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INTRCODUCTION

One of the important problems in operant conditioning is the
analysis of escape responding to painful or aversive stimmli, The experi-
ment on this problem can be divided into twe classes; nondiseriminative
escape conditioning, in which the subject can escape the aversive stimulus
whenever it is presented, and discriminative escape conditioning, in which
the subject can escape the aversive stimulus only if it discriminates
between envirommental cues and responds to the correct cue, The present
thesis is concerned with the latter type of conditioning -~ in particular,
with the effects of the intensity of the aversive stimlus on the rate of
conditioning,

The aversive stimulus is usually assumed to have two properties
in operant conditioning situations, Its occurrence is supposed to motivate
behaviour, and its termination to reinforce behaviour, Thus, variations
in the intensity of the aversive stimulus can affect behaviour by changing
the level of motivation and by changing the amount of reinforcement, lMos ©
theories, however, have been concerned only with motivational effects,
Malmo (1959) has, for example, postulated that the relationship between
level of motivation and performance is shaped like an inverted U, That
is, as the motivation increases, there is an improvement in conditioning;
then as the motivation becomes too high, conditioning deteriorates., Yerkes
and Dodson (1908) have concluded from research on discriminative escape

conditioning that the form of this relationship depends on the difficulty

xii



of the discrimination, They suggested that the form of the relationship
between shock intensity and diseriminative conditioning was menotonic
increasing when it was easy to diseriminate between the two stimmli, and
inverted U shaped when the discrimination was difficult,

The differences between theoretical positions, such as the two
mentioned above, are not resolved by the experimental data, There is ne
agreement about the relationship between the intensity of aversive stimulation
ond diseriminative conditioning and there is no satisfactory analysis of the
variables which might be interacting with intemsity of the aversive stimlus
to produce differences in the funcbtion, The experiments described in this
thesis were performed, therefore, in order to study the canditions which
cantrol the relationship between intensity of the aversive stimlus and
discriminative escape conditioning,

xiii
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CHAPTER I

HISTORICAL REVIEW

In this chapter a review will be presemted of the literature an
discriminative conditioning experiments in which aversive stimuli are used
to control behaviour, The main concern of early research in this area
was to study the effects of punishment of the response to the wrong cue,
(the negative conditioned stimulus or CS-), The motivation and reinforce-
ment of the response to the correct cue, (the positive conditioned stimmlus
or CS+) was loosely controlled in these studies, later researchers, however,
became more concerned with the aversive stimmli which motivate and reinforce
the response to the CS+, Thus the early research analyzed the effects of
intensity of punishment on discriminative escape conditioning, while sub=-
sequent research analyzed the effects of intensity of motivation and amount
of reinforcement on discriminative escape conditioning, The research des-
eribodinthiathomil similar to the modern studies in this area in both
design and purpose, The early experiments will be described in detail,
however, because many of the conclusions which were discovered in these
experiments were assumed by the later experimenters to apply to their
experimental situations as well,

Following this discussion of the experimental literature on discri-
minative escape conditioning and the intensity of the aversive stimulus,

a description of the theories which have been proposed to account for the
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data will be given, Since these thecries are based not only on data fram
discriminative escape conditioning experiments but also on data fram
classical differential conditioning and non-discriminated operant escape
conditioning experiments, brief reviews of relevant data from these areas
of research will be included,

Early research on discriminative conditioning using negative reinforcers,

In 1908 Yerkes and Dodson published the first experiment that was
concerned with discriminative conditioning using aversive stimuli, Their
paper was entitled; 'The relation of strength of stimlus to rapidity of
habit fommation", BSince this experiment set the pattern for much of the
research in this area, it will be described in detail, Yerkes and bodsm
trained mice to discriminate between two stimili, using escape fram the:
experimental situation as the reinforcement for the response to the “
correct stimulus (CS+), and electric shock as punishment for the respense
to the incorrect stimulus (CS-), The experimenters studied the effects
of shock intensity and degree of difficulty of discrimination on the
acquisition of the response, The shock was produced by an inductorium,
and the current was divided into arbitrary "units of stimmlation",
corresponding to distances between the primary and secondary coils, The
discriminative stimuli were detemmined by the amount of light falling on
the black (CS~) or white (CS¢) cardboard linings of the apparatus, The
difficulty of discriminstion was cantrolled by the differences in illum-
ination between the CS5+ and CS~, If the difference between the stimmli
was small, the discrimination was assumed to be difficult; if the difference
was large, the discrimination was assumed to be easy.
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In order to study the acquisition of the discriminative response,
the authors constructed a wooden box which was divided inte the forechamber
called the nest box, an entrance chamber, and two further chambers, side by
gide, with grid floors which opemed into the entrance chamber, On each trial
a mouse was placed in the forechamber or the mest box, and permitted te enter
the entrance chamber, The experimenter then placed a piece of cardboard bee
tween the animal and the forechamber, The cardboard was moved forward slowly,
foreing the mouse twoard the twoe discrimination chambers, Eventually the
animel entered one of the two chambers, intry into the black chamber was
punished by shock; entry into the white chamber led to escape intoc the nest
bax, A correction procedure was used; this meant that a trial was teminated
only by the entry of the mouse into the white chamber and subsequent return to
the nest box, Animals were run for ten trials a day teo a criterion of three
cansecutive days with no entries into the black chamber,

