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ABSTRACT

Serial Coiapounds and Trace Conditioning

Procedures in the Kamin Blocking Paradigm

(May 19 79)

Elizabeth A. Kohler

B.S., Virginia Polytechnic Institute

M.S., Ph.D., University of Massachusetts

Directed by: Dr. John J. B. Ayres

The phenomenon of blocking in a conditioned sup-

pression situation was studied using serial as well as

simultaneous compounds in Pavlovian trace conditioning

procedures. Blocking experimental groups wore first

given trace conditioning trials with a 2-sec stimulus

(A) presented at least 60 sec before an electric shock

US, Following this, both experimental and control

groups received trials with a 2-sec compound stimulus

(AB) presented at least 60 sec before the US. For

some groups, the A stimulus preceded the B stimulus;

for others, the B stimulus preceded the A stimulus;

while for still others, A and B occurred simultaneous-

ly. Conditioning v/as assessed in testing to both A

and B

.

The first four experiments found that, despite

V



predictions from the discrepancy model (Rescorla

& Wagner, 1972), the time interval between the pre-

sentation of the A stimulus and the US in pretrain-

ing h^d no effect on blocking. In addition, a signi-

ficant blocking effect v;as found with both simulta-

neous and serial compounds, regardless of the order

of presentation of the elements of the compound.
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CHAPTER I

INTRODUCTION

The phenomenon of blocking, first studied exten-

sively by Kanin (1968, 1969), has had a profound in-

fluence on theory construction in the area of Pav-

lovian conditioning. Blocking occurs v/hen the a-

mount of conditioning to some neutral stimulus (B)

is less as a result of its reinforcement in compound

with a preconditioned excitor (A) than when it is re-

inforced in compound with a neutral A stimulus. Con-

ditioning to B is said to be blocked by the presence

of the preconditioned A,

Among the theories generated in response to the

discovery of the blocking phenomenon is the "discrep-

ancy" model of conditioning (Rescorla & VZagner, 1972),

Specifically, the blocking phenomenon led Rescorla and

Wagner to postulate that the amount of change in con-

ditioned strength (AV) that accrues to a stimulus,

B, on a given trial is proportional to the discrepancy

between the asymptotic level of conditioning ( A ) that

the US in use will support and the amount of condi-

tioned strength that has already accrued to all the

stimuli present on that trial ( V^^). Thus, formally:

1
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In this model, stimuli compete for a limited a-

mount of associative strength i?^) , In the case of

blocking, when A has been previously conditioned, the

(A-V^g) discrepancy is too small to allow condition-

ing to occur to the added B stimulus.

Although the discrepancy model was originally

formulated to account for the blocking effect, it has

also proven sucessful in predicting and explaining

many other phenomena including "super conditioning"

(Rescorla, 1971), loss of excitation through rein-

forcement (Rescorla, 1970; Kamin & Gaioni, 1974), in-

hibitory conditioning through reinforcement (Kremer,

1978), inhibitory conditioning more generally (Wag-

ner & Rescorla, 1972), and sequencing effects in

truly random control procedures (Benedict & Ayres,

1972; Ayres, Benedict, & VZitcher, 1975). The dis-

crepancy model has certainly been the most influ-

ential model of Pavlovian conditioning for the past

several years.

Since the phenomenon of blocking has led to the

formulation of such a powerful theory, it is surpris-

ing to note that the conditions under which blocking

has been demonstrated are very restricted. That is.
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a dor.onstration of blocking has typically involved

preconditioning A and conditioning the AB compound in

a forv^rard delay conditioning procedure. A forward de-

lay conditioning procedure is one in which the onset

of the CS precedes the onset of the US and CS offset

occurs simultaneously with or following the onset of

the US. Furthermore, the two elements of the AB com-

pound have, with a fev; exceptions (Kamin, 1968; Cheatle

& Rudy, 1978), usually been coextensive, i.e. simultan-

eously compounded. The present series of studies de-

parted from this tradition by 1) examining blocking

using Pavlovian trace conditioning procedures during

both A and AB conditioning and 2) examining both simul-

taneous and serial compounds. Thus, in both A and AB

conditioning, the CS ended at least 60 sec prior to

the onset of the US; and, in AB compound conditioning,

for some groups, presentation of the A stimulus pre-

ceded or follov;ed presentation of the B stimulus.

The issue is whether blocking occurs under these con-

ditions, especially when the two elements of the com-

pound are not simultaneously compounded.

A further reason for interest in the trace con-

ditioning procedure in a blocking paradigm is that

Kamin (1965) has carefully documented the effects of



4

a wide range of CS-U2 intervals (ISIs) in the trace

procedure. Based on his work, it is possible to sel-

ect trace intervals that will lead to different lev-

els of conditioning. The discrepancy model, very

generally says that, in compound conditioning, an in-

verse relationship will exist between the amount of

conditioned strength already accrued to the A stimulus

and the amount of conditioned strength that can be

controlled by the added B stimulus. This inverse re-

lationship has previously been demonstrated by vary-

ing the number of preconditioning trials given to the

A stimulus (Kamin, 1968; 1969). Another test of this

prediction occurs if appropriate trace intervals are

chosen for the conditioning of the A stimulus in a

blocking procedure for different groups. In this case,

the use of ISIs leading to different levels of con-

ditioning to the A stimulus for different groups

should be reflected in different levels of condition-

ing to the added B stimulus as a result of AB compound

trials. This technique for varying the amount of con-

ditioning to the A stimulus has not been studied be-

fore. This is precisely what the first four studies

of the present dissertation were designed to investi-

gate.



In addition to varying the level of conditioning

to the pretrained A stimulus by manipulating the ISI

in a Pavlovian trace conditioning procedure, the pre-

sent experiments also examined blocking with simul-

taneous and serial compounds. Since previous block-

ing studies have typically examined only simultaneous

compounds, the empirical question asked here is whether

blocking can be demonstrated v;ith serial compounds.

It is easier to envision stimulus competition for

conditioned strength (Rescorla & Wagner, 1972) or

attention (Sutherland & Mackintosh, 1971) when the

two elements of a compound are present simultaneously,

as in the traditional blocking demonstration, than

when the two elements are serially compounded. Thus,

intuitively, weaker blocking might be expected in ser-

ial compound groups. Furthermore, when the serial

compound consists of the added 3 stimulus followed by

the preconditioned A stimulus, something resembling

an embedded second-order conditioning paradigm is pre-

sent. That is, since A is a conditioned excitor, and

it is presented following a neutral B stimulus, con-

ditioning might occur to B as a result of its forward

pairing with A. Such second-order conditioning might

mitigate the usual blocking effect. This possibility
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is explored in the fifth experiment described here.



CHAPTER II

EXP J -RIM?: NT 1

Method

Subjects. Subjects v/ere 32 male albino rats of the

Spraguc-Dav/ley strain purchased from the Holtzman

Company, ^5adison, Wisconsin. They V7ere approximately

90 days old on arrival, v;ere housed in individual

cages with free access to water, and were maintained

at 80% of their free-feeding body v;eights throughout

experimentation.

Apparatus . The apparatus consisted of eight Gerbrands

model C conditioning chambers housed in sound atten-

uating, ventilated cubicles. Dipper feeders were

mounted at floor level, 7 cm to the left of a stand-

ard Gerbrands response lever. Two 10-cm speakers

were mounted on the chamber lid. One was used to

present a 1,000-Hz tone CS , which raised the sound

2level in the chamber from 71 to 81 dB (re 20yAN/m ).

The other was used in Experiments 4 and 5 to present

a continuous white noise background of 82 dB . Tv7o

28-V lights operated simultaneously at 26 V served as

the light CS . One was located on the chamber lid;

the second was located on the front panel of the

7
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chanber, directly above the dipper feeder and 9.5 cm

above the floor. Scrambled grid shock USs were pro-

vided by eight Grason-S tadler shock sources and scram-

blers (Model E1064GS and 700). For all experiments

the shock intensity v/as 1-mA and the shock duration

was 1 sec. In addition, for all experiments, the

measured baseline response, lever pressing, was re-

inforced with 4 sec presentations of a 1-ml dipper

containing 32% (by weight) sucrose. Response measure-

ment and stimulus presentations were controlled by

electromechanical and solid state equipment located

in an adjoining room.

Procedure ,

Prel iminary training . All rats were magazine

trained and then left in the chamber while reinforce-

ment was delivered once every minute for 20 min re-

gardless of responding. For the next 2 days, rein-

forcement occurred for each response until the rats

had obtained approximately 90 reinforcers. Four days

of 1-hr sessions follov/ed this initial training dur-

ing which lever pressing v\7as reinforced on the aver-

age of once a minute (variable interval or VI 1-min

schedule). For all subsequent sessions, a VI 1-min

schedule of reinforcement was in effect for lever
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pressing and all sessions were 1 hr long,

A-pretraining. In this phase of the experiment

the rats v;ere divided into four groups of eight. As

shown in Figure 1, these groups were designated 62E,

62C, 105E, and 105C. Here the number indicates the

interval (ISI) between the onset of the CS and the on-

set of the US. The letter indicates vjhether the group

v/as an experimental blocking group (E) or a control

group (C). One of the tv;o experimental groups (Group

105E) received trials v/ith a 2-sec, 1,000-Kz tone pre-

sented 105 sec prior to the onset of a 1-sec, 1-raA

grid shock US. The other experimental group (Group

62E) received trials v;ith the same tone presented 52

sec prior to the onset of the shock US. For both

groups, four trials occurred in each of five daily

sessions. During these same sessions, the two control

groups (Groups 62C and 105C) received continued VI

training with no superimposed CS or US presentations.

7iB -compound training . For the next 3 days, all

groups received four daily trials with a compound CS

consisting of the 2-sec tone and the 2-sec light. For

Groups 105E and 105C, the compound was a serial com-

pound; the 2-sec tone began 105 sec before the onset

of the shock US v;hile the 2-sec light followed the
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Figure 1. A diagram cf the design of Experiments

, and 4.





tone and began G2 sec before the onset of the shock US.

For Groups 62E and 62C the compound was a simultaneous

compound; the 2-sec tone and the 2-5ec light CS began

simultaneously 62 sec before the onset of the shock

US.

Recovery . Two daily VI 1-min recovery sessions

followed these conditioning days. The recovery ses-

sions were designed to increase the lever-press base-

line response, depressed by shock presentations in the

previous phase, so that suppression to the A and B

stimuli could be accurately measured later in testing.

Testing . Tv;elve days of testing immediately fol-

lov7ed recovery. For the first 6 days, one reinforced

light trial occurred in each 1-hr session. In these

"savings" tests for conditioning to the target, light

CS (stimulus B), the 2-sec light was presented 62 sec

before the onset of the shock US. For the next 6 days,

extinction tests for conditioning to the pretrained

A stimulus, tone, were conducted. One presentation

of the 2-sec tone occurred in each 1-hr session with

no subsequent US occurrence.

Annau-Kamin (1961) suppression ratios were com-

puted for all training and test trials. This ratio

is expressed as D / (D + B ) . In the present study.
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D represents the response rate during the 60 sec per-

iod immediately prior to the onset of the shock US;

B represents the response rate (per minute) during

the 3~min period immediately before the onset of the

CS . In the case of the serial compound groups, the

B period was the 3-min period just before the onset

of the first occurring CS in the series. The suppres-

sion ratio is 0 if suppression in the p period is com-

plete and ,50 when no suppression occurs. In some

cases, a suppression ratio was calculated for the 45

sec period immediately following the first occurring

CS in the serial-compound groups. In this case, the

D component of the equation v/as the response rate (per

minute) during this 45-sec period which included the

2~sec presentation of the second occurring CS

.

Results and Discussion

The course of A-pretr aining and AB-compound

training is shown in Figure 2, The data to the left

of the dotted line are from the initial A (tone) con-

ditioning trials for the two experimental groups.

These data suggest that the ISI had no effect on con-

ditioning. A mixed design analysis of variance per-

formed on these data found no between-group differences

(F<^1). This finding does not replicate the results
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Figure 2. Daily mean suppression during A-pre-

training and AB-compound training for all groups in

Experiment 1,



DAY
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reported by Kamin (1965). Some differences in proced-

ures could account for the apparent discrepancy. For

instance, Kamin used 2-hr sessions and a VI 2.5 min

schedule of reinforcement for his baseline response.

The data to the right of the dotted line in Fig-

ure 2 are from the 3 days of AB-compound conditioning.

The figure indicates that during compound condition-

ing, an effect of ISI was found as well as a paradox-

ical effect of pretraining. Thus, Groups 52E and 62C

showed more suppression than Groups 105E and 105C,

suggesting an effect of ISI, And, Groups 62E and 105E

showed less suppression than Groups 62C and 105C, in-

dicating a paradoxical effect of pretraining: pre-

training stimulus A seemed to retard subsequent con-

ditioning to the AB compound. These findings were

supported by statistical analysis. An analysis of

variance in which the factors examined were ISI (62

sec or 105 sec), group (experimental or control), and

trial (1-12) showed that all of these factors did af-

fect conditioning (ISI, F=12.95, df=l,28, 2<^.01;

Group, F=9.99, df=l,28, £<.01; Trial, F=4.84, df=

11,308, £ <^,01)

.

The ISI effects seen in AB-compound conditioning

conform better to those reported for single elements
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by Kamin (1965), It is also interesting to note that

the tv;o control groups acquired suppression to the

compound more rapidly than the tv/o experimental groups

did to the tone alone in pretraining. This could be

a result of the greater salience of the light or of

the compound as compared to the tone alone or it could

be an instance of the Pavlovian law of summation

(Kamin, 1969). In addition, the tv;o control groups

shov/ed more suppression to the compound than did the

two experimental groups. That is, as noted earlier,

previous conditioning to the tone-alone seems to

have retarded acquisition to the tone-light compound

for the experimental groups. Indeed, at the start of

compound training. Group 105E shows a sharp decrease

in suppression to the compound as compared to its

suppression to the tone-alone in pretraining. Table 1

presents a more detailed analysis of this result. As

can be seen from the table, the loss in suppression

s t
on the 1 day of compound conditioning is due to the

introduction of the novel light CS , Thus, when a

suppression ratio is computed for the first 45 sec of

the trace interval as well as for the last 60 sec per-

iod, we can see that suppression is alleviated only in

the last 60 sec after presentation of the novel light.



Table 1
Mean suppression ratios for Groups 62E and 105E
of Experiment 1 on the last day of A-pretraining
and the 1 day of AB-compound training.

Day

Last day l^^ day
Group of A-pretraining of AB-compound training

60 sec measure
105E .36 ,48

62E .30
, .23

105E

45 sec measure

32 .29
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Table 1 also shows that this loss did not occur

when the pretrained tone and novel light were pre-

sented simultaneously as in Group 62E. Kamin (1968,

1969) found a loss in suppression on the first trial

of compound conditioning when the CSs were simultan-

eously compounded in a forward delay procedure. How-

ever, in order to acheive a statistically significant

effect, he had to pool data from 153 subjects. In the

present experiment, only the serial compound produced

a loss of suppression. For Group 105E the loss seemed

greatest on trials 3 and 4.

