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ABSTRACT

. . p
This thesis surveys the avoidance conditioning literature
of the past 30 years and discusses various theories of avoidance

learning. The theory that has dominated the field has been the .

"two-factor avoidance theory". Two-factor theory proposes that
|
. avoidance learning is based on the interaction of Pavloxiigfand

instrumental conditioning processes, It is shown how two-factor
theory has evolved such that-it can adequately handle a majority of

experimental findings related to avaidance phenomena. An
JAN

examination is then made of the role of Pavlovian conditioned

inhibition in. aveoidance conditioning. Recent versions of two-
factor theory do not adequately account for inhibitory processes

.

in avoidance 1egrning. It is hypothesized that avoidance response-
contingent feedback stimuli (FSs) bgcomé“Pavlovian conditioned in-
hibitors over the courseof avoidance training and that this in- -
hibitory property provi&e the FS with the capacity to reiﬁfbrce
avoidance behavior. If the 'inhibitory property accruing to the FS
‘is'?esponsible for its reinforcing capabilitiés then two converging
findings are expected. First, the inhibitory and reinforcing -
strengths of a FS should covary in a positive manner. A more;

effective (reinforcing) FS should show greater inhibitory strength

at the end of |avoidance training than a less effective FS. The
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results of Experiments 1 and 2 of this thesis confirm this prediction. *
Second, a'pretrainedhpavlovian conditioned inhibitor should

-

function as a more powerful reinforcer of avoidance behavior than
non-inhibitory stimuli. Experiﬁbét;bé‘gnd 4 p;ovide evidence
supporting this prediction. The res&lfé of Experiment 1-4 taken
together support the hypothesis that the conditioned inhibitory
properties accruing to a FS are of_funcfional'significance for
avoidance learning. On the basis of these findings, two-factor
theory is revised so that it can account for inhibitory processes.
This is done by incorporatiﬁg Rescorla's contingency model 6f
Pavlovian conditioning into Anger's recent yersiop of two-factor
avoidance theory. It is then shown how this revised vefsidn of

two-factor theory offers a more.vjable account of avoidance learning

than other current theories (e.g., pbsitive reinforcement views,
expectancy theories, etc.). It is\also shown How revi;eg two- P
factor theory can handle extinction phenomena once thought o be
anomaloﬁs to a two-factor approach. Finally, Experiment 5 is

designed to test a prediction derived from an extension of the
"learned-safety' formulation: that repeatéd nonreinforced exposure

of a FS prior to avoidance training endows the FS with'p;ue in-

hibitory or safety signal properties thus making it an efféctive
reinﬂorcer of avoidance behavior. It is found, contrary to.the
learned-safety hypothesis, that preexposing the FS retards sub-

sequent avoxdance cond1t1on1ng. Th1s result suggests that simple

preexposure in the total absence of aversive events is not a

sufficient condition for establishing a safety signal.

A ' .. , . iv ' .
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CHAPTER 1
, INTRODUCTION

This thesis is an investigation of the nature of avoidance
leafning. ‘The empirical'validity of various theories of avoidance
learning will be examined. Findings fra periments reported in
this thesis and elsewhere will provide t:;iZmpetus to reshape and
revitalize a once-popular theory that has lately been discredited.
In general, this thesis will attempt to specify the kinds of

environmental events that are necessary and sufficient for the

learning of avoidance responses,

1.1 Two Types of Learning

Historically, experimental investigations of animal
learning phenomena have focused on two basic learning paradigms.
One paradigm, called Pavlovian (also classigal) conditioning, looké
at a behavior change to an environmental event or stimulus which ~L
sigpals the occurrence of a biologically sigﬁificant event. The
second kind of learning situafion, referred to as Thorndikian
(also instrumental or operant) conditioning, examines the
probability of making a response again as a function of the

immediate environmental consequences of that response.
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1.1.1 Pavlovian Conditioning

[t was while invastigating the physiology of the digestive
system of the dog that I.P, Pavlov made the now famous observation
that his dogs hould often begin salivating when the experimenter
entered the room just before food was actually placed in the
animﬁls' mouths. Paﬁlov (1927) reasoned that the éxperimenter by
reliably preceding the presentation of food had in -fact become
a signal for]food. It seemed that the dog anticipated the
imminent arrival of food and salivated to 2 signal for food as if
it was the food itself. Pavlov called this reflexive-like
salivatory response to 3 signal for food "psychlc secretions"
pavlov and other researchers found the 1mportant operation needed
to produce or elicit psychic secrgt%on;, or (as he also called
them) c;nditioned responses, is to'ﬁréilnt a neptral stimulus such
as a bell, tone, light, experimenter, etc.'- which does not.
initially'élicit salivation - a few seconds before or simultaneously
with the food. After a number of thesc temporai pairings or con-

tiguous presentations the once neutral stimulus now referred to.as

the conditioned stimulus (CS) will acquire the capacity to elicit the

cond1t1oned response (CR) of sallvat1on. This conditioned response

is usually similar (but not necessarlly 1dent1cal) to the un-

conditioned response (UR) of salivation reflexlvely elicited by the

unconditioned stimulus .(US). Thus the CR was thought by Pavlov

. K ' v




to.be produced by the contiguous pairing of two stimuli - the CS§
and the US.1

| Figure 1 shows the number of different ways a CS can be .
paired temporally with the US. gow A of the figure indicates an
example of '"simultaneous" conditioning. Under thig angement, the -
CS and the US start at the same time. Rows B and C illusgrate
"delayed" conditioning procedures in which the CS starts sometime
before the US and ends either with the onset of the US or the
termination of the US. A 'trace" conditioning procedure is
r;presented in row D of the figuré. In trace conditioning a short-
duration CS is ?resented and goes ;ff before the US appears. The
intérval between the offset of the CS and the onset of the US is

called the trace interval.

Recently, discussions of Pavlovian conditioning (particularly

by Rescorla, 1967, 1968b, 1969a,c} have de-emphasized the
importance of contiguity or simple temporal pairings. Instead;
the_ focus has -been on the contingency established betwéen the CS
and US. Contingency refers to the likelihood of the US occutring
given either the presence or the absence of the CS. Thus, unlike
the pairings notion which examines only what is paired with the CS,
the contingency view looks at both what is paired and what is not .
paired with the CS (Rescorla, 1967). A more detailed discussion
of the contingency view of Pavlovian conditioning is presented

on pages 88-89 of this thesis.
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Figure 1. Various temporal relationships between the

CS (conditioned stimulus) and US(unconditioned stimulus) in

Pavlovian conditioning.
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Pavlov L19’:) and others have shown that classical con-
]
d1t1on1ng can occur inav rlet) of autcnomlc and skelctal Tesponse

\_

systems. For etample, if Aan electrxc shock (US) is delivered to the
eyelidlof an animal, the animal will reflexively blink its eye (UR).
If a stimulus ﬁﬁ;t;\HDQiJ3;>brigfnallyelicit eyelid.closure reliably
precedes the shock the subject will learn to clbse its eye in the
prescnce of this stimulus before the shock actually occurs. This
conditioned eyel1d response has been: demonstrated in both rabbits
and humans (GoFmezano,JIQGG; Prokasy, 1965).
i Pavlovian conditi?ning is also thought to be responsible
for the conditioning of emotional reactions such as fear and
anxiety to environmental §timuli that do not pormglly elicit fear.
In a famous human example éf classically conditioned fear, Watson
and Rayner (1920) clanged a loud goné while an llamonth old boy,
Rlbert, was playing with a whlte rat. Watson and Rayner observed
that the whlte rat did not e11c1t any type of fear response, but
the loud gong immediately e11c1ted an 1ntense fear reactlon in
Albert-he started ;rfing, shivering, etc. After a number of palfings' '
of the white rat (the CS) and the loud gong (the US), Albert began
to fear the white rat as well and w;uld cry and try to crawl away
from it. Thus Albert had apparently learned a conditioned fear
response to the once nonfearful rat after it had been temporally
paired with a dlstresszng uncond1t1oned stlmulus.

| Further research by Pavlov and others into the nature of

classical conditioning has revealed a nunber of 1nterest1ng

y
=



phenomena. If the environment changes'such that the conditioned

stimulus is no lungér followed by the unconditioned stimulus, a

diminution or extinction of the Eonditioned.response will occur.
- . '

Furthermore, if a CR i; conditioned to one stimulus, other stimuli

that resemble the original CS will also acquire the capacity to

elicit a CR to varying degrees. This phenocmenon is called stimulus

gengralization. The amount of generalizationm increases as the
X

stimulus becomes more similar to the CS. Another important con-

ditioning phenomenon is referred to as stimulus discrimination.

Stimulus discrimination is said to occur when an animal responds
qxclusively to a CS that has been paired with a U5 and stops Te-
sponding to another stimulus that has not been paired with a Us. For ©
example, in the conditioned'salivat}on si;uation, a dog would receive
food following the presentation of ; tone (CS+), but would not
_receive food following the presentation of a bell (CS-). Imitially,
due to stimilus generalizatiom, the dog might make conditioned )
salivation resﬁonses to’%hé bell as well as to the tone since they'
resemble each other to some degree. As the dog receives more and
more trials, however, in which.the tone is always followed by food
but ‘the bell is never presented H{;h food, the dog should continue
to respond to the tone while its responses to the bgil should
decliné. At_fhis point the dogis said tﬁ.ﬁave learned to dis-

criminate between.the toﬂe CS+ and the bell CS-. Thus, the

L} = N

» |4 - 3 - 3 = * ' » -
phenomena of Pdvlovian conditioning, extinction, generalization,
. ‘ '

_aﬁd discrimination grgatiy enhance the capability and fiexibility




of the organisa's reflexive response systens.

1.1.2 Instrumental Conditioning

The development of the conditioned response in Paviovian

conditioning results-from exposure to a stimulus-stimulus relation-
3
ship-- the presentation of the US is dependent on the occurrence
of the CS. These stimuli are presented independently of the
animal's behavior. Thus, the pfesentation of the food US or the
pairing of a CS with food does not depend on the dog salivating
or making aﬁy kind of response. Much learned behavior, however,
seems to be acquired and maintained because what the animal does”
has 1mportant effects on the animal's immediate environment. For

example, a hungry raccoon which finds a bountiful supply of food

in a garbage can is qglte likely to return to the‘garbage can again
in search of foéé. On the other hand, a child who PUt§~2i5 hand

on a hot stove and is;bufnt is less likely to pﬁt his héﬁds on

the stove again. This kind of learning 1is often referred to as in-
strumcntﬁl 6r operant conditioning. Instrumen;ali?nd operant
responses are called such because they .are “instrugental" in
leading to rewards (Hilgard § Marduis, 1540) or "operate' on the
enfironment to produceﬁheneficial outcomes or escape from dis-

tressing situations (Skinner, 1938).

E.L. Thorndike (1905) in his statement of the "Lg‘iof.

Effect" formally recognized the importance of immediatg consequences

of behavior in promoting learning. Thus he stated:



"Any act which in a given situation
produce§ satisfaction becomes associated
with that situation,.so that when the
situation recurs, the act is more likely .
thén ever before to Tecur alsol Con-

~

versely, any act which in a given situation
produces discomfort becomes disassociated
from the situation, so that when the situation

recurs, the act is less likely than before

to occur (1905, p.202)".

Basically, Thorndike was saying that any re5p6nse that is rewarded
will be strengthened and anf Tesponse that is punished willobe
weakened. | h

While Thorndike's Law of Effect has become the cornerstone
of instruﬁental conditioning, his use of unobservable mediating
constructs such as "satisfaction","discbmfort", etc. to describe
conditioniﬁg situations ﬁas been dropped in favor of more objective
directly observablg events and operations. What were satisfying
consequences to Thorndike are.now referred to as "reinforcers".

' " L

Discomforting events are now called "punishers”. Furthermore,
reinforcers and punishers are defined according to their observed
effects on behavior. Thus, an empirical definition of a reinforcer

is any stimulus whose presentation or removal immediately following

a response increases the probability of that response occurring
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dgain. Conversely, a punisher.is;hlso empirically defined as any
stimulus immediately foilowing the response that decreases fhc
probability of-that response oceﬁrring again. Thus, in one type of
operant coﬂditioning situ&tion a food-deprived rat is placed in a
enclosed chamber commonly called a '|Skinner box". The Skinner bgx
has a lever sticking out from one wall. If the rat presses the
iever a pellet of food will d;pp’éz;ﬁ into. the tray located under-
neath the lever. Food is not presented unless the rat presses the
_lever; If food is reinforcing to a food-dgprived_rat, the rate of
\lever-pressing should increase; this is in fact the typical finding.

When the presentation of a stimulus (e.g., food) is shown to increase

the probability of the response it follows as in the above example,

the stimulus is called a positive reinforcer. Often, however, the

removal of a stimulus will also result in an increase in the

immediately preceding behavior. For-example, a rat is placed in a
-

shuttlebox which consists of two identical compartments separated

by a barrier. A continuous painful electric shock from a shocking

-

device is delivered to the rat's feet via metal grid bars that make

. % .
up the floor of the shuttlebox. The rat can turn off the shock only
. 6,\.'
by jumping over the barrier into the adjacent compartment. This

conditioning situation_iﬁ called "escape learning” and rats quickly

learn to jump over the barrier as soon as the shock is turned on.

In this situation the shock would be considered a negative reinforcer

<

since its removal led to an”increase in the escape response, Finally,

.
o«
\
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/,/a stimulus which decreases the probability of the immediately
préceding response is called a punisher. Thus, if everytime the rat

pressed the lever in the Skinner box it received a shock and the

a - | -
rat's rate of lever-pressing decreased then the shock would be
A (déenSLdered to be a punisher. - -

eihay

Many of the same phenomena:that occur in the Pavlovien con-
ditioning situation (e.g., extinction, generalization, dise}iminafien)
'aleo paﬁpen in aﬂlaﬁalogeus manner in operant conditioning. Thus,
extinction, or a gradual reduction in the rate of reéponding often
results in operant conditioning when the reinforcer maintaining bhg -
response is removed. Stimulus general1zat10n and discrimination” lt.
also ocgur. If a response is only reinforced in the presence df-? //,A
particular stlmulus, then this response will tend to occur much moTe -
frequently when the st;mulus is present than when it is absent. At
this point the stimulus (referred to as the "discriminative stimulus"
or "SDGJ is said to "contfol" the response. Stimulus generalizatioe ' j,
occurs ehen other stimuli that resemble'the SD also gain some control
over responding although these other stimuli have never ﬁeeh _'..f-
presented With, re1nforcement. . The probebility of the response
M e .
N belng e;:ﬂted to an untra:ned stimulus is greater the closer the
| resemblance between the untrained stimulus and the original sP. . .
Thus, if a pigeon is trained ‘to peck at a red light (SD) for food

-reinforcement, it may also peck, with gradually. reducing rates of

_responding, at an orange, yellow, and green light. In this

- -2

‘example the pigeon's pecking response to the red light ha . .

-
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that has been used most

-generalized to éhe other‘colgred lights. -Stimulus discriﬁinafién
can occur in the instrumentﬁl condit;oning paradigm when a response
is reinforced iﬁ the bfésenéc of one stimulus and is never reinforced
in the presence.of another stimulus. %he probability of responfifg |
increases to the fo;mér stimulu% and decreases to tﬁé latter
stimulhs.“Tﬁus, if a p;gebn is reinforced for_peckiﬁg when a red
light_is_on, but is never reinforced when 4 green light is on, then
the bigeon will usually peck at a high rate tbmthe_red light and

peck at a much lower Tate or stopxgltogether when the green light is

presented.

. . . LIS

1.2 Avoidance Conditioning o i

- r

2

Avoidance coqd';idﬁing is generally defined .as the

acquisition of a resppnse which prevents o

of an aversivé.or pun shing sti ‘_ s. The expérimehtal opefation
h to study avoidance learning-in

animals is called the discrete-trial signalled avoidance learning

* i

paradigm. Figure 2 presents a schematic representation of this

“".':/, .
paradigm., As can be seen on the left side of the figure, each

’,

“trial begins when a warning stimulus (e.gd a tone, buzzer, light,

~etc.) is presented to the animal for a period of time (e.g., 5, 10

séc.) prior to the onset of shock. If 'the animal makes the
designated avoidance response (hurdle-jump iff a shuttlebox, lever- -

press in a Skinner box, etc.),the warning stimulus immediately

terminates and the shock is omitted on that trial. Borrowing the

e -
”»
R

. -
]

Gstpopes the occurrence

o
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terminology from classical conditioning,the first stimulus signalling ~
the upcoming shock is referred to as the'CS, tﬁe shock is called
the US, the time between the onset of the CS and the onset of the
US-is called the CS-ﬁS interval, and the avoidan;; responsé o
occurring during‘the CS before the US is;presented is sometimes *
ca;led the CR. Oftentimes, a‘discrefe-triai signalled av?id;gcg
péradigm will inébfporate escape éraininé on those triafsriﬁ which
the subject fails to respond during the CS-US interval. On such
occasion;, as can be seen on the right side of Figure 2, the shock
comes on at the end of the CS-US interval and remains on until the
aniégl makes the desigﬁatﬁd escape response }hich is usually but
not always the same as the avoidance response. On escape trials .

* - ’
the CS typically remains on during the US and terminates with it.

1.2.1 1Is Avoidance Learning an Example of Pavlovian or

Instrumental Conditioning-- Or Both?

Avoidénce learning has been well-documbnted and extensively
fesearched. Factors which affect avoidance learning such as gpecies,
strains within speé!ks, type of CS, US intensity, type ofAfEsponse‘
required,_prio¥ escape tfﬁihing, etc. have been thoroughl; in-
vestigated (see reviews 5y Fantino, 1974; Hackintosh,.1974;

Olton, 1972; Solomon & Brush, 1956; Tarpy; 1975). Despite the
abundance of empirical demonstrations, a controversy still

surrounds the true nature of avoidance learning. Some investigators.

(e.g., Huli, 19;9) have ﬁrgEii\that it is an examplé of Pavlovian

T B
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Figure 2. A schematic representation of a typical
discrete-trial signalled avoidance learning paradigm (CS = con-

ditioned stimulus; US = unconditioned stimulus;CR = response).
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conditioning. Other researchers (e.g., Herrnstein,‘1969) hqve
malntalncd that aVO}dance learning can be considered most
51mply as an instance of instrumental condltlonlng Still other
authors (e.g., Bolles, 1971) have stated that the avoidancé
response is innate and thus no actual learning may be involved.
The one theory, however, which has dominated the area of avoidance
learning i5 the "two-pro;ess" or- "two-factor" theory. Two-factor
theory of avoidancek (Anger, 1963, in press; Dins , 1954;
Mowrer, 194§i Schoenfeld, 1950) proposes that appeals to either-
Pavliovian or instrumental conditioning alone will not provide an
adquaté account of avoidance learning. Rather, according to
two-factor theory, an attempt must be made to examine the intéraction‘
between Pavlovian and instrumental processes. Only by doing this
does a clear picturé of the nature of avoidance learning emerge.

In the next chapter of this thesis, the developmept.of two-
factor avoidance theory is traced. Findings from studies of avoid-
ance’cdnditioning and related areas will be presented to illustrate
both the st}éngths and past and present weaknesses, of two-faétor and
alternative theories of avoidance learning. It-will be shown hog'
two-factor theory has qhanged over the years so that it, and it
alorie, can continue to handle the majo;ity of empirical findings from
avoidance studies. Then experimeﬂtal‘dafa will be aescribed in
é;bsequent chapters of -the thesis and these results will be employed
to further 1ncrea§e.the predzct1ve aag explanatory strengths of
two- factor theory so that it remains the most complete theoretical

account of avoidance learning available.



CHAPTER II '

THE EVOLUTION OF TWO-FACTOR AVOIDANCE THEORY

2,1 Early Avoidance Conditioning Studies

. - In the classical or Pavlovian conditioning situation a

temporal relationship is established between two stimulij~the
CS and the US. The usually initially neutral CS is followed
closely in time by the biologically significant appetitive or
aversive US. In signalled avoidance conditioning paradigms the
conditioned stimulus is also temporally paired with an aversive

_unconditioned stimulus, usually electric shock. Unlike the
classicalzqonditioning procedure -in which USs are presented
whether the subject responds or not,/;he avoidance proceduré aiso

| includes am\;:strumental contingency. Responses made during the

-\Qwaill terminate the US (escape) while responses made during the CS

‘;;11 prevent the occurrence of the US on that triai (avoidance).
While the introduction of a respoﬁse-shock relationship seem to be€
a signifi;ant departure from the typical Pavlovian conditioning
‘paradigm, early investigators of avoidance cqnditioning (e.g.,
Bekhterev, 1913; Hamei, 1919; Warner, 1932) failed to recognize the

important distinction between avoidance conditioning andvclassical
A

conditioning. These researchers thought that their paradigms were

-17-
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still basically Pavlovian even thougﬁ their subjects could avojid
the aversive US.

‘ -Schlosberg (1934) was one of the first experimenters to
appreciate the potential difference between an avoidance response
and a purely classical conditioned response. For a reason he does
not make clear, Schlosberg implied that avoidance learning should
proceed faster than simple classical conditioning. Measuring
tail-withdrawal in the white rat as the conditioned re;pphse,
Schlosberg did not find any differences in response acquisition
rates between a élassically conditioned grsup and an avoidance
-group. Subséquently, however, both Hunter (1935) using rats in
a circular runway, ;nd'Brogden, Lipman, and Culler (1938) using
guihéa ﬁigs in a wheel-turn apparatus, found superior acquisition
of a running reséonse made during the CS in avoidance groups as
compared to classically conditioned groups. The findings of
these two studies weré’ important because they provided data which

" proved to be'difficult to interpret solely within the Hullian.
classical conditioning model which was popular at that time.
Hull (1929) had attempted to show how Fhe avoidance response could
be thought of as an example of a classically c9nditioﬁed response.
‘According toc Hull, avoiaance responses were nothing more th;n the
conditioﬁgd replicas of the unconditioned escaﬁé responses to the
shock US that moved forward in time to be elicited by the CS that

has been paired with shock. The transition from unconditioned

escape responses to conditioned avoidance responses was thought to



-
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occur in much the same manner as a conditioned response resembling
the unconditioned salivation response to food comes to be elicited
By a CS that signals food. It should be remembered, however, that
in the avoidance paradigm, if the CR occurs the US is omitted. This
is equivalent to the extinction operation in classical conditioning.

Under these circumstances the CR should decrease in magnitude
’

- until a CR would not occur during the CS. At this time the US would

again be paired with the CS. This pairing should function to re-

-strengthen the response. Thus, a predictién based on Hull's

simple contiguity mog 1 would be that an avoidance contingency

with its inherent extinction operation should result in slower

conditioning than a pure classical conditioning group which always

has the CS paired whth the US. The opposite results, however, were
found in the Hunter (1935) and Brogden et al, (1938) studies. Their
Tesults, then, raised a serious dilemma because they seemed to

indicate that the absence or nonoccurrence of the us gould also

L.
serve as the US. It became apparent that an explanation based
i
solely on classical conditioning was not sufficient. Any analysis

.pf avoidance learning would have to consider the role played by the

consequences of the subject's response (i.e., Thorndike's 1905,

#aw of Effect).

’

2.2 Mowrer's Twg-Factor Theory of Avpidance

In his 1947 paﬁér, Mowrer attempted to provide a complete

explanation of avoidance behavior. He postulated a theory of



learning based on the interplay of 'two basic learning processes':
Paviovian or classical conditioning of 'emotional" responses and
Thorndikian or instrumental "problem-solving" (p.14). Mowrer

argued that fear could be fhought of as a response. If a neutral
stimulus is paired with ‘'shock the unconditioned fear response to the
shock moves forward in time and becomes a conditioned fear re- “)
sponse elicited by the CS. Such Elassical fear conditioning had '
already been demonstrated 4n a human infant (Watson § Rayner, 1920).
This conditioned fear aroused by the CS motivates or encrgizes the
animal to make responses in an attempé'to'éscape from the fear-
arousing situation. That résponse which is supcessfui in terﬁinafing
* the feared CS is-immediatelﬁ reinforced by the consequentiaf Te-
duction in fear broughg';hput by the removal of the CS. Thu;,
the‘two “factors" or "learning processes” in Mowrer's two-factor

A
avoidance theory as stated in 1947 are:

. 1) classical conditioning of fear to an originally
neutral stimulus which has been paired wifQ.Shock
2) instrumental learning of a response which removes
< the subject from the fear-eliciting CS with con-

- - 3 - * L]
sequential fear reduction serving as the reinforcing

event.




‘ qufer maintained that these two basic learning procesécsf
represent the dichotomy that exists in thc.mammafian physiolegical
and neurological §y§tem$. That is, the two nérvous systems - .
céntral and autonomic - nnd_éﬁe twd® general response systems -
voluntary actions of the skeletal muscles and involuntary actions of
the smooth muscle and glands (visceral-vascular responses) - werc
thought - to serve as a basis for a division between classical con-
ditioﬂed responses and instrumental responses. Thus, according to
Mowrer, the CS acquires fear-provoking prbperties as a result of the
classical conditioning of visceral-vascular fesponses._ Their con-
committant emotions mediate the learning of a skeletal response ‘
that legds to drive (fear} reduction. Mowrer believed, as did

some of his contemporaries (Miller, 1948, Miller § Dollard, 1941),
that ‘drive reduction serves as the mechanism of reinforcement for
instrumenta} learning. According to this view, the avoidance
response is Wt reinforced by the omission of shock per se, but
rather by the'turning off of the feared CS which produces immediat?'
fear reduction. - Thus, extrQ;:;ating to a more natural setting

than the one‘provided in the shuttlebox, this view maintains that

a r#f would be reinforced for running away from a cat not because
this prevents the cat from.biting the rat but rather because xhe1~'
cat is no longer in view,

- R 8 .
2.2.1 Early Evidence in Support of Two-Factor Theory

Evidence began to accumuléfe which appeared to provide

strong support for Mowrer's propositions that reduction in fear
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via CS ternination and not the avoidance of shock per se reinforced |
avoidﬁnce behavior and that fear classically conditioned to a
stimulus paired with shock could motivate responding to cscape
from the CS. Mp;rer and Lamoreaux (1942) and Kamin (1957 b,c}
demonstrated quite clearly that keeping the CS tufped on for an
additional 2.5, 5, or 10 sec. following avoidance responses
rather than termiﬁating the CS immediately, seriously disrupted
. \

avoidance condition}ﬁg. This result obtained even though avoidance
responses were still effective in preventiné the shock. Moreover,
the effect could be demonstrated -after one trial (Kamin, 1957c,
" Expt. 2), attesting to the sfrong reinforcing power of immediate
CS termination. -

The so-called "acquired drive" studies (Brown & Jacobs,
1949; May, 1948; Miller, 1948) alsq'provided support for Mowrer's
two-factor theory. These studies showed that the learning of a
rgsponse to escape from a stimulus is due to the pairing of that
stimulus with shock. The acéuired-driue paradigm procedurely
seﬁarates the initial classical conditioning of fearnto a CS paired
with shock aﬁd the subsequent instrumqntal'condttioning of a
response which terminates the CS. Basically, in the first stage
of an acquired drive experiment a CS is paired ; number of times with
an inescapable shock US. Sgpposedly; during this phase, fear.ié
being conditioned to the CS. In the second stage of the experiment
the CS is turned on and the animal is alléwed to make a response -
which turns off the now feared CS. Shock is never again presented

)

(
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: '
to the animal in the second phase. In the Brown and Jacobs

(1949, Expt. 1) eéberiment, for example, one group of rats was
given 40 pairings of a buzzer and an inesbnpable and unavoidable
shock in a shuttlebox. During this phase fear was supposedly
being classically conditioned to the buzzer. In the next phase the
buzzer was present a}one, and the rats were given the opportunity
to turn off the buzzer by jumping a hurdle separating the two’
~identical compartments of the shuttlebox. Shock was never presented
in this ﬁhase of the experiment. Compared to a group of rats which
simply received the buzzer alone during the first pﬁase of the -
experiment but identicalitreatment during phase 2, the.group that

. had received CS-US pairings quﬁ;kly learned to jump the hurdle to
terminate the buzzer CS (as measufed by-a significant decrease in
latency). Similarly, Miller (1948) had found that if a response
(turning a whee{) which had allowed the rat to escap? from the
feared CS was made ineffective, the wheel-turn response wquld soon
extinguish ahd a new response (e.g., pressing a lever) which
terminated the CS.could be learned'insiead. As in the Broyn'and
Jacobs (1949) experiment, no shocks were scheduled in this phase.
This result clearly demonstrated the reinforcing power of CS
termination since a response which no longer prodgced this con-
séqucnce dropped out and was replace? by a response which did
tcrmipate the CS: This phenomenon ig particularly impressive con-

sidering the fact that both responses wbre/’iPally effective in
, — ‘
. <
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"breﬁenting" shock. The findings of the acquired drive studies
led Miller (1948) to conclude, much in agreement witﬁ Mowrer's
two- factor approach that fear is an acquired drive which can
motlvate or -energize Tesponding; responses which agg effective in

reducing fear by terminating the CS will be reinforced via the

mechanism of drive reduction.

e

-

The delayed CS termination studies (Kamin, 1957 b,c; /
Mowrer § Lamoreaux, 1942) demonstrated the reinforcing power of
CS termination for avoidance responses. The acquired drive studies
also showed that CS termination is a reinforcer. Furthermore, the Az
acquired drive experimentﬁ.proviped evidence pointing to the
important role played by prior classical conditioning of fear
which endows a CS paired with shock with motivating pro ies. It
appeared, therefore that the two basic premises of twop:::zg&
theory - classical cond1t10n1ng of fear and the instrumental
learning of a response ‘which turns off the feared CS thereby re-

ducing fear - provided a valid explanation of avoidance learning.

2.2.2 The Nature of Fear in Mowrer's Two-Factor Theory

Mowrer, in hie 1947 formulation of two-factor evoidance
tﬁeory, made certain committments to the role of physiological and
mentalistic phenomena. That is, he argued that an emotional .
~ state called "fear" or "enxiety" mediates avoidance learning and

that this emotional state results from the .conditioning of

)



visceral and vascular responscs controlled by the.autonomic nérvous
system (ANS).2 Wynne and Solomon (1955) tested MOQ;cr's assumption
that emotional conditioning ;Ediqtés avoidance learning. They
reasoned thaf if emotional conditioning was necessary for avoidance
lé;rning and if emotions are prodpced by the workings of, the ﬁNS
then a procedure which blocks ANS activity should seriously disrupt
avoidance acquisition and maintenance. Using various surgical ;nd
chemical techniques, Wynne and Solomon were able to minimize ANS .
activity in dogs. Certain dogs whith had never had avoidaﬁce

training before the assault on their ANS showed retardation of

acquisition of the avoidance response but all eventually managed to

meet a strict response criteri avoidance responses'of
other dogs which had reteiVed\p:ior avpidance training were not
affected by ANS blockage. These results led Solomon and Brush (1956}

to conclude that while emotional reactiohs may be important (but not

completely necessary) for the acquisition of avoidance responses,

b

Mowrer's view of emotion was similar to an earlier position
elucidated by James (1884). According to James our feelings

and emotional reactions are the product of underlying physiological
responses to certain stimuli, rather than the other way around.

To use his example, we don't first feel fear perceiving a bear and
then have a heightened physiological reaction; instead our body's
physiological system is first triggered by the sight of the bear

and this arousal produces a conscious state called fear, This
theory of emotion is nqg\of;pn referred to as the James-Lange theory.

