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The effects of intensity of the un-
conditioned stimulus (US) on the acquisition
and extinction of the conditioned emotional res-
ponse (CER) in rats were investigated. The US
intensities studied were 0.2%, 0.49, 0.85, 1*55,
and 2.91 ma. Both acquiaition and extinction of
the CER were found to be monotonio functions of
US intensity, with the higher US intensities
producing more rapid acquisititn and more resis-
tance to extinction. The lowest shock intensity
failed to produce suppression. The 0.49 ma. sub-
jects typically showed a paatial recovery of
normal operant behavior after development of a
fairly profound CER. The results were inter-
8rete_d as consistent wth the euppotitlon that the
ER is acquired in accordance with Pavloeian laws
of classical conditioming.



ACKNOWLEDGEMENT

The author Wshes to express his gratitude and thanks to

Dr. L. J. Kamin whose countlless hours of friendly guidance

made this study possible.

Thanks are also due to J. Bartlett, C. Brimer, J. Hay,
T. Ryan and J. Walker for devoting many hours to the

execution of the experiment.



CONTENTS

.............................................................. 1
METhOd.......c.ooiiiii i e 40
RESUITS ..o e e 44
DISCUSSION. ...ttt neas ) 52
SUIMBATY et ee s 57



INTRODUCTION AND HISTORY

The problem of anxiety has long been familiar to
the clinician, but its history in the psychological
laboratory is fairly recent;.

in 1941 Estes and Skinner (US) in a paper entitled
I"Some guantitative properties of anxiety", ascribesd two
defining chaaactcristics to this concept: 1) it is an
emotional state somewhat resembling fear, 2) the disturbing
stimulus which is principally responsible does not precede
or accompany the state but is "anticipated” in the future.

The more imppotant of the two aspects of anxiety
seems to be the concept of anticipation, and the way in which
a stimulus can acquire this property of eliciting fearlike

anticipation has been conceptualized by Schoenfeld in a

meehanistic way, by the following paradigm (37)i

where iIs initially a neutral stimulus or a stimulus which
the organism does not approach or recede from, any noXLous
stimulus wiich the organism tries to terminate or avoid, and
= Indicates the passage of time. After repeated paired
presentations S. becomes a ‘conditiooned stimulus in Pavlovian
fashion, capable of eliciting some of the respondents, largely

autonomic, to That 1s, some of the responses made orig-
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inally to the unconditioned stimulus are now elicited by

the conditioned stimulus. While these respondents, which
include such effects as heart rate changes, defecation, etc.,
could be directly measured, one can instead measure anxiety,
by i1ts disruptive effects on ongoing behavior. This latter
technique is likely to produce more easily quaatifiable
resul ts.

The experiment devised by Estes and Skinner (18)
incorporated this reasoning in the following way. This
experiment, the first in a lengthy and continuing line of
research, will be described in some detail.

Tweeny-four male albino rats were conditioned to
bar press for a food reward in a Skinner box on a fixed
I'nterval schadolLe of 4 minn’(ts.1 The rats were run one
hour daily for two weeks in order to establish stable
response rates. Following this training, emotional
condttioning took place. The noxious stimulus to be
anticipated (the unconditioned stimulus or US) was an

electric shock delivered through the grids of the

1 Ferster and dinner (19) define a jfixed interval
schedule as one in which the first response of an organism
after a designated interval of time is foioowed by a
reinforcing stimulus. A Tiked interval schedule normally
generates a stable state in which a pause follows each
reinforcement;, after which the rate of responding accelerates
to a terminal (usually moderate) value at the time of
reinforcement.
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Skinner box to the feet of the rat, and the neutral stimulus,
(or conditioned stimulus CS), preceding the shock was a tone
which was produced by phones attached to a 60 cycle AC trans-
former,2 The rats were run under a high hunger drive for
one hour in the box during which the tone and shock - CS-US
combinntion was presented twice. The tone lasted for 3
minutes and was terminated by the shock. The Ffirst presenta-
tion of the CS-US showed that the mean periodic rate of bar
pressing of the rats was not disturbed. The procedure above
was foioowed for six days after which the tone was lengthened
to 5 minutes and only one CS-US trial (emooional conditioning)
was given a day for the next two days. The strength of the
emmtional conditioning or the CER (conditioned emotional
response) was calculated as the ratio of the nummer of responses
made by the rat during the CS to the average number of responses
made during the same fraction of the hour in a control experi-
ment when no eim“tom*l conditioning took place. According
to Estes and Skinner, the result of this procedure was the
conditioning of a state of anxiety to the tone, which was
maaifest'ed by a decrease and later almost complete cessation
of bar pressing during the presentation of the tone. A

number of other behavioral effects were observed by the authors:

) 2The CS and US are terms adopted from Pavlov and
classical conditioiing where US stands for a stimulus which
elicits a reflex in the animal and is preceded by a neutral
stimulus CS. AAter repeated CS-US pairings the CS alone is
cr?pallj)sle of elicrting the reflex.previously only elicited by
the .
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a decrease in ths rats of bar pressing occurred after the
delivery of shock, creating a slight depression in ths
cumulative record”™

Following this depression, which nsvsy comulately
disappeared, a couppneatory Incietse in rats o” yssponding
was found until th© rat's cunuiativs curvs had retchei ths
sxtrapolation of ths curvs preceding shock.

Ths effects of ths conddtioni’ng on a low hunger drive
group wars not oiservable because of ths low response rates
tseocittei with low drive, but when ths drive level was
raised by greater food deprivation producing also higher
response rates, it became clear that these rats had learned
to suppress during the CS, as weli as the high initial drive
group.

Withholding the food reinforcement produced an
extinction curvs for bar pressing ae expected, but the anXlety
was not sx““ngiished.

Estes and Skinner tried extinguishing of the GER by
turning the tons on at the usual time (27 minutes after the
animal had been put in the Skinner box) and leaving it on
for the rest of the sxperiuental hour. This produced fairly

rapid extinction of the GER, the mean period required for

AThe cumulative record consists of recording additively
the responses of a rat ae a function of the passing of tius.
A pen steps up one fixed step on a paper which is moving at a
steady speed at 90" to the iirection which the pen move3. The
result is usually a tine diagonally across the paper made up
of snull steps of resi)onses, but if ths rat does not respond
a straight line parallel to ths direction of the paper's motion

will be drawn.
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recovery of bar pressing was found to be B.6 minutes and 9.1
minutes with a somewhat lower hunger drive group. On the
foilowing day, howevvr, the rats on the presentation of the
CS, showed spontaneous recovery of the CER.

Although this experiment pointed to an excellent
technique for quuanitatively measuring anxiety, it seems to
have been forgotten for 10 years and when it was reintroduced,
it was to be used primrily as a tool to investigate problems
with a clinical reference.

The purpose of the present study was to examine the
effects of different shock intensities on the acquisition and
extinction of the CER. There are two classes of studies on
the CER, one class uses the CER as was mentioned above,
merely as a meesuring instrument, and the second class under
which the present research falls, explores the parameeers of
the CER phenomenon itself. In the following pages, a review
of previous studies of both types, will be undertaken. Those
studies employing the CER as a technique will be considered
first.

In 1951 Hunt and Brady (22) published a paper on the
effects of electro convulsive shock - (ECS) on the CER.

Since ECS was used in the clinics to treat patients with
acute anxiety and since the CER which was presimably due to

anxiety was present in the experimental situation, a logical
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method seemed available to study a clinically relevant problem
in the laboratory. There were, however, a number of method-
ological difficulties to be overcome, and they were handled
in different ways at different laboratories. The immiiilaiely
following section will be devoted to a description of the
different techniques used to establish a CER. While a num-
ber of specific studies will be cited, their purposes and
resulLts will be left for a subsequent section. o

Hunt and Brady published a whole series of papers on
the effects o™ ECS on the CER and the basic methodology em-
ployed, wth some variations, followed the procedure outlined
below which, as will be seen, is quite different from the
original Estes and Skinner procedure.

Ninety day old male albino rats were trained to bar
press in a Skinner box for a water reward during daily 15
minute runs. The animals had free access to food but were re-
stricted to 30 minutes of water per day, 15 minutes after the
daily session. AAter they learned to bar press, the animals
were put on a variable interval (VI) reinforcement schedule ran-

ging from 30 seconds to 4 minutes wth a mean at 1 minute.

The emoOilnal conddtioning trials took place not in a
Skinner box, but in a specially constructed “grill box"
slightly larger than the Skinner box, wth a grill floor, no

1.

) A variable interval schedule is one in which the
interval between reinforcements iIs varied In a random or near
random order.
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bar for reinforcements and no water cup. An earphone was
attached to transmit the GS and a transparent wall permitted
observation. This special grlll box was introduced by Hunt
and Brady in order to cut down a generalized fear reaction to
the Skinner box, due to the shock, which might result in the
rat "freezing" or refusing to bar press at all. The reason
for this precaution seems also due to the fact that the rate
were placed in the training boxes for only 15 minutes per day
and this would not give them sufficient time to recover from
generalized fear of the Skinner box.

On each day there were two emotional conditioning
trials in a 15 minute session and also one bar pressing run
of the same duration. The 2 experimental situations were
handled by different persons, took place in different rooms
and were separated by at least 6 hours. The GS was a clicking
noise of 3 minute duration (16 times per second) and did not
disrupt the rate of bar pressing when presented alone. The
US connoted of a make break 1.5 ma (150V, 60 cycle) AC
electric shock delivered to the grill once just before and
one just after CS termination.

Although the shock seemed to disrupt bar pressing when
first delivered, recovery was rapid.