The diserimination in this first experiment was judged to be of "medium
difficulty" by Yerkes and Dodson, When this experiment was performed, the
inductorium had not yet been calibrated and three levels of shock judged "light",
"medium®, and "strong" were used, Pour subjects were used in each group,

After 20 days the training of the "light" shock intensity growp was
terminoted, Since two animals Jeamed the discrimination before the experiment
was terminsted (200 trisls), while two did not, the medisn mmber of trials
fell between the known values of snimals that had learned, and the indeter-
minate values of animals that ran for 200 trials without learming, The median
mmber of trials run by this group, therefore, was inMcm!mtc.l

© 1, Yerkes and Dodson employed mean values in their evaluation of the
data; in order to make their data more camparable to the results of the pre-
sent study, they were canverted to median values,
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At the middle shock intensity, all mice reached the criterion with a median
value of 80 trials., The strang shock intensity group with a median of 155
trials, todk longer to acquire the response than the medium intensity graup.
The overall effect of tils experiment seemed to be a U shaped effect relating
ghock intensity to rate of learning, These data are shown in Figure(l),
function Z’t?.'1 |

In Bxperiment II the discrimination was made very easy, and instead
of using only three shock intensities as before, five different values were
employed, The inductorium had by now been calibrated, and the units of
stimilation, in order of increasing intensity, were 135, 195, 255, 375, and
420, Twenty animals were used, 10 males and 10 females; two of each sex
for each shock intensity, The results of this experiment were different
from the first cne, The relationship between shock intensity and rate of
learning was monotonic, The higher the shock intensity the faster the
acquisition of the response, (Figure 1, function II). |

Yerkes and Dodson concluded that they cbtained this result because
the discrimination was easy, and decided to run a third experiment with a
very difficult discrimination task in order to detemmine whether this would
produce a U shaped function similar to that in Experiment I, Only four
shock intensities were employed this time (the highest value used in
Experiment II was omitted), and there were only two animals for each shock

1, Although the function shown in Figure 1 is U shaped, an inverted
U function could be presented depending on the particular measure of per-
formance, If criterion measures are being used a U shaped function obtains;
if the reciprocal of criterion or ¥ correct responses are used an inverted
U shaped function is found, In both cases the U and inverted U indicate
that performance first improves and then deteriorates as shock intensity is
increased, For convenience both U shaped functions and inverted U shaped
functions in which performmance first improves and then deteriorstes will be
called U shaped functions in this thesis.
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intensity group, one male and cne female, The results this time showed a
U shaped function as in Bxperimemt I. The most important finding, however,
was that the optimmm performance was at a lower shock intemsity than in
Experiment I (Figure 1, function III)., In other words, increasing the
diffioulby of discrimination resulted in a displacement of the optimmm
point of the U shaped function towards a lower level of shock, This result
led to the fornmlation of the YerkeseDodson law: "“An easily acquired habit
may be readily formed under strong stimmlation, whereas a difficult habit
may be acquired readily under wesk stimulation" (Yerkes and Dodson, 1908,
p. 481), This law really involves three separate comclusions:

1) The relationship between shock intensity and rate of discrimi-
native escape conditioning is determined by the difficulty of the discrimi-
nation, Thus, in this experiment when discrimination is easy, the relation-
ship is monotonic increasing (Figure 1, function II), When diserimination
is difficult, the relationship is U shaped, (functions I and III in Figure 1),

2) For any given shock intensity the mumber of trials required to
learn the discrimination increases as the discrimination becomes more
difficult,

3) The optimm level of performance shifts to lower levels of
shock intensity as the discrimination beccmes more difficult,