]

N
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they are probably not necessary for the maintenance of a well-learned

response, Further support for this view came from observat1ons

9

made by Solomon and Wynne (1954) They repg:}ed that dogs Wthh

1S

had beconme successful av01ders appeared to show no obV1ous fear
reactions such as shivering, defecating, whining, etc., to the CS.
' In fact these an1mals avoided so qu1ck1y when the CS came on that ~
the CS terminated before the ANS responses could be fully 1n1tlated.
Yet the dogs cont1nued to successfully av01d shock for hundreds
and hundreds of trials. The problem these findings created for
Mowrer's theory is obvious? -if fear of the CS motivates dvoidance
respondlng, why do these animals continue to respond when they no
longer appear fearful of the CS? Thus, the findings from Solomon's
lab in the 1950's strongly questioned Mowrer's assumptions that
fear tesults from the coqditioning of ANS activit} and that the
concommittant emotional reactions serve to motivate avoidanée

responding. - ' ' -

2.3 Schoenfeld's Version:of Two-Factor Theory
. e
Mowrer's reliance on the use of such mentalistic terms

as "'fear", "anxiety", and "fear-reduction', was soon challenged
by Schoenfeld (1950). He presented cogent arguments why those

} :
- terms should be dropped from a scientific analysis of av01dance

behaV1of. ‘Schoenfeld argued that these terms,were 50 widely used

in a variety of situations that théy had become vague and poorly

-
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defined;y thus making them of no use in scientific analysis. Rather
than try to specify an exact operational definition of anxiety or
-

fear, Schoenfeld decidedrthat sincq%these ;erms had takcn on so
many different ‘connotations ;t was Uué& to replace them with a new
term - "aversion" - which he bel;eyed-gould eliminate‘probléms of
misinterpretation generated by the termﬁiﬁﬂxiety and feu}. What

1s important .in avoidance learning, Schoenfeld (1950) argued, are the

operations of CS-US pairings and CS termination following the

.appropr;;;;F¥§sponse. An investigation of avoidance behavior should

[}

not be concerned with 'verbal constructs" (anxiety, anxiety-reductiwm)

\ »
whose ''purely nominal status’ puts the matter beyond proof or dis-

proof (Schoenfeld, 1950, p.87)". Schoenfeld'preferred to call a

stimulus that had been paired with shock a "conditioned aversive

stimulus".
¢

Schoenfeld alsc contended that certain stimuli, not

'necessarily programmed by the expeiiﬁénter, become conditioned

. .o

aversive stimuli and play a role in avoidance learning. . The

-source of these stimuli, Schoenféld argued, are the sub}ects' re-

. © v
sponses themselves. That is, since a variety of responses other

than the avoidance response will eventually be paired with shbck;

the propéioceptive and tactile stimuli associated with non- ‘
avdidance Tesponses wifl also develpp conditioned avergive ﬁrdperties.
These stimuli form a compound with the experimenter-programmed

exteroceptive CS and it is this compound stimulus which is then

followed by shock. The ayoidance response, however; terminates -
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these avcrs%re stimuli and is thereby reinforced. Moreover, since
the propricceptive and tactile feédback associated with the avoidance
résponse is consistently paired with the termination of aversive
étimulation, these avoidance response-&épendent stimuli "become
secondary positive reinforcer;-and hence strengthen the tendency

to make the response which generate them (p. 88)". Thus, according
to Schoenf%id, avoidance responses are not only reié}orced by the
removal of conditioned aversive stimuli but also by the ﬁre-
sentation of.Eonditioned positive reinforcers. Schoenfeld reiterated
Mowrer's contention that the omission of shock itself is not the
actual reinforcer of the avoidance response but is simply a by-product
of makiﬂ; a response which allows the subject to.escape-from con-
ditioned aversive stimulation.3

2.3.1 Experimental Tests of Schoenfeld's Two-Factor Formulation

-

Schoenfeld's two-factor formulation had an advantaé%

over Mowrer's theory in that vague terms such as fear and anxiety

. ) S

In effect, then, Mowrer's two-factor avoidance theory and Schoenfeld's
refinement of it, as some authors (e.g., Bolles, 1972a;Herrnstéin,
1969) point out, rejects the existence of true avoidance learning
per se. Rather two-factor theory describes avoidance learning as a
double-escape sitvation in whigh the subject first learns to

escape from the primary aversive stimulus and then learns to escape
from conditioned aversive stimuli. .



were substituted by well-defined stimulus anq_responée properties
established’ through clearly specified Gperations. "It makes no’
new assumptions about intervening variables" and thus '‘makes
possible an experimental check upon the validity of this formulation
(Schoenfeld, 1950, p.88-89)". Exper;mental tests of his theory
focused on the role of tactile and proprioceptive feedback from
avoidance and,.nonavoidance responses.

According to Schoenfeld, during the intervgl between
trials (intertrial interval - ITI} thg animal is exp&%ed to a
compound of conditioned aversive stimuli made up of stimuli
associated with nonavoidance responses and conditioned‘aversive
apparatus cues. Both kinds of stimuli are aversive because they
have, on escape trials, been paired with shock. -ITI responses
"~ which mimic the avoidance response should receive some immediaté
reinforjfmenf sincé they reylace aversive profrioceptive and tactile
stimuli associa;ed with nonavoidance responses with nonaversive
stimuli associated with the avoidance response. Thus, Schoenfeld's
analysis predicts that many subjecté should mgke numerous ITI
Tesponses. Indeeq, yhen intertrial interval responding has been
reco;aed, it does-appei;—;zﬁfccur at a high raieh{Mowrer & Lamoreaux,
1942; Zeaman, 1947, cited in Schoenfeld, 1950). -

Recently, Taub-and hissassociates (Taub, 1968; Taub,
Bacon, § Berman, Iisos, Taub § Berman, 1963) have directly tested

Schoenfeld's proposition that avoidance learnin} is dependent on



the termination of conditioned aversive proprioceptive and

tactile stimuli by studying avoidance behavior in deafferentated
monkeys. Through spinal deafferentation, in which the afferent

nerve fibers scnd{hg information from the skif and muscles to the
brain are severed, Taub attempted to prevent any proprioceptive,
tactile, and kinesthetic stiﬁulatio; from reaching the monkey's

brain. If avoidance responding still occurred then this would
indicate that this peripheral information is not necessary to

control avoidance behavior. Indeed, Taub and his associates have
found that the acquisition and maintenaﬁce.?f avoidance behavior

is not seriously affected by the surgical removal of proprioceptive, -
tactile, and kinesthetic feedbacﬁ; Thus the role of response-
produced peripheral stimuyétionégbes not appear to be as important

to avoidance behavior as Schoenfeld claimed it to be. |

Schoenfeld's (1950) version of a two-factor theory was

a parﬁial improvement of Mowrer's (1557) formulation in that it
'droppéga.committment to mentalistic and poorly-defined medi;;ing
variables. In addition, Schoenfeld éxpanded the concept of the
conditioned aversive gtimulus to include stimuli not’ directly

programmed or under the control of the experimenter {(e.g., pro-
LY

prioceptive and tactile feedback). At the same time, however,

Schoenfeld's version continued to.maintain allegiance to the T
) -
operation of CS termination as the necessary reinforcing event for

avoidance behavior. In addition, Schoenfeld, like Mowrer, also



proposed a functional role for a specific physioclogical system.
Subsequent research by Taub anrd his associates, however, falled to
confirm the importance of proprioceptive and tactile feedback for

avoidance learning.

2.4 Sidman Avoidance Learning

The strength of early versions of two-factor theory
(Mowrer, 1947; Schoenfeld, 1950) rested in part on the‘demonstration
that if an originally neutral exteroceptive stimulus is paired with
shock a number‘of times a response whicﬁ terminates this ne;
aversive stimulus will be acquired and maintained. The-CS appeared
to develop aversive characteristics either when the CS was paired
with inescapable shock in a prior classical conditidhing phase
(e.g., Brown § Jacobs, 1949), or when the CS was paired with shock
during ongoing instrumental escape training (e.g., Kamin, 1957a;
Mowrer § Lamoreaux, 1942). Sidman {1953) reported an avoidance
procedure, hbwevpr, in which the subject could learn to delay the .
presentation of shock if it made a response during the appropriate
time interval. The significant aspect of the Sidman avoidance
paradigm is that no exteroceptive stimuli are presented which
could function as explicit conditioned aversive stimuli. Short
inescapable shocks are simply programmed to be delivered to the
animal at ?egular time intervals [shock - shock (é-S) inter@alf.
If the animal makes the correct response (e.g., lever-prgss),

hurdle-jump, etc.) the next shock is postponed for a specified

t
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period of time [response-shock (R-S) interval]. If, after making -
a response, the subject fails to respond again during the R-S interval,
a shock is then delivered at the end of the R-S interval and the S-S

interval is reinstated until another response occurs. The animal
PR .

’Lould effectively avoid all shocks if it makes a response during
.the first S-S interval and then continues to make at least one
response durlng all succeeding R-S 1ntervals. Indeed, Sidman has
found that many of the rats trained on this schedule could
eventually learn to avoid a majority, if not all, shocks (see
Sidman, 1966, for a complete Teview of studies using the Sidman
or free-operant avoidance paradigm).

The finding that rats could learn-to reliably avoid shocks
‘on a Sidman schedule seemed tp pose serious problems for two-

factor theory. Since no explicit stimuli such as tones, buzzers,
3

lights, etc. are ever presenied, let alone paired with shock, where

[
’

was the conditioned aversive stimulus that motivates avoidance

behavior? How is the response selectively reinforced in the

P ‘
absence of CS termination?
2.4.1 Dinsmoor's Version of Two- Factor Theory An Attempt
1t) to Reconcile Sidman Avo1dance and Two- Factor Thquz

-

From the rat's point of view, a Sidman avoidance schedule
consists of a series of short inescapable shocks occurring every
few seconds. No explicit stimuli are presented before, during, or
after the shock. The rat is s{mply receiving shocks every so

often in a, small enclosure which has a lever protruding from one

t
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wall., If ;he rat happens to presg this lever it finds that the
train of shocks every few seconds is intertupted; the neit shock
following the 1ever-pre§s Tesponse comes‘only after‘a much longer
time interval has elapsed. Sidman (1953) and Dinsmoor {1954) were
both impressed by the apparent fact that, of the various stimuli -
present in the Skinner box (apparatus cﬁes, shocks, nonavoidance
fresponse-dependent stimulij, only the lcver-pr;:s response and
it5 associated stimuli remained‘consis;gnily unpaired with shock.
Emphasizing the role played by response-dependent stimuli both
Sidman (1953) and-dinsmoor (1954) attempted to apply Schoenfeld's-
(1950) two-factor formulatioﬁ to Sidman avoidqpée. The position
taken by Sidman, (1953) and Dinsmoor (1954) was summarized by
Dinéqoor in his 1954 paper: .
’
"Any form of behavior other éhan
’pressing the bar will eventually be
followed by shock.. The dependent stimuli

that accompany such behavior thereby

acquire an aversive character, through their

(¥F]

pairing with the primary stimulusy But %

pPressing the bar is never immedidtely
fbllowe& by.shock if a reasonably iong'
respoﬁ;e-shock inFerval is used, and the
stimul#tion which accompanies this form of

' response does not become avéxgive. Hence,

b

L



whenever a bar press follows saome
response that has previously been shocked,
it will be reinforced by the change trom

an aversive to a nonaversive pattern of

¢
"stimulation (p.38)".

1hu5; the conditioned aversive stimuli can be identified
in the Sidman paradlgm as stimuli associated with nonavoidance
responses.‘ These "response—dependent stimuli® (Anger, 1963) are,
unllke .experimenter- progranmed exteroceptive stimuli,.not
directly observable or controlliable. The .reinforcement- is the
substitution of hlghly aversive nonavoidance response-dependent
stimuli by nonaversive avo1dance respense-dependent stimuli. One
major shortcoming of'this-ahalx§is, as Sidman (1962), himself,
later poinfed out, is that rats usually leé}n the lever-press
avoidance response much sooner than might be expected if a larger

. B :

proportion of other ‘responses must .first be paired with shock.

Dlnsmoor s {1954} formulatlon of two-factor theory qu’

’

vqulte s1m11af 0 that of Schoenfeld (1950) Both authors e11m1nated

-

ar

reference to mediating and qental1st1c concepts such‘?s fear and
fear-reduction, Rathef ;hey concentratéd on the g;per1menta1
operatlons such as the stimulus-shoch pairings-which p;hsumiblx
endowed st1mu11 W1th cond1t1oned aversive and’ negat1ve Tein-
forciné propertiﬁs. In add1t10n, both Schoenfeld and Dlnsmoor

majntained that stimuli produced by responses themsélves could

become conditioned aversive stimuli and "play a role which is

r - . -
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similar to that of the "warning signal” [CS] in the conventional

study of avoidance training (Dinsmoor, 1954, p.43)". Dinsmoor,

_however, unlike Schoenfeld, was unwilling to commit himself to

the workings of any one response system (e.g., proprioceptive and
tactile feedGack). Instead, he preferred to use the global term
"dependent" meaning ''those stimuli produced by the subjgét without
the intervention of the experimenter (p.38j", but thch nevertheless
can comé to influence behavior depending on their relatienship with
shock. Although Dinsmoor (1954, p.38) suggests that physioloéical
manipulations could be used to identify and gain control over
dependent stimuli, the fact tﬂat he refused to specify the nature
of thesE/gtimuli other than to say that they are produced-by the
animal's responses, -makes his ﬁroposallmoré difficulf to test than
was Schoenfeld's propositian that these deﬁéndent stimuli were
.proprioceptive and tactile in.nature.

2.5 Changes in Two-Factor Theory in the 1950's

During the 1950's certain revisidns were made in Mowrer's
(1947) original formulation of two-factor theory. Both
Scho;nfeld (1950) and Dinsmoor (1954) attempted to remove Mowrer's
reiiance on vague and pqorly defined concepts such as fear. Instead,
Schoenfeld and Dinsmoor emphasize the functional properties

(e.g., discriminative, reinforcing) a stimulus acquires as a result

of certain well-specified operations such as CS-US pairings.

)



As part or this trend the term "conditioned aversive
stimulus" replaced "conditioned fear stimulus" in referring to a
stimulus that has been paired with shock. Furthermore, the use of
the term 'conditioned aversion' was preferred to "conditioned
fear" when describing the properties acquired by a stimulus paired
with shock.4 Schoenfeld and Dinsmoor, as well as Sidman (1953),
als empted to expand the concept of the conditioned aversive
stimulus by allowing for the conditioning of aversive properties
not only to experimenter-programmed exteroceptive stimuli, but also
to stimuli (e.g., visual, tactile, proprioceptive, olfactory, etc.)
produc?d by nonavoidance responses. These'reSponse-dgpendent
stimuli are often, especially in the Sidman avoidanée paradigm,
eventually paired with shock.- Finally, a subtle shift was taking:
place in the hypothesized source of reinforcement for the gVoid—
ance response. ' Mowrer, (1947) who maintained that fear-reduction re-
inforced avoidance behavior, talked of only one reinforcement
operation: CS termination. Schoenfeld (1950) rejected fear re-
duction as the reinforcemént mechanism. He proposed that avoidance

behavior is reinforced both by the termination of conditioned

~

4 .-

A number of authors (e.g., Bolles, 1972a; Herrnstein, 1969) have
questioned the necessity of substituting the term "aversion" for.
"fear", arguing that the two terms are synonomous. This

criticism will be discussed in detail on pages 80-83 of this thesis.

{_’—/‘
AN



37

i

aversive stimulation and the presentation of avoidance response -
dependent proprioceptive and tactile feedback. Dinsmoor, for the
most part, emphasized CS termination as an important source of
reinforcement, but it appears that he was also beginning to recognize
that other events besides CS termination could reinforce avoidance
behavior. This is evident in his statement that reinforcement for
avoidance Tesponses occurs when there is a response-contingent
'change from an aversive to a nmonaversive pattern of stimulation
(pi38)". ¥While CS termination meets this requirement, it is not
necessarily the only possible event which could cause such a

change in stimulation.

2.6 Anger's Version of Two-Factor Theory

2.6.1 "Shocks/Exposure” Analysis

~-

The next contribution to the evolutién of two-factor the&ry
was: made by'Angef (1963, in press). Anger provided a quantitative
and predictive measure of conditioned aversiveness énd further
elaborated on theikinds of stimuli that could function as con-
ditioned aversive stimuli. Two-factor theorists prior to Anger
had assimed that the conditioned aversiveness of a stimulus could
be established by simply regarding the number of timés it had
been paired with shock (i.e., Pé;lovian conditioning).' Anger noted
that the number of times the‘CS is presented'alone in the absence
of shock (i.e., Pavlovian extinction) will also affect the .
overall aversive propeéties cbnditioned to the CS. Aﬁger (1963)
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*- : . . .
proposed that the conditioned aversiveness of a stimulus 1s a

function of the number of CS-US pairings dividéd by the total

i exposure-time to the stimulus. Total exposure-time not only
{ncludes the presentations of ‘the G¥wh ch are followed by the US
(reinforced exposﬁres) but aI;O may include CS presentations in

the absence of the US (nohreinforced exposures). .In other words,

A
the conditioned aversiveness of a stimulus is_related'to the
conditional probability of shock given the presence (or recent
occurrence) of the CS. According to this "shocks/exposure" \
formulatjion, the conditioned aversiveness of a ;timulus will be
strengthened the more times it is paired with “shock, but it will
also be weakened by numerous nonreinforced exposures.' Thus, if
two stimuli, A and B, are paired with shock an equal number of
times but sfimulus A is also presented-in the\absence of shock,
then stimulus A will have a lower shbckslexposuré:value than stimulus
B. Consequently, stimpius B will be the more aversive of the two.
G g =
A-‘situation in which two stimuli have an equal number of pairings
with shock pﬁt one stimﬁlus receives a great amount of exposure
in ‘the absénce of shock occurs in the discrete-trial signailed
aVOidance pafadiguu In this procedure both the apparatus cues
and the explicit-CS are paired with shock an equal number of times
on escape trials. The apparatus cues, however, are also present
during the intertrial interval when no shocks are presented. The

CS, on the other iand, does not receive much expostire in the

absence of shock. Thus, the shocks/exposure and therefore the

-

s



conditione& aversiveness of the apparatus ques should be less than
that of the explicit éS although the apparatus-cues still should
possess some conditioned aversiveness because they a}e occasiohally
paired with shock. Rﬁcording to Anger, reinforcement is'p¥ovidcd
for any response which removes stimuli with high shocks/exposure
values and replaces them with stimuli witﬁplower or zero shocks/
exposure values (c¢f. Dinsmoor, 1954, p.38). Thé greater the amount
of oferall reduction in conditioned aversiveness, the greater the
reinforcement for the responsé associated with the change.

As Anger (in press) himseif admits, the shocks/exposure
'formulatiqp "is only considered the firsg\gtép toward the measure-
ment of conditioned aversiveness (p.83)". Indeed, it is bu£ a
primitive ordinal measure of average—shock-rate which obviously
is not the only variable affecting the total amouét of aversive-

* ness a stimulus could possess. -Certainly, other factors such as

. the type, duration, and intensify of the US, the unconditioned .

aversive properties,of the CS, prior eibosures to the CS and the US,
attentional variables, among many others, could all influence the
functional av;r§ive propertieés adcruga.to the CS. But, even with
themﬁbove qualifications and limitations, Anger's shbcks/exposure
notion endows two-factor theory with enough explanatbry apd
predictive powers to allow'it to account forla host of data thought
to be damaging to it. At the saﬁe time, the theory is now

::—Eéﬁable of making speciff& predictions concerning the likglihood

for the acquisition of 1:zjjffff§ in different aversive situations



~
by calculatiﬁg the shocks/exposure values of stimuli present when
the rssponse occurs and stimdﬁi present immediately after the
>~ . \
response. If a comparison of sho;ks/exposure values Teveals a
significant decrease in conditioned a&érsive stimulation followiné
a particular response (as opposed to other responses), then it is
predlcted that~the responsedshould increase in frequency and be
maintained. If n; such response-contingent reduction in con-’
ditioned aversiveness occurs, then no learning is predi’c’i:?:dT
In summary, then, Anger's two-factor theory rests on the following
testabie assumptioﬁg: |
1. as a.result ‘of. being paired and unpa1redjw1th
" shock, dlfferent stimuli will take om different con-
ditioned aversiveness values. '
2; résponses yhiqh rcplace h{ghly aversive stimuli
with stimuli-lowef in aversiveness will be,reinforéed.
Thus,.in this latest vgrsisn of two;factor sheory classical
conditioning is-no lohger seen as producing a drive state whish
mediates avoidance responding. Nor is its influence determined

solely by CS-US pairings. Rather CS-US pairings, and CS alone

presentations combine to endow a stimulus with a specific con-

~ditioned aversiveness value relative to other stimuli in the

situation. Furthermore, Anger's formulation takes Dinsmoor's
(1854) account one step further and makes it very clear that
reinforcement for avoidance behavior no longer rests exclusively

on the operation}p£‘€S termination.

!
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2.6.2 Role of CARS =

As Dinsmdbr'(IQSA) pointed out, in order to determine

whether a response will be reinforced by a reduction in conditioned

aversiveness stimulation, it is important to take ifnte_acco

all possible sources of stimulation that the subject may be
reacting to, besiddé the extgroceptive stimuli explicitly programmed
in the-experiﬁen£. Anger (1963, in press) has emphasized the'
importaﬁt roles played ﬁy.two such implitit sources of stimulation:
éonditioned aversive response-aependent stimuli (CARS) and con-
ditioned aversive temporal stimﬁli (gATS). Anger's congeption of |
(f‘ CARS is similar to that of‘Dinsmoor (1954} who unlike :igoenfeld $H"/¢‘l
| (1950) was ﬁhwilling to specify the nature of response-produced
stimulation.
Some autﬁors.(e.g., B§11e§??19723; Herrnstein, 1969) have
argued that this strategy in effect creates stimuli that can
never be seen or measured. This Criticisﬁ is ﬁot valid,'holever,
with respect.to responsg—dependent stimuli %Eppe these stimuii
are assumed to be generated directly from tﬁe responses themselves.
Responses in a'behavioral'experiment must of . course be easily
ob§;rvab1e and measurable. Thus, the response itself provides
" the necessary observablé event that subsumes a number of different,
_not as easily observhgée; associated séimuliQTe.g., prop 'océﬁtive,
-tactile, visual, Auditory, olfactory, etc.). ‘Thé'questiZ: that

critics are really asking then is which of these response-produced

stimulus changes is actually controlling-the behavior? This -
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© question, howcver, 1s mnot unique':o response-dependent stimuli.

-

Exteroceptive stimuli such as tones, lights, vibrations are also
made up of a number of different properties such as intensity,
'frequency, location, etc. One could ea;ily ask which of these
aspects of an ekteroceptive stimglus is actually responsible for the
behaﬁioral effects the stimulus elicits. Usually, however, when
the experimenter uses an exterocepéive stimulus he simply reports
the various characteristics of the stlmulus wlthout testing to
see which property (or propertles) of the stlmulus is in fact
controiling the behavior. If he wanted to,however, he could ' ~
independently manipulate the intgnsitx, freéuency, etc. of the

stimulus to answer this qﬁestion. The difference between extero-

ceptive stimuli andurespoﬁse-dependent stimuli rests on the

ease in which the experimenter can cgntrol the component character-

istics of these two typés of” stimul ibn and the degree to which

the response-dependent stimull can be manlpulated 1ndependéht1y

of the response. It appears, g1ven present -day technology, to

be easier to man1pulate the intensity, frequency, location, etc..

of exteroceétive stimuli than the proprioceptive, kinesthetic,

visual, olfactory, etc., feedback of fresponse-dependent stimuli.

As the research of Taub (1968) and his associates deﬁsnstrates,

however, some re;ponse-produced stimulation can be procedurally -

modified without changéng the actual topography of the motor

response. This does allow for an independent assessment of

controlling response-dependent. feedback.



2.6.2.1 CARS Reinfo}cemcnt

Reinforcement based on CARS results wheﬁ the total conditioned
aversiveness of stimuli associated with making the avoidance re-

spon;e'is less than the conditioned aversiveness of stimuli

ﬁssociateq with any other reSpoﬁse.(cf. Dinsmoor, 1954; Sidman, 1853).

A procedure then that would maximize "CARS reinforcement” would be

one in which all behavior except tﬂe appropriate avoidance

response is shocked frequently. Anger suggests that a Sidman‘

avoidance procedure in which shocks occur at frequent intervals

(e;é., &vgiz\?sec.) unless the rat constantly holds down the iever

in a Skinnér box is a good example of such a procedure since most

other behavior except lever-holding should be aften paired with |

shock. Indeed, as predicﬁed by é CAkS rginforcement analysis,

lever-holding occurs about 94% of the session time {Anger, in

press, p.23).

. 2.6.3 The Role of%ATS in Sidman Avoidance

In addition to CARS, Anger has stressed the role of con-l
ditioned aversive temporal stimuli (CATS). Anger (1963) introduced
the notion of CATS because he felt that no complete analysis of
Sidﬁan avoidance behavior could ignore the fact that the actual
béhaviorlof rats ;un on Sidman dvoidance schedules strongly
suggested that-the rats could somehow discriminate temﬁoral intervals
(""how soon Fo shock?"), sequeniial events (“what event came last?") .

or both. The data indicated quite clearly that many rats would

respond differentially at different times in the R-5 interval.
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Respbnding appears more likely near the end of the interval than
near the beginning or middle of the interval (see figures 3, S, and
7 in Angef, 1963). In order to account for this pattern of re-

sponding observed in Sidman avoidance, Anger (1963} maintained that
s

.

it is neccessary to examine the relative shocks/exposure,qf temporal
stimuli occurring at different points in the R-S interval. Anger.

a
argued that temporal stimuli closely paired with shock develop more
conditioned aversiveness (i.e., have higher shocks/exposures) than
" temporal stimuli occurring further away from shock. A response which
replaces temporal stimuli high in conditioned aversiveness with
temporal stimuli low in conditioned aversiveness will be selectively
reinforced. Thus, in Sidman avoidance,.the temporal stimuli
associated with the time just after a response or a shock would
have relatively low shocks/expoéure values since shock is some .
time away. Temporal stimuli near the end of the S-S5 or R-S
intervals, on the other hand, would have relatively high shocks/
exposure values since shock soon occﬁrs. Therefore, résponses
which ogcur lafer in the R-S in;erval will be more st;ongly re-

inforced (via a greater reduction in conditioned aversiveness) than

responses which occur earlier in the interva15 (see Figure 3).

5 . .

" Mowrer and Keehn (1958) advanced a similar notion but tﬁey-assumed
that fear was conditioned to the temporal stimuli and built-up
until it "triggered" the response.
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Figure 3. The h);pothetical relative amounts of reinforcement
for responses made at different times in the Response-Shock (R-S}
in;erval (rf1 = reinforcement for Rl; rfz = reinforcement for RZ).

Adapted from Anger (1963, Figure 2).
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FIGURE 3

€ ' R-S INTERVAL 4)'

HIGH }k *

LOW 1

ASSUMED CONDITIONED AVERSIVENESS
OF TEMPORAL STIMULI
| | :\\T\\\s\ﬁ_- "1

\\\‘“\ Reinforcement in terms of aversiveness reduction
. is greater for a response occurring late in the R-S in-
terval (R,) than for a response made -early in the R-S
interval (Rl) (i.e., rf2 > rfl). \
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If the animal is able to make discriminations based on differential
.5\ - shocks/exposure values of temporal stimuli, then more responding
is expected later in .the R-S interval than early. This temporal

patterning is t

ically observed by animals on Sidman avoidance

schedules (Ange

’

1963, Sidman,-1966). Thus, bylappealing to the

existence and ctional role of tcmporal‘stimuli, Anger (1963)

. pro i a two-factor account of Sidman avoidance learning which
was a considerable improvément over Sidman's (19%}) and Dinsmoor's
(1954) efforts which were based on aCARS reinforcement analysié.
Anger's formulation éoul& account not only for how the lever-press
response is selectedrbut also for the temporal patterning of re-
sponding often observed.

Anger'srshocks/exposure formulation of two-factor theory

is to date the most comprehensive and cogent attempt to provide a

strong theoretical statement designed to tie together much of the

L~
tremendous amount of data generated from studies of avoidarice

behavior and related phenomena. Anger's revision is able to
account for some findings whichlappear to refute two-factor theory.-x\\\\
These data and a two-factor explanation of them are reviewed in

-

the next chapter.

L



4 CHAPTER III ‘
CRITICISMS OF TWO-FACTOR THEORY AND REBUTTALS

In the 1950's ana 19&0'5 two-factor theory seemed to be
able to handle the majority of experimental findings iﬁ~ayoiéanée
learning. The acquired-drive studies (Brown &'Jacobs, 1949;
May, 1948; Miller, 1948) and the delayed-CS termination studies °
(Kamin, 1957a,b; Mowrer § Lamoreaux, 1942) provided strong éupport
for Mowrer's (1947) basic assumptions that 1) Pavlovian con&itioning_
of fear to a CS motivated avoidance responding, and 2) termination
of the feared CS reinforced the avoidance response. Evidence
was beginning to accumulate, however, which seemed to question the

. |3
‘validity of-these assumptions.6

3.1 Evidence Against Two-Factor Theory
Generally, the findings which were marshalled as evidence

agﬁi;st two-factor theory included (1) preference for remaining

&
¢

It should be kept in mind while reading this chapter that this
evidence was used to criticize Mowrer's (1947) version of two-factor’
theory. The modifications and extensions made by Schoenfeld (1950},
Dinsmoor ((1954), and Anger (1963, in press) have for the most part
been ignored or misinterpreted by critics of two-factor theory

(e.g., Bolles, 1967; 1972a; Herrnstein, 1969; Rachman, 1976).

| -48-
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in an environment with an aversive CS present (Lockard, 1963;

" Sidman, 1955; Sidman & Boren, 1957), (2) avoidance learning in the

absence of an explicit CS (Herrnstein § Hineline, 1966; Sidman, 1953),

(3) failufe to achieve avoidance-learning with CS termination but
without an avoidance continééncy (Bolles, Stokes, § Younger, 1966;
Kamin, 1956), (4) peréeverance of évoidance responding during
extinction of fear to the CS (Kamin, Brimer, & Black, 1963; Solqmon,
Kaﬁin,'& Wynne, 1953; Solomon &, Wynne, 1954), and (5) avoidance
learning in the absence of a CS termination contingency (Black, 1963;
— ‘
Bolles § Grossen, 1969; D'Amato, Fazzaro, § Etkin, 1968; Kamin, 1954;
Harﬁer, 1932). ‘ |

3.1.1° Preference to Remain in the Presence of an Aversive CS

3.1.1.1 Preference for Signalled vs. Unsignalled Ineschpabie Shock

Lockard (1963),in her prototypic study, placed rats in a
shuttlebox made up of'two.identical looking compartments and a
grid floor. Oc;asionélly a 2 sec. iﬂescapable shock was presented
through the grid floor of both compartments. In one compartment
of the shuttlebox the shock was reliably preceded by a 5 sec..

light. In the other compartment the shock was not signalled. Using
J‘ .

total time spent in one compartment as opposed to the other duyipg

the experimental session as a measure of preference, Lockard

found that rats preferred the signalled inescapable shock com-
partment to the unsignalled inescapable shock compartment. Control
rats for which the signal was presented randomly in time with

respect to shock showed no overall prefererice for either compartment.
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Subsequent studies by Badia and his éolleagues (Badia, Coker, § Harsh,

' 1973 Badia, Culbertson, & Harsh, 1973) have replicated this

finding and have further dezonstrated that rats still prefer

. the sigﬁalled shock evén when it is stronger, longer Or more

frequent that the unsignalled shock. >
Some researchers (e.g., Boileg et al, 1966; Herrnstein,

1969, Léckard, 1963) have argued that the finding of a preference

for signalled over unsignalled shock suggests that a CS paired with

shock may not become aversive but rather ?/Fomes a discriminative

stimulus or informational cue letting-tﬁe animal know shock is

soon scheduled. Pefheps, asQPerkins (1968) has suggested, the signal

gives the rat an og?értunity to make a preparatory response to

reduce the pain prodﬁéed by the shock. These authors maintain, then,

that Lockard's results are inconsistent with (Moﬁrer's) two-factor

theory. They.have argued that two-factor thqory woul&rpredict that

the total amount of fear in the signalled compartment‘should be

greater-than in the unsignalled compartmeﬁt since fear conditioned

to the sigqal (aé a result of it being paired with shock) should

add to the fear already present due to the presentations of shock.

The animal should therefore experience less total fear in the

unsignalled compartment and prefer to stay there.

The above éndlysis obviously ignores the relative difference
in shocks/exposure of the different stimuli involved. Anger (in
press) points out that there are, in effect, three different

compound stimulus conditions each having its own shocks/exposure

B
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value, First, there is the signal compartment cues Elﬂi signal on.
This stimulus is always followed in 5 sec. by shock and thus has a
high shocks/exposure. The second stimilus is the unsignailed
compartment cues, which has a medium shocks/exposﬁre value because
vwhile it is occasionally paired with shock it also has a iarge
amount of exposure-tige ?ﬁ the absence of shock. The third
compound stimulus of importance is the signalled comparthent

minus the signal. This stimulus is never paired with shock and thus
has the lowest shocks/exposure value. Thus, a shocks/exposure |
analysis would predict that subjects would prefer te go into, and
stay in, the signalled compartment without the signa betaese it has
the lowest shocks/exposure; leaving it increases rather tﬁan : .”_;

decreases aversiveness. This prediction is consistent with . v

Lockard's (1963) findings. The reason that the animal doésqft'leave
when the signal comes on is simply that the rat is shdcked_5 sec; .

after the signal comes on no matter which compartment it is in.