Figure 3 shows the course of A pretraining and

AB compound training for Group 105E with suppression

ratios computed for the first 45 sec of the trace in-

terval as well as for the last 60 sec of the trace

interval. From the figure it can be seen that until

the introduction of the novel B stimulus (light) in

AB compound conditioning, suppression throughout the

105 sec interval is fairly uniform. However, with

the introduction of the novel light (B) stimulus,

suppression becomes greater during the first 45 sec

as compared to the last 60 sec. An analysis of var-

iance was performed on the data from the last day of

s t
A pretraining and the 1 day of AB-compound training
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Figure 3. Mean trial-by-trial suppression during

A-pretraining and A3-compound training for Group 105E

of Experiment 1 v/ith suppression ratios computed sep-

arately for the first 45 sec and the last 60 sec of

the trace interval.
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comparing suppression in the first 45 sec v;ith sup-

pression in the last 60 sec. The finding that the

suppression across the trace interval became less un-

iform as a result of the introduction of the novel

light v/as reflected in a significant days x measure

interaction term (F=7.29, df^l .1 . £<C.05).

In general, both Kamin's result and the present

finding seem to be instances of Pavlov's "external

inhibition", Pavlov (1960) frequently found that

superimposing a novel stimulus on a previously con-

ditioned CS would temporarily disrupt the CR to the

latter. The serial-compound preparation in this ex-

periment seems to be maximally sensitive to this ef-

fect, v:hy it should be more sensitive than the simul-

taneous-compound preparation is unclear. Is it be-

cause the "trace" of the pretrained CS is weaker at

the moment the novel CS is presented, thus making con-

trol by the pretrained CS easier to disrupt? Or, is

it because the CR established with the 105-sec ISI is

weaker (and hence easier to disrupt) than that estab-

lished with the 62-sec ISI? This latter hypothesis,

if confirmed, would be interesting methodologically,

in that it v/ould suggest that an external inhibition

test of conditioning (Figure 2, right panel) can be



20

more sensitive to differences in conditioning than a

more direct measure (Figure 2, left panel).

In Figure 3, note that the suppression decreases

dramatically within each session. These v/ithin-ses-

sion decrements in suppression occurred in all the ex-

periments reported here and can be seen whenever more

than one trial occurred in a session and the data are

plotted on a trial-by-trial basis as in Figures 3, 7,

11, and 15. The trial-by-trial data from A pretrain-

ing in Experiment 2 reported here have been published

elsewhere along with a discussion of the possible theo-

retical implications of these decrements (Ayres,

Berger-Gross
,
Kohler, Hahoney, & Stone, in press).

The data from the savings test for conditioning

to the added light (B) stimulus appear in Figure 4.

The figure shows that both experimental groups exhib-

ited less suppression to the light than did their re-

spective controls. This result indicates that block-

ing can occur in trace conditioning procedures and

with both simultaneous and serial compounds. No sta-

tistical differences were found betv;een the two ex-

perimental groups or betv;een the two control groups.

This finding would be expected from the results of

A pretraining since no differences v;ere found between
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Figure 4. Daily mean suppression to the target

(B) stimulus for all groups in Experiment 1.



DRY



22

the two experimental groups in tliis phase. A 2 x 2 x

6 analysis of variance v.-as performed on the savings

test data. The factors were ISI (62 or 105), group

(Experimental or Control), and trial (1-6) respec-

tively. The blocking effect was confirmed as the

difference betv>?een the experimental and control groups

was significant (F-15.04, df=l,28, £<.01). The ISI

effect was not significant (F<1). The trial factor

was significant (F=8.34, df=5,140, £<.01) indicating

the course of acquisition of suppression to the light

in all groups,

A similar analysis of variance was performed on

the pre-CS rates during the light savings test, and no

significant differences were found. The mean baseline

response rates were 19.69, 25.83, 27.60, and 24.52 for

Groups 62E, 62C, 105E, and 105C respectively. Thus,

the significant difference found in suppression to

the light by the experimental and control groups is

not complicated by differences in the baseline re-

sponse rates.

The data from the extinction test for condition-

ing to the pretrained tone (stimulus A) are shown in

Figure 5. These data are of considerable interest

for two reasons: First, they are rarely reported in
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Figure 5, Daily mean suppression to the pre-

trained (A) stimulus for all groups in Experiment 1,
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the blocking literature; and, second, the discrepancy

model makes very strong predictions about what should

occur in such tests. According to the riodel, block-

ing to stimulus B occurs during AB conditioning be-

cause A, by virtue of its pretraining, has already

approached A . This makes the -v^^^) discrepancy

too small to permit further increments in condition-

ing to either A or B . However, if A has not been pre-

trained, both A and B can gain conditioned strength

during compound conditioning until the sum of their

strengths equals ^ . Assuming A and B to be of

roughly equal salience, each stimulus should approach

an asymptote of approximately A/2, This means that

following compound conditioning, the conditioned

strength of A in groups for which A has been pretrain-

ed should be considerably stronger than in groups for

;>7hich A has not been protrained. The results shown in

Figure 5, however, do not confirm this prediction.

No between-group differences were found, A 2 x 2 x 6

analysis of variance, in which the factors were ISI,

group, and trials, showed that the only significant

effect was that of trials (F=16.22, df=^5,140, .01),

indicating the course of extinction to the tone.

In summary, this experiment demonstrated blocking
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in a trace conditioning procedure v/ith both simulta-

neous and serial compounds. The expected effect of ISI
was not found during A pretraining and therefore, no

differences in the magnitude of the blocking effect

to stimulus B could be predicted from the discrepancy

model of Rescorla and vragner (1972). m addition,

the discrepancy model's prediction that differences

should exist between the experimental and control

groups in the conditioning shovm to A following AB

compound conditioning, was not confirmed. The ex-

periment, therefore, succeeded in extending the gen-

erality of the blocking phenomenon, but it failed to

provide a strong test of the discrepancy model's pre-

diction about the ISI manipulation, and it failed to

confirm the model's predictions about what should

occur during A testing.



CHAPTER III

EXPERIMENT 2

Since Kamin's (1965) original data on the effects

of ISI on trace conditioning v;ere not replicated in

Experiment 1, a second experiment was conducted using

three different ISIs and more closely approximating

the other parameters of the original Kamin study.

Specifically, 2-hr sessions were used, and the base-

line response was reinforced on a VI 2-min schedule.

The same tone and light served as the A and B CSs as

in Experiment 1, and the same shock served as the US.

The study involved three groups of rats conditioned at

different ISIs. The procedure resembled a blocking

design with no control groups. The major purpose of

this second experiment was to find two ISIs that

would lead to different levels of conditioning.

Method

Subjects and /apparatus . Twenty-four rats similar to

those of Experiment 1 were maintained at 80% of their

free-feeding body weights and were allowed free access

to water in their home cages. The apparatus was un-

changed.

26
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Procedure .

Prelininary training. Preliminary training- dif-
fered from that of Experiment 1 in only two respects.

First, all VI training sessions were 2 hr long. Sec-

ond, after the 1^^ day of VI training, the schedule

of reinforcement was changed to a VI 2-min schedule

from a VI 1-min schedule. These parameters remained

in effect throughout the remainder of the experiment.

A-pretraining. All three groups received four

trials in each of five daily sessions. Trials for

Group 62 and Group 105 v;ere identical to the trials

for Group 62E and Group 105E during pretraining in

Experiment 1. Thus, a 2-sec tone (stimulus A) occur-

red 62 sec or 105 sec before the onset of the US for

Groups 62 and 105 respectively. For Group 135, the

2-sec tone occurred 135 sec before the onset of the

US. The US for all groups was a 1-sec, 1-mA foot

shock.

AB-compound training . AB-compound training last-

ed 3 days. Again, four trials occurred in each daily

session. For all three groups, the 2-sec light

(stimulus B) occurred 62 sec before the US. For Group

62, the 2-sec tone (stimulus A) occurred simultaneously
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with the 2-sec light. For Group 105, the 2-sec tone

occurred 105 sec before the US. For Group 135, the

2-sec tone occurred 135 sec before the US.

Recovery. Two days of recovery sessions follow-

ed conditioning. Lever pressing was again reinforced

on a VI 2-min schedule but no CSs or USs were present-

ed ,

Testing
. A savings test for conditioning to the

target light stimulus, B, and an extinction test for

conditioning to the pretrained tone stimulus. A, fol-

lowed these recovery sessions. These test trials

occurred at the rate of one in each 2-hr session and

were superimposed on the VI 2-min reinforced baseline.

Six trials were given to the 2-sec light and then six

trials to the 2-sec tone.

Results and Discussion

The Annau-Kamin suppression ratios computed for

tone (A) pretraining and tone-light (AB) compound

training of this experiment appear in Figure 6. The

data to the left of the dotted line are from A (tone)

pretraining for all groups. Here, an ISI effect sim-

ilar to that observed by Kamin (1965) was evident.

Group 62 exhibited more suppression to the tone and
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Figure 6. Daily mean suppression during A-pre-

training and AD-compound training ,for all groups in

Experiment 2,
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faster acquisition of suppression to the tone than
either of the other two groups. An analysis of var-
iance indicated that the effect of ISI was significant
(F = 3.63, df=2,21, 2<.05). A significant effect was
also found for trials (F=.8.75, df.19,399, £<. 01), in-
dicating the course of acquisition of suppression to

the tone in all groups.

The data to the right of the dotted line in Fig-

ure 6 are from tone-light compound conditioning. A-

gain, an ISl effect was found (F=5.64, df=2,21, £<.05)
as was a trial effect (F=5.02, df=ll,231, £<.05).
Note the loss in suppression for Group 105 on the 1^^

day of compound conditioning. This loss replicates

the "external inhibition" effect seen in Experiment 1

(pp 15-19). Table 2 provides a more detailed analy-

sis of the effect and shows, as before, that the loss

in suppression to the compound in Group 105 is due to

the presentation of the novel light. This loss in

suppression from single stimulus (tone) training to

compound (tone-light) training was statistically

significant as measured by a paired t-test performed

on the daily mean suppression in the last 60 sec on

the 5 day of tone training versus the 1^^ day of

compound conditioning (t=2.83, df=7, 2<.05). Again,
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Table 2

Mean suppression ratios for Groups 105 and 62 of
Experir.ent 2 on the last day of A-pretr aining and
the 1 day of AB-conpound training.

Day

Last day
Group of A-pretraining of AB-compound training

60 sec measure

.29 .37

62 .19 .17

105

45 sec measure

29 .28
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as before, the effect did not occur in Group 62, which

received the two stimuli in simultaneous compound. It

also did not occur in Group 135. This may be a re-

sult of the low level of suppression shown in this

group to the tone alone (i.e., a ceiling effect may

have occurred for this group).

Figure 7 shows the course of A pretraining and

AD compound training for Group 105 with suppression

ratios computed separately for both the first 45 sec

and the last 60 sec of the trace interval. As in

Experiment 1, suppression is fairly uniform through-

out the trace interval during A pretraining. However,

when the novel light (B) stimulus is introduced, sup-

pression during the first 45 sec becomes greater than

that in the last 60 sec. An analysis of variance was

performed on the data from the last day of tone (A)

pretraining and the 1^^ day of tone-light (AB) com-

pound training comparing suppression in the first 45

sec and the last 60 sec of the trace interval. Un-

fortunately, the significant interaction found in a

similar analysis of the data from Experiment 1 (p 19)

was not found in this second experiment (F=4.54, df=

1,7, £^ .10). Thus, although a visual inspection of

Figure 7 shows a divergence of suppression during the
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Figure 7. Mean trial-by-trial suppression during

A-pretraining and AB-cornpound training for Group 105

of Experiment 2 with suppression ratios computed sep-

arately for the first 45 sec and the last 60 sec of

the trace interval.
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tv-/o segments of the trace interval on the 1^^ day of

compound AB training similar to that shown in Figure

3 (Experiment 1), this effect is not statistically

significant.

The data shown in Figure 8 are from the savings

test for conditioning to the target, light CS , stim-

ulus B. The ISI differences seen here were in the

direction predicted by the discrepancy model for

Group 62 vs. Group 105, and for Group 62 vs. Group

135. That is, both Group 105 and Group 135 tended to

show more suppression to the light than did Group 62.

The direction of this result is in agreement with the

discrepancy model since both Group 105 and Group 135

showed less suppression to the tone during pretrain-

ing than did Group 62. However, differences among

groups during the savings test were not statistically

reliable as measured by an analysis of variance (F=

1.09, df=2 , 21 . 2> .05). In addition, an analysis of

variance performed on the pre-CS rates showed that

the groups differed significantly in their baseline

response rates during testing (F=4.96, df=2 , 21

,

J2^.05), The mean response rates per minute for each

group averaged across all the light savings test trials

were 17.44, 27.47, and 13.66 for Groups 62, 105, and



Figure 8, Daily mean suppression to the Target

stimulus for all groups in Experiment 2.
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135 respectively.

The data from the extinction test for condition-

ing to the pretrained tone CS (A) are shown in Fig-

ure 9. The differences among groups found during

tone pretraining were also found here (F=6.96, df=

2/21, £<.01). Again, however, these results were

complicated by a significant difference in the base-

line response rates of the groups (F=4.14, df=2,21,

£<.05). The mean response rates per minute for tone

testing were 16.92, 24.38, and 12.32 for Groups 62,

105, and 135 respectively.

In summary, this second experiment did demon-

strate an effect of ISI similar to that found by

Kamin (1965) during tone (A) pretraining. However,

while the data from the light (B) savings test in-

dicated differences in conditioning in the appropri-

ate direction, these differences were not statisti-

cally reliable and were further complicated by dif-

ferences among groups in baseline response rates.
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Figure 9. Daily mean suppression to the pretrain-

ed (A) stimulus for all groups in Experiment 2,
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CHAPTER IV

EXPERIMENT 3

Since Experiment 2 showed a significant effect

of ISI in tone (A) pretraining. Experiment 3 used the

same parameters, i.e. a 2-min schedule of reinforce-

ment for the baseline response and 2-hr sessions,

and included the appropriate control groups for assess-

ing blocking. That is, Experiment 3 replicated the

groups of Experiment 1 with the session and schedule

parameters of Experiment 2.

Method

Subjects and Apparatus . Thirty-two rats similar to

those of Experiment 1 were maintained as before. The

apparatus, CSs, and US were unchanged.

Procedure . Preliminary training proceeded as in Ex-

periment 2, Tone (A) pretraining and tone-light (AB)

compound training v;ere identical to that described in

Experiment 1. Thus, there were four groups of eight

rats each (Group 62E, Group 62C, Group 105E, and

Group 105C) treated in the same manner as those of

Experiment 1, The only changes from Experiment 1 were

that the baseline response (lever pressing) was main-

tained on a VI 2-min schedule throughout and all

38



39

training and testing sessions were 2 hr long.