The third conclusion seems to have generated the greatest interest
among subsequent workers in this area, Unfortunately, a close examination
of the Yerkes-Dodson experiments suggests that their data do not warrant
this conclusion, First of all, there is uncertainty about the optimum point
in Experiment I. In this experiment, (Pigure 1, function I), the optimm
shock intensity was at 300 unlts of stimulation, while in Bxperiment ITT the
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optimum was at 195, However, since no groups were run at 195 units of stimu=
lation in Bxperiment I, one could not establish with certainty whether the
optimum in this experiment was really at 300 units; it could have been at 195,
Secondly, Yerkes and Dodson did not submit their data to statistical analyses.
However, since they presented their raw data it was possible to submit each
experiment to & Kruskal-Wallis nonparemetric rarked analysis of varience,™
Only in Experiment I were there statistically significant differences between
the shock intensity groups, These analyses cast further doubt on the third
cenclusion of the Yerkes and Dodson law, since one U shaped function and two
flat lines do not provide evidence for a changing optimum peint,

lore experiments followed the YerkeseDodscn study using essentially
the same apparatus and procedure, Cole (1911) in an apparatus almost idene
tical with the Yerkes and Dodson discrimination box, trained chicks in a
brightness discrimination prdblem, The chicks had to escape over a wire
grid floor, into a box which was maintained at the same temperature as the
incubator, As before, wrong choices were punished with electric shock,
The chicks in this experiment apparently moved of their own accord and no
cardboard was used to propel them, The punishing shodk was produced by an
inductorium in calibrated "units of stimulation" which were 220, 350, L8O, and
590, 'The CS+ and CSe were produced by illuminating opague screens using
lamps placed at varying distances behind the screen, Fhotometric readings
were teken of the brightness difference between the two screens., These

1, The advantage of nonparametric tests is that they depend on ranking
the data according to relative magnitude, and de not manipulate the absolute
numerical values cbtained, The weak shock intemsity groups in the first Yerkes
and Ibdson experiment did not reach eriterion, and, therefore, the nmwber of
trials to criterion for some of these animals was indeterminate, Since nonpara-
metric tests require only that the data be ranked, the results of such open
ended groups can be analyzed despite this handicap,

The possibility of Type II errors should also be kept in mind since
the number of animals in esch group was very small,
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readings were 0:8.9 for the easy discrimination, 1:13,7 for the medium and
1;5.1 for the difficult discrimination, However, since the experiment was
run in the daylight even the unlit screen reflected some illumination and
therefore the subjective difference estimated by the experimenter was 1:20
for the easy, lili for the medium and 1:2 for the difficult discrimination.

The results of the Cole experiment were quite differenis frcn the
results cbtained by Yerkes and Dodscn, The function relsting shock imtensity
with discriminative conditioning was monotonic regardless of the difficulty
of discrimination, In other words, discrimination always improved as shock
intensity increased, The slope of the shock intensity function became
steeper with increasing difficulty of discrimination (Figure 2),

Cole did not submit his data to statistical analysis; Kruskale
Wallis renked analysis of variance were, therefore, perfomed on each experi~
ment, The difference between shock intensity groups proved to be significant
for each level of difficulty of diserimination,

As can be seen from Pigure (2)the enly function which showed a
deviation from linearity was the medium difficulty function, There was a
slight deterioration in performance at the highest shock intensity. The
first shock intensity group was omitted from the analysis in order to deter-
mine whether the last group was significantly different fram the secand and
third groups. These 3 groups were submitted to a Kruskal<Wallis analysis
of variance. The results of this snalysis showed that there was no difference
between the three highest shock intensities, Thus, it would seem that the
reason the overall analysis for the four shock intensities had been signifi-
cant at this level of discrimination was the marked improvement produced by
the second and subsequent shock intensities over the first,
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At the most difficult discrimination task same animals in the two high
shock intensity groups failed to learn the discrimination, Other animals in
these shock intensity groups did learn the discrimination, and, furthemmore,
learned it faster than animale at lower shock intensities, Thus, these groups
had bimodal distributions, However, since more animals learmed than failed to
learn, the medians of the shock intensity groups showed a monotonic increasing
relationship, The higher the modcp intensity, the more rapid was the acquie~
sition process,

The results of the Cole experiment provide no evidence for a U shaped
function relating shock intensity and discriminative escape conditioning, It
is not clear why Broadhurst in his 1959 review article states that the experi-
ment provides evidence for conclusion mumber three of the Yerkes and Dodson
experiment, the shift in the optimum point to a lower shock intensity with a
more difficult discrimination,

It could be postulated, of course, that the three functions in Figure
(2) represent enly the lower half of the U shaped function, and that at higher
shock intensities performmance would have deteriorated again, Species differ-
ences might have produced such an effect, It must be remembered that chickens
are well protected against electric shock by the tough layers of skin on their
feet, Although Cole did try to overcome this by forcing the animals to walk
over a wet pad before stepping on the grid, this procedure might not have been
effective,