3.1.1.2 Signalled Sidman Avdidance

L

In the typical Sldman avo1dance paradtgF -no exteroceptlve
stimuli are presented. Some studies, however, have 1ntroduced an. -
o . . . .
explicit stimilus which signals the occurrence of shock at the end g

of S-9 and R-S intervals (Keehn, 1959; Sidman, 1955 S1dman G Boren,
1957) The results of these studies are also thought o be

damaging to two-factor theory because they suggest, -as éld E t;
Lockard's (1963) findings, that a stimulus paired w1th shock may

not become aversive, Subjects in these_sxgnalled S1dman avoidance

v . ’ o . o



g

52

"j
experiments typically wait ungil the €S itself comes on before

- responding, although responses made prior to the onset of the CS are
: L\

effective in postponing both the CS and the next shock. As Sidman

(1955), and others (e.g., Bolles et al. 1966, Dillow et al. 1972;
Herrnstein, 19689; Keehn, 1959) have argued, if as two-factor theory
maintains, the CS paired with shock develops fear-arousing pro-

»

perties, why doesn't the animal avoid the aversive CS if given the

chance? Thus, these authors imply that two-factor theory would

predict that in the signalled Sidman avoidance paradigm animals

should be more likely to respond earlief in the R-S interval before
the CS is presented. The fact théz mdst Tesponses aie‘rather made
in the presence of the CS, ﬁas led critics of two-factor theory

to reject -the notion tggf a CS paired with shock becomes aversive.
Instead, they have concluded tﬁat the results from the signalled
Sidman avoidance paradigm suggést that the CS in this procedure

and perhaps in all signélled évqidance situations simply acts as

a discriminative stimulus signalling when reinforcement (i.e., shock

postponement) is available. As Mackintosh (1974, p.313) has noted,

. .the logic behind this reasoning is incorrect. The signal in a

qn‘

s1gna11ed Sidman avoidance study does not act as a discriminative
st1mu1us since it does not un1que1y cue reznforcement. Any

response made during the 53551on, regardless whether the stimulus

‘was present or not could postpone the shock for an equivalent

perlod of time and thus be rainforced Furthermore, as -Anger

: (in press) po1nts out, ;hese results are consistent with a shocks/

.
~
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exposure two-factor analysis. The signal, coming as it does at the
end of the 5-S and R-S intervals, 1s ver& high in conditioned
.aversiveness because it is often paired with shock. The greatest-
amount of reinforcement in terms of aversiveness reduction occurs
if this highly aversive stimulus is-replaced by stimuli low in
conditioned aversiveness such as termination of the signal, CARS,
and CATS associated with long time to shock, etc. While some con-
ditioned aversiveness reduction may occur when responses are made

[ 4

~ in the absence of signal, the shocks/exposure associated with these -
CATS are no; as high as . the siéﬁal's shocks/exposure; There is much
less reinforcement (i.e., aversiveness reduction) for responding

at these times than during the signal itself (except possihlf for

‘ rcgponding just prior to the scheduled presentations of the
signal where the CATS are almost but not quite as avérsive as the

signal itself): ' . v

3.1.2 Avoidance Learning in the Absence of an Explicit CS

As mentioned previously, the fact that animals could
readily learn‘to avoid shock on an unsignalled!Sidméﬁ‘schedule
was thouéht to be damaging to a two-factor account that) relied
on'f%ar conditioned to an exﬁlicit CS as the motivatiné factor
;nd CS termination as the reinforcing agent. Sidman (1953) and.
Dinsmoor (1954) made eaily attegﬁis to salvage two-facfor'theory
by stressing the role played by response-dependent stimuli as
potential conditianed aversive stimuli. Anger (19631 went one step

further by emphasizing the role of temporal stimuli and he seemed
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to have provided an adequate two-factor account of Sidman avoidance.
Critics of twb-factor theory, notably Herrnstein (1969), however, were

not impressed by two-factor theorists increasing appeal to -

o

"1nferred stimuli (p.56)" to account for the data. Still, given f
the temporal regularities of the Sidman procedure and the temporal ’
patterning of responding often observed, Anger's account seemed

I} _ ‘
support by the evidence)already in existence, that temporal dis-

quite plausible. Angei;?‘analysis was given further indirect
criminations -could ﬁ; formed in a pbsitive_reinforcement situation
_by animals that had to kegp theAﬁime between each ofltheir fi;)
succeeding responses relatively fixed in order to receive food
reinforcemenf (Anger, 1956). Herrnstein and Hineline (1966)
however,developed a "randém-sho;k" procedure which lacked the temporal
.regularities of Sidﬁan.avoidance and which Herrnstein {1969) .
argued incorporated'"né ﬁonditioned stimulus, either éxplicit or | é%?
.plaﬁsibly postulatgd (p.57)". Using this paradigm, Herrnstein and

Hineline hoped to demonstrate conclusively that the "Pavlovian

component of two-factor theory is not necessary (Herrnste1n, 1969, -

60)" “The Herrnstein and Hinellne procedure consisted/yf—placlng
the rat in a Skinner box with one lever. Two tapes were programmed

to deliver-shocks at random intervals. One tape, the "high=a
. ¢ ’ 1 . a ‘-\‘-:
density" tape, delivered shdcks every 6.7 sec., on the average,"/vg/,”' N

3 LY
~

,uhilé the other tape, the "low-density"” tape, delivered shocks

every 20 sec. on tﬁflaverage. The high-densit§ éhpe was always in .
= e .
effect during the sessdoph unless the rat madé a lever-press response.

- .
-
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. This first response simply disconnected the high-density tape

-

.

~ due to the inherent nature of the random low density shock

and started ;.’}1ow den51ty tape. The low dens1ty tape remained
in effect until the nextdscheduled ‘shock was delivered at which
time the low-de;eity tape was disconnected and the high-density

tape wa;'re-activated. Shocks on the Low density schedulelcould
nre~be_avoided or postponed and additional responses during the

low dehsity'tape had no programmed effects. Only the first

response after a shock from either the high or low density-tape

‘could switch on or maintain the low density shock schedule. Thus,

thé overail effect of reliable responding after a shock would be

to maintain the low density schedule ano .therefore lower the

frequency or density ‘of shock throughout the se551on, although no
scheduled “shocks could be actually avoided. The finding of
excellent.acquisition of the lever-press response on this schedule

was taken as stroo; evidence against two- factor theory since,

‘unlike the Sidman parad1gm, the random-shock schedule did not

contain fixed temporal relationships. Thus, supposedly there

were no temporal st1mu11 bexng consistently assoclated with the
presence: or absence of shock that could function as conditioned st1muli

Moreover, each response did not-necessarily produce stimuli

associated with a relatively long-period free from shock since

L /7 .
schedule, a shock could by chance occur contigoous with a response.

fHerrnstein (1969) anticipating a two-factor rebuttal, naidtaigfq

that appeals to inferred stimuli‘in the random-shock procedure were
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/ .

"sheer tautolcgy (p.59)". He further maintaincd that the Herrnstein
and Hineline study demonstrates conclusively that-avoidance behavior’
can be réinforced directly via a reduction in shgck density and
Pavlovian evepts even if operating in more traditional avoidance
procedures are not necessary for avoidance learning to occur.8

Anger (in press) attempted to show how the Herrnstein and

Hineline (1966) findings could be handled by a shocks/exposure two-
77 : .

. factor analysis. Remember, this analysis predicts that a response

will ﬁellearned if avérsiyeness stimulation following the response
is lower than at an& other time. This appears fo be the case for
lever-press responseé made on the random-shock schedule. Thﬁi is,
since a response triggers the low density tape while a shock
triggers the high density taﬁe the probability of shock following a

f

response is on the average less than the probability of shock

7 . ,
It must be pointed out that responses in the Herrnstein and
Hineline (1966) paradigm are not true avoidance responses although
Herfnstein (1969), himself, appears to have forgotten this as he
says "The random shock procedure shows that...the avoidance of
noxious stimulation 1is itself effective...(p.59)".

g8 ’ '
Sidman (1962) had suggested a similar "one-factor" shock-density
reduction view of Sidman avoidance learning. . j
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following a shock. As in Sidman avoidance, a response made during
a $-S~interval on the‘rooﬁom schedule will on the average be
followed by a relatively long period of time to the next shock.

Th15 results in decreased shocks/exposure for stimuli ‘immediately
following a lever-press response made after a shock. After a
.shock, the conditioned aversiveness is relatively high siqpeha
shock is usually quickly followed by another shock. A Tesponse
occurring at this time will produce the great?sf reduction in
conditioned aversiveness. On the other hand, unlike the

Sidman proccdure, a response following a response in the random
shock paradigm does not affect the occurrence of the next scheduled
shock and is therefore not reinforced by #® reduction in aversiveness.
Thus, the shocks/exposure analysis leaos to the prediction that the
probability of a response occurring following a shock should be
higher than the probability of responses ocourring followiog_a
response. This distribution of responding was reported by
Herrnstein g_na Hineline (1966).

3.1.3 Foilure to Achieve Avoidance Learning with CS-Termination

: =
., but Without An Avoidance Contingency \\\\‘\\

Accofding to Mowrer's two-factqr theory, it is po; the
avoidance of.shock,per s€ that reinforces the avoidance/ response,
Rather. it is the termination of the feor-arousing CS tha
aotualiy functions as the reinforcer. In effect, this view main-

tains that there is no such thing as true avoidance learning, ~

N
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Instead of learning to avoid an upcoming shock, an animal learns to
escape from an aversive CS. This analysis leads to the prediction
that so-called avoidance learning sﬁould be more adve;sely affected
if the response failed to terminate the CS than if the response
failed to avoid shock. Bolles, Stokes, and Younger (1966) disagreed
with this analysis. They maintained that the significant source of
reinforcement for the avoidance response was indeed the avoidance
contingency itself and not CS termination. Bolles et al. attempted
to provide support for their alternative view by conducting a

series of experiments in which CS terminétion and avoidance con-
tingencies were factorially manipulated in the following manner: k/
- Group A received both an avoidance contingency and an immediate

~ CS termination contingency}-Groﬁp B could not avoid the shock, but
the CS immediately terminated when a response was made; Group C
received an avoidance contingency but CS terminatidn was delayed
fbliowing avoidance responses; Group D reqeived neither the avoi&ance
contingency nor the immediate CS termination contingency: This
design was basically a replication of Kamin (1956, 1957a). Indeed,
the results of the Bolles et al. (1966) experiments were consistent
with Kamin's earlier findings. Bolles and Kaﬁin both found that the
groups were ordered -A > B, B = C, C > D- with respect to the

total number of avoidance‘resp0nses. Both the avoidancé fariable

and the CS termination variable were statistically significant.

- Bolles et al. (1966) concluded that "there is reason to doubt
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whether CS termination serves as the principal source of rein-
forcement for the CR. The major factor in avoidance learning
appears to heg the avoidance or the nonoccurrence of shock (p.207)".
The findings in both the Kanin spudies (1956, 1957a)
and in the Bolles et al. (1966) study suggest that the avoidance
contingency factor makes a signjficant contribution to avoidance
learning in that the CS termiﬁation contingency was not effective
unless theravoidance contingency was also in effect. This was -
thought to be embarrassing to a two-factor view which held that CS
termination is the only reinforcer for avoidance behavior. If this
version of two-factor theory is correct then it would have been

expected that the group receiving CS termination but no avoidance

- contingency (Group B) would do as we;i as a group receiving CS

" termination plus avoidance {Group A). Both Kamin and Bolles et al.

found, however, that avoidance learning in Group B was significantly

poorexr than in Group A, and no different from a group whose

responses could avoid shocks but could not terminate the CS

(Group C). Kamin (1956) tried to salvage two-factor theory by

arguing that the reason Group B did not do as well as Group A was
o .

because Group B's responses were soon punished by the unavoidable

shock and -therefore .declined. He also argued that the performance

of Group C was equivalent to that of Group B because the former

group received superstitious delayed reinforcement by CS termination
for responses that occurred near the end of the CS. The CS in

. ’ o
Group C remained on for a fixed 5 sec, duration regardless of

whether a resbonse was made or not. 7
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It is not necessary, however, as Mackintosh (1974, p.316-

318) nbtes, to appeal to mechanisms such as punishment and delayed
reiqurcement to account for the mediocre performance of Group B ‘
if an examination is made of shocks/exposure value of different
stimuli following responses, Although\taéggiies in Group B do
terminate the aversive CS,‘the fact'tha£ shock inevitably foglows
a response gives post-response stimuli high shocks/exposure. The
reduction in conditioned aversiveness due to the termination of the
CS is therefore negated by the ingrease in conditioned aversiveness
associated with thg presentation of post-response stimuli éaﬁ-
sistently paired with shock. Thus it would be expected that early
in training avsidance responding should incredse rapidly since as
a resultléf CS-US pairings on escape trials the sﬁocks/exposure value
of the CS is very high. Initially the conditiéned aversiveness
reduction resulting from CS termination is greater than c&nditioned
aversiveness increases associated witﬁ post-regponsgnstimuli which
are just beginning to be paired with shock‘on early avoidance -
response trials. After a while, however, responding should
decline as the coqditioﬁed aversiveness of post-response stimuli .
contlnue to rise and overcome any decrease in conditioned
'averﬁiveness resulting from CS terminatipn. Indee&, this result
was found iﬁ both of Kamin's studies.

A shocks/exposure anélysis can ﬁlso be applied t; the
stimuli encoﬁntered by Group C. Initially, in Group C, responses

do not lead to a significant reduction in conditioned aversiveness

‘\

o

)

&,

\\/

BRI
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due to the continuation ¢ CS. Responses made during the CS,

however, will not be followed by shock so that post-response stimuli

should develop low conditioned aversiveness although the continued -
presence of the aversive CS may delay this process. Thus, a

shocks/exposure anralysis would predict that Group C's performance
i

‘should initially remain beldy that of Group B but should increase

gradually until it exceeds‘ ﬁzfﬁgimﬁﬁflevel of Group B, Again,
these expectations are consisteot with the reported data. As
Mackintosh 01§74, b.318) points out, although the overall per-~
formance (e.g., total number of avoidance responses) of Groups B
and C was similar, a shocks/exposure analysis predictssdifferences
in the pattern of the acquisition curves which are borne out by

-

the actual results.

[

3.1.4 Perseverance of Avoidance Responding During Extinction of

Fear to the CS

Solomon, Kamin,and Wynne (1953) reported a phenomenon
which could not be adequately explained by (Mowrer®s) two-factor
theory. They foufd that dogs trained to avoid a very intense (sub-
tetanizing) shock by Jumping over a barrier in a shuttlebox
continued to respond reliably for 200 extinction ttials (where no shocks
were ever given) with no sign of stopping Furthermore, when
responding was well-established, the animals did not show any

‘overt signs of fear (e. g., barking, shivering, defecating, etc.)

. but ‘rather they made many consecutive stereotyped short-latency

.4
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avoidance respo:‘*xscs.9 Only when an animal made a long-latency
response did the fear reactions appear, as if he had "scared
himself" for taking so long to make the response {Solomon &
Wynne, 1954). These findings pose a major problem for two-factor
theory. When the animal has become a suécessful avoider an&.is
respondingizn every trial, the fear established earlier té the .
CS should be extinguishing since the CS is not fq1IQWed by the US
on avoidance trials...The question that must be answered then is

why does avoidance responding persist when each avoidance response

should inevitably decrease the amount of fear associated to the CS?

3.1.4.1 The'Principles of Anxiety Conservation and Partial

.Irreversibility

To explain this phenomenon within the confineé of iwo-
factor theory, Solomon ahd-ﬂynne (1954} proposéd that two additional
‘principles - "anxiety conservatioh“ and "partial igreversibility"
were necessary. They maintained that every time the animal makes
a suécessful response with a latency too short to elicit a full-blown
" anxfety reaction in the ANS, anxiety conditioned to the CS is
conserv;d. If, however, anxiety is not being elicited on  short-

<

'

¥

- . 3

9

Similarly, Wynne and Solomon {1955) observed that avoidance responding
was not affected by blockage of ANS activity which reduced '

emotional reactions in dogs that had been given prior avoidance
training. .
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Iafengy avoidance trial§ then no anxiet& reduction can follow the
response‘oh those trials. Consequently, the response strength
-decreases until the response latency increases to the point where
once again anxiety is elicited by the CS and a response can now be
reinforced by anxiety reduction. Thus, anxiety is conserved
because "behavié% borrows drive to build habit" (Bolles, 1967,

_ p.32§)". As evidence for anxiety conservation, Solomon and Wynne
11954) point to the observation that long-latencj responses are
often followed by a series-of short-latency responses.

' Anxie;y conservation by it§e1f, however, still cannot
completely Q;coumt for’ the high resistance to extinction observed
iﬁ the Solomon et al. (1953) study. Eveﬁtually during the

extinction phase long latency responses inevitably occur, allowing

enough time for the elicitation of anxiety reactions. Since these

: ﬁ\\:::i;;z’fEactions will no longer be followed by shock during
- .ction, their excitatqu strength sh;uld diminish to the point-
where they can no longer motivate behavior. At this time avoidance
résponding should cease. To make up for this déficit in the
‘ exgignatory power of the anxietyﬂconservat;pn principle, Solomon and-
Wynne (1954) also proposed the principle of}"pnrtial-irreversibility“.
This principle states that when a C5 is paired with a very intense
shock, the fesult will be "a permanent increase in the probability

_of occurrence of an anxiety reaction in the presence of that

conditioned stimulus...(p.361)".
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This attempt to reconcile the Solomon et al. (1953)

findings within two-factor theory can be criticized for several

reasons. First Solomon and Wynne's (1954) "exp;anation" was
nothing more than a restatement in mentalistic and nontestablé
terms of the experimental observations themselves. That is,
Solomon and Wynne argued‘pgéz_hgg that if a response fails to
extinguish over a large number of trials then it is partially
irreversible. How this response gains such a prbperty is left

i

unexplained. In addition, their appeal to internal mediating'

" events was, in effect, a step backwards for two-factor theory.

Indeed, some of Solomon and Wynne's contemporaries (e.g.,
Schoenfeld, Dinsmoor, and éidman) had already rejected the use of

such concepts and had strengthened two-factor theory by emphasizing-

the role:of wéll;specified operations as opposed to poorly

defined motivafional states. Finally, it appearg that a special
explanation of‘a strong resistance-to-extipgction effect in avoidance
learning is not necessary. The perseverance of resbonding found

in the Solomon et al. study appears to be an exceb;ion tather

than the rule. Subsequent research has failed to find such strong

-
-

maintenance of responding in extinction (see Mackintosh; 1974, p.332-

333, and Uhl § Eichbauer, 1975).1°

10Seligman and Johnston (1973) argue strongly that no version of two-

factor theory can account for high resistance to extinction in those
cases where it does occur (e.g., Brush, 1957; Black, 1958; Solomon
et al. 1953). Their point is well-taken and will be further dealt
with later in this thesis where an attempt will be made to reconcile
these data within a revised two-factor model.

AT



-3.1.4.2 Further Evidence of Extinction of Fear to the CS in Well-

Trained Avoiders -

a

The Tesults of a study by Kamin, Brimér, and Black (1963)
ﬁhich suggest that a stimulus may still maintain éﬁntrol over
avoidance responding even thle it is losing its fear-arousing or

lave;sive propertieé has ;150 been taken as evidence againét two-

_ factor théory {Bolles et al. '1966; D'Amato, 19}0; D'Amato ezial. 1968;
t Seligman & Johnston, 1973; Weismaﬁ & Litner, 1972). 1In the Kamin |
et al. study, différenﬁ groups of subjects were removed from the.
shuttlebox after mgking either 1, 3, 9, or 27-consecutive?avoidance
responses and were immediately placed in a Skinner box in which .

they had previously learnéd to lever-presgpfor_fbod. After

allowing for a 20 min. lever-press recovery period wherein lever-
ﬁress rates returned to their pre-avoidance experience levels, the

20 sec. tone that had served as the CS during shuttlebox avoidance
éonditioning was‘presentqd.24 times while 'the rat was lever-pressing-
for food. This proceduie is often referred to as the 'Conditioned

' Emotional Response' (CER) paradigm. In the CER paradigm, the

amount of reduction or suppression in the rate of lever-press S

-

responding during’ the CS is calculated by cdmparing'iesponseurate

-

during the CS to the rate of lever-preséing in the period of time
(equal, to the CS duration) justiprior tO'thedbresentation of the CS.
Suppression of lever-press response rates during the Cé is tgk;n

as an index of the amount of fear conditioned to the CS as a

-

result of its pairing with shock either in the Skinner box or in -
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another apearatus. It i§ assumed that the greeter.the amount of
suppression in respondiné the greater tﬁe-fear suppesedly eliCitee
by the CS. In the Kamin ét al. (1963) study then ,the‘amo].mt of

’ suppressien of lever-pressing to the CS'was thought to’represent
the degree of fear ‘conditioned to the same CS durlng av01dance

training. Kamln et al. found a "U“ns'aped funct;on wlth the greatest ~

suppression occurr1ng in the group which had been removed :from

. consecutive response groups. These results indicate tha
conditioned aversivgness of a Céris reduced (at least as measured in

the CER preparat1on) not only when the subject rece1ves little

avoidance train1ng (e.g., has made only 1-3 consecut1ve avo1dance ’ (;/)
responses) but also when ;he subject is well-trained (e.gs,whes

made 27 consecutive avoidance responses). If the well-trained

L4

avoidance animals no longer'erhiﬁited fear eo the CS, then what ..

was motivating conthped av01dance re;;ond1ng on their part?

This finding led Kamin et al. (1963) to conclude’ that "var1ab1es

other than fear of the CS are largely responsible for the main-

tenﬁhce of avoidance behavior (p.501)". ) ] '
It is unclear, however, wh; Kamin et al. adopted this

position for on the very same page they use a shocks/exposure

analysis to adequately account for the data:
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"The median numbers of CS-US pairings
received by_the 1-7 3-, 9-, énd 27-

avoidance Ss were 2, 15, 12,\and 15; the
median nuﬁbers of avoidances weré 1, 22, 31,
apd 59. The "U"-shaﬁed function relating ‘
fear -to the CS to aﬁoidance criterion thus
follows from the simple assumption that
tS-US“b;irings increase fear, whereas
unreinforced CS_presentatioﬁs extinguish

it (p.501)". : IR

\/ ‘ ' . LN

Y

’ * - -
Thus, according to this shocks/exposure analysis it woulft be ex-
pected that those subjects which have just made 27 consecutive .

_~ responses should show diminished conditioned suppression since the

shocks/exposure of the €S had been substantially reduced due.’to tHS.

v

extra nonreinforced' trials in .the latter part of avpidancejtféining.ll

]

—_—

11

27 consecutive response group than in the 9 consecutive response
group, the former group was still’showing substantial suppression
when initially tested in the CER situation. Thus, it appears that
‘the CS in the 27 consecutive avoidance .response group was still
aversive enough to allow for sufficiant reinforcement of the avoid-
ance response (via aversiveness reduction) to maintain the avoid- _
ance response. Of course, as Mackintosh (1974, p.334) potes, it is
possible that the 27-group's responses may have already begun to
extinguish, although they were still consistently avoiding. This
would be indicated by longer latencies, less resistence to
extinction, etc. (this data was not provided by Kamin et al, 1963) -

It should be kept in mind that'although.suppiession was less in the

PR

in the 27Jconsecqtive response group as compared to the 9-consecutive

Tesponse group. :
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If anything, then, the Kamin et al. (1963) study provides data
whichare consistent with a shocks/exposure formulatipn of two-

factor theory. . f

: , 7
3.1.5 Avoidance Learningfin the Absence of a CS Termination

Contingency f

! . r - ' ~

3.1.5.1 Trace-Conditiohing Studiés”
As early as 1932, Warner had demonstraﬁed_thét rats’
could adequately’learﬁ to avoid in-a tracé:conditioning paradigm in
: ; : ohe

' 4
which the CS was onljy presented for awshort fixed duration {1 sec.)
and was followed aﬁ{tr a fixed period of time (trace interval =

Y 4
. 10 sec.) by shock which the rat could escape. If the rat shuttled

v 4

dﬁring either the Cé or the'ﬁrace interval,shock was omitted.
Kamln (1954) pglng dogs as subjects, also reported reliable
av01dance %earnlng with trace 1ntervals of 5 and 10 sec. Other
researchersf(Black 1963 ﬁolles & Grossen, 1969; Bolles et al

1966 D'Aégto et al, 1968),however, have not,fdhnd con51stent
/ +
acqu13}t1on-of av01dance responses in the trace-cond1t10n1ng
rd S
sitﬁgzion. Demonstratlons of re11ab1e condxtlonxng in a trace-con-

5

. d1t1on1ng procedure where subjects learn to respond in the’

,absence of the\QS (i. e., during the trace 1nterva1) does pose

problems for ‘a version of twolfactor theory that rests on CS ter-

'mination as the sole source of reinforcement. Kamin fried to

reconcile his findings: with two-factor theory by arguing thai,pppy

of his dogs often managed to respond during the 2 sec. tfaqg\§§;and-*

- - - . . . . , 0
thus. be superstitiously reinforced by the termination of the CS.
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Indeed Black (1963) using only a .9 sec. CS reported that few of
the rats in his trace groups re; n'achisition criterion of
five consecutive avoidances.responses n 100 tridls. Bolles et al.
(L966) also found poor tréceeconditioning with a .5 sec. CS.
D'Amato et al. (1968), who did not Eouﬁt responses made during ppe
CS itself, also obtained poor leafning of a lever-press avoidance
_response in thé trace-conditioning group as compared to a déTEy
group, in which the.CS remained on until the subject responded,
Thus, these poor fesults might Se attributable, as Kamin implied,
to the reduced opportunit} for these subjects to have thei£ re-
sponse occur during the CS and be reinforced by\iﬁs guick term-
inagion. wgolles and Grossen (1969}, however, did use a 2 sec.
CS.wiph an é sec. trace interval but did not find reliable avoid-
anée conditioning in their rats. thaps, the failure to replicate
//E:

Kamin's (1954) results by Bolles Grossen (1969] may have been

~due in paff to theffﬂgge of dlfferent spec1es as subjects.

In general, then, the trace-cond1t10n1ng paradigm does not
§eem‘to céﬁsistently_result in adegﬁate avoidance acquisition. This
is predicted by two factor theory and therefore the overall trace-
conditioning f1ndings do not appear to pose a serious threat to ,
“this’ theory._ Nhen an1mals do acquire an avo1dance response in the

‘ trace situation, it is’ p0551b1e, as Kamln (1954) suggested that these

' animals had made many responses dur1ng the short CS itself and were

-ty
o
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thus often supurstltlously reinfgrced by CS termination.

3,1.5.2 Feedback Stlmulus Studies //"'”‘:>C:::>)

“As p01nted out earller, kam1n (}957¢) had clearly demon-

strated that delaying CS termination for a period of time

. following two-way avoidance responses seriously disrupted avoid-
-hnce aqquisitio;'although the avoidance contingency remained in
‘effect. These results have been replicated by.Delprato (1969) in
a one-way avoi@gnce procedurel' Furthermoré, Katzev (1967) showed
that delaying the CS aft?r responses in extinction significantly -
inﬁreased the rate of extinction. .ThQ§,.there is strong evidence
pointing to the importance of thg CS'terminatigy éontingency in
the discrete-trial one-.and two-way avoidance paradigms. Recently,
however, it has been demonstrated (Bolles & Grossen, 1969, 1970;
D'Amato et al. 1968; Kat?ev & Hendersen, 1971;;Keehn & Nakk;sh,
1959) th;t the.deleterious effects of delayed éS termination cag,be

completely remeved by simply making the presentation of a second

: exterbceptive stimulus - referred to as a feedback stimulus (FS} -

12 oo
Even if reliable avoidance learning could be demonstrated in a

trace procedure using either a short CS or not counting responses
made during the CS, a shocks/exposure formulation (Anger, in

press) could account for the findings by appealing, ds it does

in Sidman avoidance, to the CATS that are present due to the temporal
regularities of the trace paradigm.
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. contingent on avoidance responses. Moreover, presenting.-a FS

.contingent on avoidance responses made during the trace interval

~ .

in a f;:ce-coﬁditioning procedure significantly improves avoidance
conditioning (Bolles & Grossen, 1969, Expt. 1; D'Amato et al. 1968,

Expt. 2).' In addition, avoidance acquisition has been shown ta-be

‘facilated in th; lever-press (Dillow, Myerson, Slaughter, &

_Hurwifi, 1922), one:way (Weisman § Litner, 1972) and two-way

Bolles § Grossen, 1969, Expt. 3) avoidance paradigms by tﬁe pre-
sentation of a response-contingent: FS even wheﬁ an immediate CS
termination contingency is also in effect.

The findings of no decrement in avoidance cond1t10n1ng

in studies employing a FS when CS termination is delayed have been

F—
considered by some re;parchers (Bolles, 1972a; ‘Bolles § Grossen, 1969

D'Amato et al, 1968; Herrnsgfin, 1969) to be quite damaging to a

two-factqr account that reljes on CS ternination and concommitant

fea?-reduction‘as the soleiﬂﬁnme of reinforcement for avoidance

- behavior. These FS g;udies supposedly provide a vivid demonstration

that CS termination is not necessary for avoidance learning. A

: st1mu1u5 made. contlngent on av01dance responses can be just as effective

.a reinforcer as CS termination. On the basis of these find1ngs, —

DFAméto et al. (19633 have argued that fear reduction via CS

.termination-may not-be the reinforcement mechapism_$gl;yoidance

learn1ng.//Rather, an . avoidance response is reinforced by the

informational fbedback prOV1ded by a salient response -contingent

‘change in stimulation.. Likewise, Bolles and Grossen (1969) main-

.
- ", . A

»
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N . . . .
tain that any such change in stimulation, be it a novel FS or CS

termination itself, "serves primarily an informational function

(p- 90)"-presumably notifying the, subject that iE:?as just ﬁade the
correct response and no shock is forthcoming in the imme&iate
future. Additional evidence in support of the informational

role of CS termination comes from a study by Bower, Starr,‘and
Lazarovitz (1965) who showed that the amount ef reduction in
responding caused by delayed CS eermination was a function of the
response-contingent change in stimulation. The more the post-
response stimulation resembled the original cs, the greater the
decrement in avoidance performance. |

R

3.1.5.2.ﬁ Two-Factor Explanation of FS Findings

Neither Bolles and Grossen (1969) nor D'Amato et al. (1968)
clearly specifies how informational stieuli operate to promote .
evoidance learn"g. It is evident, however, that they ﬁave Te-
jected a two-factor approach on the basis of a phenomenon that can
easily be handled by a two-factor analysis (Dfnsmoer, 1954,

Anger, 1963, in press) which does not rely on CS termination as
2

‘the sale reinforcement operation. Instead, this formulation main-

e

tains that reinforcement involves response-contingent substitution

of stimuli high in conditioned aversiveness with stimuli low in

‘cond1tioned avers:veness. In the FS studies in which the Ccs

remains on followxng the avoidance response and a FS is presented
<
the.cgmpound CS+FS is never pa1red with shock while Bf course the

CS by itself had been paired with”shock on escape trials. Thus,
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a response which changes the highly aversive CS alone stimulus to

the less aversive CS+FS stimulus will be reinforced by avefsive-

ness reduction. The case where superior avoidance chuisition is

found in a CS termination plus FS group as compared to a CS .
termination alohe group (Boiles & Grossen, 1969, Expt. 3; Dillow

et al. 1972) can also be readily accounted for by a shocks/

exposure formulation. Since the F5 is never present when shock

occurs, but the apparatus cues sometimes are, the FS will have

lower shocks/exposure than the apparatus cues (although because of //f
the great amount of exposure in the absence of shock, the apparatus
‘cues will have less shocks/exposure than will the CS). Thus, a '
response which replaces the highly aversive CS with the apparatus

cues will not receive as much immediate reinforcement (i.e., aversive-

ness.reduction) as a response which replaceﬁ the CS with the FS,

Consequently, more responding is observed in the latter case.13

3.2 An Alternative One-Factor Theory

The accumulation of evidence (reviewed above) thought to

be i?ﬁaging to two-factor theory has led some authors (e.g., Bolles,

ayth

13
It is worthwhile noting that Bolles and Grossen (1969, p. 98-99;
1970, p.168-169) adopt what is essentially a s ocks/exposure
view to explain how informational stimuli wg;k};o maintain
.avoidance behavior.

.
r
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1972a; Bolles et al. 1966; D'Amato, 1970; D'Amato et al, 1968;
Fantind, 1973; Herrnstein, 1969; Herrnstein § Hineline, 1966;
Rachman, 1976; Sidman, -1962; Tarpy, 1975) to reject a two-facfor
account of avoidance learning. Basically, they have argued that
the results from the five areas reviewed above strongly suggest that
neither Pavlovian conditioning of fear nor fear-reduction via CS
termination are necessary or e#en important components of the
avoidance le?rning procegs. In addition, many critics of two-
factor theory,.alfhough differing‘in their own approaches, have
expressed a mutual uneasiness with two-factor theorists' (e.g.,
Schoenfeld, Dinsmoor, Anger) propen51ty to "interpret avoldance
procedurespost hoc, designating as the effectlve CS whatever
would tend to substantiate the theory (Herrmstein, 1969,Ci)63)".
That is, the appeal to stimuli not directly observable or con-
trollable [G‘g.. response -dependent, temporal) has, according to
Bolles (1972a), "'raised the specter of untestablllty" while
Herrnstein (1969) warhs that "the notion of a conditioned stimulus
has retreated out of range of empirical scrutiny (p. 57)".

- As an alternative to what was considered to be a irreparably
damaged two-fagfor approach, Herrnstein (1569), revitalized and
extended "one-factor" aqdounts offered earlier by Sigman (1962),
“Bolles et al.{1966), and Herrnstein and Hineline (1966).

Herrnstein proposed that avoidance behavior is reinforced éirectli

by a reduction in shock frequency or density (i.e., the omission

/

e



or postponement of shock following avoidance responses). In
-addition, Herrnstein orgued that the CS when presented simply
serves as an informational cue or Wiscriminative stimulus setting
the occasion for an occurrence of the appropriatc response to be
reinforced (cf., Keehn, 1959). Herrnstein does not deny the
possibility of Pavlovian conditioning occurring as a result of
C5-US pairings experienced in the discrete-trial procedure, but
‘he questions the functional role of such conditioning in mediating
avoidance behavior via the conditioning of inferred motivational -
and emotional states. Rather, as in positive reinforcement
situations (where Pavlovian conditioning has not generally been
considered essential for instrumental learning) the occurrence

of tﬁe CS simply signals a time when a particular response (or
class of responses) will be reinforced.