Results and Discussion

The results of tone (A) pretraining and tone-light

(AB) compound training are shown in Figure 10. The

data to the left of the dotted line are from tone (A)

pretraining for the two experimental groups (Groups

62E and 105E). No significant effect of ISI was

found (F<1) and, indeed. Group 105E showed slightly

more suppression to the tone than did Group 62E; a

result opposite to that found by Kamin (1965) and

that obtained in Experiment 2. The only significant

effect found in tone (A) pretraining was an effect of

trials (F=10.10, df=:19,266, £<.01), indicating the

course of acquisition of suppression to the tone in

both groups.

The data to the right of the dotted line in Fig-

ure 10 are from compound (AB) training for all groups.

No significant effect of ISI was found (F<1), and no

difference was found between the experimental and con-

trol groups (F=2.92, df=l,28, £<.05). A significant

trials effect (F=17.84, df=ll,308, £<.01) and a

significant interaction of trials v;ith experimental

vs. control groups (F=8.56, df=ll, 308. 2<^.01) were
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Figure 10,

training and AB

Experiment 3,

Daily mean suppression during A-pre-

compound training for all groups in
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found, indicating the course of acquisition of sup-

pression to the compound in all groups and reflecting

the fact that the control groups were less suppressed

than the experimental groups on the first few trials.

Note that, in this experiment, the external in-

hibition effect found in Experiments 1 and 2 is not

evident from Figure 10 for Group 105E. Rather, the

suppression shown on the 1^^ day to the tone-light

compound for Group 105E is greater than the suppres-

sion shown to the tone alone on the last day of tone

pretraining. Figure 11 shows the trial-by-trial

acquisition of suppression to the tone-light compound

for Group 105E in both the first 45 sec and the last

60 sec of the trace interval. On the first trial of

compound conditioning. Group 105E does show less sup-

pression than on the first trial of the last day of

tone pretraining. This loss in suppression on the

first trial is statistically significant as measured

by a paired t-test similar to that used in Experiment

2 (t=2.83, df=7, £<,05). In addition, as in Exper-

iments 1 and 2, suppression seems uniform throughout

the trace interval until the novel light (B) stimulus

is introduced at which point suppression becomes great-

er in the first 45 sec than in the last 60 sec. The
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Figure 11. Mean trial-by-trial suppression dur-

ing A-pretraining and AB-compound training for Group

105E of Experiment 3 with suppression ratios computed

separately for the first 45 sec and the last 60 sec

of the trace interval.
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interaction found in Experiment 1 (p 19) for the same

phase of training was not found in this third experi-

ment (F<1). Although the effect of introduction of

the light occurs only on the first trial of compound

conditioning in this third experiment, it probably

does reflect the same external inhibition effect seen

in the previous two experiments. It should be noted

that Group 105E in this study showed faster acquisi-

tion to both the tone alone in pretraining and to the

tone-light compound than any other group with the ex-

ception of the last day of compound training when

Group 62C showed slightly more suppression. This

probably accounts for the short life of the external

inhibition effect. This finding is discussed more

thoroughly below.

The data in Figure 12 are from the savings test

for conditioning to the target light (B) CS . On the

day of testing, both experimental groups show

less suppression to the light than their respective

controls, indicating the expected blocking effect

(F=6.10, df ::^1 , 28 . 2^.05). An analysis of variance

performed on the pre-CS rates found no significant

among-group differences in the baseline response rates.

The mean baseline response rates averaged over the six
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Figure 12. Daily mean suppression to the target

stimulus for all groups in Experiment 3.
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trials of the light savings test were 25.03, 24.38,

24.19, and 23.58 for Groups 62E/62C, 105E, and 105C

respectively

,

A significant effect of ISI was also found (F=

8.36, df =l,28, £<.01). However, this ISI effect was

in a direction opposite to what would have been expect

ed on the basis of the discrepancy model. That is,

since Group 105E showed slightly more suppression to

the tone in pretraining than did Group 62E, Group 62E

should have shown more suppression to the light in

testing than should Group 105E. In fact, no signifi-

cant effect of ISI was found in pretraining and so

the significant effect of ISI seen in the light sav-

ings test is difficult to interpret.

Close inspection of Figures 10 and 12 reveals

that, in every stage of training and testing. Group

105E suppressed more than any other group. For this

reason, the significant effect of ISI in the light sav

ings test should be dismissed. It seems that, due to

some sampling error, the rats in Group 105E of this

experiment v;ere more sensitive to all of the stimuli

presented.

The data from the extinction test for condition-

ing to the pretrained tone (A) shown in Figure 13
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Figure 13. Daily mean suppression to the pre-

trained (A) stimulus for all groups in Experiment 3.
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confirm this hypothesis. Once again. Group 105E
shows more suppression than any other group and shows
little evidence of extinction. As in Experiment 1

(p 24), there was not a significant difference in sup-
pression for experimental as compared to control groups
(F=2.42, df=l,28, p> .05). As discussed in Experiment

1, this result is not compatible with the discrepancy

model since a significant blocking effect ^.as found

during the light savings test in this third experi-

ment.

In summary, in Experiment 3, as in Experiment 1,

blocking was found with both serial and simultaneous

compounds in a trace conditioning procedure. In addi-

tion, in Experiment 3, while there was no effect of

ISI in A pretraining, nevertheless, a difference in

blocking for the two experimental groups was found.

This difference, however, seemed to be the result of

a sampling error. That is. Group 105E suppressed

more to the light in the test for conditioning to the

target (B) stimulus than did Group 62E, however, Group

105E also suppressed more to the A stimulus in pre-

training and to the AB stimulus in compound training.

Therefore, although Group 105E displayed more sup-

pression to the light in testing than did Group 62E
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as would be expected from the discrepancy model if

appropriate differences in conditioning to the A
stimulus had been found in pretraining, this result
was probably caused by the same factors which caused
Group 105E to suppress more to all the stimuli pre-
sented (i.e., to a sampling error).
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EXPERIMEirr 4

Experiment 4 replicated Experiment 3 with the
hope of avoiding a similar sampling error. The sub-
jects were similar to those of Experiment 3, and the

apparatus was unchanged. The procedures were the

same as those of Experiment 3 except that background
white noise was present continuously. This noise

raised the average sound level in the boxes from 71

to 82 dD (re 20/AN/m^).

Results and Discussion '

The results of tone (A) pretraining and tone-

light (AB) compound training appear in Figure 14.

The data to the left of the dotted line are from the

initial tone conditioning for the two experimental

groups. These results are in agreement with those of

Kamin (1965) and those of Experiment 2. That is, the

group with the shorter IS I (Group 62E) showed more

suppression to the tone than did the group with the

longer ISI (Group 105E) (F=11.69, df=l,14, £<,01).

The data to the right of the dotted line are from

compound tone-light (AB) conditioning for all groups.

Unlike Experiments 1 and 2, no significant effect of

49
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Figure 14. Daily mean suppression during A-pre-

training and AB-compound training for all groups in

Experiment 4,



DRY



51

ISI occurred in this phase (F--.2.30, df^l,28, £> .05).

In addition, the paradoxical effect of prctraining

noted in Experiment 1 (p 14) was not replicated here

iF<l). Indeed, the only significant effect found in

this phase of conditioning was the effect of trials

(F=18.59, df.-ll,308, 2<. 01), indicating the acquisi-

tion of suppression in all groups.

Note that, as in Experiments 1 and 2, Group 105E

shows less suppression to the tone-light compound on
s tthe 1 day of compound conditioning than to the tone

alone on the last day of tone (A) pretraining. Table

3 shows the suppression during the first 45 sec and

the last 60 sec for Group 105E and the suppression in

Group 62E for the last day of tone (A) pretraining
s tand the 1 day of tone-light (AD) compound train-

ing. As in Experiments 1 and 2, the loss in sup-

pression is seen only in the last 60 sec and does not

occur in Group 62E. A paired t-test was performed on

these data for Group 105E, and a significant loss in

suppression v;as found (t=2.83, df = 7. £<1.05). Figure

15 shows the trial-by-trial acquisition of suppres-

sion to the tone alone and the tone-light compound

in Group 105E. As in all three of the previous ex-

periments, suppression throughout the trace interval



Table 3

Kean suppression ratios for Groups 62E and 105E
of Experiment 4 on the last day of A-pretr aining
and the 1^ day of AB~compound training.

Day

Last day i^^ (3ay
Group of A-pretraining of AB-compound training

60 sec measure
105E .22 .37
62E .11 .09

105

45 sec measure

.20 .18
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Figure 15. Mean trial-by-trial suppression dur-

ing A-pretraining and AB-compound training for Group

105E of Experiment 4 with suppression ratios computed

separately for the first 45 sec and the last 60 sec

of the trace interval.
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seems to become less uniform when the novel light (B)

is introduced in compound training. As in Experiment

1, an analysis of variance was performed on the data

from the last day of tone pretraining and the 1^^ day

of compound training comparing suppression in the first

45 sec with suppression in the last 60 sec. A signifi-

cant interaction was found (F=25.14, df=l,7, £<.01).
Thus, Experiment 4 replicated the external inhibition

effect seen in the previous three experiments.

The data from the savings test for conditioning

to the target, light CS (B) appear in Figure 16. The

figure shows that initially the two experimental groups

exhibited less suppression to the light than did

their respective control groups (F=9.67, df=l .28^

£<.01), Thus, as in Experiments 1 and 3, blocking

did occur with both serial and simultaneous compounds

in a trace conditioning procedure. A separate analy-

sis of variance performed on the pre-CS rates re-

vealed no differences among groups in the rate of the

baseline response. The mean response rates per minute

for the light savings test were 24.45, 25.17, 20.87,

and 26.34 for Groups 62E, 62C, 105E, and 105C respec-

tively.

The effect of ISI during the light savings test
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Figure 16. Daily mean suppression to the target

stimulus for all groups in Experiment 4,
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was not significant (F=1.13, df=l,28, £>.05) even
thcugh a significant ISI effect was found in tone •

pretraining. Thus, the prediction from the discrep-
ancy model of conditioning, that an inverse relation-

ship should be observed between the amount of condi-

tioned strength accruing to the pretrained stimulus

and the amount of conditioned strength controlled by

the added stimulus, was not supported. Of course,

an argument could be made that the isis used were not

different enough, or that the differences in the a-

mount of conditioned strength accruing to the pre-

trained stimulus was not sufficient to cause a mea-

surable difference in the observed blocking effect.

It is hard, if not impossible, to adequately answer

such an argument; however, a criterion of a statis-

tically significant difference was used in these

studies and, if this is not sufficient, then it may

be that the model is at least not as sensitive to man-

ipulations of levels of conditioning in pretraining

as was previously thought.

The data from the extinction test for condition-

ing to the pretrained tone (A) stimulus appear in Fig-

ure 17. As in Experiments 1 and 3, the only signifi-

cant effect was the effect of trials (F=--8.61, df=5.140.
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Figure 17. Daily mean suppression to the pre-
trained (A) stimulus for all groups in Experiment 4.
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2<r.01), indicating the course of extinction in all
groups. AS discussed in Experiment 1 (p 24), the lack
Of a difference in suppression to the tone in the ex-
perimental vs. control groups is incompatible with
the discrepancy model. it is possible that, if the
tone extinction test had been administered before the
light savings test, such a difference would have been
Observed. That is, the order of testing may have had
an effect on the results of the test. This hypothesis
was tested in the fifth experiment reported here.

Taken together. Experiments 1 through 4 demon-

strated blocking in a trace conditioning procedure

with both simultaneous and serial compounds. However,

although a statistically significant difference in

pretraining to the tone (stimulus A) for groups con-

ditioned at different ISIs was obtained in Experiment

4, no difference in conditioning to the added (B)

light stimulus was found in testing for these same

groups. In addition, although a significant blocking

effect occurred in Experiments 1, 3, and 4 as measured

by a savings test for conditioning to the target

(light) CS, no differences were found to exist between

the experimental and control groups on a subsequent

test to the pretrained tone stimulus (A). Thus, an



59

inverse relationship was not found between condition-
ing to the two elements of the compound. it may be
that a difference in conditioning to the tone (A)
would have been observed if the tone extinction test
had preceded the light (B) savings test. This order
of testing effect was examined in Experiment 5.



CHAPTER VI

EXPERIMENT 5

Kxperi.ent 5 „a. designed to extend the empirical
findings Of Experiments 1 through 4 that blocking
occurs With Pavlovian forward trace conditioning pro-
cedures using simultaneous and serial compounds. i„
the first four experiments, the serial compound for
the experimental blocking group was always composed
Of the pretrained (A) stimulus followed by the novel
(B) stimulus. in Experiment 5, the added (B) stimulus
preceded the pretrained (A) stimulus in the serial
compound. The discrepancy model of conditioning makes
no prediction about how the order of presentation of
the elements of a compound might affect blocking.
The procedure in this experiment contains an embedded

second-order conditioning paradigm during the com-

pound conditioning phase. That is, during compound

conditioning, a novel stimulus is followed by a pre-

viously conditioned stimulus. Therefore, conditioning

to the novel (B) stimulus could occur as a result of

its forward pairing with the pretrained (A) stimulus .

rather than as a result of its direct association

with the US, This could lead to an attenuation or

60
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absence of the blocking effect.

A second purpose of this study was to discover
Whether a difference in conditioning between the ex-
perimental and control groups could be found in test-
ing the pretrained (A) stimulus if that test preceded
testing for conditioning to the added (B) stimulus.
So, for two groups, light (B) testing preceded tone
(A) testing as in Experiments 1 through 4, while the
order of testing was reversed for the other two groups.

Method

subjects and Apparatus. Thirty-two male albino rats
similar to those used in the previous four experiments
were maintained as before. The apparatus, CSs, and

US were unchanged.

Procedure .

Preliminary training and A-pretrainina . Prelim-

inary training proceeded as in Experiment 4. Follow-
ing this initial training, the rats were divided into

four groups of eight. These groups were designated

LTE, TLE, LTC, and TLC . Here, the first two letters

indicate the order in which the two stimuli, tone (T)

and light (L), were tested. The third letter indi-

cates whether the group was a blocking experimental
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(E) or control (c) group.

During A pretraining, the experimental groups
<^roups LTE and TLB, received four trials in each of
"ve daily 2-hr sessions uith the a-sec tone (stimulus
A) follov/ed 62 ser l-.Hr->. k, ^.vsec later by the shock US. The control
groups, GrouDs T.Tr -.t^/ips J.IC and TLC, received continued VI
training with no cs or US presentations.

iSz£°i2Eound training
. During AB training, all

groups received four trials in each of three daily
2-hr sessions with the 2-sec light (stimulus B) and
the 2-sec tone (stimulus A). For, all groups, the 2-
sec light occurred 105 sec before the onset of the
Shock US. While the 2-sec tone began 62 sec before the
onset Of the shock US. Two VI 2-min recovery sessions
followed AB conditioning similar to those described
in Experiments 2 through 4.