The emotional conditioning trials were as follows:

The animal was placed in the grill box and allowed

to explore for 3 minxes, when the OS was iIntroduced,



terminated 3 minutes later by the US. Three minutes later
another CS-US sequence took place and after three minutes
more, the animal was removed from the box. AAter 3 days of
emotional conditioning, the aninmls were tested with a
reinforced presentation of the 0S (CS-US) in the Skinner box
while they were bar pressing. Hunt and Brady found that 8
conditioning trials were sufficient for most rats th produce
the effect observed by Estes and Skinner. Eight or nine un-
reinforced presentations of the 0OS (CS no US) produced
extinction of the CER.

The amount of suppression during the CS in some of the
later studies in this series, was measured by the "inflection

ratio" B - A where A is the number of bar presses made
A

during the 3 minutes before the CS and B is the number of
bar presses made during the 3 minute CS. CMiplete cessation
of bar pressing results in a -1.00 ratio and a 100$ increase
yields 4 1.00. Unchanged output results in 0.00. However,
in the earlier studies the emotional reaction was usually
observed as an "all-cr-none" stoppage of bar pressing during
the CS, accompanied by defecation.

Karnin (28) in a later study on suppression, employed
a different method of measuring the suppression ratio. Using
the same denotations for the time interval, A for pre-CS

3 oinulUes, B for 3 minute CS, Karnin's ratio was B
A 4B
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This ratio gives a 0.00 value with complete suppression, a
value of 0.50 with no suppression and 1.00 with no responding
in period A but responses being made during the CS. The
ratio employed by Kanin, with an upper limit o™ 1.00, is
particularly advantageous when the experigpntal procedures -
as was the case in Kamin’e study - sometimes produce acceler-
ated responding during the CS. The relation between the two

9

ratios is simply expressed.

B - A
If Zi - or Bradyls ratio
A
and 72 . B or Kama's ratio
A+ B

the relation between the two expressed in terms of Z is:

Z2 > Iu +1
Zu 2

on in other words, Kama's ratio equals Bradd’s ratio +one
divided by Brady's ratio # 2.

The significant differences between Estes and
Skinner's method and that of Hint and Brady, as can be seen
from the above outline, are in the lengths of time the
animals were run daily, and the use of a grill box for
emotional ioidltiiiiig instead of the Skinner box. The
second point is really a ccl)lnsequence of the first, or the

short experigpgtal session.
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Hunt and Brady (9) also found that whether the rats
were emotionally conditioied in a quiet semi-dark room or in
a well lighted room filled with the noise of the conditioning
apparatus, did not make any difference in the chh.racaeristi.cs
of the emotloml response. Using a blinking light as a CS
brought about the same results as a tone CS. (6)

Hu”t and Brady abandoned the grill box and used a
Skinner box In a 1952 study (25) both for the emotional
conditioi™ng and for testing the strength of the CER. The
emotional oondetmonei"g trials took place on alternate days
during 12 minute runs, with the CS introduced at the beginning
of the fourth minute. On days between oondioeoiing trials,
the animals were allowed to bar press without the tone or
shock being presented. This procedure was adopted for the
same reasons as the grill box had been, namely to avoid
generalized fear reactions to the Skinner box due to the
shock received during the very short 12 minute daily run#

In later experiments, the exp“~i-menial session was reduced

to 9 minutes, with the CS introduced at the beginning of the
fourth minute, and ended by the US at the end of the seventh
minute. Soibtimrs, due to the requirements of the vxperetental
design, the 8 wviotional oondeoeoning trials were given over

a period of 31 days interspersed with simple bar pressing runs
in the Skinner box. The temporal distribution of the vioOional

oonditeomeng trials did not effect the nature of the phenomenon.
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Un later studies, the experimental session extended
to 2 hours and 3 emotional conditioning trials were given
during a session (27). Using monkeys, Sidman (3#) used 2,
6, 72 hour experimennal sessions and sequences of 5 minute
CS-on, foiOowed by 5 minute CiSoff. Termination of the OS
was always, of course, coincident with delivery of the US.
None of the different approaches seemed to affect the nature
of the CER, though no study has been reported on tFle moot
effective temporal distribution of the GS-US sequences in a
given experimental session, or on the most effective length
of session.

Other investigators also adopted the technique, but
each of these used his particular method of establishing the
GER.

Un 1951, Libby, (30) in a paper described the effect
of number of GS-US pairings and of CS-US interval on the
acquisition of the GER. The QS was a 10 w, 110 VvV light bulb
raising the illmination of the training box, from 0004 ft.
candles to 0.& ft. candles. The US was a somewiht less than
2 ma electric current delivered to the feet of the rat. The
experimennal session lasted for 45 minuues. Libby’s
procedure varied somewhat from Hunt and Brady's because the
rats received the emooional connitioning trials first, and
were trained to bar press Uonly later. Un the third phase of

the experiment, the effect of the QS was tested on the bar
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pressing response. Ths smooional conditioning trials took
place in ths sama sxp”:irl'me”t;a™ chamber, sssentially a Skinner
box, as ths bar paassing and tsstirg ssssitna.

Ths rsversal of Hunt and Brady's trocedurs, by giving
smooional conditionisg first foilowed by bar paassing training,
did not ssenn to affsct ths testability of ths CER in any way,
ths nuptrnsntin sffsct was lbsnyvnd in ths bar pressing situ-
ation, svsn though it had bssn acquired after ths nmoOilnal
conditioning trials. A somewhat similar prlhndurn was adoptsd
by (Gsisr, Sidman and Brady (20) for tssting ths hypothesis
that ECS only affscts ths mors rscsntly acquired habits.

Moorer, Solomon and Aiksn (31, 32) ussd a verai'on of
ths Estes and Skinner techni.qun In two nxperiuents denignnd to
compare ths adsquacy o” ths contiguity vs. drivs reduction
theortss of conddtimsd fsar. Ths tschniqus adoptsd by tesss
authors was similar to ths sarly Hunt and Brady stiLLss in that
a whits box with no rsinforceusnt bar was ussd for smotional
cdnditioning and ths tsstisg of hhe CER. The CS was two escc-
trLc lights blinking at 4 cyclss per sscond for 3 nnclnds, and

ths US was0.9 ma slectric shock. Ths results wars ctngrusnt
with thoss of Hint and Brady with thsir grill box- Skinner box
combitatitn. Ths rats were tested under a kind of "nnclndary
punishment" schndLLls, which tnvoaved t“ntsnting ths CS for 3
atconds tlus ths rat pyes”™'L ths bar, for a period

of twenny-fivs uniques. To ths sxtent that rnetlnnn pro-
duction of ths CS tshiiitsL bar pressing, ths CS
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was regarded as having fear producing qualities. Since this
type of test as a necessity 1Is an extinction trial for the
GER every time the rat presses the bar, i1t iIs not a very
strong measure of the CER except on the early bar presses.

The previous section was devoted entirely to a
review of the different methode used to establish the CER.
Although all these studies were based on the original Estes
and Skinner moddl, none of the investigators usedaexactly
the same procedure and there were constant procedural changes
even within the same laboratory. Ae will be seen in the
next section, devoted to the results of the experiments
outlined lethoritlogiiclly eo far, most of these studies
used the CER as nindex" behavior on which different condi-
tions thought to affect amdety could be conveniently
superimposed. Parametric studies of the CER have only
recently begun, and studies on the functions of the US are
especially lacking.

The early ntliltn of Hunt and Brady are all concerned
with the effects of ECS on the CER. In their first paper
(2) the effects of a series of 21 ECS treatments over a
period of 7 days, following em™i"al i1oiritloniig were
observed. The rate on a retest after ECS showed none of the
usual signs of anxiety such.as defecation etc., to the CS,
while a comMI group retained the CER iomiletely. A control
study (9) which established the CER only in the grill box

produced the same results.
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ECS treatments given immediately after am“™~iona!
cdnditioning, eliminated the CER when it had been acquired
to a blinking light CS, just as effectively as when a tone
was used (10).

Testing the permanency of the effectiveness of the
EGS treatments, the rats were retested for the GER, 30, 60
and 90 days after the ECS treatments (3). It was found that
after 30 days the CER reappeared, and the rats shc;;/ved again
the overt signs of anxiety to the CS. The treated rats,
however, extinguished the CER when the CS was not i1ollowed
by shock more rapidly than the control or untreated rats.

The next study (4) was designed to study the effect-
iveness of ECS if given 30, 60 and 90 days after the a™otltCl
ctnOirilaning trials. The results showed that after even only
30 days, ECS had no effect on the CER but again the treated
animals extinguished faster.

When animals that had been given ECS treatments were
run on 9 extinction trials immpdeately after the treatment,
even though as yet they did not show signs of anxiety to the
CS, the CER failed to reappear on retests 30, 60 and 90 days
later (25). To Runt and Brady, this indicated the importance
of re-educative therapy after ECS in the clinical situation.

diving ether anaesthesia which prevented convuusions,
just prior to the ECS treatment, made this treatment entirely

ineffective (26). This result seemed to point to the necessity
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of having convulsions rather than just the electricity
passing through the rat's head as the effective attenuator
of the GER. As a result of these studies, convulsions were
induced auiidgendcall- in the rats (14)» The amount of
interference with the retention of the GER proved to be
directly related to the number of convulsoons a rat had
experienced. Convulsions induced by CS2 (carbon disulfide)
also proved effective in overcoming the GER (27).