Herrnstein, in his 1969 poper, marshalled the available
ovioence‘against two(factor theory and attempted to show that
avoidance leafning could be more parsimoniously and adequately
explained in law of effect and stimulus control terms. As such,
his yeview provides many valid criticisms of Mowrer's (1947)
version of two-factor theory. gndeed, Mowrer's formulation was in ’
serious trouble well before 1969. These inaﬁequacies were soon

_ recognized by other two factor theorlsts, notably Schoenfeld (1950),
Dinsmoor f1954), and Anger (1963 in press) who proposed changes

- which instead of pushing two-factor theory "over the ‘line into

{
A
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irrefutability (Herrnstein, 1969, p. 56)", greatly strengthened

its logic structure, explanatory power, and empirical testability. .
The theory can’'now easily account for the anomolous findings
reviewed by Herrnsg:fn (1969) and others (e.g., Bolles, 1972a;

Bolles et al. 1966).

3.2.1 Weaknesses'of One-Factor Theory

Of equal importance, howevef, is the question of whether
a one-factor approach, based on shock-frequency reduction as the
sole reinforceﬁent va;iable. is equally capable of handling the
avoidance phenomena. If it could, then perhaps it would be more
parisiménious to accept a one-factor account with its fewer
assumptions and unQerlying mechanisms qveh if a two-factor model
can also account for the data. / -

As Angfr (in press) haﬁ-so cogently argued, however,
Herrnstein's one-factor shock-density reductioﬁ view simply
éannot.ﬁandle a number of important empirical findings. First,
one-factor ;ﬂeory is not able to account for the results of
studies which have clearly demonstrated the'powerful reinforcing .
ef{gct; of CS termination. The acquired drive'studigs (Brown &
Jacobs, 1949; May, 1948; Miller, 1948) for example, demonstrated
that a rgkponse which te;minates a stiﬁulus-previously paired
with inescapable shock ‘could be acquired in the absence of". o
shock-frequency reduction sin¢e.sh§cks are no longer preignted '

during the response-learning phase itsélf. In addition, Katzev (1967)



showed that delaying CS termination in extinction (where no sﬂocks
are given) significanfly speeded up the extinction process,
although shock-frequency reduction, as in the acquireh drive
studies, was not a factor. Similarly, Kamin (1957b,c) géve
different groups of rats either 0-, 2.5-, 5-, or 10-sec. delayed
€S termination following avoidance responses and reported that
differences between the O-delay group and the other delay groups
emerged after only one tfial despite the fact that the same shock-
frequency (i.e.,_avoidance) contingency was in effect for all
groups. - This finding attests to the powerful reinforcing effect
of immediate CS termination.

Another import;nt set of findings that a one-factor
analysis has difficulty explaining is the temporal patterning of.
responses commonly found in Sidman avoidance (Anger, 1963) in
which the majority of responses tend to occur near the end of
the response-shock interval. In the §idman'procedure, all
responses, no matter when they are emitted during the session,

produce an equivalent postponement of shock.. Thus, according. to

a one-factor view each response should be receiving the same '
-l

amount of reinforcement in terms of shock-freqdenty reduction.
Consequently, since this view does not prediéi differential re-
inforcement for responses occurring at different times in the R-S- -

, ’ .
interval, it cannot account for: the 'ﬂ;erved temporal patterning

of responses. Nor can Herrnstein’s formulation provide an édequate

,\
/
f
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explanation of how the lever-press response is selected and re-

" inforced in his own random-shock procedure (Herrnstein § Hineline,

1966). If, as he proposes, rats acquire those responses which
lead tq aq,oﬁerail reduction in shock density,then the fat must
have the capacit} to "calculate" changes in shock density over thé
entire session-time and then be able to attributé‘theSe changes

to the particular response chosen by the experimenter. This view
appears to endow the rat with capabilities that are much more
complex and unspecified tﬁan those proposed by a two-factor
analysis whi@?\résts on the ass@mpfi?n that rats can distinguish
between stimuli that have different histories of associatién with
shock. Indeed, it seems particularly difficult to maintain, as
Herrnstein (1969) does, that the shock-frequency reduction

view is "but the law of effect iB;elf (p: S9)" wheg Epe proposed
reinforcihg consequence (shock-gensity reduction) is not immediately
contingent on the functianal response but rafﬁer occurs as the
séssion'ygars on. As Mackintosh (1974, p;328) has noted,
empifica1 evidence suggests that avoidahgé behavior is more '
‘sengitive to immediate, as opposed to later,:sdlient environmental
events as indeed the law of effect predicts. - For example,

Bolles and Popp (1964} were unable to condition rats to make a
response that .avoided subséquent shocks unless the response also

avoided the first shock. Sheffield (1948), in his replication of

Brodgen et al. (1938), reported that in the inescapable shock

)

Q

-t
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group (classicdl conditioning gréup] the %qcreased‘likélihood of
a running or sfanding-still response occurring on trial N was_é’
function of whether the opposiée response had been shocked on
trial N-1. Baron, Kaufman, and Fazzini (19639)~found that only a |
small number of response-contingent shocks were able to reduce
Sidman avoidance responding below pre-punishment levels even
though the avoidance contingency remai;ed in effect. These data
-suggest that rats would not be paiticularly sénsitive tp changes
in shock-density occurring throughout the session as ngrnstgin
maintains.

Thuﬁ, Herrnstein's one-factor anal}sis falls far short
of being an acceptable, let alone superior alternative éo:two-
factor theory. One-factor theory cannot account for data easily )
handled by even Mowrer's antiquated version of' two-factor theory
(e.g., acquiged drive studies, delayed CS termihation studies).
Furthermore, a one-facfbr account even has grouble ac;oﬁnting for
data originall} gathered to support a shock-density reduction
reinforcement mechanism (Herrnst;in § Hineline, 1966; Sidman, 1962).
Part. of this failure rests on Herrnstein's refusal to admit that a
,rat can discriminate that it has just pressed a lever or that there .
has been a long time sincethe last shock even\though the
empfr;cﬁl evidence (e.g., patterning of response§ in Sidman and
- random-shock schedules) strongly sdggest that faés (and other

-

species) can make such discriminations. ,In attempting to provide

]
bt



a "simpier" explanation of avoidance leﬁrning, free from
references to "inferred" stimuli, Herrnstein has ignored what the
animal is actually doing. It appears, therefore, that he has |
tried to develop a behavior theory without considering the actual .
behavior e;itted'b§ the animal. Thus, even if aﬁ'altgrnafive to'

two-factor theory was needed, Herrnstein's formulation can not be

considered a viable replacement.

3.3 Misinterpretations of Recent Versions of Two-Factor Theory

The attempt by critics, such as Herrnstein, to disprove
tw;—factor theory and replace it with alternative formulations of
avoidance learning seems to have been premature. It is apparently
based on a failure to keep up with or recognize the improvéﬁknts
that have made in the theory over the years. Rather the target
that has bore the brunt of the atfack has been Mowrer's antiquated
1247 proposal and the efforts of subsequent two;fagtor theérists

-

(espeéially that of Anger) have been misrepresented or ignored.

-3.3.1 "Conditioned Aversion is Synonomous with Conditioned

Fear"

One of these misunderstandings has been equating the

term “conditioned aversion' with the term "conditioned fear".

The latter term implies a motivational or drive state which

. € - - _ )
“energizes" the animal to make a response to reduce the internal

[y

tensipn created by this state. The concept of fear also implies

o
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that cesptain emotional responses or concommitant physiological
activity mediate this’ drive state. As Rachman (1976) maintains, |

however, not all avoidance responses,  at least in human

experience, necessarily have a fear component. Taking an umbrella

to avoid getting drenched or walking around a muddy field to
Yo

avoid getting one's clothes dirty, are examples of avoldance
responses in the apparent absence of fear-eliciting stinuli.
4

Certainly, it is difficult to argue that getting wet or muddy is

fear-arousing. Yet these events are no doubt aversive or un- .

pleasant and are usually avoided. Also, as-Anger (1963, in press)

points.out, the terms "conQitioned aversiveness" and *"conditioned
aversive stimuli" do not encompass all of the possible properties
a stimulus paired with,aversive events might develop (e.g.,~l

elicitation of physiological and emotional responses, fighting,

stimulus- selects and describes just oné of the new effects of the
L 9
stimulus, namely its acquisition of the same prOperty thatc

characterizes the primary aversive stimulus, the ability to
reinforce a response by its termination after that response
(in press,‘ptlﬂ)". This, of course, does notiimnly-that some
internal state of the animal has not changed; obviousiy it is

something 1nside the animal, not the stimulue> that has changed'

" but, at present, this state can only be indeﬁ reliably by tl;e

&%
behavior of the animal itself. It is still ngt known which of the

81
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vocalization, etc.). Rather, ""the term conditioned aversive .
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many internal events that are occurring are responsible for the

change in the animal's response to a stimulu# paired with shock.
As the evidence from Wynne and Solomon (1955) and Taub and his
associates (e.g., Taub, 1968; Tgub & Berman, 1963) clearly
indicate, committing a behavior theory to specific physiological
.mecﬁaﬁism; can gre;tly weaken its power even when the theory
still adequately explains'Behavior.-’Rs Anger (in‘press) has

cogen%}y argued:

o |

-+« it is tempting to use terms such as

o

“fear" or "anxiety" that...seem to provide
. . a'physiological basis and support for

‘fhe claim that tﬁé stimulus paired with'
shock doe§ have a new behavioral effect,

.But what looks like a physiologicil basis

" of the behavioral effect is an illusion--we -
just have a welter of e;qn;s whose -
rélation to the behavioral effects is so

o

obscure that we have no more "explaiﬁed"
1the behaviérﬁilobservations than we have

in the case of the discriminative stimulus.
When our measurements have repeatedly shown

directly and empirically that the

stimulus has acquired a certain new effect

82
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‘on behavior, that finding is not |
strengthened by data_on associated

phfsiologica{ changes of unknown

" significance (p.BO)".

' .
Thus, present two-factor theory no more appeals to an underlyinﬁ,
physiological, drive, emotional, or motivational state than does
Herrnstein's concept of the discriminative stimulus.

3.3.2 "CS Termination is the Only Reinforcer of Avoidance Behavior"

\Ah- Another misinterpretation of current two-factor theory

is that it is thought to:still specify GS‘thmination as the sole
reinforcement ﬁechanism. In this regard, Herrnstein (1969),
Bﬁlles (1972a) ;Bolles and Grossen (1970) ;Bolles et al.(1966),
D'Amato’ (1970) and others have, on the basis of thé findings of
avoidance learning in the absepce of an e;plicit CS termination
contingency (Sidman avoidance, Herrnstein and Hineline's random-.
shock paradigm, trace conditioning, feedback stimulus sfudies),
rejected two-factor-theory outright. As early as 1954, howéver,
Dinﬁﬁoor had suggested that avoidance'behavior is "reinfprced

by the ch;pge from an aversive to a nonaversive pattern o

stimulation (p.38)". Certainly this change does not necessarily’
reét solely on CS termination. It is only one of a pumber o
" different operations that could produce such a change in

stimulation. Consequently, two-factor theory has no real
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problems handling data from studies showing reliable avoidance
: *

learning in the absence of a CS termination contingency.

3.3.3 "Two-Factor Theory 'is Irrefutable"”

Another serious criticism that has been leveled at two-
factor theory is the claim tLat the fheory has becéme "irrefutable”‘
-;nd "untestable" (Bolles, 1972a; H::rnstein, 1969) mainly because
it appeals to so-called "invented" stimuli such as.response-.
dependent and temporal stimuli which are not easily observable
Or controllable. Anger (in press) strongly argues that these
stimuli are hot "invented" but are clearly evidenced by the be-

havior of the animal! Thus in discussing the role of CATS in

Sidman avoidance lgﬁrning, Anger (in press) has noted that:

- *0The behavioral evidence is gtrong that
something is different for the S at 10 sec. 
after a press as compared with § sec. after
a press. This évidence is the same kind
of evidence that leads us to conclude some-
thing is different for the S when a
sound is present aé compared with whgn
the sound is absent, namely a difference

in response under the two conditions...

* (p.53)".
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As pointed out earlier, by trying to ignore temporal
o '
discriminations, Sidman's ({1962} and Herrnstein's (1969) one-
factor alternatives coyld not adequately hanﬁle the data generated ~

from unsignalled avoidance procedures. jThus, the argument that

. appeals to stiﬁhiirnop specifically progrdmmed by the experimenter

makes two-factor theory irrefutable secems specious when various

lines of behaﬁioral evidence strongly suggest that the animals’

b

can recognize and make use of thede stimuli. *

4

The irrefutability argument is also not correct for

.
another obvious reason: two-factor theory can certainly be
refuted by certaiﬁ empirical findings.‘ That is, Anger (1963:

in press) has developed a predictive measure of conditioned
ave?siveness (shocks/exposure) which assesses the degree to whiéh
a stimilus is paired with shock. Prior to the actual ;unning

of an avoidance study, a list of stimuli that will be pregent

just before, during,and after the response occurs can be drawn

up. This list should include not only explicit stimuli (e.g.,

" tones, lights, apparatus cues, etc.) but also implicit stimuli

- (e.g., CARS, CATS, etc.). Also before the experiment actually

begins, the expected shbcks/exposure can be calculated and the

stimuli can be rank-ordered with respect to their anticipated

\ﬁ%onditioned aversiveness. The theory could then predict which

.

responses will likely increase in frequency and be maintained and

which ones will drop out based on the assumption that a reduction
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in aversive stimulation serves as the reinforcing agent. The

theory could thus easily be refuted by demonstrations that (other
/

variables ining constant) a response which replaced stimuli

with high shocks/expoéu%% with stimuli with low shocks/exposure

is not increased in frequency or maintained, or conversely, that

. @ response which produces an immediate increase in aversive

stimulation is strengthened: That there as yet does not appear to
be any data of this kind, attests to the validity and explanatory
strength of the current two-factor formulation.

The above review has attempted to show how two-factor
theory has evolved.over the pagt 30 years into what Anger
{(in press) calls "the best example yet of a successful theory iﬁu
the analysis of behavior: a theory that predicts a remarkable
breath of experimental results (p.5)". The questions that now must
be asked are: "what is the next stage in the evolutiocn of two-
factor theory?" "Are there recent findings with which even
Anger's powerful version has diffiFulty?" "ff there are, can two-
factor theory be expanded to account for these.new-avoidénce

phenomena?" The answers to these questions will hopefully be

found in the next chapters which look at the role of Pavlovian

inhibitory processes in avoidance learning.

86
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CHAPTER IV
THE RELATIONSHIP BETWEEN THE INHIBITORY
AND REINFORCING PROPERTIES OF AVOIDANCE

RESPONSE FEEDBACK STIMULI

¥.1 Paviovian Conditioned Inhibition and Av01dance Learn1ng

Two- factor theorists have contributed substantlally to a
more thoroughunderstandingof‘the role of Pavlovian conditioning'
pr;cesség in avoidance learning. They have, for the most part,
limited their invesiigations to Paviovian excitatory conQitidﬁing -
the'capacity of a CS to elicit a CR. Thus, two-factor theorists
have traditionally studied the acqﬁisition of céndi;ioned fear or
conditioned aversiveness éo a stimulus that is a signal for shock.

bavlév (1927), however, also elucidated a second associative
process - "internal" or conditioned inhibition. Conditioned
inhibition, as it will be used in this paper, refers to the con-
d1t10n1ng oé a "tendency opposite to that of a condxtloned exC1tor
(Rescorla, 196%¢, p. 78]" Thus, the 1nh1bitory stimulus is thought
to be able to actively suppress the occurrence of a excitatory CR.
In terms of avoidance learning, then, the question arises whsEher :

conditioned inhibitors of fear ?4 of avoidance responses exist

in the avoidance situation and %hether these stimuli are of’

g - S
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functional significance in the establishment and/or maintenance

af avoidance behavior. This issue has been largely ignored by )
two-factor avoidance thcorisés although evi&ence is accumulating
that Pavlovian inhibitory processes do play a role in avoidanec
learning, Before examining this eviﬁence, however, it miéht

prove fruitful to first provide a more detailed analysis of

Pavlovian conditioned inhibition.

4.2 Rescorla's Contingency View of ﬁavloyian Conditioning

Resc;rla (1967, 1969a,c) has éttempted to outline what
he believes to be the neqéssary and sufficient éonditions for
establishing conditioned excitors and ;onditiongd inhibitors.,

He argues that the important factor that must be considered in

the forma;ipn of positive (excitatofy) and negative (inhibitory]
aSsociati&ns is the contingency that is established between a CS
and a US. The contingency Between a CS and US is defined as a
set gf fwo conditional probabilities: (lj the probability of the
occurrence of the U5 given the presence of the CS and (2) the
proPgbility of the US gi#en the absence of “the CS (Rescorla 1867).
When corfditional probability (1) is greater thén cond?zional
probability (2), the contingency correlation between the CS and
US is positive and the CS is assumed to possess excitatory‘

v ;

properties. Converﬁely,'when c&nditional probability (1) is less

than conditional probability (2) the contingency is corsidered to



\
be negative and the CS is assumed to develop inhibitory properties.

According to this contingency formulation a conditioned inhibitor

is thought to be at the opposite end of an associative con-

tinuum from a conditioned excitor. When the two conditional
probabiiities are equal (i.e., the US is equally likely go occur

in both the presence and absence of the CS), no contingency is \%‘
established and the stimulus is assumed to possess neutral =
associative qualities. .In a series of papers, Rescorla (1966,

1968b, 1969aJ.has presented evidence in support of this contingency
view of Pavlovian conditioning. He has shown that the amount of
excitatory strength acquired by a CS decreaseslwhile the amount

of inhibitory strength increases as the number of USs given in

‘the absence of the CS increases. Furthermore, it appears that the

amount of inhibition accruing to a s%}my}d5’52§;¥ive1y correlated

<

with a US is also a function of the length of the US-free time
‘ : . ’

interval predicted by the CS. Rescorla and LoLordo (1965),

. Y Moscovitch and Lolordo (1968), and Weisman and Litner (1971) have
"demonstrated that stimuli that predict relatively long be;iods

free from shock (> 1 mih.) develop the capasity to inhibit

Sidman avoidancé Tesponding a;d that the longer the safety period
signalled by the CS the more inhibition accrued to ié, Thus, -
the evidence suggests that.a stimulus which is negatively

correlated with the occurrence of shock- and which signhls a shock-

free safety interval will develop inhibitory pfoperties.

d o L



4.3 Conditioned Inhibitors in Avoidance Learning

Enherent in most avoidance paradigms are stimuli that <
are negafi#ely correlated with respect to shock. These stimuli
are associated with tﬂe occurrence of-the avoidance response
itself which in both diﬁcrete—trial and Sidman procedurés con-
sistently ;esult in both the omission of, and a period free from,
conditianed and unconditioned aversive events. There is good
reason to believe, then, that inhibitory conditioning may be
occurring iﬁ the avoidance situation. The possible candidates”
for conditioned inhibitors in -the avoidance situation include certain
response-dependent stimuli (as sugge;ted by Soltysik, 1963),
- the termination of the CS, and experimen;gr-programmed extero-

*

ceptive feedback stimuli. For.the most part, however, experimental

inyestigations of the inhibitory properties of response-contingent
stimuli have centered on the study of experi;enter-programmed
exteroceptive FSs’presumab}y becﬁhse they are easier to manipulate.
'They eliminate many methodological and conceptual difficulties

that would be encountered in trying to assess the characteristics of
. N i

either response-dependent stimuli or CS termination itself.l4
- ‘ 4

13

-

14
One exception to this statement is a study by Soltysik (1963). He
attempted to show directly that certain avoidance response-
dependent stimuli themselves develop inhibitory properties. He
found that his dogs showed a deceleration of heart-rate below pre-
CS levels following the avoidance response and concluded that this
" reduction in autonomic activity represented the inhibitory nature of
_rvoidance response stimuli.

”
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4.3.1 Investigations of the Inhibitory Propetties of Feedback

Stimuli
The search for conditioned inhibition in the avoidance
paradigm is a recent development. To date there appears to be

only four published accounts of experiments designed to measure

inhibitory properties of extcrbceptivc response-contingent feed-

back stimuli. In the first of these studies Rescorla (1968a,

Expt. 3) presented a $ sec. téne after each avoidance Tesponse

in one group of dogs that had received six days of Sidmﬁﬁ avoidance
training. Thus, the tone'functioned as a F§ ih this group.. Another
group of similarly trained dogs received the_samg number of‘tone
presentations but the ton® was presented at random times during

the session. In this group, then, the presentapion of the tone

wWas not contingent on avoidance responses and therefore did not act

4s a FS, Rescorla reported that the insertion of the tones did

not appreciably change avoidance responding in either group

during the FS sessions. In gorder to measure tﬁe inhibitory
préperties of the tone in the two groups, Rescorla (1968a)
employed an assessment technique developed by Rescorla and LoLordo
(1965). On the test day, in the Rescorla (1968a) experiment,
subjects were given an extinction session of Sidman-a&oidance
respbnding in which shocks wereapot presented even if the subjects

failed to respond during the R-S interval. The tone was presented

independently of avoidance responding at random time intervals to



both gro;ps. Given the assumption that Sidman avoidance behavior
is motivated by fear, then it was expected that the rate of *
responding will decrease when a fear inhibitor is presented.
Rescorla and LoLordo‘(lgﬁﬁ) had observed this effect when

Pavlovian conditioned inhibitors were presented during ongoing
Sidman avoidance gesponding. Rescorla (19683) found a.similaf
effect cnly in the group which had previously received the tonc. \
contingent on avoidarce responses. The group which had previously
received non-contingent tone presentations showed no change in
response rates during the tone on the test day. Thus both con-
ditioned inhibitors ;;;}avoidhnce response-confingeﬁt FSs appear

to be able to reduce the rate of Sidman avoidance responding.
Based,on this finding Rescorla (1968&) concluded that avoidance re-

sponse-contingent stimlation also develops inhibitory properties.

Weisman and Litner (1972) also provided evidence that an

-
‘avoidance response-contingent FS acquires¢inhibitory properties over

the course of avoidance training by assessing the inhibitory pro-
perties of the FS after various amounts of avoidance training.

Furthermore, Weisman and Litner employed a yoked-control designls

~
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The yoked-control design, -as used by Weisman and Litner (1972), pairs
one member of the experimental group with one member.of the control
or "yoked" group. Each yoked subject receives the same exposure
to the experimental conditions as its experimental partner or "master"
except with respect to the independent variable (the condition being
manipulated by the experimenter). In Weisman and Litner's study,
the independent variable was the avoidance response contingency.
The performance of each aveidance master rat determined the
sequence'aﬁd duration of exposure to the stimuli (tones, ‘shocks,
lights) that each yoked-control partner received. The yoked-con-
trolled animals therefore received an identical patterning of stimulus
presentatiors no matter how they themselves responded.



to show that the inhibition accruing to the FS is not due directly
to the fact that the FS came on immediately after an éﬁbigancc
response. Yoked-control animals which reczived the same number,
patterning, and duration of CSs, USs, and FSs but in the absencc

of any response contingency, showed the same degree of inhibitory

conditicning to the FS as their avoidance_bartners which had to -~
make the appropriate escape or-avoidance response to turn on the FS.
These findings strongly suggest that the inhibition accruing to the
FS over avoidance training §;~; Tesult of fhe fact that the FS
reliably signals the ;bsence of shock., Being presented,’as'it was
in Weisman and\}itner's study, immediately following escape and
avoidance resp lses, the FS always predicted a relatively long time
(the intertrial interval) in which neither shock nor the aversive
CS would ocl:ur.l The fact that the avoidance response contingency
does not appear rucial for the establishment of inhibitory pro-
pﬁities to th FS suggests that this inhibitofy conditioning is
strictly E#VIOVian in nature (i.e., it is due to stimulus-stimulus’

contin ‘9ciesJ.16

16
It should be noted that the FS in Weisman and Litner's (1972)
studies developed inhibitory properties even though it was a
"redundant" cue for avoidance since an immediate CS termination
contingency was also in effect.
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One meéhodological problem with the Weisman and L?tner (1972)
studies, however, is that tﬁey programmed the FS to occir.after
escape as well as after avoidance responses so that on escape
trials the FS was paired in a backward manner with shock. This
.situation is known to produce cénditionad inhibition (Moscovitch

& LoLordo, 1968; Siegel § Domjan, 1971). Thus, ii may ﬁavc been
these backwird pairings with shock rather than or in addition to
the gafety pe{}od signalled,ﬁy the FS that wﬁs responsible.for the
inhibitory properties of the FS. This-may have resulted in more
rapid acquis!fion of inhibitory properties to the FS than would
have occurred if the FS had only followed avoidance responses.
Indeed, Weisman and.Litner found that the inhibitory_;trength of
_the FS had reached asy@ptote after only 25 trials of which 60%
involved the occurrence of shock. This suggests:that the con-
ditioned inhibition accruing to the FS in these studies might
have resulted.from the backward“pairings of shock and the FS on

early escape trial:s.l7

v

17 ’ . -

Of course, it is entirely possible that the reason inhibitory '~
properties develop to a stimuius paired in a backward manner
'with a US is because after such a pairing the stimulus usually
predicts a relatively long period free from the US (Moscovitch &
LoLordo, 1968).
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In a study partial}; similar to that of Rescorla (1968a),
Dinsmoor and‘Spars (1973) trained three figeons to press a foot-
pedal éo,postpone shock; presented on. a Sidﬁan avoidance  schedule.
Eaéh regponse was followed by a 1000 Hz tone during avoidance
training. Aftgr'considerabie training in tﬁis»mﬁnner; the birds
were given test sessions in which the 1000 g:.toné FS and tones
'varying_in frequency around 1000 Hz (e.g., 250, 500, 2000, 4000 Hz)
where présented-poncontingently with respect to respdhding at.
random intervals. No‘shopks were programééﬁ*?ﬂ(ing the test .
sessions. All th tones were found to consi;tentlx suppress the
rate of:responding. Furthermore, two out of the three birds
showed a reliable generalization gradient of inhibitigﬁ;(J;nkins;é
Ha_rfison,' 1962). The reduction ig rate .of Sidman avoizﬁnce fefﬁ.

sponding was greater the closer the resemblance {(in frequenqy)'

. I
between the test tones and the original 1000 Hz'FS. Dinsmoor and

'Seafs' (1972) findings also suggesf that stimuli following avoidance.

respdnseSAbecome.conditioned @ﬁhibitors of av;idance behavior. .
In thelmost-fégeni of the published studies invasfigating
the jnhibitory properties of a FS, Morris (1974), us{ng the )
met;;dology of Weisman and Litner (19?25; extended their findings
by showing that a Iight-Féldevelops inhibitory properties during

the agquisition of a two-way shuttlebox avoidance response. This

result was obtained ‘when the FS followed avoidance responses

only (Expt. 1). Morris (1974, Expt. 1) alSo replicated Weisman

-.

|!.. ‘/.m‘



.
P

and Litner's finding of no difference between master and yﬁked

subjects in the development of inhibitory properties to the FS.

This résult suggests that ‘the acquisition of these properties is

- . | :'1'..:-~ . .
due to Pavlovian, not instrumental tontingencies.
In a subsequent experiment, Morris (1974, Expt.' 3)
©
attempted to ascertain the relevant aspect of the Pavlovian con-

tingency responsible fo;-the FS becoming a conditioned inhibitor.

He found that the inﬁihitofy strength of the FS was a function of

the shock-free intertrial interval predicted by the FS during.

avoidance training. Avoidance éroup rats that were trained with
a 180 sec, iﬁpertrial intervqi and their yoked partners both
evidenced more inhibitory conditioning to the FS then did master
and yoked rats experiencing a 30 sec. intertrial interval.

Morris also found, however, that the 180 sec. intertrial interval
avoidance group acquired the avoidance response at a faster rate
than the 30 sec. intertrial intervél ;voidance rats. It mighﬁ be

argued that the 180 sec. intertrial interval rats showed greater

inhibitory learning because they learned the avoidanpe response
fastsr than the 30 sec. intertrial fnterval subjects and not
because of the long intertrial interval per se. To control for
possible differences in amount of iﬁhibitory training due to the
faster rate of acquisition‘bf thé avoidance rqsponse.found_%n

groups receiving the 180 sec. intertrial interval as compared to

the groups receiving the 30 sec. intertrial interval, Morris gave

96
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signalled by the FS regardless of the actual differences between®

TS
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T80 sec. intertrial inteT yokod-Subjects the identical pattern,

LN
number and duration of CSs, USs, and FSs of a 30 sec. intertrial

interval master rat. He also gave 30 sec. intertrial interval

yoked subjects the corresponding stimulus experiehces of a 180 s;c.
intertrial interval master rat. -The group yoked to the 30 sec. inter-
trial interval avoidance magters but which' received these stimulus
experiences with a 180 sec. interval between the FS and the

start of the next trial still showed greater inhibitory conditioning
to the FS than.the groups receiving only a 30 sec. interval between

the FS and the next trial, Thus, it appears that the inhibitory

properties of the FS were a function of the intertrial interval

-

) »
the 30 sec. and 180 sec.. intertrial interval master subjects in

* —
the speed of avoidance learning per se. Morris (1974) concluded from
these results that feedback stimuli "will only be fear inhibitors

when associated with long intertrial intervals' and that 'the

development of these prOpe;éies is independent of whether the
animal is actually learning to avoid or passively receiving the
equivalent nonéontingent events {p.444)".

: The four.studies reviewed above have demonstrated that
an avoidénce response-contingent exteroceptive feedback stimulus
becomes a conditioned inhibitor after training in (1) the Sidman
avoidance paradigm with dogs (Rescorla, 1968a) and with pigeons

(Dinsmoor § Sears, 1973); (2) discrete-trial one-way avoidance

with rats (Weisman & Litner, 1972); (3) discrete-trial wheel-turn

t



58

avoidance with rats (Weisman &’;;Zner, 1872); and (4) two-way
shuttlebox avoidance with rats (Morris, 1974). In addition, it
seenns likely, given the findings of no differenée between master
and yoked subjects (Morris, 1974; Weisman § Litner, 1972), that the
FS develops inhibitory properties through Pavlovian processes

and that the length of the shock-free interval signalled by the

FS is probably an important factor (Morris 1974, Expt. 3). One

problem thgt exists, however, is that all of the above studies

" have used the same assessment procedure to measure conditioned

inhibition, namely a reduction in the rate of well-established Sidman
avoidancé responding during the stimulus. While this method does
appear to be a sensitive measure of both excitatory and inhibitory
properties of stimuli‘associated with shock, further evidence

that ; FS develops inhibitory properties using another technique
(e.g., compound-summation test) to measure inhibition would

provide needed convergent validity.

4.3.2 Inhibitory Feedback Stimuli as Reinforcers.of Avoidance

Behavior .
. Based on the findings that a FS develops inhibitory-
properties a number of investigators have suggested that the
rqinfbrcing powers of feedback stimuli may in fact be derived from
the inhibitory pfoéerties they acquire. It has also been proposed

that avoidance behavior in general may be reinforced by the pre-

sentation of response-associated conditioned inhibitors. Thus,
. ‘

—_— PR
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ﬁfE;;;;;’:."three—component model" of aveidance

learnipf where the first two-factors are the familiar Pavlovian

Soltysik (1943

cond¥tioning of fear ("defense reactions'") via CS-US pairings and
thq reinforcement of a response which terminates the CS. The

thifﬁ component, however,is considered to be the conditioned
inhibition of fear developed to stimuli associated with the
avoidance response which "intensifies" ;he rewarding nature of CS
termina;%gg. Conditioned inhibitidn was also thought by Soltysik to
"protccf“ the fear-eliciéing CS from extinction. In apparent
agreement with Soltysik's '"three-component model", Rescorla

{1968a) conélud;d that "the finding that response feedback is
inhibitory of fear may provide a mechanism for the rapid rein-
forcement of avoidance reséonding in addition to the gradual
suﬂsiding of\fear which might occur with the removal of a danger

signal (p.59)". Likewise, Dinsmoor and Sears (1973) stated that

"stimuli arising as a natural consequence of performing a given

avoidance response, which of necessity are negatively correlated

with the receipt of the shock, play a role in maintaining the
response (p.285)". Thus, Soltysik (1963), Rescorla (1968a) and
Dinsmoor and Sears (1973} suggest that the feedback following avoid-

]
ance responses become conditioned inhibitors and their presentation

may serve to reinforce avoidance, behavior. At the same time,

however, these authors do not rule out the functional role played

by the removal of conditioned aversive stimuli-the traditional
. \
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source of reinforcement for two-factor theory. Accordingly,
these authors do not commit themselves to the view that the sole
source of reinforcement for the avoidance behavior is the
presentation of inhibitory stimuli.

Weisman and Litner (1969a,b;i972) on the other hand, appear
to adopt this stroné view. Weisman and Litner (1972) propose that
avoidance learﬁiﬁg may best be examined a; an example of a
positive reinforcement learning situation. In doing so they
advocate a "revised two-process model of the reinforcement of
avoidance behavior" which states thét "Pavlovian inhibition of
fear produced by the avoidance response provid;s the reinforcement
mechanism in avoidance learning (p.256)'.. Moreover, this revised
version of two-factor theory asserts that the development of
inhibitory properties to a FS "is necessary if avoidance behavior
is to be reinforced (p.262)"(emphasis added). Similarly, Morris
(1974) has argued that ''feedback stimuli will have little or no
18

effect upon performance unless they are inhibitors of fear (p.444)".

4.3.3 Is the Conclusion that the Reinforcing Property of a FS is

Derived from Inhibitory Conditioning Justified?

o

There is now little doubt that FSs can reinforce avoidance

behavior. The presentation of response-contingent FSs have been

P

{

18
Morris (1974) appears to have adopted Weisman and Litner's {1972)
revised two-factor theory only with respect to those avoidance -
situations employing an exteroceptive FS.