Testing . Following recovery. Groups LTE and

LTC- received 6 days of a savings test for conditioning
to the target (light) CS, B, followed by 6 days of

an extinction test for conditioning to the pretrain-
ed tone CS (A), In contrast. Groups TLE and TLC

received 6 days of the extinction test for condition-

ing to the pretrained tone CS (A) followed by 6 days

of the savings test for conditioning to the target
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light C.S,B,. nurin, the sovincs test, all ,rc.p3
received one trial each day with the 2-sec light
followed 105 sec later by the shoe. us. The tone ex-
tinction test trials were identical to those described
in Experiments 2 through 4. Annau- Ka.in suppression
ratios were computed for all training and test trials.

Results and Discussion

The results from A-pre training and AB-compound
training appear in Figure 18. The data to the left
Of the dotted line are from tone (A) pretraining.
The only significant effects were a trials effect
(F=7.73, df=19,266, £<.01) and a group x trials in-

teraction (F = 1.90, df=19,266, H<.05). The group x
trials interaction probably reflects the difference

between groups on Days 3 and 4, however, no signifi-

cant overall effect of groups was found (F<1) .

The data from AB-compound conditioning are shown
to the right of the dotted line in Figure 18. The dif-

ference between the experimental and control groups

was significant (F=13.16, df=l,28, 2<.01) as was the

effect of trials (F=11.83, df=ll,308, 2<.01). The

difference betv;een the experimental and control groups

reflects the fact that the experimental groups were
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Figure 18. Daily mean suppression during A-pre-
training and AB-compound training for all groups in

Experiment 5.
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already suppressing at the start in^ i-ut, srart of AB-corapound
training while tho <-r.7^^->-^^the control groups acquired suppression.
A significant groun v i--ri-.ioyroup X trials efiect supports this
statement (F=9.24, df.11,308, h<.01). .ote that no
external inhibition effect is evident in this experi-
ment. This is probably a result of the fact that, in
this experiment, the novel (B) stimulus occurred be-
fore the pretrained (A) stimulus rather than after it
as in the preceding studies.

Figure 19 shows the trial-by-trial acquisition
of suppression to the compound (tone-light) averaged
for the two experimental and two control groups. m
this case, a suppression ratio has been computed for
both the first 45 sec and the last 60 sec of the

trace interval. Note that the experimental groups

show strong suppression to the pretrained tone on the

first few trials but very little suppression to the

novel light. The control groups, on the other hand,

show little suppression to either stimulus at first.

Over the course of conditioning, the acquisition to

the light is retarded in the experimental groups as

compared to the control groups. This is, in effect,

a demonstration of blocking in progress, a demonstra-

tion made possible by the use of a serial compound.
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Figure 19. Moan trial-by-trial suppression dur-
ing AB-compound training averaged for the two experi-
mental groups and the two control groups with suppres-
sion ratios computed separately for the first 45 sec
and the last 60 sec of the trace interval.
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Although conditxoning to the light (B) stimulus
was Clearly retarded in the experimental groups. Fig-
ure 19 suggests, nevertheless, that the light (B) stim-
ulus did gradually acquire a moderate level of condi-
tioned strength over trials. This impression was
supported by a one-way analysis of variance conducted
on the data of only the experimental groups. m this
analysis, the only factor was trials, and this effect
was significant (F=4.74, d^.ll, 165, £<.01). This
finding is theoretically important. It could reflect
the growth of excitation to B based on its forward
pairing with A (i.e., second-order conditioning), or
it could reflect a growth of excitation to B based on

its fcri/ard pairing with the shock US. if it reflects

the latter, it argues against a theoretical proposal

by Mackintosh (1975a, 1975b). Mackintosh has argued

that no blocking occurs on the first compound trial

but that on subsequent trials the animal "learns to

ignore" the added B stimulus. In the usual blocking

procedure in which A and B are simultaneously com-

pounded. Mackintosh's proposal is untestable because

attention to B cannot be separated from attention to

A. In the present experiment, where it is_ possible

to separate attention to A and B, the experimental
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rats did not appear to be "learning to ignore" the B
Stimulus.

The data fro. the savings tost for conditioning
to the target light CS (b) for all groups are shown
in Figure 20. a surprising result occurred on the
first trial for the two groups given tone extinction
trials prior to the savings test for conditioning to
the light (B) stimulus (Groups TLE and TLC). For
these two groups, no blocking occurred on the first
trial, largely because Group TLC failed to suppress
to the light. Table 4 provides a more detailed analy-
sis of the data; it shows that the rats in Group TLC
exhibited suppression for the first 45 sec after the
light and that only in the last 60 sec, the interval
that had followed the tone during compound condition-

ing, did they cease suppressing, a loss in suppression
in this same interval also occurred in Group LTC but
to a much lesser extent. Thus, the extinction of the

tone (A) prior to light (B) testing may have influenced

the suppression seen in the last 60 sec of the light

savings test.

One explanation of this loss in suppression is

that it reflects a generalization of extinction from

the tone to the light. However, if generalized ex-
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Figure 20. Daily mean suppression to the target
(B) stimulus for all groups in Experiment 5.
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Table 4
Kea ppression ratios .or Groups LTK, T.n. .TC, a.dTLC Of Experx.ent 5 on the 1^* oay of light (B, ;ost.

I'easure
Group 45 sec 60 sec

.35 .38

TLC .21

.14

.47
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txnction occurrea. v,as it U.ited to the last 60
sec Of the trace interval, A second explanation „icjht
be that the stimulus conditions in testing (single
stimulus presentations) differed fron those of the
in,mediately preceding training (compound stimulus
presentations), resulting in a loss of excitation in
testing (generalisation decrement). if this were the
case, then a similar loss should have occurred in
croup I,TC. Although a loss in suppression in the last
60 sec did occur in this group, it was not as large as
that seen in Group TLC. a third explanation might be
that the cue of the light plus a temporal cue (45 sec)
in some manner evoked a representation of the tone
from memory (Wagner, 1976) and that, since condition-
ing to the tone had previously been extinguished, a

loss in suppression occurred when the tone repre-
sentation was retrieved. A choice between these al-
ternative explanations is not possible without fur-
ther research.

Despite the surprising results obtained on the

first trial, the data of Figure 20 do show an overall

bloclcing effect. This effect was statistically signi-

ficant (F=6.17, df=l,28, E<.05). Thus, blocking oc-

curred in this experiment despite the presence of an
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embedded second-order conditioning paradigm. m add-
ition, a significant trial effect was found (F=21.79,
df =5,l40, £<.oi), indicating the acquisition of sup-'
pression in all groups.

An analysis of variance was performed on the pre-
CS rates from the light savings test. No among-group
differences were found in the baseline response rates.
The response rates per minute for the four groups
were 23.87, 26.90, 20.70, and 33.83 for Groups LTE,
LTC, TLE, and TLC respectively.

The data shown in Figure 21 are from the extinc-
tion test for conditioning to the pretrained tone
(stimulus A). NO differences among groups were found
(F=1.36, df=l,28, £> .05). So, even when the pre-
trained (A) tone stimulus was tested before the added
(B) light stimulus, no measurable differences in sup-

pression to the tone were found. This was true even

though differences among groups were found in suppres-
sion to the added (B) light stimulus. These results

confirm the findings of Experiments 1 through 4 and

show that they were not due to the order in which the

components of the compound were tested. Once again,

these results present problems for the discrepancy

model which predicts that a difference in condition-
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Figure 21. Daily mean suppression to the pre-
trained (A) stimulus for all groups in Experiment 5.



DRY



74

ing to one element of the compound should cause a
difference in conditioning to the other element.

In summary, in Experiment 5 it was found that,
despite the presence of an embedded second-order
conditioning paradigm in compound conditioning, very
little conditioning occurred to the added (b) stimulus
in the experimental groups. However, a detailed an-
alysis Of the results of compound conditioning, shown
in Figure 19, suggests that the experimental groups
were acquiring some suppression to the added (B) stim-
ulus. If compound conditioning had been continued
for a longer period, then perhaps an attenuated block-
ing effect might have been found. in addition, it
was found that the order in which the components of
the compound were tested did not affect the results

of the test for conditioning to the pretrained (A)

stimulus. However, the order of testing did seem to

have a strange effect on the results of the test for

conditioning to the target (B) stimulus. That is,

those groups that received extinction trials with the

pretrained (A) stimulus before testing for condition-

ing to the target (B) stimulus did not show a block-

ing effect on the first trial of the test for condi-

tioning to B. This occurred largely because the
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control group (Group TLC) showed very little condi.
tioning to the target (B) stimulus, especially in
the last 60 sec of the trace interval.



CHAPTER VII

GENERAL DISCUSSION

Previous research on blocking has typically in-
volved the use Of forward delay conditioning proced-
ures and simultaneous compounds. The experiments
reported here have extended the generality of the
blocking phenomenon to trace conditioning procedures
and serial compounds. Specifically, three different
types Of compounds were studied; serial compounds in
Which stimulus A preceded stimulus B, serial compounds
in which stimulus B preceded stimulus A, and simultan-
eous compounds in which A and B occurred simultaneous-
ly. Blocking was observed regardless of the type of
compound used.

While indicating that the blocking phenomenon is

indeed general, however, the studies found no support
for some predictions from the discrepancy model of

conditioning (Rescorla & Wagner, 1972). Specifically,

in Experiment 4, although different levels of condi-

tioning to the pretrained (a) stimulus were found in

the experimental groups, no differences in condition-

ing to the added (B) stimulus were found for these

same groups in testing. in addition, in Experiments

76
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1, 4, and 5, although a difference existed in the
conditioning exhibited to the added ,B, stimulus for
the experimental as compared to the control groups
(i. e., blocking occurred), when the pretrained (A)
stimulus was tested, no difference in conditioning to
A between these sane groups was found. Thus, an in-
verse relationship between conditioning to the two
elements of the compound was not found. Conditioning
to the pretrained (A) stimulus has rarely been assess-
ed in testing. However ^-wr^ ^-p *.x.y. nowever, two of these rare assessments
(Cheatle & Rudy, 1978; Vom Saal & Jenkins, 1970) also
found no evidence of such an inverse relationship.
These findings are hard to reconcile with the discrep-
ancy model of conditioning.

The failure of the present series of experiments
to find support for the inverse hypothesis can be ex-
plained by the discrepancy model if differences in

salience between stimulus A and B existed. As dis-
cussed on pages 22 through 24, if a and B are equal in

salience then, in the control groups of a blocking

procedure, V^^V^^'X /2 at the end of compound condi-

tioning. However, if stimulus A is more salient than

stimulus B, then, for the control groups, V > V orA B
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^A>A/2 at the end of compound conditioning. For the
experimental groups, v^.^ and V^^O regardless of the
salience of A and B. Therefore, if stimulus A is

more salient than stimulus B, the difference in

for the experimental and control groups is less than
if stimulus A and B were of equal salience. Further-
more, the greater the differences in the salience of
A and D, the less will be the difference between the

experimental and control groups with respect to con-

ditioning to A. In order to test this hypothesis, a

study could be run in the same laboratory where the

less salient stimulus (light) serves as A and the more

salient stimulus (tone) serves as B. This could cause

both an enhanced blocking effect and an enhanced dif-

ference between the experimental and control groups

in tests for conditioning to the A stimulus.

The fifth experiment reported here showed that

blocking could occur even when the serial compound

used involved an embedded second-order conditioning

paradigm. Shortly after Experiment 5 was completed,

a similar study was reported by Cheatle and Rudy

(1978). Their results confirmed the results of Ex-

periment 5 with a vastly different procedure, odor-

aversion in neonatal rats. However, perhaps the more
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interesting aspect of the cheatlo and Rudy study was
that they found a bloching effect using only one com-
pound trial. This result argues strongly against the
notion of Mackintosh (1975a, 1975b) that no blocking
occurs on the first trial of compound conditioning.
In addition, as discussed on page 65, Experiment 5

showed that conditioning to the added stimulus (B)

increased across trials during compound conditioning
in the experimental groups. This result argues against
Mackintosh's notion that subjects "learn to ignore"

the added stimulus (B) after the first compound trial.

Previous evidence used to support Mackintosh's posi-

tion came from studies involving simultaneous com-

pounds. The evidence from Experiment 5 here in con-

junction with the results of Cheatle and Rudy (1978)

suggest that Mackintosh's observations cannot be ex-

tended to certain types of preparations and compounds.

The increase in conditioning to the added (B)

stimulus during compound (AB) conditioning that occur-

red in Experiment 5 (Figure 19) could be a result of

either first-order or second-order conditioning. The

data of Cheatlo and Rudy suggest that second-order

conditioning does not occur when a serial compound

of this type is followed closely in time by a US

.
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They directly compared groups for which a serial com-
pound was followed iranediately by the US, followed by
the US only after a long time interval, or not fol-
lowed by the US at all. They found that when the US
occurred shortly after the compound, blocking occurred.
While, if no US occurred or the US occurred long after
the compound, second-order conditioning was observed.
They concluded that the presence of the US shortly
after the compound disrupts rehearsal of the second-
order association of the two elements of the compound.
However, since Cheatle and Rudy used a preparation
where only one trial of compound conditioning occurred,
the possibility remains that second-order condition-

ing was not eliminated but only retarded in their

blocking group. Thus, the increase in conditioning

to the added B stimulus seen in Experiment 5 could be

a result of retarded second-order conditioning. Al-

ternatively, the possibility of first-order condi-

tioning can not be ruled out. A choice between these

two alternatives is not possible without further re-

search.

Another unexpected finding of Experiment 5 was

the lack of suppression shown by Group TLC in testing

for conditioning to the added stimulus (B). Again,



81

a complete explanation of the result is not pc.i.ie
Without further research, however, the result see.s
best explained by so.e of the information processing
notions of Wagner ,1976,. According to v;agner once
conditioning has occurred, when a conditioned excitor
IS presented, a representation of the US associated
with it is retrieved from memory. In this case, the
argument would be that, in testing for conditioning
to the added stimulus ,B), the cue of the light plus
some temporal cue (43 sec) caused the retrieval from
memory of the tone representation, since the tone
was previously extinguished for Group TLC, no US (or
at most, a degraded US) representation was associated
with it and, therefore, suppression was alleviated.