Another hypothesis to account fr the discrepancy between the original
Yerkes~Dodson experiment and the fole study would be that there was a
difference in the difficulty of the tasks in the two experiments. The
Yerkes-Dodson study showed that for easy discriminations, the shock intensity



function tends to be monotonic rather than U shaped, If one is willing to
postulate that all of Cole's discerimination tasks were easy, this would
explain the shape of his functions, On the other hand, it would not explain
the fact that Cole's animals performed as poorly as animals run by Yerkes
and Dodson on the difficult task,

The next attempt to replicate the Yerkes and Dodson experiment was
published by Dodson in 1915, He employed appsretus similar to that which
was employed in the previous experiments, but this time used kittens as
subjects, The shock intensities were described only as "light", "medium",
and "strong", and the discrimination tasks as "easy", "medium", and
"@ifficult", Dodson used from two to four subjects for each shock inten-
sity group, Instead of using the cardboard pushing technique to propel the
animals toward the discrimination chambers, he relied on the "play instinct®
of the cats to mobivate them to enter one of the chambers,

Dodson found that an increase in shock intensity resulted in a
deterioration in perfomance for the difficult discrimination group. For
the easy and medium discrimination groups, an increase in chock intensity
resulted in improved performance, Figure (3) shows the median number of
trials to reach the criterion of acquisition as a function of the shock
intensity. The opposite direction of the functions for the easy and
difficult discriminations seems to confim the first conclusion of the
Yerkes-IDodson study, that is, that the fomm of the function depends on the
difficulty of the discrimination,

If more shodk intensities had been used, it seems likely that the
easy discrimination function would have been monotonic and the difficult
discrimination function U shaped, Thus, one could hypothesise that for
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the difficult discrimination the shock intensities were beyond the optimum
level of mobivation, while for the easy discrimination the shock intemsities
were lower than the optimum level, This would seem to provide evidence for
the third conclusion of the Yerkes-lodsen study, but only indirectly because
not enough shock intensities were employed to actually demenstrate the
relationship, Dodscn was well aware of the difficulties in interpreting his
results; "Possibly no one realizes more fully than the experimenter certain
crudities of method in this experiment [however| if any conclusions mey be
drawm those conclusions are in accord with previous findings ...." (1915,

p. 335).

The last study in this series, by Dodson, was also concerned with
the effects of varying shock intensity on the acquisition of & discrimi-
native escape response (1918), There was only a single, easy discrimin-
ation task and four shock intensities, With more subjects in each group,
(fram 3 to 9), Dodson presented the data as confirmation of the U shaped
relationship obtained by Yerkes and Dodson, There was an indication that
the two middle shock intensity groups performed better than the highest or
lowest groups, However, when Dodson's date were submitted to a Kruskale
Wallis ranked analysis of variance, the four shock intensity groups did not
differ from each other significantly. The results of the statistical
analysis almost reached significance, and with more subjects the difference
between shock intensity groups might have become statistically significant,

Before proceeding further, a brief summary of these early experi-
ments will be given, The series of experiments cutlined so far do not
present a unified picture about the relationship between shock intensity
and discriminative escape conditioning, The first conclusion of the Yerkes-
Todson study stated that the shock intensity function has a different fomm
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with different difficulties of discrimination, From the above review it seems
that this conclusion was supported only by the ordginal Yerkes and Dodson
experiment and the first Dodsan study, Te seccnd conclusion, that more
trials would be required to reach a criterion of acquisition as the diseri-
mination became more difficult, was supported by all studies, On the other
hand, the third conclusion, which was not really supported by the original
data of Yerkes and Dodson, received only indirect support fram the first
IDodson experiment in which the optismm of the easy discrimination group
seemed o be different from the optimum of the difficult group.

Recent research on discriminative conditioning using negative reinforcers,

With the last Dodsan experiment, interest ceased in the effects of
shock intensity on discriminative escape conditioning, and the Yerkes-Dodson
lav,) In the 1950's the prcblem was approached with renewed interest, Three
further experiments were perfommed which were similar to the original Yerkes
and Dodson study in design and purpose,

In 1957, Broadhurst, in an article entitled, "Bmotionality and the
Yerkes~Iodson law", presented an experiment which repeated the Yerkes~

Ibdson stady in a new setiing., An underwater Y maze was employed with a
brightness discrimination task, The intensity of the aversive stimmulation,
or Miutima was varied by restraining the animel underwater for different

1, Several investigators attempted to apply the Yerkes~Dodson law to
the human situstion, Hysenck (1959), for example, studied the performance of
different categories of mental patients on tasksdiffering in difficulty as a
function of anxiety level, Since the present survey of the literature is
limited to conditioning studies using normal subjects, this line of research
will not be reviewed,