B
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shown to serve as an effective reinforcer for avoidance behavior
in the absence of an immediate CS termination contingency Fa
(Bolles & GrosSen, 1969; D'Amato et al; 1968; Keehn § Nakkash, 1959).
Horebver, using a FS may facilate acquisition even when the Cs
termination contingency is in effect (Bolles § Grossen, 1969;
Dillow et al. 1972; Weisman § Litner, 1972). There has also been
a recent accumulation of evidence (Dinsmoor § Sears, 1973;
Morris, 1974; Rescorla, 196§a; Wcisﬁan § Litner, 1972) to suggest
that a FS does indeed develop inhibitory properties.19 -As the
above quotes indicate, however, there may have been a premature
teqdency of some investigators to conclude that conditioned
inhibition accruing to the FS during avoidance training provides
the mechanism forthe reinforcement of avoidance behavior. Before
this statement can be accepted, additional evidence is needed.

If the reinforcing qualities of the FS-are related to its

inhibitory properties then these two properties should covary in

]
A

19 ' ’

The reader is reminded that all of these published studies have
used the same measurement of inhibition - a reduction in the
rate of well-trained Sidman avoidance behavior. Thus, this
finding should be accepted with caution until converging
evidence is provided using an alternative technique to measure
the inhibitory properties of FSs (see Expt. 2 of this thesis).
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a positive manner. The greater the inhibitory strength of the

FS, the more powerful a reinforcer it should be. There is as yet
only suggestive evidence that this is the case. As reported
earlier, Dinsmoor and Sears (1973) found that the rate of Sidman
avoidance responding in the Eresénce of tones of differing
frequencies decreased the closer the tones were in frequency to the
original 1000 Hz. FS which itsélf produced minimal responding

(in 2 out of 3 birds). Dinsmoor and Sears also reported, however,
that the number of reSpon;es occurring in the absence of the tones
increased sharply when responses produced the -1000 Hz.FS as opposed
to the untrained tones of varying frequencies. Thus, when the FS
was presented noncontingently with respect to responding,

avoidance response rates decreased. This suggests tﬁat the FS had
become a conditioned inhibitor. When the FS was made contingent on
avoidance responses such that it was presented following each
response, the overall rate of responding increased. This indicates
that the FS could alse funétion as an effective re;nforcer of avoid-
ance behavior. These “mirror image“'effeéts on Sidman avoidance‘
response rates of the inhibitory and reinforcing properties of the
FS are to be expected if the reinforcing property of the FS is
related to its inhibitory strength. Further suggestive évidence
comes fromrMorris (1974, Expt. 3) who showed that when a 180 sec.
intertrial interval was used in the -two-way discréte-trial‘

*

procedure both avoidance acquisition waslfacilatgd and the FS

-
L}
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developed gréater inhibitory strength than when a 30 séc. iﬁter-
trial interval was employed. This finding, coupled with the
observation {Bolles & Grogsen, 1970) fhat avoidance ;cquisition is
facilated only if the FS signals a reiatively long intertrial
interval, againrsuggests that the effectiveness of the FS as a

[ ]

reinforcer and the amount of conditioned inhibition accruing to

it may be closely interrelated. : ti

4.3.4 Purpose of Thesis - Provide Necessary Evidence that the

Reinforcing Properties of FSsare Due to Pavlovian Conditioned

Inhibition .

It must be kept in'mind that the above evidence is
purely correlational. Some authors (e.g., Morris 1974; Reécorla,
1968a, 1969b; Soltysik, 1963 Weisman § Litner 1969b, 1972) have
argued that the reinforcing properties of the FS are derived from
the conditioning of inhibition to it as a function of 1t predicting
the nonoccurrence of shock. The available evidence cannot as yet
support_such a cause-and-effect stateéent.- If the above hypothesis
is correct, however, two conve;giné findings would be expected.

Firse, it would be predicted that with all other variables

Temaining equal, two stimuli which differ as éo their effective-
ness as feedback stimuli should show a corresponding difference
as conditioned inhibitors such éhat the-ﬁore effective FS should
develop stronger inhibitory prope}ties than the less effective FS,

Experiments 1 and 2 of this thesis are designed first to identify
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two stimuli that differ as to their capacity to serve as rein-
forcing FSs and then to assess the relative power of these two-
stimuli to inhibit responding to a known excitatory CS in a
summation‘test.

The above predicted results, if ;btained, would still
not by themselves justify concluding that the reiﬁforcing
prbpert} of FSs comes from their conditioned inhibitory qualitieé.
The conditioned inhibition accruing to the FS may simpiy be a by- -
product of its placement in the avoidance paradigm such that it is
negativély c;rrelated with shock. Thus, the inhibitory nature of
the FS may be‘of no functional significance. A second prediction,
however, based on the hypothesis that reinforcement for avoidance
is é?ovided by inhibitory feedback is that a stimulus already
posseséing inhibitory properties should serve as a stronger re-,
inforcing FS from the very outset of avoidance training than
~ would novel or neutral stimuli. Thegé latter stimuli must first
deveglop their inhibitory properties during the course of avoidance
training itself. Experiments 3 and 4 are designed to first
estadlish a training proceduyre which develops a strong Pavlovian
‘conditioned inhibitor and then to test the capacity of this
knowﬁ conditioned inhibitor to reinforce aveidance behavior,
Finally, Experipdnt 5 is designed to delineate the necessary and
sufficient conditions for es£ablishing an effecti&e reinforcér for
shock-motivated avoidance behavior and to provide a test of.the FS

contingency. : _ -

“t
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The demonstrations that (1) an effective FS develops
. greater inhibitory strength than a less effective FS, and.(2) a
. ' ¢

known conditioned inhibitor serves as a more powerful reinforcer

for avoidance behavior than a novel or neutral stimulus, would

t!.r

provide strong convergent evidence in support of the hypothesis
that the reinforcing capacity of an FS is a function of the
conditioned inhibitory properties accruing to it over the course

of avoidance conditioning. Such'findipgs would also have important
implications for two-factor theory as well as for other theories .

. of avoidance learning.

. .

-
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4.4 EXPERIMENT 1 - The Relative Effectiveness of a-Tone-FS

vs. a Clicker-FS

This study attempted to find two stimuli which differed
with resqect to their effectiveness as reinforcing FSs for
‘ avoida;ce responding in rats. If two such stimuli could be found,
then a test could be made of their relative inhibitory strength
after avoidance training. If the reinforcing property of the FS
is in faét derived from its inhibitory strength, then it would
be expected that the more effective FS found in this present
study should show greater inhibitory strength in a subsequent
experimental test of inhibition. -

A number of studies have investigated the FS qualities
of visual stimuli. Bolles>and.Grossen (1969) found that a group
of rats which received immediate CS terﬁination plus a "lights out"
FS made more avoidance responses in 80 t}ials than a group
which received only immediate CS termination followiné avoidance
responses. Dillow et al: (1972) and Weisman and Litner (1972)
‘reported that a "lights on'" FS facilated avoidance perfbfmance in
rat3 with an immediate CS termination contingency in effect. Thus,
both the turning on or the turninh off of lights appear to function
as éffac;ive FSs in rats. The evidence concerning the.reinforcing
. capabilities of auditory FSs is not as clear. In an early FS
study, keehn and Nakkash (1959) found that the use of a tone FS

did ameliorate the deficit in responding caused by delayed CS
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termination. Katzev and Hendersen (1971}, on the other'hanq,
reported that their tone-FS was not very effective in maintaining )
avoidance responding in extinction. Their results are obscured,
however, by the fact that they used a short intertrial interval
taverage = 18 sec.) during avoidance training. Indeed, Morris
(1974, Expt. 3) and Bolies and Grossen (1970} have found that 2
FS is not very effective when short ITIs are used, possibly
because the FS fails to become a signal for the absence of shock.
The ineffectiveness of the tone-FS in Katzev andgiendersen's -
(1971) study may have been du;‘to the fact that it signalled a
short ITI and not because of its modality. '
In the present:e;perimeﬁt_én attempt was made to compare

"the effectiveness of £@o auditory stimuli - a clicker and a'tonp-with!
Tespect to their ability to function as reinforcing FSs for'avoid-
ance responding, ﬁhile pilot data had suggested that a tone

functions as a poor FS (cf. Katzev § Heﬁdersen, 1971), nothing was
known about the potential effectiveness of a clicker as a FS.

It was hoped, however, that the inferior reinforcing qualities

of e,tone-FS is unique and not a common feature of other auditory
stimuli. To test the relative effectiveness of tone vs. clicker
feedhack, two groups.feceiveq immediategFS termination plus

either a tone- or a cliéker—FS contingent on‘ivoidance responses.

These two groups were compared to a third group which received

immed1ate CS termination but no FS following avoidance responses.

-
.
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The same visual stimulus (lights on) served as the CS in all
three groups, so that differences between the groups could be

attributed only to differences in the type of FS (i.e. ~tone, A

‘clicker, nothing) and not to variations in the type of CS. It was

-

hoped that this study would reveal that avoidance vauisf%ion in

the clicker-FS group would be significantly superior to either the:

tone-FS or no-FS groups. This would indicate that the clicke;,

although an auditory stimulus, could function as a more effective
reinforcer than the tone. : . ; e

4.4.1 Method

4.4.1.1 Subjects - Subjects were male Fischer344 albino ?ﬁts,
weighing 250-300 grams and were obtained f?om Canadian Breeding —_—
Farms, Quebec. Each rat was housed in its.qwn cage with food and . 1#
water freely available. . ', | ., K

§ v . .
4.4.1.2 Apparatus - The experimental apparatus consisted of a

‘Lehigh Valley Electronics autonmated two-compartment, toggle-floor

shuttlebox,(mbdel #416-04), measuring 48.3 x 21.6 x 27.3 cm con-
structed of .64 em thick clear Plexiglass (roof and side walls) and
aluminium (2 end walls), and was housed in a sound-attenuating

chamber. A 0.5 mA electric shock was delivered by a Grason-Stadler

. shocker-scrambler (model E1064 GS) to the pivoted grid floor of
' w

the shuttlebox. The grid floor consisted of forty .24 cm diameter
stainless steel bars spaced 1.11 cm apart (center-to-center).

The light stimulus, which served as the CS, was provided by the

. L4
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‘onset of a 6-watt light bulb mounted above the center of the @3

shuttlebox on the roof of the sound-attenuating enclosure A

2000 Hz, 75 db, tone (re . 0 002 dynes/cm ) whlch served as the

]

feedback stlmulus for one groUp, was generated by a Scientific

. Prototype 4015-J Audio Stlmulator and delivered through a

-

6. 35 cm, ‘4-ohm speaker located in the middie of the roof of the

shuttlebox.._Ihe other aud1tory feedback stimulus con51sted of a «

“ 65 db, 10 pulses/sec clicker generated by a Scientific Prototype

4025-J C}lck-Flash Generator, and dellvered through two speakers

kY

recessed into each side wall of the sound-attenuating chamber. '

’

Background noise level in the shuttlebox was 60 db. Response

'latencxes were recorded to the nearest .1 sec. on a Grason-Stadler

Prlnt-out Counter (model #E460‘C). Programming and recording

equipment. were housed in an adjacent room.

4.4.1.3 Procedure - Each subject participated in the experiment

for a single session. The session ‘consisted of a one-min.

'adaptation period followed by 80 avoidance training trials.

Twenty-eight rats were randomly placed‘into one of three. groups.
One.subject was discarded due to apparatus failure leaV1§g nine
subJects per group. ' - ’ i _ _’- C s
Figure 4 presents a 5cheuat1c representatlon of the
procedure for' each of the three groups. As can be -seen on the
left haif of Figure 4, each trlal started with the onset of the

- .

light-CS fbr a11 three groups If the subJect fa11ed to move

TS B .
: . - l*> .
’ . ~ . - ) -
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from one compartment to the other (shuttle response) during the . €
first 5 sec. of the C5, a continuous scrambled 0.5 mA shock was
delivered to the raﬁ via the grid floor. The CS and shock remained.
.on until a shuttle response was made at which time both the CS and
shock would terminate 1mmed1ate1yfﬁ?Shuttle Tesponses were monltored
by a mlcroswltch which was triggercd whenever the rat moved from

one compartment to the other, displacing the pivoted-ﬁrid floor.
These escape trials were the same for all three gfoups. As the
right half of Figure 4 indicates, the groups differed‘with respe&t
to,étimulus experiences following avoidance resﬁGhses{J For

Group T (tone-FS), if the rat shuttled to the other compartment

~

during the first 5 sec. of the CS, shock was avoided, the CS
immediétely terminated, and the £one-FS was presented for 5 sec.
Additional responses during the 5 sec. feedback period had no
programned effects but were recorded. Group C (clicker-FS)
received identical.tréatment as G?oup T except that the clicker
was pres;n;pd instead of the tone during the 5 sec. feedback
period following avoidance responses. Group.X (no-FS) was treated
the.§amé as the above two groups except that no exteroceptive
feedback sti#ulus was programmed to followed avoidance responses.
As in the above FS groups, extra responses were counted in the

5 'sec. interval immediately followiﬁg the avoidance response

even though no FS was presented during this tiﬁg. Training was

carried out in darkness (except when the light on CS was presented)

.,g—”’/;”
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Figure 4. A schematic representation of escape and
avoidance trials for each of the three groups in Experiment 1

(C = clicker-FS; T = tone-FS; X = no-F§).
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for all three groups. The intertrial interval following escape
trials averaged 18 sec. (range: 12-24 sec.), but the ITI following
avoidance trials averaged 3 min. (range: 2-4 min.). A record was
also kept of the number of shuttle'responses occurring during

the intertrial interval (ITI responses).

4.4.2 Results A

Figure 5 presents the mean percent avoidance responses
for each of the three groups across the 80 acquisition trials
{divided into eight blocks of 10 trials). As Figure 5 indicates,
avoidance conditioning was superior in Group C as compared to
Groups T and X. A mixed design analysis of variance revealed a
significant Groups effect (F[2,24] = 3.95, p < .05), a significant
Trials effect (F[7,168] = 63.46, p < .001), and a significant
interaction of Groups X Trials (F[14,168] = 1.85, p < .05).
Figure 6, side "A", shows the mean number of avoidance responses
for each group collapsed across the 80 acquis%&}on trials. The
NewmanJKeufs method of paired comparisons showed that Group C

|
made significantly more avoidance responses during the 80 trials
tﬁan Group X (p < .05). No other paired comparisoﬁs were
significant. While a one-way analysis oé variance computed on
the number of trials to reach the fifth avoidance response re-
vealed no differences betweeﬁ groups (E[Z,Zd] =2.85, p> .i).

differences did eme¥ge in subsequent- rates of acquisition..

Figure 6, side "B", presents the mean number of trials that each
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L

Figure 5. Mean percent avoidance, responses over eight

blocks of 10 avoidance training trials in Experiment 1 {n = 9 per

group).
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Figure 6. A: Mean number of total avoidance responses

_in the 80 acquisition trials for each of the three groups in

B: Mean number of trizls to reach avoidance

-

Experiment 1.

acquisition criterion of eight responéés in a block of 10 trials

(8/10) for each of the three groups in Experiment 1.

[ ,
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Figure 7. Mean number of intertrial interval (ITI)
responses over eight blocks of 10 avoidance training trials in

Experiment 1.,

I i
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group reqdired to meet an acquisition criterion of eight avoidance
. responseg'in a block of 10 trials (8/10). A one-way analysis

of varlancelnn the number of trials to reach the 8/10 criterion

was s:gnlflcant (F[2,24] = 4.17, p < .05). Newman-Keuls comparlson

again showed that Gréup C differeQ significantly from'Group X

(p < .05), but- no other comparisons were significant. Figure X,

7 prescnts the mean nunber of ITI responses over the eight blocks

of 10 trials. An analysis of variance of ITI data revealed a

s1gn1f1cant trials effect (F[7,168] = 3.09, p < .01}, but both the

RTOups effcct and the 1nﬂ£;ght10n between groups and trials were

nonsignificant. As can be seen in Figure 7, ITI responses tended

to decreage over the session. While ITI responses were dec;easing

over trials, however, avoidance responses were increasing. This

sugéests that the rats wére learning to discréminate that shuttle

_responses were only effective in the presence of the CS.

| 4.4.3 Discussipn
N T ]

The results of Experiment 1 demonstrate that presenting
a clicker feedback stimulus contingent on avoidange responses
(Group C) facilated discrete-trial two-way shuttlebox avoidance
conditioning as compared to a group (X} which received no. feedback
stimulus. On the.other hand, introducing a tone feedback q&imulus
following avoidance responses (Group T), while improving con-
ditioning somewhat, (sée Figure 5), did not significantly iné;ease

avoidance performance above that of Group X. The results suggest
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that a clicker, like a visual stimulus (Bolles Grossen, 1969;

Dillow et a]. 1972, Weisman & Litner, 1972) can, when used as a

y
FS, sugfly additional reinforcement for avoidance behavior

above t affprovlded by GS termination alone. The reinforcing

-

effects of the tone, however, are not as apparent.

4.4.3.1. Speculat1ons as_to khy. the Clicker-FS is More Effective

———
than the Tone-FS

L]

It is unclear why the clicker-FS was shown to be superior
to the tone-FS in the present study. Perhaps, an unconditioned
pProperty of the clicker but not of the tone is to increase
genera11zed motor act1V1ty. Thus a rat which is in a enV1ronment>
in which it occa51onally hears 8 clicker will be more act1ve than
a rat which occasionally hears a tone. If this were the case,
then increased avoadance respondlng in the clicker-Fs group could
be attributed to its overall higher operant baseline rate of

shuttling throughout the session. Consequently, there might be an

’ 1ncreased probab111ty of making a shuttle response*during the

first 5 sec. of the 1ight-CS in the clicker-Fs group simply
because animals in this gToup are mov1ng about at a high rate.

A comparison of IT] responding (see Flgure 7}, however, d1d not
Teveal any differences in shutt11ng rates between the three groups.

Furthermore,respondlng dur1ng the 5 sec. period following avoid-

- ance responses was not significantly different regardless of

whether a clicker, tone, or no FS was presented (the®mean
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nunber of responses during the feedback period over the entire 80.'
;rial session was 3.89, 3.11, and .78 for groups C, T, and X,
respectively}. .

. Sel¥tive attentional méchanisms‘(éuthe;land § Mackintosh,
1971) may also be respoﬁsible for the fact that the clicker was
a more effective FS than the tone. Sutherland and Mackintosh
(1971) have proposed thdt an ;nimal has only a limited capaéity
to attend to simultaneously presented stimuli. The like{ihodd of
a stimulus being attended to by the animal (stimulus salience)is a
function of a number of factors including the intensity of the
stimulus, its distinctiveness from background cues, past'history of
reinforcement in the presence of the stimulus, etc. A salient
stimulus is assumed to be more likely to entér into associations
with the US than a ‘less salient stimulus. Indeed, Pavlov (1927)
and Kamin (1969) have shgwn that the more salient of two simul-
taneously presénted stimuli may "oversﬁadow“or prevent coyditioning
to the less salient stimuius. In this experiment, at th; time an
avoidance Tesponse was made, not only was the FS présented, but
also the CS was terminateé. If CS termination can be fhought of
ég a stimulus, then a compound stimulus consisting. of the FS and
CS termination (plus probably a host of Tesponse-dependent
stimuli as well) was presented following avoidance responses.
Certainly, thg removal of a conditioned aversive stimulus can be

r

considered a salient stimulus. If; in the present situation, the’
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tone wae less salient than CS terminaticn,'then the condiﬁﬁoé%ig

of reinforcing properties to thertone nay pave been overshadowed

by the removal of the CS. 1f tﬁe clicket, on the other hand, was

a more salient stimulus than tﬁe tone, then it would less likely

be overshadowed by CS termination. fhus, the clicker was able

to develop effective_reinforcing prcperties.‘ Of course, this account -

']

is purely speculative. Whether selective attentional processes
S

oT some other mechanism is responsible for the observed differences

in the relnforC1ng strength of the c11cker and the tone can not °

.of course be determined by the results of this study and an '

investigation into this matter is beyond the scope -of this thesis.

-

" Nevertheless, this study did succeed in 3dentifying two stimuli

that are'diffe;entiaily effective as FSs. .

S ’ L

4.5 EXPERIMENT 2 - Summation Tests of the Inhibitory Properties

of Clicker and Tone Feggback Stimuli
L] B . L]

The results of _Experiment 1 syggests-that, at least in the

_-dlscrete -trial av01dance paradlgm, the 10 pulses/sec. 65 db clicker

used 1n Experlment’l funct1ons as a better FS than does a
3 .

2000 Hz, 75 db tone., Accordlng to the present hypothesis, the
. BN
Teinforcing power of a FS is a funct1on of thé conditioned in-

h1b1t1onrthat has accrued to it over the course of avo1dance

-

training it would be expected then, that after tra1n1ng, tests
; 's

of the 1nh1b1tory propert1es of a clzcker-FS and a tone-FS will .
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reveal that the more effective FS, the clicker, possesses greaser
inhibitory strength than the less effective tone-FS.

Pzgyious studies (Dinsmoor § Sears, 1973; Morris, !éi::
Rescorla, 1968a; Weisman § Litner; 1972) tﬁat have assess;d the -
inhibitory prop;rties of a F$§ have all used-the same measurement
ﬁrocedure - a change in the‘?ate qf well-established Sidman avoid-
ance ;éspoﬁdiﬁg during pre;entétions of the FS. These authors -
.assumed that if a FS possessed fear inhibitory'properties, it
would slow the rate of Sidman avoidance reSanding whié; pre-
sumably is being motivated by fear. Indeed, the above studies
have shown that duging the presentation of a previously established
FS, a significant reduction in the rate of avoidance respoﬁding
occurs. - It would be worthwhile, at this point, to provide
convergent evidence using a different assessment technique that -
.effectiée FSs become conditioned inhibitors. A number of
investigators (e.g., Bull § Overmier, 1968; Hearst, 1972; Pavlov,
1927; Reberg, 1972; Rebefg & Black, 1969; Resc;;la, 1969¢c) have i
recommended the summation test as a direct way of detefﬁining the
’amount'of inhibition accruing to a stimulus. In a summation
test, the inhibitbry properties of the”stimulus are assessed by
compounding it with a known excitatory stimulus. If the stimulus
in question possesses inhibitory properties, then a decrement in

responding to the excitatory CS should.be observed when the

inhibitory stimulus is compounded with it. In this experiment (#2),
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4.5.1.1 Subjects - Subjects, as i
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rats received avoidance training in which a light served as the CS
and either a tone or c}ické} served as the FS as was the case in
Experiment 1. After 80 avoidance trials, the subjects were given
extinction trials in which the shock was no longer presented and
the Iight~cs was compounded with either the same auditory stimilus
used as -the FS duriﬂg acquisigion or with the other novel

auditory gtimulus. On the basis of the findings from Experiment 1,
if was predicted that the group which receives their clicker-FS
compounded with the light-CS in extinction should show more in-
hibition of responding (i.e., make fewer responses) to the CS than

the groups which receive their tone-FS or a novel stimulus com-

pounded with the CS.

Experiment 1, were male ya

albino Fischer344 rats, 250-300 grams, maintained on ad 1ib-food

and water and housed in individua

4.5.1.2 Apparatus - The apparatus, the light-CS, shock, and tone

and clicker FSs were the same as that used in Experiment 1.

4.5.1.3 Procedure - Each subject participated in the experiment

L4

for a single session which consisted of a one minute adaptation

period followed by 80 acquisition trials and then 80 extinction
trials. Rats were randomly assigned to one of four groups. Ten
rats were discarded: five due to apparatus failures and five for

failing to meet the arbitiary acquisition criterion of at least

»
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50 avoidance responses by the end of aéquisition training. This
‘criterion was set in order to reduce the différences in acquisition
between the clicker and tone feedback groups observed in Experiment
1. This was done so that subjects from all four groups would
enter the extinction phase of the experimeqt\after reaching N
approximately the same level of acquisition regardless of whether
they had the toneFS or clicker-FS in the acquisition phase. Had
this not been achieved and had the groups differed in their
asymptotic performance at the end of acquisition training, then
differences in the rate of extinction could have been attributed .
to acquisition differences rather than to the independent variable
(the stimulus sugmated with the CS in extinction). The subjects
that were discarded were replaced with naive subjects until each.
of the four groups had five rats aplece. ‘

The acquisition phase of the experiment began after a

"

one-minute adaptation period (as in Experiment 1). Figure 8

depicts the experiences of each of fhe four éroups on escapp; ©o-
avoidance, éﬁd extinction trials. As can be seen iq the first Tow
of Figure 8, subjects in Group C;C (élicker-F& in écquisition-
clicker summated with the 1ight-CS in éxtinction) received

jdentical avoidance training as Grouﬁ C in Experiment 1. At the:
start of a trial the light-CS was-presented. 1f the rat failed

to respond within 5 sec., a continuous 0.5' mA electric shock was

delivered. Moving to the other compartment of the shuttlebox ‘

BN
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términated the CS and the shock. If the rat shu;tled during th9
5 sec. CS-US interval, shock was avoided, the CS terminated
ihmediately; and.the clicker-FS was presented for 5 sec. The FS
was presented following avoidance but not escape responses. The
ITI following escape trials averaged 18 sec. (range: 12-24 sec.);
the ITI following avoidance responses averaged 3 min. (range: 2-4
. min.). Thus, the FS was the only stimulus that reliably predicted
a relatively long period free‘from aversive events. \
Immediately foliowing the 80 acquisition trialg'extinction
was initiated. Extinction .trials' for Group C-C consiéied of simultaneous
presen£ations of the light-CS and the clicker-FS. A response
immediately terminated this compound stimulus. No other stimulus
followed a response in extinctioh nor was any shock ever‘%ivén. 1f
a response did not occur withird 20 sec. of the start of the trial,
the light + clicker stimulus automatically terminated. ﬁighty
extiﬂétién trials were given in this manﬂef with an ITI of 18 sec.
(range: 12-24 set.). Response latencies in both acquisition aﬁd
extinction were recorded on a Grason-Stadler Print-Out Counter.
The second Tow of Figure 8 shows that Group C-T (clicker-FS in
acquisition-tone summated with thé light-CS in extinction) |
receiﬁéﬂ identical acquisitioﬁ training as Group C-C described above,
but differed in Ehe'coﬁpound stimulus presented on extinction
trials. On a trial in the extinction-summation test in this group,

the 1ight-CS was compounded not with the 10 pulses/sec. clicker that

(“\\~, . .

. - PSR
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had been used as the FS during acquisition, but with a novel
stimulus, the 2000 Hz, 75db tone. .Except for this difference
extinction was the same in all respects to Group C-C. The third
tow of Figure 8 reveals that Group T-T (tone-FS in acquisition-
tone summated with light-CS in extinction) yeceived similar -
treatment in acquisition and extiﬁction as the above two gfoups
except that the tone was used as the FS during acquisition

(cf., Group T in Experiment 1) and was cpmpoundcd with the light-
CS during extinction. As can be seen in the fourth row of Figure
8, Group T-€ (tone-FS in acquisitionh-clicker summated with
lféht-cs in extinction) was treated identically to Group T-T )

in acquisition but had the clicier compounded with the light CS on.

extinction trials. Thus, the novel tone and clicker stimuli .

o - -~ -

:'compounded with the CS in extinction in Groups C-T and T-C, '

respectively, were the same stimuli that served as the FS in
acquisition and were compounded with the CS in extinction in Groups

T-T and C-C, respectively.
0 \

“4.5.2 Results

4.5.2.1 ,Acquisition - The setting of the arbitrary criterion of
S0 avoidance responses in the 80 acquisition trials reduced the

differences observed in Experiment 1 between clicker-FS and tone-FS

groups (see Figure 5). Figure 9 presents the mean percent A

avoidance responses for each of the four groups over the 80
. . .

acquisition and 80 extinction trials divided into eight blocks of

N
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Figuré B. A schematic representation ﬁf escape, - avoidance,
and extinction trials for each of the four groups in Experiment 2,
(C-C = clicker-FS in acquisition-clicker summ;ted with CS in
extincéion; C-T = clicker-FS in acquisition-tone summated with CS

in extinction; T-T = tone-FS in acquistion-tone summated with CS

S
in extinction; T-C

tone-FS in acquisition-clicker summated with

CS in extinction). .

BERN
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20 trials. As the left half of Figure 9 indicates, there was
considerable overlap in mean percent avoidance Tesponses over: the
entire course of acquisition in the clicker- and tone-FS groups

in this experiment. As in Experiment 1, subjects receiving a tone-

.
-

FS did not perform as well in acquisition as subject§ receiving a
clicker-FS.‘ Five subjects‘in the tone-FS condition did not makg

at least 50 avoidance requnses, while only one subject in the
clicker-FS‘groups féiiéd to meet this criterion. A mixea_désign
analysis of variance revealed a significant Trials effect (F[3,48] =
101.16, p < .001), but neither the main effect of Groups nor the
interaction of -Groups X.Tfials was significant, 20

4.5.2.2 Extinction - The right half of Figure 9 shows that the

groups differed consi@erably in responding during extinction.
Responding in Group C-C dropped off much more rapidly than in the
other three groups. Group C-T, oﬁ thg otheé hand, showed an
increased rate of }esponding after an initial tlecline. Groups T-T
and T-C evidenced about the same degree of exfihction. A three-§ay

mixed design analysis of variance (FS modality in acquis{tion

20

Even when discarded subjects are included in an analysis of
acquisition data, the four groups still do not differ significantly
on total number of avoidance Tesponses, number of trials to the
fifth avoidance response, and number of trials to eight responses
in a block of 10 trials (although as in Experiment'1, statistically
insignificant trends do emerge). '
' ) ¢
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Figure 9. Mean percent avoidance responding over four
blocks of 20 acquisition trials and four blocks of 20 extinction

trials in Experiment 2 (n = 5 per group).

LY
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X Summated stimulus modality in extinction X Trials blocks) was
performed on the total number of avoidance resﬁonses (defined as
responses with latencies ¢ S.sec. - i.e., the CS-US interval used
in acquisition) emitted per 20 trial block. The main effects of
FS modality in acquisition and Trials were insignificant as was
the interaction of FS modality.in acqui;ition i Summated stimulqs
modality in extinction. The main effect of whether a tone or
clicker was compounded with the light-CS in extinction (Summation
stimulus modality) was significant (F[7,16]) = 4.90, p < .05). In
addition, the interactions of FS modality in acquisition X Trials
(F [3,48] = 2.80) and Summated stimulus modality in extinction

X Trials (F[3,48] = 2.72) were marginally significant (p* .05).

These results are qualified by the existence of a signfiicant

134

.«

three-way interaction (F[3,48] = 5.56, P < .01). An examination of

Figure 9 suggests that this interac%ion may be due mainly to
Group C-T which instead of falling off in extinction actually -
increased its rate of responding after an initial decline.

The interaction effects observed in this extinctiaqn data
should not detract from the important finding of this study that
only Group-C-C showed a rapid and consistent deterioration of

" responding in‘extinction. This result suggests that the clicker-
FS became a co&ditioned inhibitor during acquisition. Newman-

Keuls paired comparisons revealed that Group C-C differed at the

.05 level from Groups C-T, T-T, and T-C. There was no evidence,

B )
o

-

il
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however, that the tone-FS also developed inhibitery properties

since Groul@ T-T did not differ fromGroups T-C and C-T.%

4.5.3 Discussion

‘The results of Experiment 2 provide additional evidence that
a FS can becone ‘£ conditioned inhibitor of avoidance behaviorf’
Unlike all previous demonstetions of this phenomenon (Dinsmoor &
Sears,.1973; Morris, 1974; Rescorla, 1968a; Weisman & Litner, 1972)
which mcas?red inhibition as a feduction in the rate of free-
operant unsignalled avgidance responding during the FS (cf. Rescorla
and ‘LoLordo, 1965), this study obtained evidence for FS inhibition
using a summation test pracedure in a discrete-trial signalled
avoidance Paradigm (cf. Bull & Overmie;, 1968).

An equally important finding of this study is tﬁét the

clicker-FS developed greater inhibitory strength than the téne-FS.

-

21 . . -
“The 'author is aware of the fact that by discarding subjects who
failed to meet an arbitrary acquisition criterion, the assumption
of random assignment to groups is being violated, The bias
created by the fact that more animals were discarded from the
tone-FS groups than the clicker-FS groups should be working
against the expected finding of less inhibition in Group T-T

tﬁan Group C-C. If the reinforcing properties of the. FS covary

in a positive manner with the amount of inhibition accruing to

it, and instances of ineffective tone-FSs-dre removed, then

there is a greater chance that the sample made up of -effective
tone-FSs ‘only, will show more conditioned inhibition than a

sample of effective and ineffective tone-FSs.

~
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| s | .
This finding together with the Tesults of Experiment 1, that the
clicker was a more effective FS than the tone,_ suggests tha;';bt
all FSs share the same capacity té become conditioned ihhibitﬁrg.
Moreover, the effectiveness of the FS as & reinforcer of avoidance
behavior is mirrored by and perhaps closely feiated.to the accrual
of inhibitory properties to it. _

The fact that the reinforcing and inhibitqry properties

‘of the FS covary in a positive manner provides partial support

. for the hypotﬂesis that the reinforcing capabilities of a FS

ééfually result from its inhibitory properties (Dinéﬁoor & Séars,

1973; Morris, 1974; Rescorla, 1968a; Soltysik; 1963; Weisman & Litner,

1972). These findings are also consistent with Morris' (1974,
Expt. 3) d%monstration that a FS which predicted a relatively

long ITI (3 min.) was associated with. superior avoidance per- .