Since the initial ECS treatments proved effective
only tempttaaily, more treatments were tried prior to and
after the 21 intensive treatments (15). Additional treat-
ments given prior to the intensive ECS attenuated the GER
whhle 1T given after the 21 treatments the GER did not
reoccur 30 days later. The problem of best temporal spacing
of the EGS treatments for most effective attenuation of the
GER was studied also, and the optimal spacing was found to be
from 1 per hour to 1 every 24 hours. At lesser or greater
intervals the treatments were not as effective.

Following a paper by Duncan (17) which postulated
that the effects of ECS were speci®tc to the most recently
learned habits, GUer, Sidman and Brady (20) investigated
this possibility with regard to the past work of Hunt and
Brady. Since the rats had (eemed to bar press first and
received their emooional cond”™"™ning trials later, i1t was

possible that the ECS would only effect the more recent CER
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and not bar pressing. In order to investigate this hypooheeis,
the previous procedure was reversed: The Omo”onal toHdiIt™"R-
ing trials were given first in Skinner boxes with inoperative
levers, and 7 days of bar pressing were instituted only after
S emoCicinll cond”itming trials per day for 2 days had taken
place. The results were the same as before. The ECS treat-
ments removed the CER just as effectively as befog’e, while
leaving the more recently learned bar pressing response
unaffected.

Other factors beside ECS were also considered in
relation to the CER. Brady and Nauta, (13), found that
lesions in the septal ftiebrain region of the rat produced
gross increases In emmtioinil behavior as well as a reduction
in the strength of the previously conditioned emcCicnal
response. Animals with extensive lesions in the habenular
complex of the thaaamus were oon”d O extngguish the CER
more rapidly than control animals, though there was no
difference in the rate of acquisition of the response. The
effects of drugs were also considered, s™eltally reserpine,
morphine and amphetamine. Brady, (7)» found in a study of
the CER in monkeys that the aiininistration of amphetamine in
a do3e of 2 mg per kg increased the total lever pressing
output more than 100% during the 1 hour experimental session.
This increase seems to have occurred completely in the no-CS

periods and tnere was actually a decrease in the rate during
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the CS. Reserpine on the other hand, in a dose of 0.2 mg
1 kg had the opposite effects. The total rate decreased by
about 50% but the rate during the CS went up, indicating
some decrease in anxiety. Hill (21) following a series of
studies In anxiety reduction in human subjects by the injection
of morphine, adopted the Estes and Skinner method to study
the effects of morphine in animals. Using a 4 min/ute tone as
CS and 40-60 volts AC as US, HU obtained the usual CER on
rats bar pressing for food in a Skinner box. With the
injection of morphine, the rats continued to bar press during
the CS.

These studies complete the investigations concerned
with the use of the CER as an exploratory clinical tool.
Although HI1 these studies have dealt with the CER, the
knowledge they contributed of the parameters affecting this
phenomenon, was incidental to the mmin point of interest:
the reduction of anxiety. Some important points were still
gained from these studies, namely that the CS can be varied
gtilitaoirtly and in duration, considerably, without
decreasing its effectiveness, and that the US can also vary
considerably in strength though how this influences the
CER has not yet bvcoiv clear. In the next section, the more
basic approach will be considered, the approach which was
aimed at investigating theI paraBioVree that control and

maintain the CER.
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Libby (30) in 1951, investigated the effects of
varying GS-US pairings on the acquisition of suppression, in
two experiments. The QS was light from a 10 watt bulb and
the US was 2.0 ma electric shock. Un the first experiment
GS-US intervals of O, 1, 4, 7, 10, 20, 30 seconds were
tested and were admiinstered 10 times to the rats. Qn the
test day the subjects were given: 1) 10 minutes of regular
reinforcement in the Skinner box, in the dark, 2) 10 minutes
of regular reinforcement in the presence of the CS, and 3)
25 minutes of reinforcement in the dark. The measure of
suppression was the difference in bar pressing rate between
the first 5 minutes in the dark and the first 5 minutes in
the light as weei as the full 10 minutes in dark and light.
The results indicated a rapid rise in effectiveness of the
light to the 7 —-O second intervals in producing suppression.
Therm was a loss in effectiveness beyond the 20 second
interval. The weakness of this study was that the test for
the strength of the CER presented the CS for 10 minutes which
following the work of Estes and Skinner, must have led to
rapid extinction of the GER and as a result, a not very
effective measure of iIts strength.

Un the second experiment, the groups of rats were
given 0, 5, 10, 20, 40, afd 80 pairings of the GS-US, using

a 7 second GS, over a period of 10 days. The results
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ieil’catsi that on ths first day, ths depressant effect of ths
CS was at its maximum in the 40 pairing group, but on ths
second day, it shifted to ths 20 pairing group. Libby ex-
plained the presence of such a maximal effect in terms of
possible adaptation to the shock by ths animal.

The positive reinforcement schedule of ths experi-
pesial subjects is another important parameter of .the CER.
Uttubllishni data by Coy, cited in Brady and Hunt (11),
indicate that ths CER is more difficult to iondititiei on a
cptinuous and fixsd raUo reinftiieusitb schsduln than on
variable inteyval. Extinction also takes place faster on
these difficult scbebulee than on VI.

A more comppe”™ set of data on ex™ert”™s was
presented by Brady in 1955 (5)» Twinty-ftui rats were rt'n-
ditioned to bar press and then received 8 emotitnal ioiditltitig
trials, 10 adaptation runs (bar passing but no CS-US) and
finally one mom nrlotloitl mUttoning trial. Ths animals wars
divided into 6 groups, each group on a i1iffeyeet min”rca-
ment schedule and ware trained on this schedule for 60 days.
On day 61 to 71 the animals were tested for the ate™ite of
ths CER by preiiftrisi pieaentttliia of ths C3. Ths

animals on ratio schedules nxtisgiished fastest, those on

< m.

5 In continuous rsinfoiieusnt ths animal receives one

reinforcement for every bar press. On a fixed ratio every
nth rssptnte is eeSnforiel.
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interval schedules sloweet, and tnoae on continuous reinforce-
ment midway between the two groups. The recovery of the ratio
group following the TfTirst bar press in the presence of the
CS was much more abrupt than in the other groups. invariably
when a ratio schedule animal emitted a response it continued
to respond at a pre-CS rate until the next reinforcement;.

The interval schedule animals snowed no such tendency. This
"locking together" of responses is ihartcteeistli of the
ratio schedules in which the mimd~’s own behavior becomes
the discriminative occasion for reinforeMent and each
response generates a successor unUIl reinforcement occurs.
The continuous reinfoccel’ent group could be regarded as a
special 1 to 1 ratio group and could be expected to acquire
some of the responding LhtaacteristLLS of that group*

The cthaacteristicn of responding under these rein-
forcement schedules would explain the order in which the
different groups extinguished. The results of this experi-
ment shed further light on Goy's data since similar conations
presumably would prevail on acquisition with regard to the
mim”I's tendency to respond.

An interesting recent development in the i1tmttaatiee
study of the CER is its relationship to the intracranial
self stimulation technique! developed by Olds (34)¢ Cats
with electrodes implanted in the caudal nucleus can be

trained to bar press at very high rates 1Tt reinforced by a
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brief electric current passing through the electrodes.
Subsequunnly these animals are trained to lever press also
for a water reward and the smptional cdnditioning is
superimposed on this. The familiar suppression phenomenon
soon appears in the bar pressing response with the presenta-
tion of the CS. When these animals are next switched back
to bar press for the electrical self stimulation, the
presentation of the CS has absolutely no effect on the cat's
behavior (3). It has been found further impposible to
superimpose the CER on cats bar pressing for electrical
stimulation only.

Stein, Sidman and Brady (41) investigated the
relation between duration of the CS and non CS periods in
the paintenance of the CER. The results indicated that,
roughly, in programs, where the CS duration was short in
relation to the CS™ff interval, good suppression was
achieved, while in programs in which the CS-on interval was
longer than the CC-off interval, there was poor suppression.
The number of reinforcements obtained by rats under different
programs proved to be about the same, or 90% of the maximum
number obtainable during the experimennal run. An estimate
of the number of reinforcements that would have been lost if
the animal had suppressed compPetely in the stimulus period
correlated 0.92 with suppression scores, indicating that the

degree of suppression decreases to the extent that suppression
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reduces lpptsettioirs for tc8itivr reinforcement. In other
words, the relative duration of the two periods has signifi-
cance only because it correlates highly with the rri.nXsecvienOs
missed mvvsttt. These results are very interesting because
they represent the cotfXecO arisirg out of two opposing
drives: hunger and anxiety. To complete a study like Stein,
Sidman and Brady’s, the relation between the relative strength
of these drives and the degree of suppression would have to
be iInvestigated. Some unpunished data by Brady ( 6 ) did
shed some light on this troblera.

A recent study by Karin (23) investigated the temporal
relations between the CS and US without affecting the length
of the iecer-trial interval. This was achieved by a trace
conditioning procedure where the CS-US interval etmamned
always the same but the duration of the CS within this
interval was varied. Tne duration of the CS was 0.5, 1, 2,

3 minutes using a 3 minute CS-US interval and 0.3 ma shock
of 0.5 seconds duration as the US. Stpppes3ice was measured

by a ratio B where B i1s the nm*t™r of repponses

A + B
made during the CS-US interval and A the number of responses

made during 3 minutes preceding the CS. The results indicated
that suppression did develop for all grouts except the .5
minute group. The 3 minute grout developed the most marked

suppression while the 1 and 2 minute groups showed 1etriediate
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levels of the C Perhaps the moot interesting finding
was that long trace intervals, in the order of minutes, did
lead to suppression.

