. Acquisition and extinction
of a conditioned avoidance response in
dogs. |. comp. physiol. Psychol., 1949, 42,
200-302.

3. Brocoun, W )., Lieaman, E. A, & Curnee, I,
The role of incentive in conditioning and
extinction. Amer, J. Psychol, 1988, 51
109-117.

. Hoveano, C. [ The generalization of condi-
tioned responses. 1V, The cffects of vary-
ing amounts of reinforcement upon the
degree of generalization of conditioned re-
sponscs. [, exp. Psychol., 1937, 21, 261-276.

5. Kenroce, W. N, Evidence for both stimulus-
substitution and original anticipatory re-
sponscs in the conditioning of dogs. J. exp.
Psychol., 1938, 22, 186-192.

6. Mirrr, N. E. Studies of fear as an acquir-
able drive: I Tear as motivation and fear-
reduction as vcinforcement in the learning
of new responses. J. evp. Psychol., 1948,

38, 8g-101.

=, M rrr, N. E. Learnable drives and rewards.
In §. S. Stevens (Ed.), Handbook of experi-

mental psychology. New York: Wiley, 1g51.
Pp. 485-472.

8. Mowrer, O. H. On the dual nature of learn-
ing—a reinterprctation of “conditioning”
and  “problem-solving.” Harvard educ.
Rev., 1947, Spring, t02-148.

g. Mowrrg, O, H, Two-factor tearning theory:
summary and comment. Psychol. Rev.,

1951, 58, 350-354.

10. Mowrrr, O, H,, & LaMmoreaux, R. R, Fear as

18

an intervening variable in avoidance con-
ditioning. [. comp. Psychol., 1940, 39, 29-50.

11. Mowrer, O. H., & Mrier, N. F. A multi-
purpose learning-demonstration apparatus.
I. exp. Psychol., 1942, 31, 168-170.

1. Paviov, 1. P, Conditioned veflexes: an inves-
tigation of the physiological activity of the
cerebral cortex. (Trans. by G. V. Anrep.)
London: Oxford Univer. Press, 1928,

1. Scuvosprrg, I1. ‘The relationship between
success aud the laws of conditioning.
Psychol. Rev., 1937, 44, 379-394-

1{. Snereiern, F.o D, & Trmamer, H. W. Relative
resistance to extinction of cscape training
and avoidance training. J. exp. Psychol,
1950, 40, 287-208.

13. SKInNeR, B, F. T'wo types of conditioned re-
flex and a pseudo-type. J. gen. Psychol,
1985, 12, 66-77.

16. SKINNER, B. F. The bhehavior of organisms.
New York: Appleton-Century, 1938.

17. SkinNer, B, F,, & Camesent, S. L. An aulo-
matic shocking-grid apparatus for con-
tinwous use. J. comp. physiol. Psychol.,
1947, 40, 305.

18, SoLomoN, R, L., Kamx, L. J.,, & WYNNE,
L. C. Traumatic avoidance learning: the
outcomes of several extinction procedures
with dogs. J. abnorm, soc. Psychol., 1953,
48, 201-302.

19. Soronon, R. 1., & Wynne, L. C. Avoidance
conditioning in normal dogs and in dogs
deprived ol normal automatic functioning.
Amer. Psychologist, 1950, §, 264. (Abstract)

20. Wurre, C. T., & ScurostrrG, H. Degree of
conditioning of the GSR as a function
of the period of delay. J. exp. Psychol,

1952, 43, 3h7-30¢2.

(decepred for publication November 28, 1952.)