In summary, this series of experiments answered
most of the questions that it was designed to answer.
That is, blocking can occur in trace conditioning

procedures with serial as well as simultaneous com-
pounds, apparently regardless of the order of pre-

sentation of the elements of the compound. In addi-

tion, these experiments raised some questions about

the sensitivity of the discrepancy model with respect

to manipulations of the strength of conditioning of

the pretrained (A) stirul s in blocking procedures;
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and some of tho ro<:iii4-^ •. -,t:ne results could not be adequately ex-
plained by the model. Several of ^-koeveral of the unexpected out-
comes of theSF> c;f-i,^-;,,^rnese studies suggest future research.
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Appendix

Tables 5^-107,

These tables display tho data fro™ Experiments
1, 2, 3, and 4. Tables 5-9, 30-37, 58-62, and 83-87
show the suppression ratios, pre-CS response rates
and during-cs response rates for each subject on elch
trial of A-pretraining (stage 1). Tables 10-17, 38-45,
63-70, and 88-95 show the suppression ratios, pre-CS
response rates, and during-cs response rates for each
subject on each trial of AB-compound training (stage
2). Tables 18-23, 46-51, 71-76, and 96-101 display
the suppression ratios, pre-CS response rates, and
during-cs response rates for each subject on each
trial of the test for conditioning to the target light
(B) stimulus (stage 3). Tables 24-29, 52-57, 77-82
and 102-107 show the suppression ratios, pre-CS
response rates, and during-CS response rates for each
subject on each trial of the test for conditioning to
the pretrained tone (A) stimulus (Stage 4).

Tables 108-136 .

These tables display the data from Experiment 5.

Tables 108-110 show the suppression ratios, pre-CS

response rates, and during-CS response rates for each

subject on each trial of A-pretraining (Stage 1).
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Tables 111-120 show the suppression ratios, pre-CS
response rates, and during-cs response rates for each
subject on each trial of AD-conpound training (stage

2). Tables 121-no show the suppression ratios, pre-
CS response rates, and during-cs response rates 'for
each subject on each trial of the test for condition-
ing to the target light (B) stimulus (stage 3 for
Groups LTE and LTC, and stage 4 fcr Groups TLE and
TLC). Tables 131-136 show the suppression ratios,
pre-CS response rates, and during-CS reponse rates
for each subject on each trial of the test for condi-
tioning to the pretrained tone (A) stimulus (Stage 4
for Groups LTE and LTC. and Stage 3 for Groups TLE and
TLC).
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62E3

62E4

Table 18

STAGE 3: STUDY 1 SUPPRESSION RATIO
i ^ TRIAL

SUBJECT ^ ^ 5 6

.00 ,03 ,49 ,28 ,24 ,20
^2E2 ,51 ,25 ,48 ,56 ,70

42 ,43 ,49 ,25

40 ,39 ,49 ,50 ,16 ,0

-^2^5 ,49 ,37 ,57 ,40 ,31

62E6 ,08 ,73 ,00 ,00 ,00

62E7 ,49
.^^ .^^

*45 ,33 ,53 ,40 ,45 ,16

00 ,06 ,05 ,07 ,00 ,00

56 ,05 ,00 ,00 ,00 ,00

46 ,16 ,09 ,00 ,18 ,09

62C4 ,03 ,00 ,07 ,03 ,03 ,03

62C5 ,44 ,45 .52 ,48 ,36 .23

49 .25 .53 .33 .34 ,33

10 .20 .50 .00 .00 .00

14 .08 ,13 .00 .00 ,00

62E8

62C1

62C2

62C3

62C6

62C7

62C8

51

14 ,00

.05

22

00

14



104

Table 19

1 o , T^^'^L
SUBJECT '-'^45^

o-it 1 86. 103. 105. 154. 153. 212.

26. 27. 29. 40. 33. 38.
O al. C. O 41 43. 40. 53. 37. 31.
62E4 77. 56

.

65. 56. 61. 56.
62E5 86. 78. 107. 127. 98. 107.
^ *- L—O 35. 10. 0. 42. 41. 63.

35. 9. 3. 17. 19. 19.

62E8 54. 42. 57. 58. 58. 48.

62C1 116. 45. 115. 154. 113. 139.

62C2 47. 57. 52. 53. 56

.

25.

62C3 42. 32. 30. 33. 41. 29.

62C4 103. 8. 84. 95. 84. 101.

62C5 174. 249. 253. 228. 210. 154.

62C6 28. 36. 35. 31. 35. 24.

62C7 54. 73. 42. 38. 56

.

50.

62C8 38. 37. 42. 54. 58. 67.
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Table 20

SUBJECT
1 2 3 4 5 6

62E1 0. 1 34. 20. 16. 18.
62E2 9. 3. 9, 17. 26. 13.
62E3 10. 11

.

13. 6 • ^. . 0.
62E4 17. 12. 21 19. 4. 1.
62E5 27, 15. 48. 28

.

15. 10.
62E6 1. 9. 0. 0 . 0. 0.
62E7 11. 4. 0. 1 . 1

.

1

.

62E8 15. 7. 21. 13. 16. 3.
62C1 0. 1. 2. 4. 0. 0.

62C2 20. 1. 0. 0. 0. 0.
62C3 12. 2. 1. 0. 3. 1.

62C4 1. 0. 2. 1. 1. 1.

62C5 46. 69. 90. 69. 40. 15.

62C6 9. 4. 13. 5. 6. 4.

62C7 2. 6. 14. 0. 0. 0.

62C8 2* 1. 2. 0. 0* 0.
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SUBJECT

105E1

105E2

105E3

105E4

105E5

105E6

105E7

105E8

105C1

105C2

105C3

105C4

105C5

105C6

105C7

105C8

STAGE 3: STUDY 1 SUPPRESSION RATIO
, ^ TRIAL^2 3 4 5 6

48

.38

43

44

47

51

.49

56

.23

.06

.29

.44

.49

.08

00

.46

.30

*41

.22

.43

.61

30

46

.51

.06

.00

.34

.36

.33

.00

.00

.18

.10

.42

. 53

.45

.50

.27

.18

.55

.03

00

.00

.12

.38

.12

.00

06

.24

.47

13

.59

.50

.36

.51

.33

.00

.19

.11

.27

.49

.00

.00

.05

.15

.14

.00

.49

.07

.33

.28

00

06

06

04

.08

.19

11

20

.17

.11

03

00

36

.33

31

.07

.13

35

.20

34

.21

.32

.13

.00

.00
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Table 22

STAGE 3: STUDY 1 PRE-CS RATE FOR 3 MIN

SUBJECT
1 2 3 4 5 6

105E1 92. 97. 104. 85

.

85. 93,

105E2 92. 104. 151. 83. 142. 113.

105E3 76. 84. 93. 79. 73. 77.

105E4 54. 69. 73. 41. 53. 49.

105E5 117. 128. 153. 125. 187. 180.

105E6 65. 57. 56

.

49. 56. 66.

105E7 79. 67. 69. 81. 91. 39.

105E8 43. 47. 42. 37. 36. 42 .

105C1 70. 92. 92. 113. 87. 77.

105C2 45. 47. 67. 64. 45. 36.

105C3 59. 57. 68. 95. 66. 82.

105C4 147. 101. 107. 95. 100. 69.

105C5 65

.

80. 88. 89. 62. 71.

105C6 103. 83. 112. 92. 94. 101.

105C7 63. 15. 37. 80. 36. 47.

105C8 35. 53. 50. 59. 75. 60.
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Tatle 23

STAG. 3: STUr,V 1„ ,,,, ^

SUBJECT . 3 4 5 6

105E1 28.

105E2 19.

105E3

105E4 14,

105E5 34,

105E6 23.

105E7 25.

105E8 18.

105C1 7.

105C2 1. o A^* 0» 0. 5. 1. 3.

^05C3 8. 10. 0. 4. 1, 14,

105C4 39. 19. 5. 12. 3. 6.

105C5 21. 13. 18. 28. 5,

^OSC^ 3. 0. 5. 0. 4. 5.

'"^^^ 0- 0. 0. 0. 3. 0.

14. 4. 9. 5. 4.

24. 37. 25. 8. 1.

8. 35. 4. 0. 0.

17. 20. 20. 17. 9.

67. 50. 41. 5. 30.

8. 7. 9. 9. 10.

19. 5. 28. 12. 1.

16. 17. 6. 0. 2.

2. 1. 0. 2. 14.

105C8 10. 4. 1» 5. 0.



Tatle 2k

STAGE a: study 1 SUPPRESSION RATIO
1 , TRIAL

SUBJECT •=3456
62E1

62E2

62E3

62E4

62E5

62E6

62E7

62E8

62C1

62C2

62C3

62C4

62C5

62C6

62C7

62C8

.22 .11 .25 29 32 59

.58 53 .46 39 50 38

00 .07 .29 18 32 35

06 00 .11 14 .12 25

00 13 .15 18 .18 .38

.00 .00 .04 00 .00 23

00 00 00 00 00 00

.18 .00 00 00 12 42

02 .29 00 01 26 35

00 00 00 00 .00 .00

00 00 00 09 .00 .15

.00 00 08 26 .48 .50

.00 00 19 .35 .29 .23

.09 15 43 .21 .31 .20

.00 00 07 .06 .02 .19

.00 00 00 .00 .00 .25
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Table 25

STAGE a: study 1 PRP-ro cat,- r-^J. f-Kh-CS RATE FOR 3 hIN
1 ^ TRIAL

SUBJECT '^345^
o.i.t 1 208

»

258. 227. 202. 187. 140.
w c ai 26, 29. 43. 23. 24. 10.
62E3 41 38. 37. 42. 38. 45.
f »- C *T 45» 49. 51. 37. 46. 54.

124» 126. 122. 147. 111. 90.
62E6 59. 49. 69. 58. 52. 51.

0<;t / 13* 20. r>r> 24. 25. 35.
62E8 53. 65. 46. 39. 68. 42.
62Ci 140. 133. 161. 219. 170. 185.

62C2 62. 52. 64. 24. 42. 49.

62C3 42. 30. 28. 31

.

•^s«j

.

35.

62C4 92. 97. 109. 96. 89. 83.

62C5 210. 172. 294. 253. 240. 193.

62C6 29. 33. 36. 44. 33. 36.

62C7 42. 53. 42. 93. 132. 128.

62C8 50. 48. 52. 55. 69. 62.
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Table 26

4: STUDY 1 DURING CS RATE FOR 1

SUBJECT
1 3

TRIAL
4 5 6

62E1 19. 11. 25. on 29 68.

62E2 12. 11. 12. O * 8* 2.

62E3 0» 1. 5. 3. zo • 8*

62E4 1. 0. 2. 2* 6*

62E5 0. 6* 7. X J. .
QO . I84

62E6 0, 0. 1. 0* V t 5,

62E7 0* 0. 0* U « 0* 0.

62E8 4* 0. 0* 0. 3. 10.

62C1 1, 18. 0. 1

.

20. 33.

62C2 0* 0. 0. 0. 0. 0.

62C3 0. 0. 0» 1. 0. 2.

62C4 0« 0. 3. 11. 27. 28.

62C5 0. 0. 23. 45. 32. 19.

62C6 1. 2. 9. 4. 5. 3.

62C7 0. 1. 2. 1. 10.

62C8 0. 0. 0. 0. 0. 7.



Table 27

STAGE 4; .STUDY 1

SUBJECT
1 3

105E1 02 X »50

105E2 28 ^0

105E3 00 w
105E4 06 « 27 AO

105E5 00 . 04 J. •*»

105E6 00 23

105E7 27 32 08

105E8* vr w L«. \J 00 00 00

105C1 13 05 46

105C2 04 04 05

105C3 13 19 32

105CA 12 27 43

105C5 03 22 10

105C6 06 00 07

105C7 11 00 .03

105C8 07 15 49

SUPPRESSION RATIO
TRIAL
4 5 6

40 46 .19

00 .36 .36

00 00 .00

42 34 .39

26 39 28

37 26 21

37 58

00 00 00

51 43 39

04 .00 00

11 02 37
*

45 24 53

12 29 40

00 12 34

17 27 40

12 45 56
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Table 28

STAGE 4: STUDY 1 PRE-CS RATE FOR 3 MIN
TRIAL

SUBJECT ^23456
105E1

105E2

105E3

105E4

105E5

105E6

105E7

105E8

105C1

105C2

105C3

105C4

105C5

105C6

105C7

105C8

132. 91. 105. 129. 93. 155.

69. 95. 106. 72. 101. 76.

66. 78. 65. 86. 69. 57,

50. 40. 29. 42. 47. 43.

174. 210. 146. 161. 207. 193.

67. 92. 64. 76. 67. 77.

65. 51. 65. 68. 126. 116.

41. 38. 49. 42. 40. 48.

98. 107. 92. 95. 103. 104.

64. 78. 63. 64. 61. 56.

60. 105. 76. 95. 156. 104.

88. 91. 73. 91. 96. 97.

92. 76. 78. 67. 94. 85.

136. 117. 119. 109. 106. 95.

72. 72. 84. 74. 88. 105.

81. 70. 57. 66. 59. 47.
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Table 29

SUBJECT

STAGE 41 STUDY 1 DURING CS RATE FOR 1
TRIAL ^^2 3 4 5 6

I- u^t. 1 1

»

4. 15.^ 29. 26. 12.

9» 12, 14* 0. 19. 14.

0* 0» 0* 0* 0. 0.

« VvJC.*f 1 * 5. 9, 10. 8. 9.

I V/vJC.vJ 0/ 3> 8. 19. 45. 25.
1 n'=:c"zI k^xjh 6 0. ? 6, 15. 8. 7.

105E7 8, 8, 15. 25. 53.

105E8 0. 0, 0, 0. 0. 0.

105C1 5. o
<b. * 26. 33. 26. 22.

105C2 1. 1« 1, 1« 0. 0.

105C3 3« 8. 12. 4. 1. 20.

105C4 4, 11, 18. 25. 10. 36.

105C5 1. ? 3. 3. 13. 19.

105C6 3, 0, 3. 0. 5. 16.

105C7 3, 0. 1

.

5. 11. 23.

105C8 2* 4. 18. 3. 16. 20.
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Table kS

STAGE 3: STUrv 2 SUPPRESSION RATIO

1 3 4 5 o

.46 .00 48 .07 . 12 .00

39 20 52 .10 .00 .00
o <- c o

. 35 49 38 .49 . 10 04
O ^ C *T

. 50 07 50 .06 .39 . 14

32 25 40 .44 .38 .57

63 51 48 .46 48 .40
^ «~c / 22 66 51 . 19 .00 .26

62E8 00 .50 55 .81 51 .52

105E1 00 11 14 .26 . 15 .52

105E2 31 .00 00 .00 00 .00

105E3 19 . 04 35 . 16 24 . 19

105E4 06 .00 07 .00 03 .00

105E5 51 51 38 .33 09 .04

105E6 56 52 49 .38 35 .16

105E7
. ^24 05 18 .00 .03 00

105E8 .51 45 .44 .17 .46 .55



Table kj

3
J
STUDY 2 PRE-CS RATE FOR 3

SUBJECT
1 n

Am 3
TRIAL
4 5 6

62E1 64, 41. 36. 41. 69. 43.
62E2 172» 123. 75. 56* 85. 140.