Kariin compared his results to trace conditioning of
the olivary reflex of dogs by Pavilov, where a three minute
CS-US interval and a one minute CS was used succeesfully,
whereas in Ambrecan studies of the classical cond”itming
of such responses as the eyeblink, and finger flexion, a
CS-US interval greater than a very few seconds is never
employed.

Three recent studies by Sidman were concerned witn
superimposing the usual suppression training procedure on a
base line rate of bar pressing produced by Sidman's avoidance
training procedure. Sidman, Hermatein and Conrad (39) first
trained 3 rhesus monkeys In an avoidance situation in which
the monkeys had to press a bar to avoid a 5 ma shock which
otherwise came on every 20 seconds. A lever press by
resetting a timer which after 20 seconds delivered shock,
postponed shock for 20 seconds. This procedure produced a
stable rate of bar pressing in the monkeys on which the
usual emtoitnal htniitihiling, 5 minute dicker inevitably
foioowed by shock, was superimposed. Each CS-US interval
was ftittwed by 5 minutes of simple avoidance scheduling.

The result was that the bar pressing rate of the subjects
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initially increased considerably both during tne clicker-on
and clicker-off periods. Subsequently a decline in baseline
rate took place, but the rate during the clicker-on period
remained higher than in the clicker-off period in apparent
conCradiotitc of suppression. The authors explained this in
terms of the "'free” shock presumably changing the previously
established avoidance schedule from a fixed 20 ieoond interval
to a variable interval, where the shock would come before or
after the 20 ieconii were up. This, as In a poo” i-ve or
food reward situation, would result in a speed up in the rate
of bar pressing.

In the next paper Bernstein and Sictaan (21) trained
the monkeys first on suppression, iecond on avoidance and third
on suppression again. The result was that during the first
part of the experiment the monkeys leanned to suppress bar
pressing during the 5 minute CS but in the third part, respond-
ing during the CS occurred at a higher rate than in its absence.

In another pirt of this experiment, the authors tried
to reverse this effect by using monkeys that had been used
in the first study. The avoidance training was extinguished
in these an”imls and they were put on a food reward bar
pressing situation on which the CER was superimposed. The
usual suppression took place in about 5 sessions with no
speed up during the CS. In order to separate the two

procedures, (avoidance and suppression) even more, Sidman (3&)
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placed two levers in the experimental chammer. One lever was
connected to a 4 minute VU circilt delivering orange juice
(1 ml) and the other lever was used for an avoidance schedule.
Ut was hoped that after both response rates had stabilized
the introduction of the suppression schedule would eead to
the acquusitiom of the GER on the juice reward bar, and at
the same time, activation of the avoidance bar during the
GS. The results showed that the GS facilitated both lever
pressing responses, and that the avoidance schedule exerted
control over both responses. The desired objective of
separating the two responses and londdtioiing the animal to
suppress on the juice reward lever, while speeding up on
the avoidance lever during the CS, was only attained when the
juice lever was put on a fixed ratio schedule which broke the
control of the avoidance schedule over this lever,

Again the importance of the reinforcement schedule on
which the GER is superimposed is revealed in this study.
The avoidance schedule generated the iomQnnting response, to
avoid shock and the juice reward response became subordinated
to this "morm impootant” response. This only prevailed
until the ratio schedule was instituted which as was
mentioned earlier is characterized by a "locking together"
of responses so that i1f one iIs emitted, the whole chain
follows until reinforcement occurs. Only this type of

response schedule was strong enough to overcome the domQnatlon
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of the avoidance schedule over both reeposses.

A recent siuir by Ray and Stein (36) a’uiisi general-
ization of ioneltltnni suppression. Rate were emotionally
itndltloied to an 1800 cpn CS and a 200 cpe tons was also
Oiessitsi In the expertuental period but never yeisforcei
with shock. A 1lacriminatitn was estaaiished wth suppression
to the 1800 cpe tons and no yeactitn to ths 200 cpe stimullus.
On a test for gsnertlizatiin of suppression to tones between
these two values, i1t was found that the amount of retooiitng
to ths test frequencies was an inverae function of their
similarity to the 1800 cpe CS. This, of course, is perfectly
congruent with the many ieponstratiois of gsiw/Httttti in
Paviovi”™ conditioning.

Ths last txoerlptnt in this sortim is an tsieresting
ctmuatlaoi of ths i1leetreititl effects of suppression and
punishment achedulss on iehavior. Hunt and Brady (24) using
rats in a Skinner box conditioned one group as ptvi“™~tsd on
ths CER but ths other group folocwed a 1iffeyent precedum.
Duying the 3 minute CS, every time rate in this group
pushed the bar, the shock generator wan activated, punishing
ths rat for making the response during the CS. The rat
wan never punished in the CS-off period. It wan found that
ths punishment group did not suppress as weli as the CER
group, and furthsptie, did not show, except during the
first few shocks, ths signs of anxiety no ithaaactenrstti

of ths CER group during the CS. Ths punishment group also
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extinguished the suppression much faster than the CER group.

This experiment suggests that suppression of behavior
through direct punishment of the response may be accoppPiehnd
with considerably less sine“~ona! nside-nfieci* than are
observed when behavior is suppressed by punishment which is
not response-contingent.

In order to clarify the findings of the research
previously outlined, a brief summary of the results will be
considered.

The original Estes and Skinner paper in 1941 (13)
showed that a brief tone “~“~owed by shock introduced in a
bar pressing situation, leads after a few repetitions of tone
and shock, to suppression of bar pressing in the presence of
the tone. Most subsequent studies on suppression from then
on, were carried out by Hunn, Brady, Sidman and their followers,
and the majority of these studies had to deal wth the effects
of ECS on suppression. Hunt and Brady found that a series
of 21 ECS treatments attenuates the CER (23, 9). The effect
of the treatments tends to disappear after 30 days (3) but
can be made more permanent by giving the rats iOaitlonal ECS
treatments (15), or by running them on extinction trials
Ibinenaltely after treatment, (2%$). From further studies it
became apparent that the ECS treatments were made effective

In attenuating the suppression by the concurrent convulsion,
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and convulsions produced audiogenica!” or by GS2 warn just
as effective (14, 27). Furthermore, the GER could be
attenuated by reserpine and morphine (7, 22), whhle amphe-
tamine had the o™~po™e effect (7).

incidental to the study of the effects of ECS,
factors about the nature of the CER were revealed by these
studies, as wall as others dealing with the GER. The CS
could be light or tone (6), and the length of the CS-US
interval could vary from 3 seconds to 5 minutes (31, 32, 38).
IT a trace condOtioning procedure Ls adopted the suppression
tends to take place in the interval between CS termination
and the onset of the US (28). The relation between degree
of suppression and the length of the CS was found to be
directly related to the reinforcements missed rteasure 1f the
animal had suppressed during the CS. in other words, a long
CS led to poor suppression, whhle a short CS led to good
suppression. The suppression phenomenon was not restricted
to rats, but was successfully imposed on cats as well as
monkeys (38, 8).

Studies related to the reinforcement schedule on which
the CER was superimposed, showed that the CER was more
difficult to cotOdtiln and extinguish on continuous and fixed
ratio schedules than on variable interval (11, 5). Animals

on an intracranial self reward schedule did not cotOdtilt
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at all (8) and if they were trained previously on a food
reward schedule to suppress, switching them to an intra-
cranial schedule made the suppression disappear.

The opposite of suppression was obtained by Sidman
and Henrnstein (39), when the CER was superimposed on a
Sidman avoidance schedule. The author postulated that the
stud up in rnspovdlvg during the CS came from a change of
the previous FlI schedule to a VI schedule by the unavoidable
shock. Finally Ray and Stein (36) on a study of stimulus
gennralizatitn in suppression found that the gennnalizctiss
was In accordance with Pavllvicv laws, namely the subjects
suppressed moot to stirauLi closest to the training stimulus
and least to stimuli far rnmoved from the training stimulus.

What conclusion can one draw about the CER from
these studies?

Estes and Skinner looked at i1t as "anticipation of
shock™ with a state of anxiety being conditioned to the tone,
the anxiety being miaSfestei by a decrease in the rate of
bar pressing during the CS. Schoenfeld (37) postulated that
the CS elicits the respondents to the US which one would
trnsimn are in conHict with bar pressing. The CER accord-
ingly can be considered as a classically conditloved state
of anxiety in accordance with Pavilovian laws. The parameeric
studies considered so far, support this contention. Studies

which have shown that the CS can last from 3 seconds to 5
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minutes (31, 32, 33) and the trace coedetioieng procedure
employed by Karnin (23) in which the animals conditioned to the
interval between the CS Oeeiinatise and US onset are certainly
cceiesOei0 Wth a notion of classical oondioeoning. The last
study considered above, on gvnmvalizaaioi, has already been
1etlcevd as osnii3trm0 wth a larlcrian tcedioesnrng
interpretation.

With these cces3derations in mind, i1t would be expected
that the effect of intensity of the US on acqu-sitite of the
CER would be analogous to the effects of US intensity on the
acqutseoice of classical coeieteoileng. The present study was
undertaken to reveal the relationship between different levels
of US intensity and the acqu-sitiom and extrmoOitm of the CER.

The last section of this survey of the literature
concerning vicOiceal ooedioesnmig shall deal with studies of
the US, or 5pvriXioalOy wth studies of the effect of differ-
ent US i1etrnseoees on the acqutsiOice of viccecnal behavior.
In the case of the present study, electric shock was used
as the US and thus 1ocO of the papers considered will deal
with this specOXet though widely applied aversive stimulus.