2, In the interval between 1917 and 1950, psychologists tended to
replace specific temms such as aversive stimulation with the more general
concepts of motivation, drive and arousal,
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periods of time, (0, 2, L, and 8 seconds) before releasing them in the maze,
Reinforcement occurred when the _an!.ula surfaced after swimming through the
nagze under water. There were three levels of difficulty, provided by
differential illumination of the escape doors of the Y maze,

Instead of the trials to criterion measure, used in earlier experi=~
ments, the measure of learning was the number of errors mede by the rats
in 100 trials, Broadhurst performed an analysis of variance on the overall
results for the three levels of difficulty and four levels of drive, The
analysis showed that the effects of both main varisbles, difficulty of
discrimination, and intensity of drive, were significant., The interaction
between these two variables was also significant, Broadhurst stated in a
subsequent article: "Since it is clear from the graphs that the optimum
motivation decreases with increasing task difficulty, this means that the
Yerkes-Dodsen law was confirmed at an acceptable level of significance",
(1959, p. 329)., The graphs deseribing these data are reproduced in
Pigure (). Although Broadhurst includes very little raw data in his
article, an examination of Figure (L) suggests that air deprivetion at the
easy and moderate levels does not produce g U shaped function but rather,

a horizantal line, This conclusion is supported by a further analysis of
Broadhurst's data, When the data were canbined for all levels of diffi-
culty of discrimination, a series of "t" tests showed that there was a
significant difference between the 0 and 2 second delay group and a sige
nificant difference between the 2 second and the 8 second groups, On the
ocbther hand, if one analyses data for each difficulty of discrimination
separately, only the difficult level shows a significant difference between
the different delay of release groups. This means that the gagy and moderate
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functions in Figure (L) do not deviate fram a flat line; only the difficult
cne does, The significance of the overall analysis can be attributed to the
results of the difficult discrimination., The interaction can be explained
if two functions are linear and flat, and the third is curvilinear, Since
two of the three functions are flat over 2 wide part of thelr range with

no significant differences between groups, one camnot establish a specific
eptinmum for each curve and therefore one cannot talk sbout shifts in the
optimm point with increasing difficulty of discrimination, Thus, the first
two conclusions of the Yerkes-Dodson experiment are confimmed by the
Broadhurst experiment, but the third is not,

Dennenberg and Karas (1960) in a replication of the "easy" discrie
mination group of the Broadhurst study, found no significant relation
between air deprivation and number of correct responses; that is, as in the
Broadhurst study, a flat line function was cbtained, Using a swimming time
measure, however, these experimenters cbtained a U shaped function relating
air deprivation and swimming times for days 1l-5, but this relationship
became monotonic by days 6=10, Dennenberg and Kares reasoned that this change
in the shape of the function was due to a change in the task diffioculty over
days, When the discrimination was acquired on days 610 the task became
easy, and the U shaped relationship disappeared,

Although this line of reasoning seems to confirm the third Yerkese
Dodson conclusion, eonolnsj.n evidence about the optimum points could only
be cbtained if at least another group of animals were run at a different
difficulty of discrimination, According to the Yerkes-Dodson lLew, the
optimum point of the curvilinear effect on days 15 should bhen be displaced
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from the position Demnenmberg and Karas had cbtained previously.

The last discriminative escape study to be considered was reported
by Hammes (1956), Using a runway with two escape doors, somewhat similar
to the Yerkes-Dodson apparatus, Hammes trained rats on a visual discrimi-
nation task, There were two levels of discrimination, easy and difficult,
and three levels of electric shock, The shock intensities were ,2 ma,

3 ma, and i ma, All rats were trained to run through the correct door
at .2 ma, Rats which did not respond at this shock level, and those which
did not meet a criterion of running for LO trials in succession were dis~
carded, For these two reasecns LS animals were discarded, Fifteen animals
in each group were used in the experiment, Analysis of the results showed
that there was no difference in the perfomance of the various shock inten~
sity groups on easy discrimination tasks., On the difficult discrimination
task there was no significant difference between the light and medium shocks,
The differences between light and high shock intensity groups and between
medium and high shock intensity groups were sig

intensity groups made more errors than the light and medium groups, The
results of the Hanmes experiment showed that the shock intensity function
at an easy discrimination was flat, while at a difficult diserimination

the function became decreasing monotonic, Thus, these results provide
evidence supporting the first and second conclusion of the Yerkes and