62E3 51, 50. 77. 53. 77. 73.

62E4 33, 41. 53. A A44. 46. 57.

62E5 25* 80. 73. AOOO 64

.

108.

62E6 27, 47. 42. \J . 32. 49.

62E7 21, 11. 17. 13. 25. 25.

62E8 29, 21

.

25. 5. 38. 41

.

105E1 39 25. 36. 34. 34. 31.

105E2 105. 105. 60. 66. 83. 89.

105E3 64* 73. 39. 31. 66. 65.

105E4 94. 124. 156. 93. 89. 170.

105E5 47. 60. 72. 74. 88. 78*

105E6 107. 118. 135. 122. 193. 126.

105E7 74. 104. 108. 85. 93. 87.

105E8 67. 59. 68. 72. 70. 78.
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Table kQ

STAGE 3: STUDY 2 DURING CS RATE FOR 1 „IN
^ _ ' TRIAL

ououtu r

1 2 3 4 5 o

18, 0. 11. 1. 3. 0.
w *^C *!. 37. 10. 27. 0. 0.

w A. L_ x3 ? 16. 16. 17. 3. 1.

11 • 1. 18* 1. 10. 3.

O Cl ij 4. 9. 16. 18. 13. 48.

O oi. c o 15* 16* 13. 7. 10. 11.

w *_ I— / 2* 7* 6. 01. 0. 3.
/ '-^ r— f-\

0. 7. 10. 7. 13. 15.

105E1 0. 1* 2. 4. n
. 11.

105E2 0. 0. 0. 0. 0.

105E3 5* 1. 7* 2. 7. 5*

105E4 2* 0* 4. 0* 1. 0.

105E5 16. 21 . 15. 12. 3. 1.

105E6 45. 42. 43. 25. 35. 8.

105E7 8* 2. 8. 0. 1. 0.

105E8 23. 16. 18. 5. 20. 32.



Table k9

STAGE 3: STUDY 2

SUBJECT
1X 3

135E1 .19 .13 .41

135E2 .00 .00 .00

135E3 .00 . 10 .06

135E4 .45 .23 .41

135E5 .20 .00 .34

135E6 54 40 .53

135E7 .58 .26 67

135E8 .48 40 .50

SUPPRESSION RATIO
TRIAL
4 5 6

.36 .22 .29

.00 .00 .00

.00 .00 00

.00 .39 36

30 .00 13

.43 .54 .50

33 14 74

.37 .49 64
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Table 50

STAGE 3: STUDY prt ro oa-,-,-<:>iuui ^ FRE-CS RATE FOR 3 MIN
TRIAL

SUBJECT
1 2 3 4 5 6

135E1 50. 82. 36. 54. 54. 45.
135E2 53 * 59. 67. 52. 65. 40.
135E3 44. 27. 48. 61. 45. 26

.

135E4 36. 20. 26. 22

.

23. 27.

135E5 12. 14. 23. 14. 17. 41

.

135E6 49. 80. 62. 67. 53. 54.

135E7 15. 17. 29. 18. 18. 16.

135E8 33. 53

.

57. 46. 47. 20.
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Table 51

3: STUDY 2 DURING CS RATE FOR l

SUBJECT
1 2 3 4 «:;

1j 6

135E1 4. 4, 20 10. 5. 6.

135E2 0* 0, 0. 0, 0, 0.

135E3 © 1* 1. 0. .0. 0*

135E4 10, 2* 6« 0. 5. 5.

135E5 1. 0. 4. 2» 0. 2.

135E6 19* 18, 23, 17, 21. 18,

135E7 7. 20. 3, 1

,

15.

135E8 10, 12. 19, 9, 15. 12.
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Table 52

4: STUDY 2 SUPPRESSION RATI

SUBJECT
1 2 3

TRIAL
4 5 6

62E1 .00 00 00 00 00 oo

62E2 .00 00 00 00 00

62E3 .00 00 00 04 00 . 1 0

62E4 .00 .00 .00 11 00 21

62E5 .04 .00 .00 00 07 06

62E6 .39 .00 .00 00 27 29

62E7 .00 .00 .00 08 00 24

62E8 15 .00 21 11 17 yjyj

105E1 40 .00 00 00 15 26

105E2 .00 00 00 00 00 00

105E3 .21 14 19 08 51 20

105E4 .05 .00 .00 .12 24 .19

105E5 .13 .04 14 . 15 50 46

105E6 09 00 08 28 .22 26

105E7 09 00 19 05 .35 07

105E8 00 00 00 15 00 32
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Table 53

4: STUDY 2 PRE-CS RATE FOR 3

jUBJECT
1 2 3

TRIAL
4 5 6

62E1 45. 46. 27. 44. 35

.

35.

62E2 81. 60. 28. 93. 68. 58.

62E3 33. 68. 59. 81

.

44. 56.

<42E4 36. 41. 30. 47. 43. 57.

62E5 82. 127. 124. 73. 85. 92.

62E6 33. 69. 46. 38. 33^ 51.

62E7 16. 44. 38. 35. 38. 38.

62E8 17, 32. 23. 24. 29. ~Z A

105E1 27. 34. nn 24. 34. 26.

105E2 131

.

96. 71

.

81

.

40. 42.

105E3 56. 74. 62. 66. 49. 74,

105E4 111. 101. 127. 111. 94. 113.

105E5 81. 71

.

72. 51. 51. 79.

105E6 159. 121. 133. 133. 128. 151,

105E7 60. 57. 13. 54. 45. 86.

105E8 59. 63. 44. 51. 32. 51.
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Table 5)1

4: STUDY 2 DURING CS RATE FOR 1

SUBJECT
1 9 3

TRIAL
4 5 6

62E1 0, 0, 0. 0. 0. 0

.

V

62E2 0. 0, 0, 0. 0. 0 .

62E3 0, 0» 0, 1

.

0. 2

.

62E4 0. 0, 0, n
•1. * 0.

62E5 . 1* 0. 0. 0, 2. 2,

62E6 7. 0, 0. 0, 4. 7.

62E7 0. 0, 0. 1

.

0. 4.

62E8 ! 0, 0 -
«^ • 1. 2. 1X .

105E1 6. 0* 0, 0. * 3.

105E2 0. 0. 0, 0* 0.

105E3 5. 4. 5. ti. * 17. 6.

105E4 2, 0. 0. 5. 10. 9.

105E5 4. 1* 4, 3, 17. 22.

105E6 5. 0. 4« 17. 12. 18.

105E7 2. 0. 1. ! 8. 2.

105E8 0* 0* 0. 3» 0. 8«



Ta"bl9 55

STAGE 4: STUDY 2

SUBJECT
1 2 3

135E1 42 63 37

135E2 00 25 00

135E3 00 07 .15

135E4 33 31 30

135E5 .49 62 44

135E6 .51 .51 50

135E7 .44 26 48

135E8 23 05 00

SUPPRESSION RATI

4 5 6

51 .59 41

14 37 00

00 .00 00

.30 16 20

43 57 48

49 62 39

48 14 29

.00 00 00
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Table 56

4: STUDY 2 PRE-CS RATE FOR 3

SUBJECT
1 2 3

TRIAL
4 5 6

135E1 66. 23. 36. 41 . 41

.

34.

135E2 56. 36. 53. 55. 56. 52.

135E3 47* 43. 35. 38. 74. 63.

135E4 IS, 20. 21

.

28. 16. 24.

135E5 22 * 28. 30. 36. 20. 36.

135E6 49, 47. 36. 34. 22. 23.

135E7 15. 17. 13. 16. 19. 15.

135E8 49. c-er 67. 50. 48. 51.
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Table 57

4: STUDY 2 DURING CS RATE FOR 1

SUBJECT
1 2 3

TRIAL
4 5 6

135E1 16. 13. 7. 14. 20. 8.

135E2 0* 4. 0. 3. 11. 0.

135E3 0. 1. 2. 0. 0. 0.

135E4 3* 3* 3. 4. 1. 2.

135E5 ? 15. 8. 9. 9. 11.

135E6 17, 16. 12. 11. 12. 5.

135E7 4. 2* 4. 5. 1. 2.

135E8 5. 1* 0* 0. 0. 0.
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Table 71

STAGE 3: STUDY 3 SUPPRESSION RATIO

UBJECT
1 2 3

TRIAL
4 5 6

62E1 57 » 4

1

15 .09 .24

62E2 4 50 VV . uy 37 .00 .07

62E3 43 ^ o . mj 21 . 13 .04

62E4 53 00 .w 00 .00 . 00

62E5 36 . vU .00 .05 00

62E6 54 *T O 1
. %j i .50 .10 . 13

62E7 27 47 . /IS .54 .33 33

29 48 .44 .35 .04 .03

62C1 42 .10 .00 .23 .05 00

62C2 09 .00 .00 .00 .00 .00

62C3 20 08 .00 .00 .09 00

62C4 48 .02 .00 .00 .00 00

62C5 22 .00 08 .00 00 00

62C6 51 .07 04 .00 00 09

62C7 15 .09 10 .02 03 06

62C8 28 .04 00 00 .00 00
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SUBJECT

62E1

62E2

62E3

62E4

62E5

62E6

62E7

62E8

62C!

62C2

62C3

62C4

62C5

62C6

62C7

62C8

Table 72

STAGE 3: STUDY 3 PRE-CS RATE FOR 3 MIN
TRIAL

20« 66, 41. 35* 29. 29*

^* ^» 4- 26. 53. 81.

128. 176. 184. 123. 103. 212.

24. 15. 21. 43. 31. 62.

76. 84. 70. 93. 63. 108.

83. 168. 127. 168. 135. 162.

24. 30. 29. 23. 24. 62.

96. 90. 68. 144. 78. 91.

46. 53. 43. 62. 54. 62.

62. 67. 36. 51. 47. 56.

49. 33. 35. 29. 32. 34.

131. 121. 110. 109. 118. 108.

83. 109. 72. 55. 46. 63.

40. 43. 68. 105.. 54. 87.

88. 120. 56. 144. 92. 92.

92. 72. 133. 99. 65. 35.



158

^able 73

SUBJECT

62E1

62E2

62E3

62E4

62E5

62E6

62E8

1 3
TRIAL
4 5 6

9. 15. 4. 1* 3.

1 0. 0. 5. 0. 2,

32, 50« 41

.

11. 5. 3.

? 0. 0. 0. 0. 0.

14, 0. 0. 0, 1

.

0.

MIN

32. 47. 44.

62E7 3. <? o «7* 8. 9.

13* 28» 18. 26.

62C1 11 o

^2C2 2. 0. 0« 0.

^^^^ 4. 1. 0/ 0.

^2C4 41. 1. 0. 0.

<^2C5 8. 0. 0.

62C6 14. 1, 1,

^2C7 5. 4* 2. 1.

^2C8 12. 1. 0. 0.

5. 8.

4. 10.

1. 1.

1. 0.

0. 0.

1.

0. 0.

0. 0*

0. 3.

1. 2.

0. 0.



Table 7^*

STAGE 3:

SUBJECT
1

105E1 .00 .00

105E2 .38 53

105E3 00 .00

105E4 03 07

105E5 07 06

105E6 47 03

105E7 .49 .00

105E8 17 00

105C1 02 20

105C2 05 32

105C3 .00 00

105C4 .00 40

105C5 09 00

105C6 00 00

105C7 .12 00

105CS .11 23

3 SUPPRESSION RAT
TRIAL

3 4 5 6

00 .00 »00 .00

09 .14 .10 ,00

00 .00 .00 .00

•00 .00 .00 .05

00 .00 .00 .00

00 .02 .00 .21

00 .04 .00 .00

00 .00 .00 .00

00 .07 .00 .17

23 .00 .00 .00

36 .17 .00 .13

00 .43 .50 .04

00 .00 .00 .00

00 .00 .00 .00

00 .00 .00 .00

05 .04 .15 .03
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Table T5

3: STUDY 3 PRE-CS RATE FOR 3

SUBJECT
1 Am 3

TRIAL
4 5 6

105E1 23

.

1 A 26

.

45. 28. 16.

105E2 79, 107. 82. 54.
105E3 103. y /

.

142. 96. 73.

105E4 91 »jU . 66. 70. 57.

105E5 121. 87. 62. 61

.

83.

105E6 95. 92. 130. 70. 114.

105E7 46 43

.

75. 57. 73.

105E8 7"^

.

84. 73. 68. 49. 92.

105C1 163. 118. 81. 128. 82. 91.

105C2 61

.

101. 71. 21. 63. 74.

105C3 48. 39. 37. 44. 50. 41.

105C4 98. 73. 71

.

100. 98. 67.

105C5 58. 57. 49. 75. 67. 73.

105C6 12. 19. 13. 16. 16. 10.

105C7 67. 51. 49. 95. 75. 54.

105C8 1 53 • 71. 110. 123. 141. 117.
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Table 76

STAGE 3: STUDY 3 DURING cs RATE

SUBJECT
1 3

TRIAL
4 5 6

105E1 0. 0, 0, 0, 0,
105E2 16, ':»

6, 3, 0.

105E3 0. 0. 0» 0, 0,

105E4 ! 0, 0. 0, 1,

105E5 3, 0« 0* 0, 0.

105E6 28* 1 0. 1 0. 10,

105E7 15» 0. 0. 1. 0. 0.

105E8 5. 0» 0, 0» 0, 0.

105C1 1. 10. 0. 3« 0. 6*

105C2 ! 16* 7* 0. 0. 0.

105C3 0» 0. 7. 3. © 3.

105C4 0. 16, 0, 25, 33, 1,

105C5 2. 0» 0. 0* 0, 0.

105C6 0. 0* 0. 0. 0. 0.

105C7 3. 0. 0. 0, 0, 0.

105C8 6* 7. 2. 8, 1.
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Table 77

4: STUDY 3 SUPPRESSION RATIO
TRIAL

SUBJECT
1 0 -I0 4 5 6

62E1 .06 .00 .35 .32 .26 . 19

62E2 .00 » 11 .08 .09 19 .47

62E3 .00 .01 .04 .00 .08 .24

62E4 00 .00 .00 .00 .00 03

62E5 .00 .00 .00 00 .28 18

62E6 .07 10 . 15 .41 .24 32

62E7 .00 .07 .09 .00 .09 . 12

62E8 .00 .00 .00 .00 .00 .00

62C1 .00 .00 .16 .31 .00 .20

62C2 .00 .00 .00 .00 .00 .21

62C3 .00 .14 12 .00 . 15 .35

62C4 .00 .03 .10 .08 .03 14

62C5 .00 .00 00 .00 .00 00

62C6 .00 00 22 .00 .00 .00

62C7 03 00 .34 .30 .43 .32

62C8 .00 .00 .00 .00 .00 .00
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Table 78

STAGE 4: STUDY 3 PRE-CS RATE FOR 3 NIN
1 r>

TRIAL
SUBJECT *=• 3 4 5 6

62E1 46. 16. 28 * 25. 42. 25.
62E2 96. 75. 65. 58. 39. 71.
62E3 r>nn 243. 212. 64. 106. 366.
62E4 17. 30. 15. 24. 36.
62E5 73 53. 35

.