The earliest study relevant to this area is the Yerkes
and Dodson experiment of 1903 (43) in which these workers
measured the number o" trials it took their subjects (mice)
to reach a ceeorrice of learning a mesceimieatite between

different brightnesses of grey paper in the apparatus which
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later became the "Yerkes box>. The subjects were rewarded
wth food for correct choices and punished with electric shock
for wrong ones. The results icdicatti that with an easily
p1iscrimiclble situition, or with great difference between
the two shades of grey, increasing shock made the nice learn
faster. An optimum was reached, however, beyond which an
increase in shock intensity produced slower rather than
faster learning. These authors also found that when the
difficulty of the iiscrioication was increased, the tltQmcm
was reached at lower shock icttnc™"™" from which they
concluded: "An easily acquired habfe - - - may be readily
found under strong stimulation, whereas a difficult habit
may be acquired readily only under relatively weak stimula-
tion" (43). This finding later became known as the Yerkes-
Dodson law. Plotted on a graph this law becomes a U shaped
function and later studies confirmed this function for
diiClr.oinatlon learning.

Turning specifically to the study of the US intensity
in classical coniitnoni.ng, the moot detailed paper is by
Passey in 1943 (35) who studied the influence of US intensity
on the loquisititn of a conditioned response. This study
which serves as a standard rofercncn, used the eyeblink
response as the unconditioned reflex and a puff of air directed
against the cornea as the US. The CS was a tone of 500 cps

and lasted for 450 ms. Passey used 4 groups of 10 subjects
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and the intensities employed with different groups of subjects
were the following: 7.5, 1$, 44, 38 pounds per square inch.
The results indicated that the rate of acquisitlin of the
ci~dd”™"ed eyeblink reflex was a direct function of the
log of US intensity. The size of the response was also a
direct function of hhe US intensityo The jresulL'ts of Passey
did not yield a U shaped curve. Whether this was due to
the different nature of the learning situation or the small
range of the US intensity did not become clear from the study.

The most thorough study of shock intensity came
from yet another area, avoidance learning. Kimble (29) used
rats as subjects in a study of shock intensity in avoidance
learning. The experiment consisted of two parts. Part 1
was a measure of the rat's innate response to varying values
of inescapable shock.

Responses were classified by observers as: 1) no
response, 2) flinch-startle response when the rats' feet did
not leave the electrified grid, 3) jimp. The shock intensities
starting at O, were presented in ascending and descending
steps of 0.1 ma to 0.9 ma maximum. The voltage was approxi-
mac«ty 230 V. Two curves were obtained, one for flinch and
one for jump responses. The flinch responses went to a
maximum at 0.3 ma and then reached zero at 0.6 ma. The jimp
responses started from zero at 0.1 ma and reached over 90%

of all responses at 0.9 ma.
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In the sttid experiment on avoidance learning, ths
rats were put into a box with a movable wheel tnsertsi in one
end, and an tlectrleitblt floor. Ths CS wan a muffled
buzzer which came on 5 before the shock. If the rat
tuoni ths wheel during this 5 30" tete™al, ths shock did
not cops and the CS went off. If S did not respond, the
shock and tons stayed on uinil “~eponse occurrei. The CS
cams on after a 3 teitii peyiod of no respondi. If a
response 1liuryed during this period, the CS did not come on.
Ths shock tetensSttes were 0.2, 0.5, 1.0 and 2.0 ma and each
tetsssity wan assigned to a group of rats. Kimble found
that ths rerponsn latency iecyetstd as a negatively accel-
erated function of shock tntensity, or the stronger ths
shock was, the ehoyter ths time for a response to occur.
DDring nxttncttte, no statistically significant resid”™l
effects repaiini. Ths function obtained by Kimble wan not
U shaped as the ons by Yerkes, possibly because ths shock
tettnsittts Kimble used did not reach a high enough level.
Also, of course, Kimble's study in not directf coicnynel
with discrimination Inaming. Avoidance learning, although
It does involve Inniiumeittl responding to thn CS, also
levotaen classical emotional condititiing to ths CS.

Brush (16) in 1957 also ntuiini smock istenai”y in
avoidance leaming, using dogn this tius. Thn apparatus

wan a moOifind Mooree-Miller shu”™In box coietttlng of two
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iIdentical compartments separated by a barrier. A drop gate
rested on this barrier. The CS consisted o" raising the gate
and simultaneously extinguishing a light above S's ““pepat-
ment. The US was electric shock delivered to the dog's feet
through grids. The mean shock intensities used were 0.70,
2.06, 3.10,4,32 and 5.59 ma at 550 V AC. The conditioning
trials were as follows: After a five minute acclimation
period the CS was presented, “Howed 10 seconds later, by
the US. Both remained on until the animal had jumped the
barrier in an escape response, or if i1t did not;, the CS-US
was turned off 2 minutes after the onset of the CS. If the
dog jumped before shock came on the CS was terminated and the
dog did not get shocked, the dog had made an avoidance. The
gate was lowered after the dog had jumped. The dogs were
given 10 trials a day until they had met the acquiaitiom
criterion of 10 straight avoidances in a day. The failure to
learn criterion was failure to respond on 10 CS-US trials in
one day and the extinction criterion was 10 consecutive
failures to respond to the CS.

The findings indicated that the percentage of anmmals
learning increased with higher shock intensities up to 4.32 ma,
and decreased thereafter. The US intensity had negligible
effect on the rate of tcqutsition, or on resistance to

extinction of those dogs which did acquire the response,

although the mean speed of response in extinction and the
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asypptlOio speed of escape were found to be inverted U shaped
functions of shock intensity. Several measures of acquisi-
tLom and resistance to extinction suggested that U shaped
relationship to shock intensity might ex.st here also,
althnigh these trends wem not significant.

A study by Boren, Sidman and Herrnstein (2) employing
the Sidman avoidance procedure described previously, also
studied the effects of US, shock intensity on avoidance
behavior. Briefly again, the rat was shocked every 20
seconds unless it pressed a bar, which by resetting a clock,
delayed the shock for 20 seconds at every bar press. Alto-
gether, 4 rats were used and tirsr were initially trained
to a shock intensity of 1.2 ma in 3 to 6 hour sessions.

The shock intensity was then lowered step by step with nine
sessions devoted to each step to stabilize bar pressing
rates, nitil the rats did not ptttait escape behavior
(pressing the bar In order to terminate shock]. The shock
intensity was cotsequently increased in steps, above the
original value unil lethal or near lethal levels were
reached. The order of presentation was 1.2, 0.5, 0.1, 1.7,
215, 2.6, 3.2, 3.7 ma. As the shock intensity increased,
the escape latency and the number of shocks received by the
rats decreased while the avoidance rate and the resistance
to extinction increased. The largest changes in the functional

relations occurred at the low to medium shock intensities and
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further increase in intensity cdini little to the effect.
Boren, Sidman and Henrnstein point out that the relationship
obtained was not a U shaped one as in some earlier studies
but suggest that this might be due to the particular rein-
forcement schedule used in the experiment. BBrry and
Harrison (1) reinforcing escape behavior intermittcvtly
obtained a mximum in the rate of responding but when the
reinforcement was continuous the response rate function

was negatively accelerated, and ctprocchnd an asymppote.

The studies just cited have dealt with avoidance
behavior in relation to shock intensity. Some studies have
been published, relevant to the effects of shock intensity on
the CER. These studies, however) do not give a detailed
description of the thsvonevov but only a sketchy picture of
the relationship between US intensity and the CER.

Singh (40) using rats, investigated (among other
things) the effects of only two very low shock intensities,
0.20 ma and 0.25 ma on the “~quis”™i1"™ of suppression. The rats
were trained to bar press for a water reward in a black Skinner
box and received the emtUtn”l conditioning trials in a wvite
Skinner box, A 3 minute flashing light was the CS foiowwied
by 2 inolvdi of shock or preceded by the shock. Singh
fund that fear i1tsddhiosi.sg was greatly increased by
greater emotional reactivity (as independently measured by

defecation in an open field test) and by stronger shock.
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Females were mom susceptible to this effect than males and
whether the CS preceded or foioowed the US did not matter.

Since Singh used only two US intensities at the low
extreme, his study sheds little light on the general nature
of the effects o" US intensity,

Nottermann and Marton (33) conducted an experiment on
the study of stress using the CER as a stressful situation,

A 3 minute light CS was foioowed by 1 second of shock which
came on 1 second before the CS was terminated. Nootemann
used 3 levels o" shock intensity, 0.5, 1.3 and 3.0 mi. The
measure of suppression was the ratio of bar presses during the
CS, to the nurnmer of bar presses before and after CS. From
the results of his study, Nottermann concluded that the

light acquires depressant g”™a”™ites as a function o™ shock
intensity. Nottermann's ma”r interest was the physiological
changes (such as increased size of adrenal glands) caused by
what he called stress, the CER, and as a result his data
provide no details on the relationship between US intensity
and suppression.