Dodson law, but not the third,
A sumary of the experiments considered so far in temms of the three
canclusions of the Yerkes and Dodson study shows the following results:

regarding the first conclusion, all of these studies which employed several
levels of difficulty of discrimination showed that the form of the function
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varied at different levels of difficulty of discrimination with the exception
of the Cole experiment, It must be pointed out, however, that the change

in the shape of the aversive stimulation function was not the same for the
different experiments, Both the Yerkes and Dodson and the Broadhurst studies
showed a change fram flat function at easy levels of discrimination to a U
shaped function at diffioult levels, The first Dodson experiment showed 2
decreasing monotonic function at the easy discrimination level and an
increasing monotonic function at the difficult level, The Hammes study
showed a flat versus a decreasing monotonic function at the easy and diffi-
cult levels respectively, The differences in the results of these experie-
ments could be resolved, of course, if one assumed that the degrees of diffi-
culty and the intensity of aversive stimulation covered different ranges in
each study,

The second conclusion regarding the muber of incorrect responses at
each level of difficulty, is supported by both the Broadhmrst and the Hammes
studies 28 well as the early experiments reviewed previously, All of these
studies show that as the difficulty of the discrimination is increased more
errors are made at all levels of motivation,

The only apparent confimmation of the third Yerkes and Dodson con=~
clusion among recent experiments seems to be provided by the Demmenberg and
Karas experiment, This experiment, however, made camparisons within sube
jects, and had only one level of difficulty, Furthermore, since these
experimenters used a measure not provided in the previous studies, it is
imposeible to establish the generality of their results, Thus neither the
early nor the later experiments provide evidence which unambiguocusly supports
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the third conclusion of the original Yerkes and Dodson experiment cancerning
the shift in optimum shock intensity,

A further camparison of the modern studies with the Yerkes and
Dodson experiment reveals an important difference in the experimental proce-
dures. In the Yerkes and Dodson experiment, animals were pushed with a
cardboard until they entered one of the two discrimination chambers, This
procedure used the cardboard as the aversive stimulus to motivate the mice,
The termination of the cardboard pushing could be regarded as reinforcing
to the mouse, and the magnitude of the reinforcement would be proporticnal
Yo the aversiveness of the cardboard pushing, It could be argued, further-
more, that the aversiveness of the cardboard could be varied quite inad=
vertently by pushing the more reluctant animals harder than those more
willing to enter the discrimination chambers., In order to escape the card-
board pushing, the animals had to enter one of the discrimination chambers,
Entry into the black chamber was always punished by shock of various inten-
sities; entry into the white chamber led to escape fram the cardboard pushe
ing, Thus, in the Yerkes and Dodson experiment, the intensity of the
negative reinforcer for the escape response was uncontrolled, and the
intensity of punishment for the wrang response was varied as the independent
variable,

The modern studies, (Broadhurst, Hammes, etc.) employed discrimie
native escape procedure with no punishment, The intensity of the negative
reinforcer for the escape response was the only variable which was system-
atically varied, Wrong responses simply delayed the termination of the
aversive stimulation; the animals were not punished by increasing the
intensity of the aversive stimulus as in the Yerkes-Dodson study., As a
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result, in the modern studies amly one socurce of aversive stimmlation wase
used, the negative reinforcer for the escape response, and only this
stimlus was menipulated as an independent variable, It is clear that the
procedures employed in the original Yerkes-Dodson series of studies were
different from the more modern procedures,

Theoretical Analysis

A number of theories have been suggested to account for the U
shaped function which occurred in the experiments described in the previous
section, One of the better known theories in this area was developed by
Spence, Since this theory was originally formmlated for classical con-
ditioning situations, a brief review of the relevent research in this area
will be given,

Bartlett, (1961) studied the effects of shock intensity on differ-
ential heart rate conditioning in curarised dogs, In this study, the
positive conditioned stimmlus (CS+) a LOOO cps tone, was always followed
by shock, while the negative caditioned stimulus (CSe) a LOO cps tone was
never followed by shock, The shock intensities used were 1.0, 2,0, 4,0,
and 8,0 ma, The results indicated a monotonic function relating shock inten=-
sity and differential conditioning, The higher shock intensities, 4.0 and
8.0 ma, llod to better differential conditioning than the lower shock inten~
sities, &ince the difference in frequency between the two tones used in
this experiment was great, the discrimination could be regarded as easy
and the resulis of this experiment are cmsistent with previous operant
conditioning data,
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Using a samewhat different procedure and human subjects, Runquist,
Spence and Stubbs (1958) studied the effects of different levels of the
unconditioned stimmlus (US) intensity on differembial eyelid conditicning,

The positive CS was a 500 cps tone and the negative CS was a 5000 cps tane,

Each subject received 60 trials with both the pesitive and the negative CS in

a random order, Two intensities of the unconditioned stimilus were used, For
e group, the US was a 2 lbs/square inch air puff to the eye, and for the other
group it was 0,3 lbs/squave inch, The results showed that the conditiened
responses to bebh the positive and the negative CSVs was significantly greater
for the high intensity US group, The discrimination was also better for thie
group, but this was only significant when the last 2/3 of the trials were
cansidered, This result is consistent with Bartlett's,