' formance and was a more powerful conditioned inhibitor than a

FS which signalled a shorter ITI (30 sec.). It can not be
determined from Morris' experiments, however, whether the FS

signalling the long ITI or some other ‘factor independent of the °

presentation of the FS was responsible for the superior avoidance

performance observed in the 3 min. ITI group since Morris

. . ) # o
-failed to include a no-FS or random-FS avoidance training(ggsgg‘;_J

(e.g.;, Group X in Experiment 1). It should also be pointed out
i ‘ N ‘

that Morris (1974) concluded that the differences he found in the

inhibitory strength of the FSs in his study were a function of the

i
!

o
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. _i k . ‘)‘\

length of the ITI signalled by ;he FS. In Experiment‘l and 2

reported here, however, the ITI signalled by the effective clicker-

FS and the less effective tgne-FS was the YRme (average - 3 min.).

In fact-every aspect of avoidance training except the modality

.-

of the FS was identical for the F5 groups in both experiments.

This result coupled with Morris' findings suggests that pre-

-

dicting a relatively long ITI may be necessary but is not a
sufficient condition for a FS to develop inhibitory properties.
Some other factors related to soﬁe sﬁecific qualities unique

.to the stimulus itself (e.g.,~5alience) can also influence the p

.ability of. that stimulus to develop inhibitory properties and

function as an effective reinforcer for afbidance behavior. In

general the results of Experiments 1 and 2 of this thesis show
L] .

© €thdt the re{\forczng qnd inhibitory properties of a FS are

L\‘_> closely related and prOV1de additional support for Morris' (1974)
T

f

i

statement that "feedback, stimuli will have little or no -effect

A

: upon av01dance performance unless they are condltloned 1nh1b1tors

(p.444)v;"

4.6 Implications for Two-Factor Theory: An Eitension Based on

Contingency Theory
As mentioned earlier, until recently two-factor theorists
haye,” for the most part, ignored the possibility that inhibitory

Pavlovian conditioning may be occurring in the avoidance situation.

v - ) -
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The demonstrations such as in Experiment 2, above, that response-
contingent feedback may under certaiﬁ conditions become conditioned.
inhibitors provide the impetus to revisF,and expand the strongest
version of the theory (e.g., Anger, in press) such that it could
account fdr both excitatory and inhibitory conditioning in .
avoidance learning. This could be done by 1ncorporat1ng a con-
t1ngency model of PaVIOV1an conditioning (Rescorla, 1967, 1968b,

]

1969a,c) to produce a more accurate measure of conditioned aversive-

ness. 4 - .
. v
It turns out that Anger'; two-factor analysis can be
asily extended to consolida;e a contingency view. Conditioned
versiveness (CA), agcording to Anger (1963, in presd) i; assumed
to be a function of the number of CS-US pairings divided by the
totdl exposure-time to the CS (bA = f [shocks/exposure]). This
measure of excitatory strength represents an improvement over .
previous attempts Rhich had simply examined CS;US pairings anly o
and ﬂad ignored the effects of nonreinforced CS'e;posurea
Anger's shocks/exposure.formation, however, still falis short,in
predicting the full range of aversive strength dhat might develop
to a particular stimulus. The lowest possible aversiveﬁéss value
a ;;&dulus can possess according to the ‘above equation is zéro.
According to a contingency view, however, the probability of
shock given the presence of thd CS is dnly half the story. It is

also important to take into account the probability of shock

[EPRRNY,
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given the absence of the CS. Thus, the conditioned aversiveness of
a stimulus will be affected not only by the average shbck-rate
signalled by the presence of the CS (shocks/eiposure) but also by
the average shock-rate signalled by the absence of the CS (shocks/
nonexposure). "It is suggested here that Anger's shocks/exposure .
measure of cnnd1t1oned aversiveness be expanded to';nclude a
shocks/nonexposure component. Since shocks/nonexposure is assumed
to reflect inhibition [Reséorla, 1969a,c; Weisman §-Litner, 1971} a
negative sign is ascribed to it. Thus, the revised conditioned'
aﬁérsiveness/;quation reads: CA = f(shocks/exposure - shocks/
nonexposure). Thi; formula prévides a measure of CA along a
continuum of poféntial excitation and inhibition that may accrue to
a stimulus depending upon its relation to the occurrence of shock.

Unlike a simple .shocks/exposure, analysis, the above formulation can

provide a measure of the relative inhibitory strength of a stimulus

.since it allows for the possiBility of atnegative CA value. That

is, if the shocks/nonexposure of a stimulus is greater than its,

shocks/exposure, then its total CA would be less than zero, and

- the stimulus is assumed to be inhibitory.

The incorporation of a contingency model of Pavlovian
conditioning in the form Aiscussed abo#q"enhances the ekplanatory
and predictiﬁe‘strength of two-factor thegfy withéut d;gstically
modifying any of its basic assumptions. Thus, while it continues

to provide as adequate an explanation of a large body of avoidﬁgg;

~imt it
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data as does Anger‘s formulation;'this extended version also allows
v for an accounting of inhibitory phenomena. Thus, the theory can now
handle both the apparent deVeiopment of inhibitory properties to
response-contingent feedback and, as will be shown in the next
t chapter, it can also effectively héndle the suggested functional
' role of this inhibitory feedback in the acquisit}on, maintenance,

’ . . . . 22
and extinction of avoidance behavior.
»*

22

0f course the'é%ntingenéy view, itself, is not free from
methodological and theoretical problems. For example, it as
yet can provide but an -ordinal measure of excitation and in-
hibition. In addition, it has failed to specify the relevant
temporal parameters involved in identifying the "presence"

and "absence” of the CS. Finally,.there is accumulating
evidence that the contiguity between the CS and US cannot be
completely ignored and that the animal may indeed be learning
something about a CS even when it is uncorrelated with the US.
See papers by Seligman, 1969; Kremer, 1971; Kremer and Kamin,
1971; Quinsey, 1971; Benedict and Ayres, 1972; and Mackintosh, .
1973; for critiques and pertinent data related to these matters.
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CHAPTER V

THE FUNCTIONAL SIGNIFICANCE OF CONDITIONED

INHIBITION IN AVOIDANCE LEARNING -

“ 5.1 Conditioned Inhibition in Avoidance - Functional or

Epiphenomenonal?

The findings that avoidance response-contingent feedback
stimili become conditioned inhibitors have led a number of
jnvestigators (e.g., Dinsmoor & Seafs. 1973; Rescorla, 1968a,
1969b; Soltysik, 1963; Weisman § Litner, 1969b, 1971, 1972) to
conclude that inhibitory feedback may serve as the reinforcing
mechaniém for avoidance behavior in gddition to, or inspead of CS
" termination. This conclusion is“ﬁﬁt justified on,thg-basis of
these findings alone. As D'Amato et al, (1968) have argued, the
inhibition accruing to the FS ﬁay be nothing more than an
"epiphenomenon' fesulting from.the fact the FS happens to signal
a period free from aversive events. It is quite possible that
some other aspect of the FS (e.g., its salience, its informational
charac;eriétics, etc.), but not its inhibitory properties, is
actually respbnsible for its reinforcing function. The results of
‘Experiment } and 2 show that a more efféctiisﬁ(reihforcing) FS

develops greater inhibitory strength than a less effective FS.

This provides suggestive evidence that conditionmed inhibition’is

-141-
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the source of the reinforcing capabilities of feedback stimuli.

It must also be shown, however, that a known Pavlovian conditioned
inhibitor can actually function as a reinforcer of avoidance
Ibehaviorlbefore any strong statements can be made regarding the

-

functional nature of inhibition in avoidance learning.

5.2 Predictions Derived from Current Thg%ries of Avoidance Learning

Different theoretical formulations make diverging pre-
dictions concerning either the possible functional role of in-
hibitory feedback stimuli or the mechanism by which FSs operéte to

Teinforce avoidance behavior.

5.2.1 Anger's Shocks/Exposure Formulation

Anger's (1963, in press) two-factor account ignoreé the '
possibility that Qtimuli in the avoidance situation can acquire
inbibito?y properties. Thus, it would not predict that & stimulus
negatively correlated with shock would have an} more reinforcing
properties,thus EUnctioning more effectively as a_feedback stimulus,
than a novel or neu;ral stimulus. That is, according to a simple
shocks(exposure formulation, the conditioned aversiveness 5f an
inhibitory FS cannot be less than zero- the same as a novel or
neutral FS. Thus, an avoidance response, which replaces a2 highlf
aversive CS with a FS, will receive the total amount of reinforcement
available in terms of aversiveness reduction regardless of

whether the FS is inhibitory or not. Anger's formulation, "then,

-
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does not ascribe a special functional role to inhibitory stimuli
following avoidance responses.

5.2.2 Contingency Version of Anger's Theory

The extended version of Anger's theory proposed eaflier
takes into account both excitatory and inhibitory processes in
assessing the total conditioned aversiveﬁess of a stimulus. This
proposal does suggest that inhibitory FSs could function as i
effective reinforcers. Expanding the definition of CA to include
a negative shocks/nonexposure component in addition to a positive
;hocks/exposure'factof allows the lower boundary of CA to be lésg
than zero. An inhibitory stimulus which is negativelyléprrelated
wi&h the occurrence of shock wi;l have greater shocks/nonexposure
than shoéks/exposure. This results in the inhibitory stimulus
acquiring a total CA value less than.zero which would be less
than a novel or neutral FS which would have CA/4 0. If the
inhibitory stimulus with its negative CA value is used as a FS, .
then the total amount of reinforcement in terms of aversiveness
reduction following avoidance responses made in the presence of
an aversive CS will be greater than when a non-inhibitory stimulus '

serves as a FS.

5.2.3 Positive Reinforcement Formulations and Relaxation Theory

"Positive reinforcement" views of avoidance learning
(Denny, 1971; Dinsmoor § Sears, 1973; Réscorla, 1968a, 1969b;
Weisman & Litner, 1969a,b, 1972) also predict that conditioned

inhibitors should function as effective reinforcers for avoidance
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behavior. Weisman and Litner (1972), in fact, argue that their

. "revised two-process theory demands that a stimulus established as

an inhibitor of fear...function as conditiéned positive reinforcers
(p.266)" {emphasis édded). Although Weisman and Litner fail to
specify how conditioned inhibitors become reinforcers, Denny -

(1971) has proposed a mechanism by, which féedback stimuli are

thought to acquire conditioned positive reinforcing properties.

Denny suggests that the termination of conditioned and unconditioned
aversive stimuli elicits an unconditioned consumatory-like long-

latency response which he calls '‘relaxation'. Stimuli- (e.g., ITI

cues, feedback stimuli) whiqh are p;esent in the safe compartment

or durihg the safe interval when this relaxation response occurs
become;via classical conditioning, conditioned relaxers. Thus, .
according to DennyJ avoidance behavior is not reinforced directly

by CS§ termination but rather first by unconditioned relaxation

(elicited by CS termination) and then by conditioned relaxation . -

(resulting from the pairings of feedback and ITI stimuli with
fhe pairing

the unconditioned relaxation response). A number of studies

view (Denny § Weisman, 1964; Weisman, Denny, Platt, & Zerbolio,
1966; Weisman, Denny, § Zerbolio, 1967; Zerbolio, 1968 - see Teviews
by Denny, 1967, 1971). These studies in general, have shown that
those variébles which are assumed to facila;e conditioned re-

?
laxation (e.g., increasing length of ITI, dissimilarity of ‘'shock . ‘
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and saf?ty compartments) also facilate avoidance gcquisition.
According to relaxation theory, Pavlovian conditioned inhibitors
having been associated with the termination of aversive stimuli
will also bec&ge conditioned relaxers. Presenting these stimuli
following avoidance responses will provide an additional source
of reinforcement in the form of immediate relaxation.

5.2.4 Stimulus-Stimulus Expectancy Theory

Another formulation of avoidance learning that seems to
predict that conditioned inhibitors can reinforce avoidance

behavior ;s a stimulus-stimulus expectancy notion (Bolles,

|1972b; Mackintosh, 1974, p.308-10; Ritchie, 1951). According to this

view, avoidance learning is mediated by the formation of an expectancy

developed early in training that when the CS is presented shock is

- to follow. The avoidance response prevents the occurrence of the

expectéd shock and is thereby strengthened. Extending this
analysis to conditioned inhibition, the animal learns that the
inhibitory stimulus predicts the nonoccurrence of shock such that
when the inhibitory stimulus occurs the animal e%pects no shock
for a certain period of time. ﬁy presenting inhibitory stimuli
following avoidance respons;s.made in the presence of the CS' that
predicts shock, the animal not only learns that the'reﬁponéé is
associated with the omission of the expected shock, but also finds -

that the response‘produces stimuli that signal ‘a time free from
o

shock. The presentation of a signal for no shock presumably

~
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strengthens the tendency to make the response that produced the
safety signal,

5.2.5 Informational Theory of FS Reinforcement

There are a number of theoretical formulations besides

_Anger's (1963, in press) which also do not predict that Pavlovian

conditioned inhibition plays a special reinforcing role in avoid-
ance learﬁing. D'Amato et al. (1968) and Bolles and Grossen {1569)
have argued that avoidance response-contingent changes in '

stimulation (e.g., CS termination, feedback stimuli, etc.) serve

as '"discriminative” or "informational" cues signalling to the

subject that it has just made the correct response to avoid shock.

Accordihg to this view, it is not expected that Pavlovian
inhibitory training would have any effect on the informational

value of the FS. Tﬂe stimulus-stimulus contingency encountered
during thé Pavlovian sessions should not provide the subject with
any relevant information concerning the actual\avoidance respﬁnse
contingency. Thus, an informational account of the nature of
feedback sFimuli would predict that Pavlovian conditioned inhibitors

should not be effective reinforcers for avoidance behavior

‘unless they also provide information concerning the response

contingency itself.

5.2.6 Response-Outcome Expectancy Theory

Seligman and Johnston (1973} also propose that what is
important in avoidgnce conditioning is what the animal learns

——
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about the response-shock contingency. According to their
"response-outcome" exﬁectancy theory, the animal comes to expect
that méking 2 particular response in the CS-US interval will
result in no shock; failure to respond, however, does result in
shock occurring. The avoidance response is reinforced each tiﬁ;
the former expectancyAis confirmed. If the response-no-shock
expectancy is the crucial variable affecting avoidance learning,
then the Seligman and Johnston formulation would predict that

a Paviovian conditioned'inhibitoé should not necessarily provide
reinforcement for avoidance behavior. The presentation of a
conditioned_inhibitor'following avoidance tesponses does not
further confirm the response-no-shock expectancy already

present in the avoidance contingency.2;

——

5.2.7 One-Factor Shock-Density Reduction Theory

It also seems that a one-factor shock-density reduction

view (Bolles et al. 1966; Herrnstein, 1969; Herrnstein § Hineline,

I R e e ol e e

23
This view differs from a stimulus-stimulus expectancy notion
in that Seligman and Johnston do not consider the possibility
that the animal forms an expectancy based on the signalling
properties of stimuli. They concern themselves only with what
the animal expects to happen if it responds (or fails to respond).
0f course without too much trouble a response-outcome’ expectancy
theory can incorporate stimulus-stimulus expectancies (or vice
versa). - Indeed,Bolles (1972b) has developed just such a
"two-factdr" expectancy theory. -

ke
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1966; Sidman,‘1962] would not predict that a Pavlovian conditioned
inhibitor could serve as a reinforcer of avoidance behavior,

According to this analysis, the sole reihforcer in ghe avoidance
situation is the avoidance contingency itself, or more Fenerally,

a reduction in shock-density or frequency. As long as this ..
contingency is equated among groups there should be na significant
differences in avoidance responding regardless of the kinds of" \
conditioned stimuli presented after the avoidance response.24 Thus,
this formulation which eschews a funétiongl role of Pavlovian .
excitatory cénditioning {i.e., the CS simply serves as a SD and
this function is independent of Paviovian conditioning mechanisms)

also fails to assign such a role to Pavlovian inhibitory processes.

5.2.8" A Test of Diverging Predictions

It appears that an examination of the potential reinforcing
properties of conditioned inhibitors may help to assess the relative
strengths of the various theories of avoidance discussed above. If

a reinforcing effect is found and is shown to be due to the Pavlovian

24
It has previously been pointed out (p.76) that this formulation
cannot adequately handle the results of the delayed CS
termination studies (Kamin, 1957b,c; Mowrer § Lamoreaux, 1942)
and the acquired drive studies (e.g., Brown § Jacobs, 1949)..
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inhibitory centingency then thisluould provide support for

1) a positive reinforcement view of avoidance (Soltysik, 1963;

- Weisman § Litner, 1972), and relaxation theory (Denny, 1971;

Denny & Weisman, 1964), 2)-stimu1us-stimulus expectancy theory 4
(Bolles, 1972b; Mackintosﬁ,1974 p.308-10; Ritchie, 1951),’and <

3) a revised contingency ﬁedel of two-factor theo;y propoeed here.
If conditioned inhibitors are not shown to possess the abilit}

to reinforce evofdance behavior above that of non-inhibitory

stimuli, then this would support 1) Anger's (1963 ™in press)

shocks/exposure analysis, 2) an info tional view of response-:

contingent feedback (Bolles & Grossen, 1969 D'Amato et al.

4968), 3) response-~outcome expectancy theory (Seligman § Johnston,

1973), and 4) a one-factor‘ehock-den51ty reduction view (Bolles - ‘ 7\
et al. 1966; Herrnstein, 1969; Herrnstein G-Hineline, 1966;

Sidman, 1962).

5.3 Evidence Concerning the Ability of Conditioned Inhibitors

to Reinforce Avoidance Behavior

‘The available evidence, although scarce, eoes suggest

that conditioned 1nh1b1tors can indeed reinforce avoidance be-
“havior to a greater extent then non- 1nh1b1to:y st1mu11. Rescorla
(1969b) trained dogs to press two panels, one on each side of .
the dog's head, .to avoid shock on a Sidman avoidance schedule,

Since the same Sidman avoidance schedule was' programmed to both

t

e
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panels, a press of either _panel was equaily effective 'in post-
* poning shock. After 9 days of Sidman avoidance training, the
panels were removed and the dogs were given 5 days_of Pavlovian
inhibitory conditioning in which a tone (CS-) prediéééd 2 1.5 min.
(mean) interval free from shock. ‘Following this Pavloviah phase,
subjects were re;rainedﬁon tﬁéapanel-pressing Sidman avoidance
task using correction proéedures to insure equal pressing qf
panels. 6n,the next dayvéhe CS- tone could be produced by ;
response on one panel while another tone of a different ffequency
not presented during the Pavlovian sessions was produced by a
response made to the other panef. The finding that dogs shoied
a distinct preference f;r pressing the panel that produced CS-,
irrespective of that panel's spafial position, was taken by
Regcorla as evidence that the CS-, a PﬁvLovian conditioned iﬁ-'
hibitor, could function as a positive reinforcer for avoidaﬁce
behavior. Extrapolating from this finding Rescorla (1969b)
suggested '"that feedback stimuli associated with the response
in signalled avoidance would - also become reinforcing (p.263)"
presumably as a result of iﬁﬁibitory properties conditioned to them.
it might be argued that Rescorla‘s (1969b) use of a
rela}ive preferﬁnce me#sure was not a direct substantiation‘pf
the feinforcing properties of.a conditioned inhibitor since
absalute response rates did not increase. A more direct
demoﬁstration that Pavlovian conditioned inhibitors caﬁ'reinfqrce

: (]
avoidance behavior was presented by Weisman and Litner (1969a).

LS

./‘AJ/f’
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. ’ R - )
After rats were trained to the point of steady-state responding

on a Sidman avoidance schedule, they were giveﬁ Pavlovian-
conditioning‘trials in a separate chamber. One group ("cs-")
received inhibitory conditioning such that a tone signalled an
average 1.5 min. interval free from shock (cf. Rescorla, 1969b;"
lRescorla,'E LoLordo, 1965). Another ;rou 'TRC") received
random presentations of tones and shocks and a third group

"("No-C5") was not placéd in the Paviovian conditioning chambers.
Fplloﬁing%thréexdays of Pavliovian conditioning (alternated with

;three days of continued Sidman avoidance training), the tone was’

"

'presented'\rhile the animals were responding on the Sidman
schédule.‘ In Expt. 1 the tones were presented noncontingently with
,respect to responding. It was found that the tone in th; CS~ gr;up
produced é reliable decrease in the rate of ongoing responding
while the tone in the TRC and NoLCS groups did not affect base-
‘line responding. This was basicallya replication of Rescorla ané;
LoLprdo's (19@5) findings. Thus, the tone in the CS- groug;wagl‘
considéred to have developed. inhibitory proébrties during the .

\ Pavlovian phase, In Expfi 2, Weisman apd Litner (1969a) attempted
to assess the reinforcing properties of the CS-. "They réﬁsoneé tpgt
if the CS- is a reinforcer, its conéingént preséntation tan 'be ‘

ed to hodify existing rates of responding. That is, if the CS-

is 2 rein{orcer, presenting it only if‘the animal responds at
At <+

a fast rat (e.g., at least 10 resmnsiﬁks sec. were required\'to

1
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turn on the tone) shoyld increase the rate of responding;
-
presenting the CS- contingent on slow.rates (only zero or one
] . R .
response per 5 sec.could turn on the tone) should decrease the

overall rate of responding. ~Using the same subjects from the

CS-, TRC, and No-CS groups of Expt. 1, Weisman and Litner (1969a,

.Expt. 2) first presented the tone contingent on high rates of
"responding. The presentation of the tone in this manner increased

the rate of responding in the CS- group only. Likewise, when the

: >d
tone was made contingent on low rates of responding, a decrease
in responding occurred only in the CS- group. These findings .
support Rescorla's (1969b) demonstration that a Pavlovian con-.

ditioned inhibitor can modify previouslﬁ established free-operant

avoidance responding and suggest that conditioned inhibitors

can function as effective reinforcers of avoidance behavior.

As Bolles (1972a;Bolles §& Moot, 1972) points out, the

Rescorla (1969b) and Weisman and Litner {1969a) studies demonstrate

*

thgt a responsé;contingent conditioned inhibitor can‘modify
existing patteiﬁs of previously ;s;ablished avoidance behavior
but they do not show that a conditioned inhibitor can be used to
reinforce a new respohsé.i Perhaps a 'stronger te;t of the reé-
inforcing prOpérties uf a conditioﬁeq.inhibit;r would be to use

a known conditioned inhibitor as # FS from the outset of avoidance
conditioning. If a FS developsiinhibitory Qtrength_dﬁring the

course of avoidance training, and it is this inhibition that -

provides the FS with the capacity to reinforce avoidance responses,-
. ) T . " i, L]

(:ii

. -
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then it would be expected that using a FS which already 5ossesses
inhibitory properties (due, for example, to prior Pavlovian
inhibitory conditioning) should facilate avoidance acquisition.

A pre-established conditioned inhibitor shoyld provide a greater
source of'reinforceﬁent from the very beginning of conditioning
than would a novel or neutral FS which must first develop its
prerequiéite inhibitory §;rgngth during early avoidance training
itself. If the inhibitory properties per se are not résponsible for
the observed reinforcing capabilities of a FS then a conditioned
inhibitor ;hould not facilate avoidance behavior any more than .
would a ﬁon-inhibitory stimulus. Experiments 3 and 4 were there-
fore designed to ‘first provide a Pavlovian para@igm in the shuttle-
box which reliably produces a conditioned inhibitor and then use

this pretrained Pavlovian conditioned inhibitor as a FS during the

acquisition of a two-way shuttlebox avoidance response.

5.4 EXPERIMENT 3: Summation Test of the Inhibitory Properties

of a Stimulus Negatively Correlated with Shock

The purpose of this experiment was to find a Pavloviaﬁ
training procedufe which produces a conditioned inhibitor in the
shuttlebox environment. According to a contingency view of
Pavlovian conditioning (Rescofla. 1967; 1969c) a stimulus that is
negatively correlatéaﬁkith the occurrence of shock should become
a conditioned inhibitor. Indeed such a stimulus (referred to as a

Cs-) associated with shock in this manner has been shown to



154

inhibit rgspoﬁaing in the Sidman avoidance paradigm (Grossen §
Bolles, 1969; Moscovitch 5 LoLordo, 1968; Rescorla § LoLordo, 1965;
Weisman § Litner, 1969a,b, 1971), in the discrete-trial signalled

avoidance procedure (Bull § Overmier, 1968) and in the CER pre-

- paration (Hammond, 1967; Reberg & Black, 1969; Rescorla, 1969a;

Siegel & Domjan, 1971). In addition, the inhibitory strength of
the CS- also appears to be partly a function of the length og.the
shock-free interval it signals (Moscovitch § Lolordo, 1968;

Weisman & Litner, 1971). Fo? example, Weisman § Litner (1971,

Expt. 1) found that a CS- which predicted a 5 min. period free

from shock deveioped stronger inhibitory prqperties and at a faster
rate than &id a Cé- signalling only a one min. shock-free period. .
Weisman and Litner (1971, Expt. 2) also found that the inhibitory
strength of a CS- was not only a functigp of the length of its
shock-f}ee inqerva} but also was correaated with the length of the
safety period signalledlby other stimuli occurring in the same:
situation. Thus, a CS- which signalled a 200 sec. shock-free ITI
eviéenced less inhibition when trained with another stimulus that
signalled a 290 sec. or 390 sec, ITI than when the same 200 sec. CS-
was t%fincd with another stimulus which predicted onlyiz-lo sec.;or
110 seé. ITI. Jhese findings, taken together, suggest that a2 '
stimulus will most likely develop strong inhibitory properties if
it 1) is negatively correlated with shock, 2) predicts a long
safety period (>l min.) free from shock, and 3) is the only stimulus

that reliably signals a long safe interval.

I
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Thus, the purpose of Experiment 3 was to measure the
potential inhibitory effects on avoidance behavior of a stimulus
that had predicted a time free from shock ip.a prior Pavlovian
inhibitory trwiping phase. If this procedure reliably produces a
conditioned inhibitor then it can be used in Experiment 4 fo =
condition inhiﬁitory properties to a stimulus prior to its use.
as a FS during avoidance acquisition. The inhibitory properties

of this pretrained stimulus was assessed in Experiment 3 by using

e~

the same compound-summation test procedure during the extinction

of a two-way avoidance response that had been employed in

Experiment 2. If a stimulus which is negatively corrélated with

respect to shock such that is uniquely predicts a long‘safety

period becomes a conditioned inhibitor, it is expected that when

presented simultaneously with a known excitatory stimulus'(e.g., a

cs gﬁat had been paired with shock during avoidance training)

the pretreated stimulus should reduce responding to the excitatory

CS. A stimulus presented randomly with respect to shock during

the pretreatment phase should not acquire such inhibitory propertigs. -
This experiment (#3) consisted of three phases: 1) Pavlovian

pretreatment, 2) avoidance conQ}tioning, and ;)'avoidance extinction.

Subjects differed either in terms of pretreatment'or extinction

experiences. One gr (Group CI +) received conditioned inhibition

pretreatment (CI) in which a stimulus signalled a period free

from shock in ?ﬁ? first phase, avoidance conditioning in the

-
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second phase,-and a summation test (+5 in which the pretreated
stimulus was compounded with the avoidance CS in the third phase.

A second group (Group CI 0) received the same conditioned

inhibition and avoidance training as Groﬁp CI + but did not have

a summation test during extinction (0). A third group (Rdm +) "~
Teceived random presentations of the;stimﬁlus and shock during the
pretreatment phase (Rdm), avoidance conditioning in the second
stage, and a summation test in extinction (+). The fourth

group (Rdm 0)-received the same pretreétment as Group Rdm +,
avoidance conditioning, ‘but then no summation test during extinction
(0). The inhibitioﬁ accrued to the pretreated stimulus was assessed
by comparing the rate of extinction in the two groups receiving

the summation test (Groups CI + and Rdm +) to the two groups

not receiv;ng éhe summation test (Groups CI 0 and Rdm 0). A

faster rate of extinction in Groun\E}r*’ﬁg compared to CI 0, Rdm +,
and Rdm 0 would indicate that only the CI pretreatment prbduced

a conditioned inhibitor.

[

I\,

2.4.1.1 Subjects - As in Experiments 1 and 2, subjects were

male Fischerg,, rats weighing between 225-300 grams, housed in

separate cages with free access to food and water.

5.4.1.2 Apparatus - The Lehigh Valley Electronics shuttlebox angd
tone and light stimuli were the same as that used in Experiments 1

¥nd 2 (the clicker stimulus was not used).
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5.4.1.3 Procedure - Six rats were randomly assigned to each of

the four groups. Two rats were discarded due to apparatus failures
and were replaced. The tone and light were counterbalanced with
respect to their use as the pretreated stimulus (pS) and the CS.

5.4.1.3.1 Pretreatment.- Two groups, CI + and CI O received

. Pavlovian conditioned inhibition training during this phase. This

phase lasted 3 days and consisted of presenting the 5 sec. tone

or light such that is always prédictcd at least a 2 min. interval

_ free from shock. ~The occurrence of a .5mA shock, on the other
hand, never signhlled more than & 40 sec. shock-free interval.
Thus the tone or light stimulus was the only externally programmeé
event which predicted a relatively long safety period. No more
than three events of the same kind were proérammed to .occur in a
row. On each of the three pretreatmeﬁt days thé tone or light
stimulus and shock were each presented 25 Eimes and total -
session time per day for each rat lasted approximately 100 min.
Subjects in the present study wefe given the opportunity to escape
from all shock presentations during the pretrea;;ent phase by
shuttli;; from one compartment to fhe other. This procedure was
édoptedbecauée an earlier pilot study had revealed t;at inescapable

shocks during the pretreatment phase seriously disrupted subsequent

avoidance conditioning.25

25
This phenomenon has been observed and studied by Seligman, Maier,
and Solomon (1971} and they have called it "learned helplessness''.
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" If the subject failed to shuttle within 30 sec. after the onset of

shock, the shock was automatically terminated. Latencies of

pretreatment escape responses were recorded to the nearest .1 sec.

-

on a Grason-Stadler Print-Qut Counter:

Two additional groups, Rdm + and Rdm 0, also received <~

-3 days of pretreatment in which they were exposed daily to 25

presentations of shock and 25 presentations of either the tone or

' light stimulus. These‘Rdm (random) groups differed from the CI

groups in that the stimulus did not consistently predict & period
free from shock but rather occurred randomly with respect to

shock. The 25 shocks for each of the 3 pretreatment days for the

" Rdm groups were scheduled to occur at the same intervals that they

were delivered to the CI gioﬁﬁs. The 25 ‘presentations of the

stimulus, however, were pléced réndomly throughout the session

by dividing%he tofal session time into 5 Sec: intervals; con; ; C\H
secutively assigning each $ sec. inte;val a three-digit number,

and then selecting 25 three-digit numbers from a random numbers

table. The number selected represented the particular 5 sec.

interval on which the stimulus was presented. As in the CI groups

the Rdm groups could also terminate the shock by shuttling.

5.4.1.3.2 Avoidance Acquisition - On Day 4, following the 3
days of the pretreatment phase, subjects in all groups received
avoidance training, consisting of 80 trials with a mean ITI of

60 sec. Figure 10 presents a schematic representation of escape,

B
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avoi&ance, and extinction trials fdr each of the four groups.

As can be seen in the first two columns of Figure 10, a trial

started with the onset of the CS. If the rat failed to shuttle
‘within the first 5 sec. of the CS, shock was delivered until the

rat responded at which time the CS and shock both terminated - .°
(first column). 1f the rat did shuttle during the 5 sec. CS-US ' )
interval? shock was avoided, and the CS.immediately terminated /1:/

(second column). No FSs were used in this experiment. -

5.4.1.3.3 Avoidance Extinction - Immediately following the 80

avoidance training trials the Cl and Rdm groups weré split in

half and each half was given one of two extinction procedures
which aré schematically represented in the third cblumm of Figure
10, As Figufe 10 sﬁows, Groups CI + and Rdm.+ (+ = summation test)
received the stimulus that they had experiepcgd in the pretréét-
ment ﬁhase ;ompounded with the‘CS used during the avoidance
conditionipg phase. Thus, an extinction trial for these‘groups
involvéd a Sumation test procedure which consisted of the
simultaneous Onsei of the CS and the pretreated stimulus.

Subjects in these summation groups could terminate Both_ stimuli - *
by shuttling Qithin 20 sec.; after 20 sec., the stimuli were _
automatically terminated. No shock§ were presented during the 50
extinction trials. ,

Extipction for Groups CI 0 and Rdm 0 (0 = no sI:mation
m

test) ‘differed froﬁzﬁroups CI + and Rdm + in that the er

[
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groups did-nét have any stimuli cbmpounded with the;ﬁS. Groups

CI 0 and Rdm 0 did not have a summation test during extinction

but simply continued to have the light or tone CS presented alone
as during avoidance acquisition eicept that no shocks were given
and the CS automatically terminated after 20 sec. if a response.
did not occur. Thus, including stimulus modality, the design of
this experiment involved independent manipulations of three
factors each with fwo levels:. Pretreatment stimulus modality
(tone or ligh;) X Pretreatment experience (CI or Rdﬁ) X Extinction

experience (+ [summation test] or 0 [no summation test]). The

"data of primary interest are the number of responses made during

. .
extinction.