Un a paper presented to the Eastern PsychhoogicaO
Assoocation in 1955, Brady and Susla (6) oiAtH-ned an experi-
ment in wild 6 levels of shock intensity were used. This seems
to be the moot nearly adequate study of shock intensity with the
CER but unfortunately it has never been published. Personal
nommnicntion with Brady has established that the shock

intensities employed were 0.25, 0.5, 0.75, 1.0, 1.50 and 5.0 ma.
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Following 30 ecottiteal conditioning trials the animals
evcvivvd 30 unevieXseced ““oso”iO”c- of the CS. By the
thi-rd training trial all animals in Groups V and VI (1.5
and 5.0 ma) showed almost ooirolvto suppression to the CS.
The animals in Groups | and Il showed very little suppression
teen after 30 trials. Groups 11l and IV required 15 trials
before they acquired comoleto suppression. On extinction
there was a significant difference between Groups 11l and
IV which extinguished paltellly by the fourth vxti.nctece
trial, and Groups V and VI which remained suppressed until
the trett trial. No evidence of a U shaped function of
shock intensity was revealed by this study. It should be
notei however, that the only mas”o employed by Brady in
this study was the presence or absence of "virtually corlsleto
suppression’. There hs no information given on possible
1exXXtrtcori among groups in relative degrees of suppression.
This information might be very difficult to obtain when the
highest shock Ictocsitiee are employed, slcce, using a very
short daily srssise, he is quite likely that total freezing -
no bar presses either before, during, or after the CS might

have occurred.

Although drawn from different learning situations,
the US intensity studies have yielded much valuable informa-

tion. The iehseecinathoc study of Yerkes and Dodson (43)
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revealed learning as a U shaped function of shock intensity.
Passey (35) using human subjects in a classical conddbioning
situation found the rate o” conditioning to be a direct
function log US intensity instead o” the U function
obtained by Yerkes and Dodson. Avoidance learning, which
may be regarded as containing elements of both classical
conditioning and discrimination learning, was studied by
several investigators in relation to US intensity. Kimble
(29) using rats and ppOGsiuring response latency as a function
of US intensity, found this response to yield a negatively
accelerating curve with increasing US intensity. Brush (16)
using dogs in a Mooree-lller shuttle box did obtain inverted
U shaped functions in patauring the mean speed of response
In extinction and the asymppotic speed of escape. The
percentage of anim™Ls learning the criterion also was a U
shaped function of shock intensity. Ont reason why Kimble
may have failed to obtain a U shaped function may be iIn the
mhs"shifre, response latency he used, or the range of US
intensities may not have been extensive enough.

The study of Boren, Sidman and Heernstein (2) using
rats in a Sidman avoidance procedure, also failed to obtain
the U function on the m"E™ure of escape latency, avoidance
rate, and resistance to extinction. The authors suggest
that this might be because of the particular reinforcement

schedule employed in the experiment.
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The first two studies mentioned on the CER do not
present sufficient data to permit, a valid i1oopatinti w.'th
the previous studies. Notlermtni (33) concludes that the CS
acquires depressant properties as a function of US intensity
and Singh (40) using only two very low shock intensities,
found differential rates of suppression, the more intense US
leading to greater suppression.

The unpunished report of 3rady and Susla (6f usnng 6
shock intensities liiicties with very little 1ettil, 3 levels
of suppression. The lowest shock rittieitltn rleiieil almost
no suppression. The middle ranges required 15 trials before
coeoletn suppression resulted and the high US intensities
groups suppressed almost 1pnttittelr. On extinction,
significant differences were found between these groups.

The function obtained by thin study wan not U shaped.

In the present experiment, a detailed investigation
wan made of the effectn of 5 US intensities on the “guts”™Im
and extinction of the CER. Since there has been no report of
cltnnlitl ioriititilig yielding a U shaped function when
related to US intensity, a direct ponotonic ithiloi between
degree of suppression and US intensity wan expected in this

eilir.
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Suujects: The subjects wem 40 exp”tiimerlally naive male

hooded rats approximately 5 months old.

Apparatus: The apaTO”s consisted of 4 standard No. 3125A
Grason Stadler Skinner boxes enclosed in a sound insulating
metal chest. One wall of the Skinner box contained the
food receptacle, the response lever and two lights (not used
in this experiment) as well as a loudspeaker attached on the
outside. The floor was made from steel grid bars which were
connected to a lulliple contact plug IttOitg to a Grason
Stadler E1064GS shock generator. The circuit in the shock
generator was a high voltage, high resistance circuit in
order to reduce the effects of changes in the rat’s resistance
on current flow. The amperage in the shock circuit was
changed by varying the size of resistances in ntrLtn with
the rat. The output of the shock generator was fed into a
scrambler of IS points arranged in 9 pairs. A olpiutttlr
successively reversed the poosTity of each pmir changing the
shock pattern approximately every 0.3 seconds on 60 cycle
operation.

The shock was delivered in such a way that the rat
could not avoid i1t by standing on any particular pair of grid

bars or by mtattaining contact with the walls or lever.

40
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Shock teise3itv aettisgs of 0.25, 0.5, 1*0, 2.0, 4*0 ma on
ths shock generator rns ussd with a 0.5 ascond duration.
To setimate ths actual amoorige recsivea by ths rat, ths
voltags drop across a 10,000 ohm vesisicy in 3eriei with
ths rat was mneeurea. Ths reii3tiecs of asa”™al rats in
sach Skinner box in an iecendtng and aeacendtng ssriss of
shock Inieneity mnaeuremnnte was rscoyded. Ths avsrags
valus of thsss bba3urebnnti was taksn arbitrarily as ths
amoerige ieliasrsi to ths rats. Ths valuss 1el”~s™i at
sach of ths abovs istiisga wers cilcuiatel to bs .28, .49,
.85, 1.55, 2.91 ma with yala”™at”™ minor variation from
rat to rat.

Ths CS was a 3 minuts wwits noiss produced by a
Model 901A Grason Stad“™r noiss gennrator which fsd into ths
loileoeakere on ons sids of ths Slinner boxes. Ths noiss
Isvsl issHs this box with ths sxhaust fan operating, was
about 69 db mess“™sd by a General Radio Sound uurwy Meter,
and ths CS reissd ths Isvsl to 70 db.

Ths rsst of ths apparatus, In a ssoiraie room, con-
statsi of standard Crason Stad”r operant ctndiiiteing units

with automatic programming orocedires and counting of reaoosens.

Procedurs: Ths animals wars put on a 24 hour fssaing echedule
and rsaicsd to about 75% of ad lib body weight. When this was

yeached, ths animals wars iraiilea to bar prsss first by
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receiving 40 "fred pellets on a 1 minute VI schedule
("magazine training'), then the automaaic delivery was
stopped, and the baa activated on a continuous reinforce-
ment schedule wth asiintls being allowed another 30 insplsse-
trodcrm pellets. A total of 3 hours of bar pressing
practice on 2£ minute VI in two hour sessions over the next
four days was used to stabilize response rates. The
animals were always fed a few minutes after the experitosSai
session. On the next day (Day P) the rats were pretested
with the Inreiinfld'ced presentation of hhe CS at 20, 45, 95
and 112 minutes during a 2 hnur session in the Skinner box
wwile on a 2| minute VI schedule. The suppression training
(Days 1 - 10) ¥~"wed the same sequence, except the shock
was 1ntroduced, and the rats received 4 CS-US pairings at
the US intensity assigned to each particular subjnet, in
the same temporal sequence as on the pretest day whhle still
on a 2i minute VI schedule. On Day 11 extinction trials
began with unreiefliced presentations of the CS unnil the
rat had met the extinction criterion, of two consecutive
trials with a ratio of 0.50, The strength of the CER was

measurnd by the ratio used by Karnin (23) or _I_lB T where

B was the nu'mlf*e’ of responses eoitted by the rat during the
CS and A the number emitted during the 3 Onutns prior to

the CS. The ratio B eqialls 0,00 with cornpletne suppr'ea—
A+ B
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sion (no response during CS-US interval), equals 1.00 with no
response prior to the CS-US hetrrraO but some responding
during the CS, and the ratic equals 0.50 with equal rates of
responding during both hntrerals. The number of responses
made during interval A and tetrrraO B were recorded for each
CS-US sequence on Foringer prietnst0O counters. For most
purposes, “~waver, only a single ratio was computed for each
rat for each vxperimvenal day, the eatiC being based on the

cuenttatvd responses made in four CS-US sequences.

Design: The design allows a simple test of the effect of
intensity of the US. There were 5 independent experimental
groups of 3 subjects each, randomly coessetutri. The sole
differences between groups was intensity of the US, which

was 0.23, 0.49» 0.35, 1.55, 2.91 ma with different groups.



RESULTS

The raw data of the experiment can be found in
Appendix A. The raw data were divided into three classes
of measure-mts: acquisition, extinction and changes in the
baseline during acquisition. The results for acquisition
shall be considered first.

From the raw data, which noniists of a daily
suppression ratio calculated for each rat (pooling all four
daily trials), the median suppression ratio for each day of
training for each nxp”rirnnntl group was computed. These
median ratios are presented in Figure 1. From the figure
it can be seen that the acquis”™"s of the CER is a mono-
tonic function o” the US intensity. The .2S ma group
oscillated around a ratio of .5 or showed no tendency to
suppress throughout the ten days of acquuistlon. The .49
ma group as Figure 1 indicates, achieved an intermediate
level of suppression by Day 4 but from thereon, recovered
considerably. Two of the rats in this group had ratios of
0.00 on Day 5 but only one o them remained nomolneely
suppressed untll Day 10.

The .35, 1.55 and 2.91 ma groups all suppressed
virtually completely by Day 2 and remained almost nomoOnOeiy

suppressed imtil Day 10. For purpose of statistical analysis
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attention wan focused on performance during r*gr*Bitim
Daye 6 to 10 when suppression is relatively tsymptlilc.
For each rat, the mean suppression ratio for Daye 6 to 10
wan Complt6 ¥ These mean ration were then analyzed as a
function of shock intensity. The means, peHans and ranges
of these ration are presented as a function of shock intensity

in Table 1.