Hilgard, Kaplan and Jones (1951) studied the effects of anxiety on
differemtial conditioning, using high and low anxious human subjects, These
subjects faced two windows, illuminated at 0,07 millilanberts, An increase
in illumination of the right window (CS+), to 2.5 millilasberts wes followed
by an air puff (the unconditicned stimulus US), to the subject?s eye. 4An
increase in illumination of the left hand window (CS8-) was never followed by
the US, Although on the first day of training there were no differences
between subjects, on the second day the high anxious subjects gave more
responses to the negative C5 than the low anxious subjects, Thus, higher
levels of motivation led to a deterioration of performance,

Intwomrbhurw:, the Spence group used different levels
of anxiety, as measured by the MAS® to provide the various levels of drive,

1., The Manifest Anxiety Scale developed by J, A, Taylor is a selfs
inventory test designed to measure the degree of overt or manifest anxiety.
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Spence and Farber (195L) studied the relation of anxiety to differential
eyelid conditioning, In this case a single US intensity was used for the
positive CS, end the US was omitted for the negative CS, Both CS's were
presented 50 times in a prearranged order, The only significant differences
were between responses to the positive and negative CS's, High anxious
subjects gave more conditioned responses to both CS's than low anxious sub=-
jects, The experiment by Spence and Beecroft (1954) replicated these
resulbs, Differences in discrimination between high and low anxiety groups
failed to reach significance,

The theory proposed by Spence proved flexible enough to interpret
both the results of Hilgard, Kaplan and Jones, (the high motivation group
performing worse than the low motivation group), and the results of Spence
and Bartlett, (the high motivation groups performing better than the low
motivation groups), Spence (1960, p, 140) postulates that since behaviour
is a mlbtiplicative function of habit strength and drive, any increase in
drive will increase the probability of all responses that have same ten-
dency to occur in a given situation, In simple classical conditioning,
Spence predicts that an increase in drive will facilitate the correct
response because the probability of the correct response is likely to be
the highest in the response hierarchy, In a more camplex situation the
probability of the correct response might not be the highest in this
hierarchy. An increase of drive would increase the difference between the
probability of incorrect and correct responses, and only after consistent
reinforcement of the correct response would its probability of occurrence
rise to the top of the hierarchy, Thus, in a camplex situation, the high
drive groups should perform worse than the low drive groups initially, but
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later when the probability of the correct response is made high by reine
forcement, they should performm better than the low drive groups.

Child, (1954) and Mandler and Sarason, (1952) have suggested
theories which are similar to each other but are different fram Spence's,
These theorists postulate that in a complex situation, the effect of high
drive is to elicit irrelevant, campeting responses, and these responses
are assumed to heighten drive further by interfering with the correct
response, They also pointed out that Spence's theory does not take into
account such previously learned and unlearned responses which are elicited
by drives thmaelna.l Child suggests that ,,. "in a simple situation
where a stable relationship is established between a single stimulus and a
single response, what internal competing irrelevant responses the subject
is making at the time do not have any great effect, whereas the presence
of the high drive level does make for heightened performance; but in
complex situations, where the subject is already in conflict between variocus
response tendencies relevant to the task, the presence of irrelevant responses
made to anxiety heightens the conflict and interferes with performance to
a greater extent than the increased drive improves it" (195k, p. 15L).

Although the difference between the theories of Spence on the one
hand and Child, Mandler and Sarason on the other, do not seem to be very
great (they all define task difficulty in terms of the nature of the
response), they can lead to different predictions, For example, Spence
predicts that high anxious subjects in a complex task perfomm initially
at a lower level than low anxious subjects, but eventually surpass the

e has also mentioned that cumpeting responses have an effect,
&liéo,p. 197), but he has not dealt with them in his formal theoretical
tement s,
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low anxious subjects as the response is learned, Child, on the other hand,
would predict that high drive subjects would cantimue to emit interfering
responses and the performance dthisgrwpvmlérwa&nbelmtheporfw-
mance of the low drive group.