-

5.4.2 Results and Discussion

5.4.2.1 Pretreatment - Figure l1 presents the mean latency of

escape responses for the CI and Rdm groups over the 3 days of the

Pavlovian pretreatment phase. A three-way mixed-design analysis

. of variance (Pretreatment X Modality X Days) revealed no

. significant main effects of pretreatment or modality (Fs < 1) nor

a significant interaction between these variables (F[1,20] = 1.85).

Groups tended to escape more quickly with increasing escape training,

" as revealed by a significant trials effect (F[2,40] = 7.95,

p < .01), although no interactions involving the trials variable

were significant. Thus, the different pretreatment experiences

of subjects in groups CI and Rdm did not appear to differentially
(\-"

. . .
affect their escape behavior. i .

-

2
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- Figure 10. Schematic representation of escape, avoidance,
and extinction trials for each of the four groups in Experiment 3.
(CI + = conditioned inhibition pfetreatmept (C1) - §ummation test
in extinction (+); Rdm + = random pretreatment (Rdm) —.sgmmation
test in extinction (+); CI 0 = conditioned inhibition pretreatment
(CI) - no summation test in extinction (0); Rdm 0 = random pre-

treatment (Rdm) - no summation test in extinction (0)). (PS =

" pretreated stimulus}.
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FIGURE 10 .
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& Figuré 11. Mean pretreatment escape response latencies over
the 3 prefreatment day's (25 trials per.day) in Experiment 3

{n \--\ 6 'per group).

\) . ' - | ,'
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5.4.2.2 Acquisition - The left side of Figure 12 shows mean

percent avo1dance respondlng of the four groups over the 80

avoidance tra1n1ng trials (divided into eight blocks of 10 trials

g;cﬂifﬂﬁzﬁ indicated in Figure 12, there eﬁjﬁconsidergbie overlap

‘-

between groups across‘trials; Indeed, a three-way analysis of.~

trials effect 1517,140] = 84.10,p < .001) and a significant threeawayq
* . interaction (F[7 140] = 2,93, g;<-.01] This interaction is
probably due to the varlab111ty in performance between groups during
the last 5 blocks of avoidance training. The fhct that no main
effects or other interactions were significant indicates that the
~ amount of avoidance.cooaitipning at the end of ‘the traioing phase i
was similar for ali the grouﬁé;

- . ' L
-

5.4.2.3 Extinction - The right side of Figure -12 shows the mean

percent avoidanée responses (defined as responses with latencies

~

€5 sec: ) for each group over the 50 extinction tr1a15 The .

1 12

~ rapid ﬂeter1orat1on :hjkhe performance of Group CI + as compared

"to Graups CI 0, Rdm + and Rdm 0 is eV1dent. A four-way analysis of

-+ variance (Summated Stlmulus Moda{ztx (toné or lighthX’ﬁrgtreotment
' "‘(C;'or'Rdm) X Extinction Exoeriehce (+ or b} X Trials) perfbrﬁed
ﬁmber of:hvoi&ence rékponses in extinction revealed significant.ll

. ~main effects'of'tl vs. Rdm pretreatments '(F{1,16] = 9.94, p = .006)

PN - and summation test (+)_v§..no'5umpation test (0).in extinction

(F[1,16] = 6.92, p = .017). No effect was found for.the modality -
" of the ‘summated stimulus (F < 1). A significant interaction was

‘.
., ok ) “

_ variance .(Pretreatment X Modality X Trials) yielded only a significent’
“ - . -
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- extinction trials in Experiment 3.

AN

Figure 12. Mean ent avoidance responding over eight

blocks of teri avoidance‘training trials and five blocks of ten

1
[
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found between pretreatment (CI or Rdm) and extinction experience

-

factors (+ or 0) ‘(§I1,16] = 15.34, p = .0015). The interaction )
between modality of pretreated stimulus (tone or iight) and extinction
experience (F[1,16] = 5,52, B_=.u03) wasralso significant. Newman-
Keuls paired comparisons indicated the Group CI + made significantly
fewer responses in extinction than Groups CI 0, Rdm +, and Rdm 0

(ps < .01). The latter three groups did not differ significantly

from each other. Because of the significant interaction between
modality of pretreated stimulus and extinctioﬁ experience, a

closer study was made .of ‘the mean percent responses in extinction
across the, five extinction trial blocks for the counterbalanced
modality conditions (n = 3) of each of the four groupé. These

data are represented in Figur® 13. Side A éf the fiéure shows
exqé?ction perfb?mance when th light served as the pretreated

stimulus. . Side B of Figure 13 shows extinction performance when

the tone served as the pretreated stimulus. A comparison of

~sides A and B of Figure 13 suggests that the differences between

Group CI + and the other groups were greater when the light served
as the pretreated stimulus than when the tone was used Thus,
after inhibitory pretraining the light evidenced more conditioned
inhibition than the tone. This is consistent with the-finding

of Experiment 2 that a tone doeq}not seem ‘to acquire much in-

hibition (as compared toa c11cker-ES) uhen it is used as. a FS

in avo1dance training. In general, the results of the presen;

. LI
- T *, -
”

| ! o -y
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N

PN
Figure 13. Mean percent avoidance responding over the

five blocks of 10 extinction trials for the counterbalanced

conditions in Experiment 3. -A: " extinctign performance for the -

groups which had the light as the pretreated st{m-u'lus-..,‘_
. : ~

B: extinction perfofmance for the grofxps which had the tone as the

pretreated stimilus {n = 3 per group). :

“y
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experiment (#3) show that when‘a stimulus is negatively correlated
with shock such that it alone predicts at least a 2 min. interval
free from shock, it will develop the ability to inhibit avoidance
responding to an exC1tatory cS. This training procedure'was

thus employed in the next experiment: (*4) toestabllsh a conditponed
jnhibitor. The pretrained conditioned inhibitor was then used as a

FS in subsequent avoidance conditioning.

5.5 EXPERIMENT 4: A Test of the Reinforcing Properties of a

Pre-established Pavlovian Conditioned Inhibitor

The results of ﬁxperiment 3 suggest that a stimulus given

3 days or Pavlovian pretreatment such that'it predicts at least

a 2 min. interval free from shock wijl become a coqditibned_
inhibitor, of aveidance behavior. A stimulus that is presented
randomly witﬁ respect to ehock, however, does n;t appear to
develop inhibitory properties.- The present study is desigred to
assess the ab111ty ‘of these pretreated stimuli as well as a novel
stimulu; to reinforce neuly acquired avoidance behavior, Accordlng
to the contifgency view of,two-factor theory outlined earlier, a
pre-establlshed cond1tioned 1nh1b1tor should when used as a FS
from the outset of avoidance trarnrng, facilate avoidance '
acquisition. An inhibitory FS should provide more reinforcement
'in terms of aversiveness reduction than either a neutral or a

S,

noveI"feedbeck stimulus. Positive reinforcement views.of_avoidance
‘ A

-

LB
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(e.g., Denny, 1971; Weisman §& Litner, 1972) as%ell as stimulus-
stimulus ‘expectancies formﬁiations (Bolles, 1972b; Mackintosh, 1974,
p; 308-10) apparently would also pre&ict that a FS pretrained as\

a conditioned inhibitor sho&ld facilate avoidance acquisition
although these theories differ as to the proposed mechanism of .
reinforcement. A number of avgidance theériés,'however, do not '
predict that'a.conditioned inhibitor should provide any additi?nal |
Tteinforcement from that provided by the avoidance contingency
itself. These theories are tﬁose that postulate 1) an izforgational
role of response~contingent stimulation (Bolles § Grossen, i969;
D'Amato et al. 1968), 2) that reinforcement is based on the
confirmation of ﬁ response-no-shock expectancy (Seligman & Johnston
1973), and 3) th#® reinforcement is based solely on a reduction

in shock fréquency contingent on avoidance rgsponses (Bolles et al.
1966; Herrnstein, 1969; Herrnstein § Hineline, 1966; siaman, 1962) .

Thus, Experiment 4 should provide a test of the diverging -

predictions concerning the reinforcing capacity of a conditioned

inhibitor made by various theoretical analyses of ‘avoidance
) N .

[

different pretreatment experiences and then received avoidance

ke

training in which the CS was delayed and a FS was presented -
' . N

following avoidance responses. The pretrFatments for two of the
groups, Cl (conditione@ inhibition pretreatment) and Rdm (random
pretfeatmen;),.were‘equivhlént to fhat of Groups‘EI and Rdm in

Experiment 3. The CI:.-‘in.d Rdm pretreatments were employed in .

P
.
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Experiment 4 to make the stimulus used as a FS in subsequent
avoidance training either inhibitory or neut;al, respectively.

. Besides Group Rdm two additional-controf groups were included.

_ One group, Us, (US alone ﬁrétreaiment) received pretreatment
exposure to shock-escape training but not to the stimulus to be-
used as 2 FS in sﬁSEequenf avoidance,conditioning.. The ;ther
group, NT, served as a ‘no-treatment' control and was not exposed
to either the to-benused FS or shock during the .days of pre-
training. Thus, the FS for these latter two groups {US and NT)
was novel at the start gf.av01dance traln1ng If the re1nforc1ng
prOperty of the FS is a function of the inhibitory propert1es
accrulng to it over the course of avo;dance tralnlng then it 15 )
expectéd that Group CI, whose FS already possesses inhibitory pro-
. perties, will acquire thé avoidance fésponsé faster than Groups '
Rdm, US, and NT, whose-fi must first develop inhibitory properties
during avoidance training itself.

5.5.1 Method

" 5.5.1.1 *Subjects - SubJects Here male, albino rats of the °

Wistar stra1n26 weighing approximately 225-300 gr355 housed in

]
»

26
Slnce the purpose of this study was to examife possible facilation
of acquisition effects, Wistar rats, which are poorer avoiders than
the Fischer,,, rats, were used in the present experiment to ¢’
reduce the cﬁance of observing ceiling effects due to the

. generally very.;apid acquisition rates of Fischers,, Tats.
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individual cages with food and water freely available.

5.5.1.2 Apparatus - The experimental apparatus and stimuli used

in the present experiment were the same as Experiment 3 except

that the shock was increased to l.OmA.27

5.5.1.3 Procedure - The study was divided into two phases: >

Pretreatment and Avoidance Training. Forty-eight rats were randomly

assigned to one of four groups which differed in pretreatmént

procedures. Two rats were replaced due to sickness and four rats

_ were replaced as a result of apparatus faiiures. The 1light and

tone stimuli were counterbalanced with respect to their use as the
CS and FS. |

5.5.1.3.1 ~Pretréatment - Subjects in Groups CI and Rdx in this

- experiment received equivalent presentatlons of the stimulus (tone
or light) and escapable shocks as did Groups CI and Rdﬁ in Experiment

3. Briefly, for Group CI, the tone or light stimulus (that was

used as the FS in subsequent avoidance conditioning) always

signalled at least a 2 min. interval free from shock; for Group 5

L

It has often been found (e.g., Kurtz § Shafer, 1967; ch1ne. 966)
that increasing shock intensity slows down the acquisition of a
two-way shuttle avoidance response. This procedure was also

the interpretation of the results of ‘this experiment.

employed to reduce the chance of a ceiling effect compl1catiq§\‘~;
/\

A

i
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Rdm, however, the stimulus was randomly presented with respect to
shock. Both groups received 25 presentations of the stimulus and
shock each day for 3 days. Group Us reéeived 25 presentations of
escapable shocks only, for each of the 3 pretreatment days. The
shock schedule for Group US was the same as for Groups CI aﬁddem.
The tone or light stimuli, however, were not pPresented to Group .
US. Thus, Group US served ;s a control for ﬂrior exposure to
shock-escape training duiiﬁg the pretreatment phase. The fourth

group, NT (no—treatmentL,NES*simply Placed in the shuttlebox for the

- same period of time as subjects in the above three groups for the

3 pretreatment days pr1or to the avoidance cond1t1on1ng pﬂ\Be. This
group was neither exposed to the tone or light stimuli nor shgck

5.5.1.3.2. Avoidance Training - On day 4, fbllow1ng the 3 days of

.

pretreatment outlined above, all subJects were given discrete-

trial two-way avoidance training. Figure 14 dep1cts avoidance

training for all groups in Experiment 4 A trial started.W1th the
onset of the CS. 1If th‘ rat failed to go frﬁm one compartment of

the shuttiebox to the other within § sec. after the onset of the

CS a continuous shock was delivered whlch Temained on until a P
shuttle response was made or 30 sec. elapsed whichever came first.

The CS terminated with the shock. If the rat responded during the

initial 5 sec, of the CS shock was, avozded the CS remained on for

an additional S sec., and the FS was presented. Five sec. after
~Z
the avoidance response was made both the C5°and FS terminated.



Figure 14, . Schematic representation of escape and

avoidance trials for all groups in Experiment 4.
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Responses during the 5 sec. feedback period had no programmed '
effects., Avoidance training lasted for 100 trials and the mean
ITI, as in Experiment 3, equalled 60 sec. (range 30-90 sec.).
5.5.2 Results | )
-~

5.5.2.1 Pretreatment - Figure 15 presents the mean escape
latencies for the groups (CI, Rdm, US) eprsed tQ shock dufiﬁg

the 3 day pret;eatﬁent phase. .As.can be seen in Figure 15, escape
latencies of the groups were similar.. A three-way mixed-design-
analysis of variance (Modality X Pretieatment X Days) cogfirmed Bt
this observation. No significant mﬁin effeq;s ortinteractions were

found.28 Vet

5.5.2.2 Acquisition - Mean percen . ce responding for each

of the four groups over the 100 traiaing trials (dividp& into 10

blocks of10 trials each) is shown in gure 16. It is apparent

from obgervg}ioﬁ-of Figure 16 that avoidance acquisition in. Group
: . { . .
CI is far superior to the other three groups. A three-way analysis

!’bf variance (Mbdhlity X Pretreatment X Trials) revealed significant

Pretreatment (F[3,40] = 3.72, p < .05), Trials (F[9,360] = 86.72,

p € .001), and Modality X Trials (F[9,360] = 3.03, p < .0012/effects.

No trials' effect was found in thégpretreatment phase of this
study althqugh one was found in the pretreatment phase of ° .
‘Experiment 3. Also, the-overall escape latencies tended'tc be 1ﬂ ..
longer in this -experiment.. These.disparities may be due to the

' fact that Fischer g Tats and & .SmA shock .US were used in ' ¢
Experiment 3 but #ldrar rats and a 1.0mA shock US were uded in -

_ this experiment, - S T |

B

-

-
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Figure 15. Mean pretreatment escape reéponse latencies

2

over the 3 prefl:eatment dayE (25 trials per day) in Experiment 4

(n = 12 per group).
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Figure 16. Mean percent avoidance respor{ding over 10

blocks of 10 avoidanct acquisition trials in Experiment 4 (CI =

conditioned. inhibition retreatment; NT = "no treatment' pre- .
P : .

treatment; Rdm = random pretreatment; US = US alone pretreatment)

’ .

{(n = 12 per group).-

PPN SO

e
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A Newman-Keuls te;t revealed that Group CI differed from\QEQEEs us
‘; and Rdm (ps < .05) in total number of avoidance responses; no other
- paired coTﬁfrisons were significant. Clearer difffrences are
revealed in a study of acquisition criteria data. Figﬁrqs 17 and
18 present the mean number of responses required by each group to
meet various acquisition criteria. One-way analyses performgd on

these acquisition criteria revealed that while there were o~

significant differences on number of trials to the first avoidance-

response (F[3,44h= or to the fifth ;voidance response
(F{3,44] = 2;17)}::;if:jZ::¥ 17}, differences did emerge in the’
number of trials required to make eight avoidance responses in

a block of 10 trials, (8/10) (F[3,44] = 4.02, 2_<..325) ﬁpd in

the ndmber of trials needed to make 10 consecutive avoidance
responses (10/10) (F[3,44] = 8.44, p < .001) (see Figure 18).
Newman-Keuls paired comparisons ‘of the 8/10 critérion revealed
that Group CI reached this criteria in significantly fewer trials

than Groups NT, Rdm, and US (ps < .05). There were no differences
among the latter three groué;. Similar re;ults were obtained

for the iO/lO criterion. Group C! reached this point signi- Y
ficantly faster than Groups NT, Rdm,and US (ps’< .01). Again,

no other paired comparisons were significant. In order to find

the sod?bﬁ of the bb&élity X Trials interactionf‘i-tests.Qere
performed on 8/10 and 10/10 acduisition criteria data bdtween the.
counterbalanced conditions (n = 6) of each group. The only

group in which the counterbalanced conditions differed was Group

NT. Those NT subjects which received a tone as the CS and light

s ot s aR
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Figure 17. A: Mean mumber trials to first avoidance

)
response for each of the four groqgi/in Experiment 4. B: Mean

number of trials to fifth avoidance response for each of the four

grbups in Experiment 4.

.
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‘ FigMean number of trials required to make N

eight avoidance responses in a block of 10 trials.(8/10) for each .

of the four groups in Experiment 4. B: Mean number of trials

' Tequired to make-10 Svdidance responses in a block of 10 tV“

(-10/10) for each of the four groups in Experiment V
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as the FS took significantly fewer trials to reach the 8/10

criterion than their lightyég: tone-FS counterparts (tlo = 2,85,

p < .02).

5.5.3 Discussion

The results of Experimeﬁt 4 demonstrate that a pretraiped
Pavlovian condi;ioﬁed inhibitor when used as a FS facilitates the
acquisition of a two-way avoidance response to a greater extent
than a non-inhibitory FS. It is interesting to note that the
prior Pavlovian inhibitory training used in this‘experiment was
able to turn.a usually ineffective toﬁe-FS (see Experiment 1) into
a powerful reinforcer of avoidance behavior. It might be argued |
that the supérior performance of Group Cl was due to the fact that
broups US and Rdm evidenced a retardation of acquisition effect.
Indeed there is evidence (Mackintosh, 1973; Siegel & Domjan, 1971)
that prior exposure to US alone or random schedules does retard
subsequent acquisition of a conditioned response in a number of
classical conditioning paradigms. In the present study, however,
acquisition pcrformanées,&f Groups US and Rdm were no different
from Group NT which received no preexposure to stimuli or shocks.
This finding suggests, therefore, that in the présent study pre-

exposure to the US or to a random schedule did ng} produce a

-retardation of acquisition effect. Thus, the superior performance

of Group CI is dttributable to the extra reinforcing property
possessed by its inhibitory FS and not to deficits in acquisition

in the comparison groups.
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The finding of the present study that a conditioned inhibitor
facilitates twé:acquisition of a new response in a discrete-trial
signalled avoidance situation extends the findings of Weisman &
Litner (1969a) and Rescorla (1969b). They had previously demon-
strated that a conditioned inhibitor can modify existing patterns
and rates of well-trained free-operant unsignalled avoidance
responding. The results are also congruent with Weisman and Litner's
(1972) finding that a stinmulus which develops inhibitory propertijes
as a result of its use as a FS-in a discrete-trial avoidance task
(oné-way or wheel-turn) can increase the number of responses nade
il a subseque&t Sidman aveidance task if the pretrained FS is made
contingént on high rates of respondihg._ Sihilarly, Morris (1975)
and Moot (cited in Bolles, 1972a) have shown that a pr;trained FS

, : s e . 2
can also facilate the acquisition of a new avoidance response. J

29 s

Unlike Morris (1975), Moot apparently failed to find this pre-
trained FS facilation effect in yoked-control subjects. This
discrepency may be partly due to the fact that in Morris’ study
the yoked subjects received the stimulus experiences of master
‘Tats given two-way shuttlebox training before they, themselves,
were run in the shuttlebox. Moot, on the other hand, yoked
subjects to rats run on the two-way shuttlebox task but then
trained these yoked animals on a lever-press avoidance task.
Perhaps, being yoked to a rag trained to make a two-way avoid-
ance response some how provides more relevant Pavlovian
experiences for subsequent learning of a two-way running response
in the shuttlebox than for learning a lever-press response in the
Skirner box. ' '
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5.6 Implications for Theories of Avoidance

In general.the‘results of £he first 4 expefiments,‘
taken together, strongly suggest that a FS develops inhibitory
properties and that this inhibition has a func;ionhi role in the
reinforcement of avoidance behavior. -~

5.6.1 Theories Not Supported by Data '

A A;mﬁer of theories of avoidance do not fair well in the
light of these findings. Generally, these theories state that
one need not look any further than the response-shock (i.e., avoid-
ance) contingency itself to\igiiFe the source of reinforcement or
'information provided by response-contingent feedback. According
to these formulations it woiuld not be expected that Pavlovian
inhibitory training would have any effect on instrumental avoid-
ance behavior. The stimulus-stimulus contingencies encountered
in the Pavlovian session would not provide the subject with any

. .

relevant information concérﬁing the avoidance response contingency
it will latiz/ﬁpcgunter.-Thus, as mentipned earlier, neither an |
informational vies {Bolles & Grossen, 1969; D'Amato et al. 1968),
nor response-outcome expectancy theory (Seligman & Johnston, 1973),
ror a shock-density reduction analysis (Bollef et al. 1566;
Herrnstein, 1969; Herrnstein &-Hineline, IQQG) would have pre-
dicted the results of.Exﬁeriment 4, The differences in avoidance
acquisition found between the inhibitory FS group (CI} and the
neutral FS (Rdm) and'novel FS (US, NT) groups would not be -

expected since the response-outcome information provided by the F5

¥
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(. and the avoidance contingency-itself was identical for all groups
N . i

-

“"during avoidance training. !
. ! -
5.6.2 Reaffirmation of Pavlovian Processes in Avoidanc;:Lea ing )

P

Experiment 4 does furnish evidence which supports a bgsic °*

'premise of two-factor theory - that Pavlovian processes are/ -

implicated in avoidance learning. Like the acquired drive/studies
‘(e.g., Brown § Jacobs, 1949), Experiment 4 %ftempted to ocedﬁrally
§Eparate the Pavlo;ian component from the insirumental omponenf.
The findings of the acquired drive-ﬁgudies and Experimeﬁ: 4
provide'evidence that both Pavlovian excitatory and inhibitory
processes play an\important role in avoidance learning. e -t
acquired drive étUQies showed that prior Pavloviaq exéitatory\
conditioning can ?ffect the aversive property of the)CS usgd i;\\.
subsequent avoidance‘training. The likelihood of a subject makihg\g
"a respénse which'terminated the CS wés shown (e.é., Brown & Jacobs,
1949} to be a-fqnction of CS-shock forward pairings during the
initial Pavlovian phase. Experiment 4, on the other hand,
éembnsfrates that prior Pavlovian inhibftéry conditioning can
~ N .
" affect the reinforcing property of a FS. The capacity of a FS
to reinforce avoidance responses was shown in Experimenf 4 to be
a function of the negative contingencj‘established SAtween the

FS and shock during the Pavlovian pretreatment phase.

5.6.5 Anger's Theory in Light of New Data v

Ironically, although Experiment 4\provides EdditiggaL\

' /
evidence that Pavlovian events are imporfant in avoidance”learning,

-

I

A ’ ‘ -
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at least one version of tﬁa;fdﬁior theory and perhaps (until now)
the strongest version (Anger, in press), would not Tedicted
the results of Experiment 4. The theory simply ignoxes the possibility

that certaln stimuli in the avo1dance situation may develop in-

hlbltory properties which can prov1de an additional source of rein-

—forcement for the avoidance reépoﬁﬁg. Constrained by a shocks/

exposure measure of CA, Anger could not have predlcted that a F§

h

already established as a conditioned 1nh1b1tor would fac1late

avoidance: ‘acquisition anymore than would a novel or neutral FS.

The amount of aVersiﬁeness reduction (CAcg-CAFS) foilowiné an

-

avoidance resporise is assumed to be approximately equal if other

‘factors are held constant (e.g., the conditionéd aversiveness of the

LS IR Y

CS is the same in both FS coﬁdipions). ) .

.
.

5.6.4 Contingency Revision of Anger's Theory Adequgyély HandTes

. the New Data .. .

.

The contingency version of two-factor theory maintains

that the amount of reinforcement in terms of aversiveness reduction

is greater when an inhibitory stimulus (with'CA < 0) is used as a
FS than when a novel or neutral stimulus (with CA =" 0) is used as
a FS, Thus, the contingency version of two-fattor theory

,

correctly predicts that avoidance conditioning is faster with an

inhibitory FS than with a non-inhibitory FS.

-

5.6.5 Aversiveness Reduction vs. Positive Reinfbrcement Views
of Avoiaﬁnce, : :

It should be recognized that the cont1ngency version of

a s

s

. ) B - . - A
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. .
two-factor theory, while assigning increased reinforcing properties
e A ! .

to conditioned inhibitors, still maintains that aversiveness

reduction serves aSVthe reinforcement mechanism for avoidance

‘behavior. Cond1t10ned 1nh1b1qprs with their negative CA values

51mp1y prov1de greater aversiveness reduction than non~1nh1b1tory
stimuli when they are presented in aversive situations. A number
of investigators (Denny, 1971; Dinsmoor § Sears, 1973; Rescorla,
1968a; 1969b; Soltysik, 1963£ Weism;n & Litner, 1969a,b, 1972},
howéqer, have arguéﬁ\that the accumulation of evidence showing that
stimuli following avoiddqce responses develop inhibitory and re-
inforci?g properties suggests that "Pavlovian inhibition of fear

produced by the avoidance response provides the reinforcement

mechAnism in avoidance léarning (Weisman § iitﬁér; 1872, p.256)".

Some of these investigators, particularly Weisman and Litner and Denny,

have further concluded ‘that "avoidance learning is an instance of

positive reinforcement (Weisman § Litner 1972, p.267)" wherein

fnhibitory feedback from the avoidance response functions "as a

A

conditioned positive reinforcer in much the same manner as a

stimulus correlated with the presentation of food (Weisman, §

mpa—

ﬂitner, 1969b, p.667]".30 The superior reinforcing ability of a

conditioned inhibitor demonstrated in Experiment 4 certainly

provides strong support for a positive reinforcement view.

30
This position is 51m113r to.one taken years earlier by

Schoenfeld (1950)° ) . - LY

.
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5.6.5.1 Is A Distinction Between Aversiveness Reduction And

Positive Reinforcement Necessary? .

The question arises as to whether it is important to

. make a distinction between an aversiveness reduction view of two-
factor theory (as advgzated in this.thesis) and a positive rein-
forcement view (as favored by Denny and Weisman and Litner). Ié

appears that the available evidence does not allow one to conclude
: ' e T

= . / . .o . DL,
//f\v/;;th confidence that in all Avoiddnce situations it is the

Qresentafion of inhibitory stimuli rather than the removal of.

' aversi*e stimuli which serves as the sole source of reinforcemént
for the 5;oidhnce response. The evidence 9oes suggest théi
response-associated feedback stimuli become conditioned inhibitdr§'
and reinforce avoidance behavior upon their occurrence., This does
not mean, however, that it is always the presentation of such
stimuli rathe% than the éiﬁultaneous offset of aversive stimuli
(e.g., the CS) which functions as the effectiQe reinforcer. Indeed,
thig would be difficult to empiricQ}Iy demonstrate. Thus, while
there is evidence (Experiment 4) that the presentation of a
conditioned inhibitor can reinforce avoidance behavior in the
absence of immédiate CS termination, one cannot totally rule out
the role =f negativ; reinforcement when the subject is removed
from highly aversive stimulation. Support fo: this latter

viéw comes from studies which show that reliable avoidance

learning can still occur at very short ITIs (< 30 sec.) when the CS

s -
;—w R

~
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termination contingency is in effect (Katzev & Hendersen, 1971;

Morris, 1974) without the E% developing inhibitory properties
(Morris, 1974, Expt. 3). fhisfindingstrongly suggests that the_
presentation of a response-continéent conditioned inhibitor ma}
not be a necessary coﬁdition although it may be sufficient to
reinforce avoidance behavior. -

5.56.5.2 Are Both Kinds of Reinforcement Present?

The issue raised as to whether avoidance learning is
an example of positive or negative re%nforcemcnt has been side-
steppéd by a number of investigators who maintain that both
types of reinforcement can occur in the avoidance situation. For
ex;mple, Soltysik (1963) proposed a "“three-component model" in
which the first two components are those of traditional two-factor
theory (i.e., classical conditioning of fear to a CS paifed with
shock and the negative reinforcement via fear reduction of 2
rcsponsé which terminates the CS). The third component, hoﬁbﬁer,
involves the positive reinforcement of avoidance behavior by the
occurrence of inhibitory fe'edback associated with the avoidance
response. L;kcwise, Rescorla (1969b) suggested that "it is .
possible that an additional source of reinforcement in the

signalled avoidance sftuation besfdes fear reduction is the

positive reinforcing effect of th response and its associated '

’

feedback (p. 263)" (emphasis added).
The postulation of two reinforcing mx=chanisms for avoid-

ance behavior is unattractive, unparsimonious, and as it turns
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out, unne;essgry. The positive reinforcement view, as has been /’f
shown, runs into trouble in trying to rule out negative rein-
forcement effects. The positive reinforcement view also cannot
account for avoidance learning with short ITIS where it is unlikely

fthat response-produced stimuli become effective conditioned

-

inhibitors. The dilemma as to whether avoidance responses are
reinfofced by the removal of conditioned aﬁgrsive stimuli or by

the occurrence of conditioned inhibitory stimuli becomesan irrel-
evant issue under the contingency version of the two-factor
theory_presented in this thesis. According to this formulation,
either the termination of highly aversive stimuli or the presentation
of conditioned inhibitors can function as reinforcing events as

long as there is an overall significant reduction of aversive
stimulation contingent on the avoidance respons®. The greater

the reduction in CA, the larger the magnitude of reinforcement.

Thus the present theory would predict that“reinforcement (in

terms of aversiveness'reduction) would be greater if stimuli

high in CA (g.g., the CS) are réplaced by stimuli'with negative

CA values (e.g., conditioned inhibitors) than being replaced by
stimuli with slightly positive or zero CA values (e}g., apparatus
- cues, neutral or novel FSs, etc.). The important considerationm,

then, is npt whether stimuli are presented or removed but rather

what is the overall response-contingent change in aversive

stimulation (cf., Anger, 1963, in press; Dinsmoor, 1954). us,

AN

'
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it appears that those authors who have advocated either a

positive reinforcement view of avoidance learning (e.g., Weisman §
Litnér, 1969a,b; }972) or both a positive and hegative reinforggment
view (;.g., Dinsmoor & Sears, 1973; Rescorla, 1968a, 1969b;
Soltysik, "1963) have apparently confused the operation of presenting 7
a stimulus contingent on a response with the_undeflying reinfor;ing
mechgnism~needed to account for avoidance learning. The fact that
certain stimuli are presented folloﬁing responses does not necessarily
mean that the observed increase in behaviéf mist be due to anm

underlying positive reinforcement mechanism,

5.6.6 Stimulus-Stimulus Expectancy-Theory

*«

It also appears that stimulus-stimulus expectancy theory
(Bolles, 1972b; Mackintosh, 1974, p.308-10; Ritchie, 1951) is

supported by the demonstration in Experiment 4 that a conditioned

inhibitor reinforces avoidance behavior. According to this view,
as 'a result of prior inhibitory training the animal learns not
to expect shock for a period of time if the inhibitory stimulus

has just been presented. During early|avoidance -training the

A

subject learns that the CS leads to shotk sa he comes to expect

shock in the presence of the CS. When he makes avoidance re-

: . e e . T
sponses his expectation of shock is disconfirmed land he is rein-

forced "by the omission of an expected shock (Mackigtosh, 197,
p. 308)". If, upon making the avoidance response, not only is

'

the expected shock omitted, but also a conditioned inhibitor which

\ :
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conf1rmat1on that the Tesponse omits the expected sﬁuck and, . -

b

moreover, produces a safety signal.

>

The most recent version of stimulus- -stimulus expectancy
theory {Mackintosh,"13 P- 308-10) proves very difficult to i
distinguish fr ﬁ(:;:f::::;ed two-factor theori‘proposed above,
In fact, Macﬁiftosh(s analysis is, up to a peint, very similar to

the present formulation. Thus, he ma1nta1ns

"If avoidance responding is reinforced by a
reduction of fear [aversiveﬂ;ss], the external
event'responsibie for such a reduction is a change
in the stimulus situation from one associated
with a high probabi%ity of shock to. one" ‘
associated with a low probability of shock.
_ The usual way to ensure that stimuli will enter
T into such associationse;:\tﬁ“ségidule shock in

the prefence of one set of stimuli and to omit

sh$ck in the presence of another (p.330)",

At this point, however, Mackintosh pParts company with
Tevised two-factor theory as he argues that "it will be equally

correct to say that avoidance respondlng is usually reinforced by

s e e e .
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the omission of a scheduled shock™ (cf.: Bolles et al. 1966; .