TABLE 1

Means, Median and R.ngen of Mean Suppression Ratios
for Daye 6 to 10 as a Function of Shock Intensity.

US Intensity in Mililtpitiis

Maeeut
0.28 0.49 0.85 1.55 2.91
Means 0.51 0.24 0.03 0.02 0.00
Median 0.51 0.26 0.01 0.00 0.00
Ranges 0.46 - 0.00 - 0.00 - 0.00 - 0.00 -
0.54 0.46 0.09 0.07 0.02

These data submited to a Krukal-wWaalin ranked analysis of

variance yielded a value of H significant at weSIl beyond the

0.001 level indicating a marked effect of shock intensity.
Because of the skewed distribution of the data and

the heterogeneity of variance, iti-otitpledric tents were



46

used to analyze the data. The differences between adjacen
values of shock intensity were tested by the M etnvy

U test (nns-tailed). The difference between the .2# and .49
ma groups was significant at p=3 5, between the .49 and
.85 groups at p=0.005, between the .85 and 1.55 ma groups at
p 0.06 and not significant between tae 1.55 and 2.91 ma
groups (p- 0.36).

Turning now to extinction data, Figure 2 shows the
meddan suppression ratios as a function of extinction days
for different shock intensities. The 0.23 ma group was no
in fact given extinction training because this group did not
acquire suppression, even after 10 days o" acquisition. It
will be recalled that when a rat reached a ratio of 0.50 for
an entire extinction day before Day 10, he was discontinued,
and for all subsequent days given a ratio of 0.50. The curves
in Figure 2 are based on this procedure. Ohenevel the median
rati'o for a group reached 0.50, the curve was discontinued.
Inspection of the curves makes 1t clear that extinction is a
mceeOsnlc function US intensity. There is no crossover
in the curves and more separation is observable between the
high shock intensities than in acg-tsltise.

For statistical analysis, an arbitrary extinction cri-
eeeice was adopted and v ch rat given a score for number of
trials required to reach the extinction criterion. The ceheerice
was 2 consecutive trials (CS presentations) during which the

animal had a ratio of 0.50 or greater. The extinction score
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was thus ths number of ths trial on which ths rat achisasd

ths criterios. tahan the rat failed to achisve sxtinctitn
criterion within 10 days of ths sxttngtion training, his
sxttsctitn scorn was "40+.

Tabls I.C prnrie ths mean, median and rangss of

sxtinqtion scorns as a function of shocx i1irensitr?

TABLE 11

Mesns, Mesdans and Rangss of Extisction Scorns
as a Function of US Intsnsity

U3 InOnnnO0y in Milliaupeyes

Messum

0.S0 0.8S i.SS 2.9i
Mean 6.S0 18.12 + 30.S0 + 34.254-
Mesian 6.0 17.5 3S.0 39.0+-
Rangs 2-11 7-40+ 15-40+ 10-40+

Ths Kruskal-Waaiis ranksd analysis of variancs showed
a significant sP~ct of experiiental irsaiusnt, i.s., shock
tnten8Lty, at ths 0.01 Isvsl.

A Isrisn of Mann*Whiiney U 0nn03 (oneniailed)
“~~catsd a significant i1iffsrseqs bstween ths 0.48 and
0.8s ma groups (p= 0.007), but ths i1iffsrseqs Introon ths
0.8s and i.SS ma groups had a p valus of only 0.097 and thsrs
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was no statistically significant difference between the 1.55
and 2.91 ma groups (p-0.37). Although there are no statistic-
ally significant differences among the highest shock intensities
It Is interesting to note that the number of rats receiving a
40r as the extinction score, were two rats in 0.$5 ma groop,
two rats in the 1.55 ma grout and four animals in the 2.91 ma
group. .
The tOosibillty exists that, had extinction training
been carried on unnil all animals met the criterion, significant
differences among the higher shock intensities mmgjht have
bnnn obtained.

Finally, an interesting observation concerns the
single animal in the 0.49 ma grout which showed a paolongnd
and cummllitn suppression during ccquUsitim. Wiin during
acquUslitiln this animal was indistinguishable from animals
in the high shock intensity groups, unlike these animals it
extinguished very rapidly, meeting the extinction criterion
on the trial.

Also one must note the changes which occurred during
acquUsititn in the baseline rate of bar pressing against
which the suppression ratio is computed. The baseline was
computed for each animal, for each day, by cunbiaiing the
number of responses made during the four 3 minute periods
which piecnand the CS. In order to decrease the heterogeneity

of variance for these data, the raw data were transfor™d
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by a square root transformation. These data were the basis
of Figure 3» which presents changes in the animals’ baseline
responding as a function of shock intensity for bays 1 through
10 of tnqulsiOios.

Ut is of Interest to note that the three highest
shock intensity curves in Figure 3 do suggest a definite U
shape over time, especially the 2.91 ma group. Thus with
the higher shock intensities, there is a tendency for baseline
responding to decrease early in training, and then gradually
recover. The baseline data were submmooni to a Lindquist
Type mm analysis of variance with shock intensity and days

as main effects. The analysis is sumnraizni in Table .

TABLE m

Summary of Analysis of Variance of
Baseline Responses

(Square Root Transformation)

Source df Mean Square F P
Shock Untensity 4  421.4733 3.28 <.025
Error (b) 35 128.3636
Days 9 29.5295 4.17 <.001
Days X Shock Untensity  36. 17.0037 2.40 <.001

Error (w) 315 7.0797
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The effects of shock intensity and of days are
significant, as Ls the interaction of days and shock intensity.
inspection of Figure 3 makes i1t clear that the significant
effect of shock intensity is due to a lowering of the baseline
for the highest shock intensity groups. The significant
interaction between days and intensities reflects tae tendency
for the initial drop in baseline responding to be specific
to the high shock intensity groups.

The fact that the baseline was differentLally
affected by varying shock intensities does not effect the
validity of cnappring suppression ratios across shock
intensity groups. The suppression effect Ls defined in
essence, by tho proportionate reduction in responding during
the CS, compared to whhtever the baseline response rate
might be. 1t can be tottO in any event, that the lower
baseline of the high shock intensity groups could not have
contributed to their lower suppression ratios. One or two
"ratOIm" or "accidental” responses made by these animals
when evaluated against their low baselines, would have
inflated rather than lowered their suppression ratios.

in some cases it happened during acquisition that,
on a given day for a given rat, the baseline would become
zero, because of a generalised fear reaction by the rat,
which would result in total "freezing”. In all such cases

of course, the animal also made no responses during the CS
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For these rate which did not respond at all, a suppression
ratio of 0,00 wan assigned for the days on which there was
no responding, ~owing Hunt and Brady's practice. No
animals "froze"™ in the 0.2B and 0.49 ma groups, one animal
"froze” in the 0.S5 ma group (for two days), two animals
"froze” in the 1.55 ma group (one for eight days, the other
for four days) and five animals "froze” in the 2.91 ma group
(two for one day, two for two days and iii for five days).
The reason for assigning the 0.00 ratio to these animals was
that invariably the ratio on days before and after the
"freezing” wan either 0.00 or very close to it.

The "case history" of one animal provides an
interesting check on the reasoning employed in assigning
suppression ration of 0.00 to animals which froze. This
subject, in the 1.55 ma group, froze ctmpleielr during the
last eight days of r*qdisitim. Howse'er, on the necoii day
of extinction training, he reemed bar pressing. Then,
when the CS wan presented, he made no responses. This
tiipta's suppression ratio remained at 0,00 for a long bank
of extinction trials during which normal bar-pressing occurred
between CS presentations. Thus, although the completd
freezing during tcqgalsidion masked the existtiie of suppression
at that time, the suppression wan clearly exhibited - without

any further shocks - when the baseline responding recovered.



DISCUSSION

The results of this experiment indicated that the
acquisitinn and extinction of the conditioned emoional
response are monoto”i-c functions of shock intensity. Rats
conditioned to 0.28 ma did not acquire suppression at all,
an intermediate level of suppression occurred at 0.48 ma,
and O0.85 ma, 1.55 ma and 2.91 ma each led to virtually
comolete suppression on the second day, with no recovery.
There was, as well, a direct mo”™nernc relationship between
shock intensity and resistance to extinction of the CER.

It can be said that the results of this experiment
iIn general agree with previous studies on shock intensity in
other learning situations. Stronger shock leads to more
rapid and profound acuiisition of the response, although even
at the highest shock intensity (2.91 ma) used in this experi-
ment, there was no indication of the Yerkes and Dodson U
function (43). There is, however, no reason to expect such
a U shaped function in classical qotdititting, and it is
asstmed that the CER can be considered as a classically
coi™tioned emotittal response.

That the CER is contrnllld by the same factors as
Pavlovian condiiiotitg is suggested by other studies in the
field. Kamnn's (28) trace cdtditittitg data seem to point in

this direction, as well as Ray and Stein’s (36) experiment on
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ths grneeeai2atice of the GER to 0S's varying in sithlsrety
to ths GS tmpldyed in training.