The cancept of task difficulty employed by these theorists is cone
siderebly different fram the cmecept of discrimination difficulty proposed
by Yerkes and Dodson, In the Yerkes-Dodson experiments, the diffieculty of
discrimination is defined by the difference between two stimmli along a
single dimension such as brightness, This definition enables the experi=
menter to measure accurately the difficulty of discrimination, On the
other hand, in the Spence and Child theories, task @ifficulty is related to
the nature of the response - either the probability of the correct response
for Spence, or the irrelevant responses which are incompatible with the
correct response for Child, These properties of the response are more diffi-
cult to measure independently of the learming situation than the properties
of the stimulus, The two approaches are similar, however, in that the effects
of task difficulty and discriminatiom difficulty are presumed to be very
similar, For the easy discrimination and the easy task, both theories
predict a monotonic increasing function relating shock intensity and per-
fommance, For more difficult discriminations and tasks, the tvo theories
predict a deterioration in perfomance at higher levels of motivation,
and peorer perfommance for the difficult conditions, They are different,
however, in that the Spencee(hild theories do not predict the shift in
the optimum level of stimlation postulated by Yerkes and Dodson.
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Since both Yerkes and Dodson and Child and Spence suggest that
with an easy discrimination or task the relation between intensity of drive
and conditioning should be monctonic, one way in which these theories could
be further examined would be to consider experiments concerned with the
effects of shock imbensity on nondiscriminative escape canditioning. In
this situation subjects only have to learn a single simple response in
order to terminate shodk without being required to diseriminate between
experimental cues, In a sense, this procedure could be regarded as the
simplest case of discrimination where the level of difficulty is at zero,
and also as the easiest type of operant escape conditioning task,

The first study to be considered in this series, was performed by
Campbell and Kraeling (1953), The experiment was performed to determine
the reinforcing effects of given amounts of drive reduction as a function
of initial level of drive, In this experiment rats were trained to escape
ghock of a specific intensity to a lower or zero shock intensity by running
in a straight mmway to an area where the shock was reduced, Three results
were cbtained from this experiment;

1, A constant shock reduction (from varicus levels to a level

100 v lower) is more effective at a low initial shock
level than at a high initial level,

2, The greater the amount of shock reduction from the same

initial shock level, the faster the final running speeds,

3, bGhock intensity does not affect final ruming speeds but

only rate of acquisition,
Campbell and Kraeling suggest that a Weber Fechner function is applicable

to the drive reduction effects, In other words the reinforcing effect of



shock reduction is not a constant but varies with the amount of initial
shock, The higher the initial shock, the greater has to be the shock
reduction to be reinforcing, The third conclusion of Campbell and Kraeling
is the only one relevant to the present thesis, since it deals with the
effects of shock intensities where the various shock levels are compared
with the O level in each case, The results of this group of animals show
a monotonic increasing function relating rate of acquisition with shock
intensity, The higher the shock intensity the faster the acquisition of
the running response.

In a study by Trapold and Fowler (1960) five groups of rats were
trained to escape shock intensities of 120 v, 160 v, 240 v, 300 v and
40O v in a straight alley by running to a "safe" uncharged goalbox. The
experimenters tock two measures of performence, running speed and starting
speed, Starting speed was measured in the first six inches of the alley
while running speed was measured in the next six inches, The results
showed running speed to be monotonically related to shock intensity while
starting speed showed a U shaped function, As shock intensity increased
running speed increased, and starting speed first increased and then
decreased, Trapold and Fowler explain this difference between their experi-
ment and Campbell and Kraeling'!s, which showed only a monotonic function,
by pointing out that Campbell and Kraeling only took one measure of speed
coambining starting and running speed, and used a lower range of shock
intensities,

In 1958 Dinsmoor and Winograd studied rate of escape responding
in a bar pressing situation, Rats were trained to bar press to escape
shock on a Variable interval schedule of reinforcement, Bar pressing rates
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were proportional to level of shock intensity and introduction of a new shock
intengity produced immediate transition to a rate appropriate for that level
of shock,

Boren, Sidman and Herrnstein (1959) studied avoidance escape and
extinction as functions of shock intensity in a bar pressing situation., The
intensgities of shock ranged from subthreshold to almost lethal, The latency
of escape responses was a decreasing function of shock intensity. The higher
the shock intensity, the shorter was the delay before the rats escaped, The
rate of avoidance responding was an inereasing function of shock intensityy.
In other words as shock intensity increased the rate of avoidance responding
also increased, Asymptotic rates of responding were reached at low to
medium shock intensities, with no further changes ocourring at higher levels
of shock,

With the exception of the starting speed measure in the Trapold
and Powler study, all the measures of perfommance taken in these experiments
show monotonic functions, Two further experiments suggest, however, that
the U shaped relationship can be cbtained in simple escape situations when
the schedule of reinforcements is changed, In the first study, Kaplan (1952)
trained rats to bar press, in a rather camplicated apparatus, employing the
termination of a strong aversive light as the reinforcement, An intemittent
schedule of reinforcement was used which turned the light off every 0.5
seconds, 8ix intensities of illumination were used, 27, 111, 183, 530, 960
and 2312 mL, The curve relating rate of escape responding to light intensity
appeared to be a U shaped function with a maximum rate occurring between 111
and 530 ml,