Herrnstein, 196%) and that "t;is is not so very different from
saying tha; theiéubject learns to expect shock in the presence
of one seF of stimuli; and that a given response is followed by
the omission of this;expected shock (p.330)". ) ' -

$.6.6.1 “Criticisms of Expectancy Theory

As the above three quotes indicaié, Mackintosh appears to-
be trying to fir;t unify two-factor theory yith one-facto£ theofy
and’ then to-tie them both under a 'common-sense' expectancy
rubrid. It is unclear whether Mackintosh is'justified in doing

so. First, the one-factor shock-density reduction formulation of

Herrnstein (1969), Bolles et al. (1966), and Sidman (1962) simply

cannot be equated withya two-factor view. One-factor theory /cﬁnot

account for avoidance data easily handled by two-factor theory
.(e.g., acqui:gg,drive studies, delayed CS terminatisn studies,
patterning of responding in Sidman and random-shock avoidance
paradigms,'étc.). Moreover, ;he statement that avoidancg re-
sponses are_reinforqed by a change from high to low aversive
stimulation is not the same as saying that réspon§e§ are rein-
forced "by the omission of a scheduled shock" because the
latter statement does not necessarily implicate Pavloviaﬁ cén-
ditioning in establishing the functional role of stimuli that
immediately proceed and follow the response; there is now cén-
siderable eyidence, however,‘pointinb to the significant part
played by Pavlovian excitatory and inhibitory processes in avoid-

v .
ance learming.

“ -

N
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It is osvious, however, that Mackintosh (1974J does not
wish, as did Herrnstein and Bolles et al., to'eschew the role of
Pavlovian éonditioning in avoidance learning. RaEher Mackintosh
is concerned ;ith which of two mechanisms mediates avoidance
laarning: "classida}ly conditioned motivational states or.{jthe

>

. .
development of expectationsabout the.consequences of responding

(p.331)".31 Thus, Mackintosh appears to be aitacking motivational
two-factor theories (e.g., Mowrer, 1947; Rescorli & Sﬁlomon, 1867). . -
By doing so, Mackintosh is ignoring those formulations {e.g., Dinsmoor,
1954, Anger, 1963, in press) which maﬁé no attempt tegidentify

the specific internéi'state of the animal that is changed after it
experiences stimuli paired and unpaired with shock and Legins to

make avoidance responses. Furthermore, if a Eomparison is made

‘betwcen motivational theories and expectancy theories, the ddoption

of the expectancy con?truct seems to be eveh moTe unnecessary than

the use of motivational constructs. At least mot?vationgl

theorists haye tried (although often without success) to independen

»

31
This expectancy view now has the ring of. a response-outcome
expectancy notion (Seligman & Johnston, 1973). Mackintosh
jumps from explanations based on the formation of stimulus-
stimulus expectancies to response-outcome expectancies with
considerable ease without considering the conceptual
differences between the two.

.
4+
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' validate their constructs of fea
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» anxiety; fear-reduction, and
the like, by iook%qsifof correlatey changes in different response
systems (usually phy;iological). 'The expectancy construct, on
the other hand, has no status inde ent of the behavior it is
posited to explain and it is not dvident by what means it can be
independently validated. Indeed, the operations required to |
produce an expectancy are the very oneé-that produce the behavior
C}tself. These factors make it difficult to assign a causal
fu;ctioh to the expectanéy construct. Consequentf}, u;ipg»the
, term expectancy does not appear to provide any additionafxin;\\
formation that can foster a better understanding of the be-*
haviorai phenom;;h. Thus ,) the utility'of expectancy as a mediating
variable in avoidance(izgrning is not obvious and the loose
. .. terminology often associatea with its use may indeed obscure

important factors that directly influence the behavi?j/if-gggsﬂion_Sz

4 . \E/—

5.7 _Two-Factor Theory and Extinction of Avoidance Behavior

v~

From its inception, two-factor theory has be@}:lagued
by studies purporting to find extremely high persistence of

avoidance responding (e.g., Baum{:iqzo; Black, 1958; Brush, 1957;

~

32 .
. Other critiques of expectancy theories of behavior can be found

in Miller (1948), Nevin (1973) and in Skinmer (19%5: 1974} .

| - - : T e i i ame b
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Seligma; & Campbell, 1965; Solomon et al. 1953). High resiﬁtgnce
to extinction (as well as rapid rates of acquisition) appears to be
a function of a number of factors including type of avoidance
rcsponsé required (one-way vs. two-way vs. lever-press - see
Bolles, 1971), intensity of shock, type of shock (e E. contlnuous
Vs, dlscontlnuous), intensity of CS, type of CS (modallty, location,

etc.), species (and strains within species), the interactions among‘

—_——y—

these variables, and others too numerous to mention.sa A survey

r
of the avoidance literature, for the most part Teveals that high
resistance to extinction is not as widespread as mlght be thought34

This may be due, howeﬁ?r, to theé more frequent use of certain

species (albino rats) and procedures (two-way shutt@ebox and

‘lever-p}ggs) that do not generally yield persistent avoiders.

There is no doubt that durable responding is a fact in many

studies. This is especially true in one-way avoidance with rats

33

See recent reviews by Olton (1973), Fantino (1873), Tarpy (197s,
p. 50-113), Mackintosh (1974, p. 299-347),

34 . "

A recent study by Uhl and Eichbauer (1975} has in fact demonstrated
that shock-avoidance behavior in rats and pigeons is no more

resistant to extinction than instrumental behavior .that produces
an appetitive reinforcer.

L
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(e.g., Seligman\f Campbell, 1965%) and in shuttlebox avo1dance using
high intensity shocks with dogs (e.g., Solomon, et al. 1953).

Thus, no adequate theory of avoidance can ignore this phenomenon.
If two-factor theory is going to fetain its position as~the most
"stuccessful' theory of avoidance Behavior (Anger, in pr¢ss) then

it must be able to satisfactorily account for pers1st¢ﬁt avoidance -

responding when it does occur.

5.7.1 Problems for Previous Versions of Two-Factor Theory

'Unfortunately, most vers1ons of two-factor theory are
simply 1ncapab1e of explaining ‘this high resistance to extinction.
The traditional fear-motivated versions (Mowrer, 1947; Miller, 1948)
inherited this theoretical flaw from the simple class1ca1 con-

. ditioning model (Hull, 1929). Both formulations were forced to
-encounter .the fact that as the subject continued to make more and
more avoidance résponses fear to the €S should be extinguishing since
the subject was not receiving sufficient CS-US pairings needed

to maintain fear. When fear was extinguished to the CS, what was
motivating continued responding in its presence? Furthermore,
where was the reinforcement for continued responding? If there was
no fear prior to the response how could there be any fear reduction
after the response? Solomon and Wynne (1954) tried to salvage
two:factor theory by postulating the "principles” of "anxiety
conservation" and "partial irreversibility", These terms, however,

proved to be nothing more than a restatement of the phenomena’ in

-+
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mentalistic and néﬁtestdbl@ language and as such failed to provide
an adequate solution to the problem for two-factor theory.
“Subsequent two-factor formulations have also failed to
provide a satisfactory explanation of persistent avoidance re-
sponding. Even Anger's (1963, iﬁ?press) stroﬂg version, while *
solving many‘othér problems for two-féctor tﬁ;ory, does not get
the theory out of this dilemma. According to a simple shocks/
exposure analysis the conditioned aversiveness of a CS should
decrease steadily after many consecutive avoidance responses .since
the absolute number of shocks, per exposure, is drastically
decreasing. Concurrently, with this decrease in the CA of the cs,
reinforcement in termg of a reduction in conditioned éversiveness
is also diminishing. Thus, Anger's analysis would also prédict
that in eftinction, where no shocks can be received to bolster
the shock%/exposure of the CS, avoidance performance shoéuld

deterioraée relatively rapidly.

5.7.2 An Explanation Based on the Contingency Version of Twg-

Factor Theory

)

.

It is conceivable, howéver, that the:cont;ngency version
c¢f two-factor theory proposéd in this thesis may finally provide
two-factor theory with the ability to account for persistent
avoidance responding. Rather than tr&ing to suggest some way to
slow down or-prevent thé inevitable reductﬂoﬂ'of conditioned

aversivenQSS'to the CS (cf., Solomon § Wynne, 1954), perhaps the

¢



205

4

answer lies with the properties that develop to response-contingent
feedback stimuli. As has been shown in a number of previous
studies (Dinsmoor § Sears, 1973; Morris, 1974; Rescorla, 1968a;
Weisman & Litner, 1972) and in Experimentvz of this thesis, certain
feedbaék stimuli (at least most eiperimenterfprogrammed extéro:.
Ceptive stimuli) develop inhibitory properties over the course of
avoidance training. Thus, even while the conditioned aversiveness
of the CS may be beginning to decrease (e.g., Kamin et al. 1963,
Weisman & Litner, 1972), the relative reduction of conditioned
—_——
aversiveness following an aveidance response is still bgiﬁg
maintained, if not indeed increasing.- This is due to the fact that
the inhibitory strength of the FS should continue to increase as
it is contrasted more and more with shock (1 e., the cond1t10ned
aversiveness of the FS should continue to decrease below zero). When
shpck is no longer presented in extinctidn, the inhibitory pro-

perties of the FS may be maintained because it still signals a

*a

long shock-free safety period. This leads to!the prediction that

—_—

3 - - - . . f )
even when shock is discontinued, the inhibition accrued to a 1
' \‘ -

condltloned 1nh1b1tor will extinguish very slowly, if at all., This
predlctlon has recently been confirmed in a study by Zimmer-Hart
and_Rescorla (1974). Thus, in the avoidance situation, reinforcement
in terms of a sigﬁificant response-contingent réduction in con-
ditioned averéiveness will still be maintained in extinction even as

the conditioned aversiveness of}:he CS is itself diminishing towards

~
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zero. This V1ew does not suggest, hoWever, that extinction might
never occur (cf., Solomon & ﬂynne 'S "part1al 1rrever51bilf§§")

The po1nt will eventually be reached wlere the CA of the CS is so
L » .

low (shocks/exposure + 0) that the aversiveness reduction supplied

- b

by a cond1t10ned inhibitor szmply wlll not be enough to malntaln

contlnued respond1ng and extinction will occur.35 Although the

L.

assumptions of this extinction formu;ation reméin*:to be empirically

w.tlidatet:l,"6 the revised contingency version of “two-factor theory
proposed here seems to offer a pausible solution to an enigma that -

has‘hounted.two-foptor theory from the very beginning of its long

and rocky existence,

35 :
Nor does this formulation imply that presenting a conditioned
inhibitor will reinforce behavior in nonaversive situations BN
. (cf., Grossen, 1971). As pointed out earlier according to the
. revised version of two-factor, theory adﬂﬁ!ated here,” it is not
th@resentatlon of conditioned .Ainhibitors but rather a reduction ‘
"in conditioned aversiveness that serves as the re1nforc1ng event
for avoidance. Obviously, there cannot be a reduction in CA if
there is no CA to beg1n with.

. -
.

36 ) : ) )
One experlment that ‘could be tried would be to compare extinction
rates in a group that gets, in extinction only, a pretrained CI
as a FS to a group that has a neutral or-novel F§'i p{“extlnctlon.
According to the present analysis, the group that has an inhibitory
stimulus following avoidance responses in extinction shbuld be
slower to extxngu1sh than the group which has a non-inhibitory
stimulus follow1ng responses in extinction. The former group
should experience greater aversiveness reduction for a longer o
‘time than the latter group. This finding would also question
Katzev and Hendersen's (1971) contention that. if .a FS is to,be ,
effective in extinction it must first be used &s an FS in -’
atquisition. ‘' According to the present formulation, any-stimulus
possessing conditioned aversive inhibitory properties should be,
able to maintain- respondlng during extinction even if it did not

'develop its inhibitory properties during av01dance acqu151t1on\§er se.

.

:_\ " e

v
[
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5.8 EXPERIMENT S5: The Necessary Conditions for Establishing 4

Safety Signal: A Test of "Learned-Safety" in

the Shock-Avoidance Paradigm

Experiment 4-demonstrated'that one possible way to produce
an effective FS or safety signall(SS) for avoidance behavior i;;
to pretrain a stimulus as a Pavlovian conditioned iphibitor such
that it is negativély correlated with, and predicfs a pime free

-

g:om shock. It was also shown that when no contingency is es-

&

~ tablished between aA§t1mu1us and shock (Group Rdm) the st1mu1us

does not deve10p SS properties. Indeed, Rescorla (1967, 1969a ,»¢)
has maintained that an inhibitory SS can only be establlshed if it
is negat1ve1y correlated with an aversive event.

| ”R?cent developments'ln the taste aversion li;e?ature
Ie.g:,'Kalat & Rozin, 1973; Siegel, 1974}, however, suggest that
si@ple preexposure of a taste in the total absence of aversive
consequences (ng., toxicosié) may also result in the.animal
actively learning that thg familiar taste is safe.‘ If preexposure

endows a-taste with safety signal properties then it would be

expected that rats might acquire a preference for the safe taste

~over a novel taste and thus be inclined to sample more of the

familiar taste on subsequent occasions. Indeed, this is what
Siegel (1974) has found. Moreover, actively learning that a taste
signals the absence of aversive consequences should interfere with

subsequent learning that the preexposed taste does predict sickness.
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The finding of significant retardation of aversion learning to a
preexposed taste associatéd with toxicosis has been confirmed on
numerous occasions (e.g., Domjan, 1972; Kalat § Ro;in, 1973;
Maier, Zahorik,-& Albin, 1971; McLaurin, Farley, & Scarborough,
1963; Re.vusky & Bedarf, 1967; ‘Siegel, 1974). _
Kalat and Rozin's (1973) original’ "learned-safety"
hypothesis was meant to apply only to poison-avoidance situations.
1t is pbssible, as suggested by Siégel (}974), that their learned-
safety analysis may also be relevant to a "latent inhibition"
effects observed in learning settings employing peripheral CSs and
USs. ' Latent inhibition (Lubow, 1965) refers to the'well-dﬁzumented
finding (e.g., Ackil'& Mel}gren, 1968; Lubow, 196?; Lubow & Moore,
1959; Siegel, 1969)3? of retardation in-thg acquisition of a
conditioned response to a CS that had been Tepegtedly preexposed
" in the total absence of the US. It is possible that this

phcndmenon might also be due to a learned—safety mechanism, Thus,
if a learned-safety analysis can be extended to conditioning
situations employing peripheral CSs, then it suggests that any

stimulus, be it a tone, light, cliéker, etc., if preexposed in the

absence of aversive events, will become a safety signal. Subsequent

37 .
See Lubow (1973) for a complete review of the latent inhibition
literature.
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learning that this "safe" stimulus predicts the occurrence of
averéive events, such as electric shock, should be retarded. This
formulatipn also implies, however, that preexposure should not dis-
rupt learning that the familiar stimulus predicts a safety period
since preexposure itéelf presumably endows 2 stimulus with safety
properties. As applied to avoidance conditioning thenm,learned-
safety would predict tha; preéxposing a feedback stimulus which
signals that shock has been successfully escaped or avoided as
well as signalling a relatively 1oﬁg shock-free interval should:
not disrupt subsequent avoidance conditioning. If anything, pre-
exposing the FS should facilate avoidance acquisition since ast

a result of preexposure the FS should acquire safety propertles.
Indeed, the results of Experlment 4 suggest that any pretreatment
which endows a FS with safety properties should make the F$ an |
" effective reinforcer of avoidance behavior from the very outset

of tfhining.

The extended version of learned-safety sugéests that the
neéesséry aﬁd'suﬁficient condition to establish a stimulus as a
safety signal is to ﬁféexpose it in the absence of aversive
consequences. This hypathesis.is at odds with Rescoérla’s con-
tingency view of safety signal conditioning. Rescorla (1969a,c)
has argued thaﬁ a negative cqnfingency between a stimulus and the
US must be established if the stimulus is to become a conditioned

jnhiditor or safety signal. Simple preexposure, of course, does

-

=]
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not meet this requirement since no US is presented. Rescorla (1969¢,
1971) and others have grgued that preexposure results in a reduction
in stimulus salience; the subject stops attending to (Halgren, 1974;
Lubow, 1965; Reiss § Wagner, 1972), or learns to ignore (Mackgg;osh,
1§73), the familiar stimulus. This results in a reduction in the
ability of the preexposed stimulus to enter into subsequent as;oc-
iations but without the stimulus developing inhibitofy or safety
propertie;. Indeed,(Rescorla (1?71) and Reiss and Wagner'(1972)

have pre;ented evidence in support of this "saliencc-decremen;"
hypothesis. They have shown that- while preexpoéure retafds‘
acquisition} the preexposed stimulus does not acquire the capacity

to actively inhibit responses to an excitatory CS when the two
stimuli are compounded %p a summation test. These results must
be viewed with caution, howeygr, since Kremer (1972) hés demon-
strated, direcﬁ}y contrary to the findings of Rescorla (1971) and
Reiss and Wagner (1972), that a preexposed stimulus can indeed
inhibi{ Tesponses to an excitatory CS in a summation test.

| Alﬁhough the iearned-safety and salience-decrement '
hypﬁtheses both agree that preexposing the CS that signals

shock in avoidance training should retarg‘subsequent avoidance
conditioning, they make diverging predictions concerning the
effects of preexposing the FS. The leérned-sqfety'account suggests
that pregxposing th%lFS should endow it with safety properties

making it a potent reinforcer of avoidance behavior, thus

~ facilitating avoidance acquisition. The salience-decrement view,
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on the other.hand, holds that preexposure should digrupt safety
siénal conditioning. Ignoring the prexpésed stim:lus should
result in a reduction in the ability of that stimulus te form
subsequent-associations, regardless of wﬂether the association
involves predicting the presence or absence of the US, Thus,.§£
the animal is ignoring the pree}pgsed FS, having an avaidance Tesponse
followed by deléyed Cs terminatioﬁ\blus the familiar FS should be
,funégionally equivalent to delayed Cg ‘termination and’no FS. This
latter procedure has been shown (Boll L & Grossen 1969; Delprato,
1969; ’Kam1n. 1957 b,c; Mowrer & Lamoreaux, 1942) to seriously

o disrupt avoidance learning. Cons éntly, the salience-decrement
view would predict that preexposing the FS should retard subsequent
avoidance acquisition. ‘

The purpose of the present e erim;nt was to deéermipe if,

as learned-safety proposes, simple/preexposure endows a stimulus

with safety propertiés: This learned-safety hypothesis was tested -

against a salience-decreme‘ ccount by comparing avoidance
~ | acquisition rates of three\§ s preexposéd to 'the CS, PS, or
neither and then trained on a two-way aveidance task in which cs .
terminatioﬁ was delayed and a FS was presented following escaﬁe '
and avoidance reséonses Both the learned- safety and sa11ence-
decrement views predict that preexposing the CS should retard

*\\; avoidance aéﬂhlsztlon but only the-salience- -decrement view predicts

that preexposing the FS should also retard avoidance conditicning.
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The learned-safety formulation, on the other hand, predict; that
Preexposing the FS should not interfere with avoidance conditioning
and should Perhaps facilate avoidance acqttisition,

In addition to the above test, this experiment was also
designed to provide an assesgment of the FS contingency itself,-
A second nonpreexposed group was inciuded ﬁhich did not have the
FS presented following escape and avoidance responses. If the
FS contingency is important, then this group should not perform
as well as the nonpreexposed grouP with the FS contlngency in
effect durlng ‘avoidance tralnlng

_S 8.1 Method P

'5.8.1.1 Subjects - Subjects were male albino, Charles Rlver rats,
275-325 grams, obtalned from Canadian Breeding Farms, Quebec
. Each rat yas housed in its own cage with food and water freely

available.

5.8.1.2 Apparatus - The shuttlebox used in the previous experiments

again was used here. A 7.62 cm metal” ( jonelectrified) barrier which
separated the shuttlebox into two identical compartments was

added The tone CS was changed to 1000 Hz. at 85 db (re. .002
dynes/cm ) and constant white noise at 70 db was delivered by a
Grason- -Stadler White Noise Generator (model # 901A) through the two
recessed speakers located on eéch side wall of the sound-attenuating
enclosure. The 'light stimulus consisted of the simultaneous

onset of the house light and two Cue lights locatad 12.70 em above
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the grid floor in the center of each end wall of the shuttlebox.
The shock intensity was set at .5 mA.
5.8.1.3 Procedure - Each rat was rTun in a single session, which

consisted of two phases: 100 preexposure trials followed immediately
by 200 avoidance training triafgt\\TDQEE_Efssion time was . -~
approximately 5-1/2 hours. Subjects were réﬁdowly assigned to one
‘of four graups. Four rats were discarded because they éerched
on the metal barrier during avoidance training and two additional
rats were discarded.because of apparatus failures. These six rats
were replaced with naive rats until each' of the four groups
described below had a total of 10 subjectS'

PE-CS - (preexposed to the cond1t10ned stimulus) The
first row of Figu;e 19 depicts the stimulus experiences of Group
PE-CS during preexposyre, escape, and avo1dance trlals.- As can
be seen in Figure 19, this group was: placed in the shuttlebox and
given 100 preexpo?ures to the 5 sec. 85 db. tone whlch served as
the conditiéned stimulus in subsequent avoidarce training. During
the preexposure phase, the inter-stimulus interval avergged' .
60 sec. (range: 30-90 sec.). Shuttle responses during preexposure
trials had no programmed effects on the presentation or termination’
of the stimulus. following the last preexposure trial, the
avoidanc€2lraining phase was'initiatéd. Each trial in thig phase
of the experiment started with the onset of the tone condiggoned

stimulus. If the rat falled to move from one compartment to the

other during the first 5 sec. of the CS, a continuous .5 mA shock

'

‘
¢
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was delivered to the Tat via the grid floor, The CS and shock
Temained on until a shuttle response was made, at which time the
shock 1mmed1ate1y termznateZLdthe CS, however, remalned on for
an additional 5 sec, dur1ng which time the "Ilﬁhts on" feedback
v stimulus was presented. - Five sec, fbllowing_thg'response the €S
. and FS both terminated. If the rat shuttled to the other conm-
Partment during the first 5 sec(i;f the CS, shock was avoided, the
CS remained on and was accompan1ed by the FS during the 5 gec.
' -;:irterval following the av01dance response, AdditionaI responses

Uring the 5 sec. feedback period had no effect on Stimulus events.

Tralnlng was carried out ip darkness (except when the llghts on FS

P

PE-F (preexposed to the feedback stimulus) As the second
IO Figure 19 indicates this proup. received similar preexposure
an& avoidance tr;1n1ng as the PE-CS Eroup except that Preexposure
consisted of 100, § sec, Presentations of the lights on FS.

NPE - (nonpreexposed with feedback stimulus during
avoidance tralnlng) - This group spent the same period of time ip
the darkened shuttlebox (108.33 min.} as the two pPreexposed
ETOUps prior to avoidance training. As shown in the third row of
Figure 19, subje in this group, however, were not exposed to

either the tone or light stimuli used in subsequent av01dance

condltlonlng which was identical to that in the above two groups.

t’\
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NPE (NO F5) - (nonpreexposed with no feeaback stimulus
during avoidance training) - The fourth row of Figure 19 depicts the
stimulus experience of Group NPE (NO FS). | Tﬁls group also spent
108.33 min. in the darkened shuttlebox prior to avoidance traiﬁing

with neither the tone or light stimuli presented. Avoidance -

training, however, was different in ;hiE group in that the light

'F5 was omitted folléwingwéscape and avoidance responses, Following

these responses, the CS remained on for an additional 5 sec. but

no other stimulus was presented. This group was included to assess

»

the significance. of theksi contingency in the other three groups.

5.8.2 Results ’ . : .

Figure 20 presents the mean percent av01dance responses

in 10 successive blocks of 20 trials for the four groups. As

" indicated in Figure 20, avoidance conditioning in the'twb pié-

—

exposed groups (PE-CS and PE- -FS)} and in the nonpreexposed group
w1thout the FS contingency (NPE (NO FS))was retarded as co£¥ared

to the nonpreexposed gTroup with the FS contingency (NPE] over the
entire 200 trial session. Side A of Figure 21 shows the

mean percent avoidance responses for each group.collaps;d  ver

the Zdb avoidance training trials. A two-way mixed design analysis
of variance yiglded siénificant Groups (F[3,36] = 7.99,p < .005,
Trials (F[9,324] = 24.94, P < .001), and Groﬁps X Trials (F[27,324]) =

1.94p<.01) effects. Newman-Keuls tests of individual comparisons

showed that Group NPE made significantly more avoidance Tesponses
~ ‘

-

-
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Figure 19. Schematic representation of preexposure, escape,

]

. ) : ~
and avoidance trials for each of the four groups in Experiment 5.

1

(PE-CS = preexposed to the qonditionéﬂ stimulus; PE-FS = pre-
_exposed to the feedback stimulus; NPE = nonpréexposed with FS
during avoidance training; NPE (NO FS) = nonpreexposed without

FS during avoidance training). . Co ;\
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B Figﬁre 20. Mean pércent avoidance responses over 10 blocks

of 20 avoidance training trials in Experiment 5 (n = 10 per group).
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&
than Groups PE-CS, PE-FS, and NPE (NO FS) (ps < .01) b%t noVJ;R;r
comparisons were significant, ' &

Side B of Figure 21 depicts theiﬁean Tumber of
trials req&ired to meet-an avoidance criterion of eight responses
in a b{ock of 10 trials (BIIQ). A one-way analysis of variance
Tevealed a significgnt difference between.g;oups_in the number of
tridls required to reach the, 8/10 critérioﬁn(£[3,36] = 6.56, p < .005).
Newman;Keuls comparisoﬁs‘indicated that,zroup NPE feached the
criterion in 51gn1f1cant1y fewer trials- than Groups PE-CS (2'< .01),
PE-FS (p < -05) and NPE (NO FS] (p < .01). Aga1n, no other paired
comparisons were 51gn1f1cant A

The grougg also differed in terms of the percentage of i
subjects per group to reach the 8/10 acquls;tlon criterion. Indee&;
Group NPE was the only one ‘in which all subjests reached this
crité}ion_in the 200 triai session. Tests of significance betwéen-
two-independent proportions indicated that the differe;ces in thé
number of subjects per group that reacﬁéd’;he crigepion‘were*
s?afisticall& significant between Group NPE and Groupé PE-CS
z
z

2 58, p =-.01), PE FS (z = 2.24, p < .05) and NPE (NO .FS)

3.28; B< Oh - all tests two-tailed) .. .

5.8.3 D15cuss1on '

.

In this experiment (#5), nonpreexposed- subjects learned to

" avoid rellably only when, the feedback stimulus contlngency was in

effect (Group NPE). Thls finding supports previous demonstratzons

i
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Figure 21, A Mean number of avoidance Tesponses in the

200 trial session for each of the four groups in Experiment 5.
B Mean number of trials required to.make eight avoidance responses
in a block of 10 trials (8/10) for each of the fdur groups in

Experiment 5. ' -
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(e;g., Bolles & Grossen, 1969) that the presentatioﬁ of a response-
contingent feédback stimulus prevents disruption of avoidance
learning when CS termination is delayed following avoidance responses.
In addition, the large aecrementAin acquisition observed

in the group preexposed to fhe conditioned. stimulus (PE-CS) -
upholds previous demonstrations of a robust latent inhibition effect
in the two-way avoidance learning paradigm (Ackil & Mellgren, 1968;
Ackil et al. 1969). This result is predicted by both a learned-
safety and a salience-decrement hypothesis of latent inhibition.

- The performance of the group preexposéd to the feedback
stimulus (PE-#S) igfperhaps ﬁost'pertinent to the theoretical
- issues at hand. “The retardation of avoidance, acquisition obs%rved
in this group does not support a learned-safety analysis which
predicts that acquisition in this éroup should have been facilated
(or at least not retarded). Supposedly as a result-of pre-
exposure, tﬁe feedback stimulus enters the conditioning phase
alrcady possessing salient safety properties. This disconfﬁrminé
findiné is congruent with the resulps of recent studies which
show that precxposure retards rather than facilates learning that
the-familiar stimulus predicts the absence of aversive con-
.sequences (Best, 197S; Rescorla, 1971, Expt. 2) or the occurrence .
of positive reinforcement (Halgren, 1974). These findings taken
together suggest that a learned-safety hyﬁothesis may not be a

. viable explanation of the latent inhibition effect.

[
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According to a salience-decrement formulation, if a '

stimulus receives repeated nonreinforced exposures the subject

‘stops paying'atﬁention to it. This could result in a reduction in

the ability of that stimulus to form subsequent positive or negative
associétions. Thus, the finding that avoidance learning was -
retarded in both PE-CS and PE-FS groups is compatible with a
salience-decrement account of latent inhibgtion (Lubow, 1965;
Mackintosh, 1973; Rescorla, 1971), ‘ |

In conclusion,-the findings fhat preexposing éither the CS

or the FS leads to a significant decrement in subsequent

acquisition of the avoidance response fail to support a learned-

safety hypothesis. In addition these findings, along wigp those
of Experiment 4, lend some support to Rescorla's (1§69a,c;_Re;corla &
LoLordo, 1965) contention thathin order for a stimulus to acquire
safety properties it must be negatively correlated.with the
occurrence of the aﬁersive event (i.e., reliably predict the absence
of shock). Simply presenting a stimulus a number of ‘times by

itself does not appear to endow that stimulus with true inhibitory

or safety properties. -



CHAPTER V1

SUMMARY AND CONCLUSIONS

This thesis has attempfed to extrapolate the role played
by Pavlovian condit;oned inhibition in avoidance learﬁing. The
working hypothesis throughout this paper has been that response-
contingent feedback stimuli (FSs) develop inhibitory prgperties
and these properties are-involved in the observed reinforcing,
f;nction of FSs. It was suggested that if the above hypothesis
is cofrecé, two converging findings should be obtained. First,
the inhibitory strength of a F$ should covary with its reinforcing
Kupapgcity. Indeed, the results of Experiment 1 and 2 showed that

' the more effective clicker-FS also exhibited greater inhibition

after avoidance training than a less effective tone-FS. While this -

finding is supportive, it alone did not provide su%ficient evidence
to conclude that inhibition accruing to the FS serves as the
-reinforcing mechanism. Before this statement could be accepted
with éonfidence, it was also necessary to show that a known
cgnditioned inhibitor-is a more powerful reinforcer of avoidaﬁce
beha;ior.than a non-inhibitory stimulus. The results of
Experiments 3 and 4 supported this hypothesis by.providing a
demonstration that a pretrained conditioned inhibitor (Experiment

3), when used as a FS, greatly facilated the aéquisition of a new

-
-225-
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avoidance response (Expefiment 4). Stimuli that were either
randomly presented with respect to shock during pretreatment or
novel did not possess this extra reinfoicing property (Experiment
4). Moreover, Experiment 5 showed that a FS that received exposures
in the total- absence of shock prior to avoidance conditioning also
did not develop reinforcing properties.. Indeed, the results .
suggested that the potential for developing such properties during
avoidance learning itself is retarded as a result of simple pre-
exposure.

An attempt was also made in this thesis to outline, in
detail, two-factor avoidance theory and, to a les§er extent,
describe other'éurrent theoretical formulations of avoidance
learning. Emphasis was placed on two-factor theory for a number
of reasons. First, the history of the evolution of two-facfor
theory is interesting and offers insights into the natur;.of
scientific inquiry and judgment. Second the theory seems o be
the basis for much of the important EXperimentél work in avoidance
learning over the years. Third, and perhaps most importahtly, a
recent versipn of the theory {(Anger, in press) appeared to be more
successful than any other formulation in accounting fgr the vast
array of avoidance phenomena., ' It was pointed out, hqwever,
that Anger's powerful version of two-factor theory had at least one

serious flaw - it could not account for Pavlovian inhibitory

processes that apparently play a'pa?t\in avoidance learning.
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Fortunately, this weakness of the theory was easily overcome by

incorporating a contingency model of Pavlovian con

iRescorla,.lQﬁ?) into Anger‘s conditioned aversi ess (CA)
formulation. By taking into account shocks/n

shocks/exposure two-factor theory can now measure and predict the

full range of potential (positive or negative) conditioned aversive-

ness that can accrue to a stimulus. Moreover, it removes the
necessity for positing cumbersome'alternafive mec@anisms (e.g., cqh-
ditioned relaxation, expectancies, positive 5eigforcement) to
account for the exiﬁgence and function of inhibitory stimuli in
avoidance situatioﬂs. The developmént of excitatory or inhibitory
properties to a particular stimulﬁs in the avoidance situation can
be easily ascertained by examining both its shocks/exposure and-

- a
its shocks/nonexposﬁre values. * The féinforcing nature of these
stimuli can be handied by a straightforward conditioned aversiveness
reduction view which looks at both the CA of stimuli preceding
avoidance responses and the CA of stimuli immediately following
responses. The degreé of reduction in CA resulting from the sub-
stitution of the former set of stimuli by the latter will determine
the relative amount of reinforceﬁent‘available for the response
that produces this ch§nge in stimulation. Thus, gcbording to this
view, inhibitory feedback stimuli, with their negative CA values,

promote rapid acquisition and strong persistence of responding by

providing a greater amount of aversiveness reduction following

”
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L

~ avoidance responses than non-inhibitory FSs. i
This thesis has attempted to provide further support for

the notion that Pavlovian processes are solidly implicated in
S

avoidance learning. Tt-appears that a.large amount of avoidance®
data can be adequételyt;iizgigza‘bnly if appeals are made to -

Pavlovian excitatory and inhibitory ﬁe anisms. The contingency
version of two-factor theory proposed in this thesis does appear

e,

satisfactorily handle the majority of avjidance phenomena,

Although*théptgntingency view has enhan?ed the explanatory
and predictive pbwers of two-fgcéor theory, the problems that are
inherent in the contiﬁgency model itself canndt be ignored (see
footnote 22). It is important, therefore, th't.avoidanc;

hd . N
theorists keep abreast of is;ues\hisgig, he Pavlovian conditioning
literature. By monitoiing the latest theoretical trends and
empirical findings, évpidancq theorists will be able to extend

their knowledge and understanding of the role that Pavlovian

processes play in avoidance learning.
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