10. 33. 98.

62E6 151. 130. 52. 73. 112. 159.

62E7 28. 41. 29. 24. 32. 23.

62E8 73. 92. 60. 49. 67. 124.

62C1 54. 56. 46. 40. 43. 49.

62C2 51

.

53. 48. 44. 41. 55.

62C3 42. 37. 45. 13. 52. 28.

62C4 83. 107. ere-
«JO . 33. 103. 110.

62C5 63. 4. 54. 0. 32. 116.

62C6 64. 127. 109. 52. 85. 70.

62C7 92. 30. 80. 28. 51. 65.

62C8 75. 84. 95. 57. 54. 34.



164

?able 79

STAOE 4.- STUnV 3 ,,,, ,

SUBJECT ^ 4 5 ^

62E1 1. 0. 5. 4 ^ erO .

62E2 0. 3. n -ro » 21

.

A2E3 0. 1. 3. 0. w . TO
*

62E4 0, 0. 0. 0. 0» 1

62E5 0. 0, 0. 0. 1 1

.

62E6 4* 5, 3, 1 7

.

'T IT"

62E7 0. ! 1. 0. 1. 1

.

62E8 0, 0. 0. 0. 0^ 0.

62C1 0* 0* 3* 6* 0* 4.

62C2 0« 0* 0. 0. 0, S.

62C3 0* 2* 2* 0* 3. 5.

62C4 0* 1* 2. 1* 1

.

6.

62C5 0« 0* 0, 0. 0. 0.

62C6 0, 0. 10. 0. 0. 0.

62C7 1

.

0. 14. 4. 13. 10.

62C8 0. 0. 0. 0. 0. 0.
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Table 8o

STAGE 4: STUDY 3 SUPPRESSION RATIO

SUBJECT
1 3

TRIAL
4 5 6

105E1
• 00 . 00

. uu
. .00 .00 .00

105E2 03 00 04 .00 .17
105E3 00 00 . 00 .00 .00 .00
105E4 07 07 . 03 .00 04 . 00
105E5 op 00 .00 .00 .00 . 00
105E6 .00 .02 00 .00 .00 . 02

105E7 00 00 00 .00 .00 • . 00

105E8 00 w uo .00 00 .00

105C1 02 .00 00 04 .06 .32

105C2 .00 .05 .31 34 .33 .37

105C3 .14 .00 28 09 .00 .35

105C4 .04 .31 21 02 .30 .45

105C5 .00 00 .00 00 .42 .21

105C6 .00 .00 00 .00 .00 .00

105C7 00 .00 00 .00 .00 .00

105C8 .00 .00 .00 .03 .26 .38
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Table 8l

4: STUDY 3 PRE-CS RATE FOR 3
TRIAL

SUBJECT
1 3 4 5 6

105E1 19. 16. i-t^ . 19. 15. 31.

105E2 111. 92. 95. 80. 105. 74.

105E3 93. 131. 117. 111. 28. 198.

105E4 43. 42. 86. 71. 71. 92.

105E5 83. 85. 25. 122. 83. 122.

105E6 151. 165. 79. 140. 97. 127.

105E7 87. 77. 59. 43. 45. 54.

105E8 122. 102. 103. 110. 95. 85.

105C1 160. 146. 153. 142. 140. 133.

105C2 60. 57. 60. 59. 40. 61.

105C3 54. 45. 70. 32. 35. 45.

105C4 137. 119. 102. 146. 89. 144.

105C5 73. 0. 0. 0. 41

.

SO.

105C6 8. 4. 4. 10. 6. 20.

105C7 92. 31. 39. 23. 14. 14.

105C8 103. 155. 84. 93. 92. 208.
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Table 82

STAGE 4: STUDY 3 DURING CS RATE FOR 1 niUTRIAL

oUBJECT
1 2 3 4 <5w zo

105E1 0. 0, 0. 0. 0, 0.

1 0, 0. ! 0, 5.

0, 0. 0* 0, 0. 0.

J. wot 1 * 1. 1

.

0, ! 0.

-I. \-'ot D 0» 0. 0, 0. 0.
1 OSTAX V \JC

O

0* 1. 0* 0. 0^ 1*

J. voC / 0* 0* 0. 0. 0. 0»

105E8 0* 0» 0. © 0.

105C1 1* 0» 2» 3. 21.

105C2 0* 1* 9. 10* 3, 12..

105C3 3« 0» 9« 1» 0» 8.

105C4 * ! 13. 39.

105C5 0* 0. 0. 10. 7.

105C6 0* 0* 0. 0« 0. 0»

105C7 0. 0. 0, 0, 0. 0.

105C8 0. 0. 0. 1

.

43.
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180



181

SUBJECT

62E1

62C4

62C5

62C6

62C7

62C8

Table 96

STAGE 3: STUDY 4 SUPPRESSION RATIO
TRIAL

.52 .12 ,03 .06 .10

62E2 .41 .45 .22 .IS .00 .17

62E3 .49 .48 .66 .00 .00 .00

•^^'^"^
^^'^ -00 .03 .06 .00

62E5 .4? .51 .50 .00 .00 .02

^^^^
' .11 .43 .00 .00 .13

<^2E7 .33 .53 .27 .00 .00 .00

62E8

62C1

62C2

26 .00 .00 .00 .00 .00

00 .19 .00 .00 .23 .00

00 .00 .00 .43 ,00 .04

^-^^2 '^^ .00 .11 .13 .08 .10

09 .03 .47 .00 .07 .19

61 .44 .23 .16 .15 .13

.31 .21 .00 .13 .03 .13

56 .49 .11 .10 .02 .03

00 .10 .09 .00 .03 .02
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Table 97

STAGE 3: STUDY 4 PRE-CS RATE FOR 3 MIN

SUBJECT
1 2 "7

3 4 c
6

62E1 102, 83. 90. 100. 93. 110.
62E2 51 , 63 42. 56. 0. 72.

62E3 53. 56. 36. 85. 59. 90.

62E4 70. 80. S3. 90. 87. 99.

62E5 132. 124. 143. 121

.

137. 190.

62E6 47. 25. 36. 32. 0. 54.

A2E7 40. 37. 49. 64. 66. 36.

62E8 93. 74. 89. 75. 37. 15.

62C1 19. 25. 20. 28. 31

.

31.

62C2 96. 93. 95. 91. 0. 71.

62C3 45. 76. 70. 80. 74. 31.

62C4 90. 99. 51. 26. 113. 38.

62C5 33. 46. 47. 46. 52. 60.

62C6 101 . 89. 101

.

79. 101

.

121.

62C7 125. 121 . 139. 138. 157. 115.

62C3 71 26. 63. 42. 117. 127.



183

Table 98

3: STUDY 4 DURING RATE FOR 1

SUBJECT
1 3

TRIAL
4 5 6

62E1 30. 30. 1. 2* 4.

62E2 12. 17. 4

.

4. 0. 5.

62E3 17. 17. 23

.

0. 0. 0.

62E4 13. 3. 0

.

1. 0.

62E5 42. 43. 50. 0. 0. 1 *

62E6 20. 1 . 9. 0, 0. A

62E7 8. 14. 6. 0. 0. u

62E8 11. 0. 0. 0. 0. 0*

62C1 0. 2. 0. 0. 3. 0,

62C2 0. 0. 0. 23. 0. 1

.

62C3 33. 0. 3. 4. 0
. 3.

62C4 3. 1

.

15. 0. Jj 7.

62C5 20. 12. 6. 3. 3. 3.

62C6 15. 8. 0. 4. 1

.

6.

62C7 53. 38. 6. 5. 1

.

1

.

62C8 0» 1. 2* 0. 1. 1.
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SUBJECT

105E1

105E2

105E3

105E4

105C1

105C2

105C3

105C4

105C6

105C7

105C3

Table 99

STAGE 3: STUDY 4 SUPPREJ^SION RATIO
TRIAL

^ 2 3 4 5 X

.10 .14 .09 .00 .03

55 .15 .00 .26 .00 .18

56 .00 .00 .00 .00 .00

16 .04 .07 .00 .20 .07

105E5 .49 .13 .33 .23 .05 .12

105E6 .48 .46 .09 .22 .13 .17

105E7 .51 .75 .16 .07 .09 .03

105ES .59 .36 .14 .64 .00 .27

48 .15 .00 .00 .00 .00

00 .00 .00 .00 .00 .02

11 .03 .16 .09 ,05 .03

24 ,06 .03 ,09 ,00 .09

105C5 ,14 ,25 ,23 ,13 .07 .00

43 .00 .00 .00 .00 .03

00 ,00 ,00 ,00 ,00 ,00

00 ,00 ,24 ,11 ,29 ,09
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Table 100

STAGE 3.- STUDY 4 PRE-cs t<«rE 3 MIN

SUB /FPT
1 2 3

' r\ir->L

a

77* 73. 36. 60. 62. 90.
^ w C 33, 24. 25. 0. 27.
V C O 19, 13. 9. 12. 54. 49.

105E4 / / 82. 40. 105. 36. 79.
105E5 59, 62* 61. 61. 54. 64.
1 05E6 56 67* 64. 65 * 79. 71.
105E7 1 6 1 58* 227. 113. 137. 202.
1 '='c oX U^ho 23, 21* 19. 15. 29. 16.

105C1 42, 51. 37. 35. 47. 36.

105C2 113* 93. 95. 96. 155. 184.

105C3 71* 71

,

64. 118. 104. 83.

105C4 S4* 102* 91 . 59. 104. 93.

105C5 lOS* 132. 130. 131

.

124. 164.

105C6 69* 74. 70. 168. 79. 87.

105C7 15* 17. 26. 37. 28. 15.

10508 39, 54. 43. 25. 44. 31

.
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'able 101

ST^GE 3.- STUDY 4 DURING CS RATE FOR 1 „inTRIAL

SUBJECT
1 2 z

4 5 6

105E1 31 3. 2. 2. 0» 1.

105E2 14, 2. 0, 3. 0» 2.

105E3 8* 0. 0. 0. 0. 0.

105E4 5. ! 1. 0. 7. <c.

.

105E5 19, 3. 10. 6. 1

.

3.

105E6 17. 19. •1. * 6. 4. 5.

105E7 56 * 57. 14. 3. 6. 2.

105E8 11 . 4. 1

.

9. 0. *

105C1 13. 3. 0. 0. 0. 0.

105C2 0* 0« 0. 0. 0. 1»

105C3 3. 2. 4. 4. o
1.

105C4 9. . 1

.

)
* 0. 3.

105C5 6. 15. 13. 9. 3. 0.

105C6 17. 0. 0. 0. 0. 1

.

105C7 0. 0. 0. 0. 0. 0,

105C8 0. 0. 5. 1 6. 1



Table 102

UBJECT

62E1

62E5

62E6

62\l

62E3

62C1

62C2

62CZ

STAGE 4: STUDY 4 SUPPRESSION RATIO
TRIAL

62E2 ,00 ,00

02 .00 .00 .00 .12 .09

27 .25 .50 .14

^2E3 ,00 .00 .00 .03 .05 .00

^•^''-'^ '"^^ '00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .12

.00 .00 .00 .00 .00 .00

" <^0 .00 .00 .00 .00 .00

.00 .00 .00 .35 .03 .00

.00 .00 .00 .28 .16 .10

.00 .04 .00 .00 .00 .16

.23 .15 .03 .26 .14 .26

<^»2C4 .00 .00 .31 .42 .49 .34

^2C5
. .21 .14 .23 .25 .32 .35

62C6 ^02 .00 .00 .00 .00 .00

62C:7 .00 .04 .04 ,07 .11 .32

62CS .05 .00 .00 .07 .02 .31
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SUBJECT

62E1

62E2

62E3

62EA

Table 103

STAGE 4t STUDY 4 PRE-CS RATE FOR 3 MIN
TRIAL

1 2 3 .4 5 A

126, 102, 150, 108, 92, 92,

55, 42, 49, 36, 39, 36

53, 54, 102, 104. 103, 56,

91. 73. 61, 94, 45, 33,

36, 51. 81, 23. 99, 49.

35, 22, 34, 31, 31, 23.

62E5 131, 116, 160, 125, 142, 199.

62E6 36, 39, 60, 56. 60. 77.

^^^'^ 33. 53, 78, 61, 61.

62E3

62C1

62C2 81. 67. 113. 79. 43. 73.

62C3 51. 53, 73, 60, 56, 35.

^2CA 53. 96. 119, 86, 63. 64.

62C:5 44, 55. 41. 55. 52, 44,

62C6 149, 67, 131, 120, 20, 114.

62C7 136. 152, 153, 113, 139, 185,

62CB 1 1 4 , 156. 14 6 . 1 14, 122, 1 1 1

,
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Table lOk .

STAGE A
I
STUDY 4 - DURING CS RATE FOR I ,MIN

TRIAL

SUBJECT ^ *^

''^^''^^
1» 0. 0. 0. 4. 3.

<^2E2 0. 0. 6, 4, 13. 2.

•^2E3 0. 0. 0. 1, 2. 0.

•^^'-^ 1» 0. 0. 0. 0. 0.

^^^^ 0» - 0. 0. 0. 0. 9.

^2^'^ 0. 0. 0. 0. 0.

^-'^^ 0» 0* 0. 0. 0. 0.

^-'^3 0. 0» 0. 5. 1, 0.

<^2C1 0* 0* 0. 4. 2.

<^2C2 0. l; 0. 0. 0.

1

.

5« 3. 2. 7. 3.

^^"^^ 0' 0. 'l3. 21. 22.

4.

11

.

^-'-5 4. 3. 4. 6. S. 3.

'^^C^ 1, 0. 0. 0. 0. 0.

^•-C7 0. 2. 2. 3. 6. 29.

^''^CQ 2. 0. 0. 3, 1. 17.



Table 105

SUBJECT

105E1

105E2

105E3

105E4

105E5

105E6

10'5E7

105E8

105C.1

105C2

105C3

105C4

105C5

105C6

105C7

105C8

STAGE 4: STUDY 4

1 2 3

03 , 00 , 00

17 .43 .1?

00 ,00 ,00

00 .04 ,09

00 ,04 ,10

16 ,20 ,06

11 OO ,02

00 , 00 , 00

07 ,00 ,00

00 ,03 ,02

03 .00 ,00

05 ,04 ,00

02 ,02 .0.1

00 ,00 ,00

00 ,00 ,00

00 ,35 ,13

SUPPRESSION l-v'ATIO

TRIAL
4 5 6

12 ,05 ,03

44 ,39 ,39

00 ,00 ,00'

05 ,10 ,48

14 ,04 ,11

05 ,27 ,51

06 ,00 ,00

>00 ,00 ,00

00 ,05 ,29

05 ,05 ,00

15 ,07 ,04

1 1 1 1 , 24

01 ,01 ,16

00 ,24 .00

13 ,12 ,59

23 ,31 ,08
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SUBJECT

105E1

105C1

1C)5C2

.105C3

.105C4

Table 106

STAGE 4: STUDY 4 PRE-CS RATE FOR 3 MTN
TRIAL

i 2 3 4 5 A

102. 110. 115. no. 115. 101.