Some of ths reeulte cbtaiesd In this sxprriiret ssem
to irssyve apecial atosetite. It is of eeoeyeet to nots that
nons of ths 0.23 ma animals siowed any sign of suppression.
This fact is surprising when ons cdeeiirrs Singhs rsetlte
(40). Ths animals in our 0.23 ma group did display, on bsing
shocked, an sasily sbesrrabl<s "flinch" rssponss liks that
reported by Kimble (29), and yet ths CS did not acquire
suppressant peopertiee. In contrast to this, Singh, using
only 0.20 ma and 0.25 ma, not only found that his animals
acquirsd ths GER, but that ths 0.25 ma group shored mors
suppression than ths 0.20 ma group. It is difficult to
sxplain this differencs in reeults betroon ths two experiments
unlsss soms mslariftsh peocedtral 1iXfsesncss sxist boO”son
them. In this connection 1t should bs ected that Singh
yepceesh that i1t mads no differencs In his facteeeally
dssignsd study eeiSter ths US was presentsd just befsre or
just aftsr ths 3 minuts GS. This surprising finding suggests
that Singh’s peocsdtrs may havs peoduced a betavisral efXecO
quits differsnt from ths classically conddticeed GER. On
ths o”>sr hand ths failuyr of our 0.23 ma group to supp”™ss
Is coneestesO with ths ueptUliehed data of Brady and Susla (6).
Ons pots'ibiltt'y is that Singh’s rats were not as icoeaatrd

to work for a water reward as our asa”™sly depeOrei rats
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were motivated to work for food. Presumably, a consequence
o” this would be that i1t would be easier for Singh to establish
suppression, even with weak shock as the US.

Un order to clarify the nature of the 0.28 ma shock
intensity which produces an obvious flinch response in the
rat, and yet no suppression, some animals that had finished
the CER experiment were put on a punishment schedule like that
outlined by Hunt and Brady (24). Briefly, in tnis procedure,
during the CS every bar press results in immnniate shock, but
in the CS-off period no shock 13 delivered. The VU food
reinforcement schedule i1s, of course, always in effect. This
procedure interestingly enough produced very rapid though
never gomoiete inhibition of responding daring the CS in most
rats, with a 0.28 ma punishment. DeepOte the fact that in
the early trials the rats received a good number of shocks,
their behavior was quite different from that of the CER group,
trained at the same shock intensity. Unstead of the usual
signs of anxiety, such as crouching and defecation, the
punishment rats displayed an almost "U don’t believe it”
behavior and, after each shock, jumped back from the bar, but
almost Imnridaanly advanced again to press it or almost press
it down. Un later trials, when these rats had suppressed,
the signs of anxiety stll1l (Ad not develop ~~ring the CS.

The above findings suggest some interesting possi-

bilities for the application of aversive stimulation to
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control betuvior. The results suggest that a level of noxious
stimulation may exist, which is enough to stop (through
punishment) ongoing behavior without creating anxiety. The
ipplicatitts of this translated into the human situation
could be far reaching, espeecally in education.

Another finding of interest was the behavior of the
0.49 ma group. The U shape of the curve in Figure 'l for this
group suggests some kind of adaptation by this group to the
shock. One can postulate that somehow as acquis”™"s proceeds,
the shock begins to lose its aversive properties and the CS
becomes less anxiety producting.

It could be visualized that the animals, given enough
time, would have recovered completely to a ratio of 0.50, and
become ccmpletely indifferent to the shock.

The failure of the relatively minor differences between
the high shock intensity groups to be statistically significant
can be attributed to the small N, and with more subjects the
small differences obtained might have been statistically
significant.

Finally, turning to the baseline data, the depression
of the baseline and its subsequent recovery in the three high
shock intensity curves is of some interest. Although the
animals in these groups suppress to the GS virtually completely

by Day 2, the baseline rate continues to drop until Dys 3 - 4,

before beginning to recover. This depression may be due to
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the generalized fear reaction of the animals to the experi-
mental situation as a whole. The CS iIs presimably the most
anxiety eliciting, but the owreU situation is also feared.
As the acquisition training continues, the animals learn not
to fear the CSsoff periods, since they never lead to shock,
and baseline rates of bar pressing increase, to the normal
level. The lower shock intensities snem not to lead to such
a generalized fear, and the baseline curves remain relatively

level throughout acquistlon.



SUMMARY

The effects of US Intensity on the alqulnitiln
and extinction of the GonnOaloned Emotional Response were
investigated, employing 40 male hooded rats in a Skinner
box. The US intensities studied were 0.28, 0.49, 0.85,
1,55, and 2.91 ma. Both acqulnitLon and extinction of the
CER were found to be raanotonii functions of US intensity,
with the higher shock IttennSalrn producing more rapid
acquisition and morn resistance to extinction. The lowest
shock intensity employed (0,28 ma) failed to produce any
suppression of operant behavior, although it did produce a
flinch-liken response in the rat. The 0.49 ma subjects
showed typically, a partial recovery of normd operant
behavior during the CS, after first acquiring, during the
early days of training, a fairly profound CER.

The results were interpreted as consistent with the
supp”™™"™n that the CER Ls acquired in accordance with

Pav;"ovian laws classical 1l1tiOailting.

o7
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us Intensity

Intensity .49 ma

SUPPRESSION RATIOS FOR EACH RAT FOR DAYS 1.-10
OF ACQUISITION AS A FUNCTION OF US INTENSITY

Subjects
P
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.59
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.46
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.02
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.63
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43
.00
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Days
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.94
o1
.50
o1
.50
.53
.55
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.26

.52
.00
.01
.40
.00
.07

48
.58
.53
.52

.53
.52

o1
.53

.60
43

.53
.00

.00

37
.00

31

42
Y4
.53
*48
49
.52
.61

51

.54
.32
.50
.00
.00
37
.00
27

.50
.45
.59
41
47
.55
.94
.52

.58
.35
.49
.06
.00
42
A7
.25

.60

.95
o7
-.45
*48
.52
.60

o4

.49
A7
.46
.36
.00
42
.18
.26

10

.56
.94
.48
46
.50

45
46

46

.52
.39
.38
.24
.00
.46
.26
A2



SUPPRESSION RATIOS FOR EACH RAT FOR DAYS 1 - 10 OF
ACQUISITION AS A FUNCTION OF US INTENSITY

Subjects
P
1 .52
g2 47
&?T .79
>4 .49
"
N
16 40
M
{n? 44
0
3 A7
1 .60
22 46
MA
43 45
46
%& 53
£6 .49
3 .49
1 A7
82 53
rd
°»3 .53
$4 .52
V-
®5 A7
®
M6 .
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87 .55
3 51

1
42

.33
.53
o1
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.46
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43
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.55
.53
.53
.36
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.52
.56
.33
.29
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43
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.00
.02
.00
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.03
.02
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37

.00
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.00
.39
.00
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.00
.02
.02
.00
.00
.20
.20
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.02
.00
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.01
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.10
.00
.00

.00
.00
.00*
.00
.00
.00*
.00*
.03

* Rat frozen for the

Days

4 5
.00 .00
.01 .00
.00 .02
.01 .00
.03 .04
.00* .00
.14 .06
25 .01
.00 .00
.06 .01
.00* .00*
.uo* .00*
15 .07
.00 .05
.00* .02
.00 .00
.00 .00
.00* .00*
.00 .00
.00 .00
.00 .00*
.06* .00
.00* .00*
.00 .00

.00
.01
.02
.09
.00
.01
12
.03

.00
.03
.00*
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.05
.06
.00
.00

.00
.03
.01
.00
.00
.00
.00*
.00

.00
.01
.06
21

.02
.05

.02
.10

.00
.02
.00*
.00

14
.06
.00
.00

.00*
.00
.00
.00
.00
.00
.00*
.00

experimental session

3 9

.01 .01
.00 .02
.00 .01
12 07
.00 .00
.00 .00
.03 A02
13 .16
.00 .01
.01 .01
.00* .00*
.00* .00
13 .10
.00 .00
.00 .03
.00 .00
.00 .03
.01 .03
.00 .00
.00 .02
.00 .00
.00 .00
.00* .00
.00 .04

10

.00
.01
.00
.03

.00
.02

.03
.10

.00
.01
.00*

.00
.02

.01
.00
.00

.00 *
.00
.00
.01
.00*
.00
.00
.00



99.&

98 Zp0s0si0y

co

trx
(0]

In0203%5oy

ws

Subjects
a3
1 .57 .50
2 A2 <44
3 46 51
4 .39 .43
5 31 .25
6 .36 .43
7 14 .22
3 15 .45
1 .02 .02
2 .01 .01
3 .04 .35
4 19 42
5 .00 .00
6 16 .47
7 .02 .00
3 A3 .42

SUPPRESSION RATIOS FOR EACH RAT FOR DAYS 1. —10

OF EXTINCTION AS A FUNCTION OF US INTENSITY
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.50
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47

A7

.06
.04
46
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14

.00
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.25
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.00 .02 .00
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SUPPRESSION RATIOS FOR EACH RAT FOR DAYS 1.-10
OF EXTINCTION AS A FUNCTION OF US INTENSITY

Subjects Days
1 2 3 4 5 6 7 8 9

1 .00 .00 .07 .13 .23 .06 .18 27 .37
.03 .20 24 .20 .17 .31 .42 45 .52

N

L 00 .02 .00 .00 .00 34 .34 .30 .16
— g 00 .00 .00 .02 .02 .00 .05 .00 .00
= 5 04 09 .02 .10 .08 47
E 6 00 .18 .30 .40 .50
= 7 01 .03 .00 .00 .00 .00 .00 .28 .00
= 01 23 .40 .54

1 00 .00 .00 .00 .00 .00 .01 .00 .00
. 00 07 .08 .10 .03 .34 .34 37
St 00 .00 .01 .00 .04 .05 .13 .13 .28
Ny 17 .32 .49

.00 .00 .OO .00 .00 .00 .03 .00 .08
.03 .01 .01 .08 ,00 .00 .14 .23 .25
.00 .00 06 24 .36 .09 .05 .18 33
11 .39 .49

o N O o

10

.00

.50
27

.00

.00

.25

.16

.36