105E2 43. 20. 25. 27. 2S. 38.

105E3 33. 27, 21. 15. 18. 15.

105E4 97. 73. 127. 63. 84. 29.

105E5 66. 77. 79. 56, 67. 47.

105E6 73. 59. 100. 56, 81. 79.

105E7 51. 139. 174. 142. 176. 60.

105ES 13. 19. 19. 26. 21. 21.

•40. 33. 42. 38. 60. 29.

155. 111. 153. 160. 174. 87.

91. 136. 114. 133. 125. 132.

110. 133. 139, 99. 97. 84.

105C5 121. 170. 204. 240. 262. 260.

105C6 65. S3. 91. 60. 67. 57.

105C7 27. 49. 48. 59. 22. 27.

105CS 26. 22. 42. 40. 34. 37.
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Table I07

STAGE 4; STUDY 4 DURING CS RATE FOR 1 MIN
TRIAL

SUBJECT
1 9 3 4 •5w z0

105E1 ! 0. 0. 5, t

1 05E2 3,. ir0 * •c t 7. 6, 8.

0* 0, 0. 0, 0,

1 05E4 0, 1. 4. ! 3» 9.

105E5 0. 1« 3, 3* 1

,

i:. *

105E6 5* 5« 1 * 10. 27.
1 A !=C "7

2* 0. ! 3, 0, 0,

.105E3 0» 0» 0, 0, 0» 0,

105C1 1 0» 0, 0, 1 * 4.

105C2 0, 1* .1 3 * 3 0,

105C3 1

»

0, S. • 3, 2.

105C4 .c * 0, 4» 4, ?
105C5 1 .1 1

«

1 , 1 . 16.

105C6 0. 0* 7
/ 0,

105C7 0. 0* 0. 3 1 . 13*

10503 0. 4. 3» 4, r_-

^> * 1

.
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Table 121

SUBJECT

LTEl

LTE2

LTE3

LTE4

LTE5

LTE6

LTE7

LTE8

LTCl

LTC2

LTC3

LTC4

LTC5

LTC6

LTC7

LTCS

STAGE 3: STUDY 5

1 2 3

44 »33 .07

00 .00 .00

42 .46 .40

65 .63 .61

45 .55 .00

00 ,10 .00

41 .37 ,07

.13 .04 .12

00 .00 .04

41 .35 .14

.00 ,00 .00

00 .04 .03

35 .30 .20

32 ,00 ,00

00 ,00 .13

.04 .16 .05

SUPPRESSION RAT
TRIAL
4 5 6

00 ,00 ,12

03 ,00 ,04

43 ,15 ,03

70 ,10 ,00

00 ,00 ,00

09 ,34 ,10

00 ,00 ,00

16 ,00 ,00

13 ,00 ,17

.00 .38 .33

00 .00 ,00

.00 ,00 ,00

00 OO OO

00 OO ,06

29 ^23 ,05

00 ,00 ,00
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Table 122

STAGE rs: STUDY 5 PRE-CS RATE FOR 3 MIN

UBJECT
1 2 3

TRIAL
4 5 6

L.TEl 84 . 108, 34. 96. 75. 91

.

LTE2 48. 50. 64. 69. 49. 69.

LTE3 147. 99. 115. 102. 159. 147.

LTE4 21. 47. 36. 31 . 77. 91 .

LTE5 59. 39. 42. 53. 56

.

63.

LTE6 90. 109. 104. 8S. 33. 106.

LTE7 44. 46. 38. 33. 34. 28.

LTE8 77. 70. 64 94. 16. 43.

LTCl 75. 91 , 77. 84 . 94. 15.

LTC2 13. 11 . 18. 11

.

10. 12.

LTC3 54. 59. 58. 79. 85. 91 .

LTC4 93. 80. 98. 51

.

55. 16.

LTC5 144 . 133. 133. 128. 164. 87.

LTC6 101 . 95. 190. 192. 224. 173.

LTC7 62. 70. 42. 29. 50. 57.

LTC8 80. 62. 61 . 101 . 76 . 90.
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Tatle 123

STAGE 3: STUDY 5 DURING cs RATE
TRIAL

1 2 3 4 5 6

22* 18. 2» 0. 0. 4.

0. 0. 2* 0. 1.

35

»

2S» 26. 26. 9. 4.

1 TP" 4 13 27. 19. 24. 3. 0.

U 1 C1<J 16 16. 0. 0. 0. 0.

1 T tr z
O4 4. 0. 3. 14. 4,

1 TCT"?L 1 t./ 10» 9. 1, 0. 0. 0.

1 TF O 4» 1 ^ 10 * 6. 0. 0.

LTCl 0» 0» 1* 4. 0. 1

.

LTC2 3, 2* 1

.

0. n 2.

LTC3 0» 0. 0. 0. 0. 0.

LTC4 0. 1

.

3. 0. 0. 0.

LTC5 26 19. 11

.

0. 0. 0.

LTC6 16* 0. 0. 0. 0. 4.

LTC7 0. 0. •>:. * 4. 5. 1

LTC8 1

»

4. 1 . 0. 0. 0.

MIN



Table 12h

STAGE 4: STUDY 5 SUPPRESSION RATIO
TRIAL

SUBJECT

TLEl

TLE2

TLE3

TLE4

TLE5

TLE6

TLE7

TLE8

TLCl

TLC2

TLC3

TLC4

TLC5

TLC6

TLC7

TLC8

.00

.60

.38

42

53

.33

39

38

.41

.49

. 53

.55

.37

42

.30

.69

.00

69

53

.40

. 56

.41

.00

51

.34

.00

.00

.00

.21

47

00

00

00

67

.00

.17

.51

. 15

.00

48

.00

.00

.00

.00

.00

.00

.00

.00

.00

.20

.13

. 11

.00

.00

00

.54

00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.11

.00

40

.00

. 19

.00

.00

.00

.05

.00

.00

.00

.00

.05

.00

.00

.00

.00

.49

.00

.00

.00

.00

.00

.00

.00

.00
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?able 125

SUBJECT

TLEl

TLE2

TLE3

TLE4

TLE5

TLE6

TLE7

TLE8

TLCl

TLC2

TLC3

TLC4

TLC5

TLC6

TLC7

TLC8

STAGE 4: STUDY 5 PRE-CS RATE FOR 3 MIN
TRIAL

1 2 3 4 5 6

45.

20*

69,

111 .

76.

lOS.

37*

24

55.

101

.

246.

42.

128.

134.

99.

12.

86.

19.

33.

132.

36.

33.

32.

46.

47.

104.

201.

71.

188.

120.

66.

7.

60.

18.

70.

133.

43.

102.

44.

36.

51

.

95.

177.

63.

147.

149.

46.

8.

62.

35.

39.

93.

73.

30.

44.

39.

54.

92.

246.

67.

113.

161 .

54.

15.

70.

19.

70.

172.

80.

72.

18.

76.

50.

90.

233.

66.

253.

184.

54.

16.

46.

19.

60.

33.

79.

42.

50.

37.

47.

63.

176.

103.

123.

126.

55.

14.
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Table 126

STAGE 4: STUDY 5 DURING cs RATE
TRIAL

)UBJECT
1 n 3 4 "=; 6

TLEl 0. 0. 0. 0. 0. 0.

TLL2 10. 14. 12. 3. 0. 0.

Ti n: 14

.

33. 0. a'. . 0. 1

T\ C A 27. 29. 9. 4. 0. 0.

1 LEo 28. 15. 15. 0. 0. 0.

TLE6 18* 19. 6. 0. 3. 0.

TLE7 8* 0. 0. 0. 0. 0.

TLE8 5» 1 A 1 1 * 15. 17. 12.

TLCl 13» 8* 0. 0. 0. 0.

TLC2 32» 0. 0. 0. 7. 0.

TLC3 94. 0. 0. 0. 0. 0.

TLC4 17. 0. 0. p. 0. 0.

TLC5 25. 17. 0. 0. 0. 0.

TLC6 32. 36. 0. 0. 3. 0.

TLC7 14. 0. 0. 0. 0. 0.

TLCa 9. 0. 0. 0. 0. 0.
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Table 127

STAGE 3: STUDY 5 SUPPRESSION RATIO, 45 SEC
TRIAL

1 2 3 4 5 a
SUBJECT ^

o 6

LTEl ^34 .36 .05 .00 .00 .00

LTE2 .00 .00 .00 .00 .00 .00

I-TE3 .29 .42 .2? .41 .15 .05

I-TE4 .57 .63 .57 .56 .29 .12

LTE5 .46 .34 .09 .07 .00 .00

LTE6 .03 .00 .00 .00 .09 .04

LTE7 .35 .34 .17 .00 .00 00

LrEO .17 .05 .11 .15 .33 .16

LTCl .00 .00 .00 .00 .00 .00

LTC2 .00 .00 .00 .00 .44 .00

LTC3 .00 .00 .00 .00 .00 .00

LTC4 .00 .23 .11 .00 .00 .00

LTC5 .20 .17 .08 .00 .00 .00

LTC6 .04 .08 .02 .00 .02 .02

LTC7 .31 .00 .09 .12 .07 .12

LTC8 .00 .21 .06 .00 .00 .00
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Table 128

JUBJECT

LTEl

LTE2

LTE3

LTE4

LTE5

LrE6

LTE7

LTE8

LTCl

LTC2

LTC3

LTC4

LTCS

LTC6

LTC7

LTC8

STAGE Zi STUDY 5 DURING C3 RATE FOR 45 <3

TRIAL
1 2 3 4 5 a

EC

11

,

0.

12,

2,

6*

4.

0.

0»

0»

0»

9.

1

7,

0«

0»

0,

6*

1 .

0»

0,

0*

6.

7*

2,

0*

A*

1

0»

0,

0.

0»

0»

3.

3»

1»

1

.

1

0.

0*

14. 18. 12. 13.

7. 20. 12. 10.

1. 1.

0.

0.

4.

0.

0.

0.

0.

0.

0.

1

.

0.

0.

0.

7.

8.

0.

nr
•c .

0.

^ .

0.

^ .

0.

0.

0.

1

.

1

.

0.

0.

0.

o
.

3.

0.

1

0.

«u

.

0.

0.

0.

0.

0.

1

')
.

0.
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Table 129

STAGE 4: STUDY 5 SUPPRESSION RATIO. 45 ^

TRIAL
^ 2 3 4 5 A

SUBJECT ^

TLEl ,00 ,00 ,00 .00 ,00 ,00

TLE2 ,67 ,56 ,47 ,1? ,00 » 00

TLE3 .50 .42 ,10 ,00 ,05 ,00

'^'-'-'^ ,06 ,00 ,00 ,00 .00

1LE5 ,57 ,55 .16 .00 ,00 .00

TLE6 ,34 .22 ,16 ,05 .05 .0?

"ri-E7 .10 .00 ,00 .00 .00 .00

TLE8 ,60 .30 .50 .38 .05 .00

TLCl .23 .00 .00 .07 .00 .00

TLC2 .19 .00 .00 .00 .12 .00

TLCS .25 .00 .00 .00 .01 .00

rLC4 .28 .05 .00 .00 .11 .00

TLC5 .03 .00 .00 .03 .06 .00

TLC6 .30 .27 .00 .02 .04 .03

TLC7 .43 .00 .00 ,00 .00 .00

TLCS .00 .00 .00 .00 .00 .00

5 SEC
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Table 130

STAGE 4: STUDY 5 DURING cs RATE

UBJECT
1 3

TRIAL
4 5 6

TLEl 0, 0. 0

.

V/ 0 0 *

TLE2 10, 6» 4 iC * 0. 0 *

TLE3 17, 16. 2 * 0 » 1 U

TLE-4 1

,

» 0. u

»

0 * O .v

TLE5 11 .
n 0 • 0

.

AV *

TLE6 14* 6. 1
1 1 ^.L f

TLE7 1

.

0. 0. 0. 0, .V

TLE8 ? 5. 6» 1 0

TLCl 4

.

V AV 1. 0. 0*

TLC2 0. 0. 0. 3. 0,

TLC3 20 0. 0. 0. ! 0.

JLCA 4» 1. 0* 0. 2. 0.

TLC5 1* 0. 0. 1* 4, 0.

TLC6 14, 11* 0. 1

.

1

.

TLC7 19. 0. 0. 0. 0. 0.

TLC3 0. 0. 0. 0. 0. 0.



Table 131

STAGE 4: STUDY 5 SUPPRESSION RATIO
TRIAL12 3 4 5 6

UBJECT

LTEl »00 ,00 .00 .00 .00 .04

LTE2 .00 .00 .00 .00 .00 .18

LTE3 .00 .00 .00 ,00 .00 .10

LTE4 .00 .00 .00 .04 .47 .00

LTE5 .00 .00 .00 .00 .00 .16

LTE6 .24 .21 .18 .19 .26 .11

LTE7 .16 .14 .00 .08 .15 .07

LTE8 .11 .00 .00 .07 .00 .15.

LTCl .00 .00 .00 .00 .03 .10

LTC2 .00 .57 .50 .48 .52 .29

LTC3 .00 .00 .00 .00 .27 .11

LTC4 .00 .00 .03 .18 .35 .14

LTC5 .00 .00 .05 .05 .03 .01

LTC6 .02 .05 .04 .10 .17 .29

LTC7 .13 ^12 .09 .06 .16 .28

LTC8 ,00 00 .06 .08 .14 .23
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Table 132

STAGE 4: STUDY 5 PRE-CS RATE FOR 3 MIN
TRIAL

SUBJECT

LTEl

LTE2

LTE3

LTE4

LTE5

LTE6

LTE7

LTE8

LTCl

LTC2

LTC3

LTC4

LTC5

LTC6

LTC7

LTC8

83«

53*

102.

74.

64.

65*

31

48*

7.

8,

96*

60*

4^ *^ ^ «

148.

40.

79.

87.

57.

121

.

80.

58.

55.

38.

60.

45.

9.

88.

96.

211 .

190.

69.

118.

96.

61

.

140.

65.

47.

81

35.

48.

73.

18.

59.

102.

162.

216.

59.

144.

96.

56.

130,

79.

48.

78.

33.

41 .

38.

13.

76.

97.

171

.

186.

51 .

131 .

108.

47.

173.

78.

46.

121 .

34.

48.

116.

14.

89.

126.

175.

244.

62.

109.

76.

70.

140.

48.

49.

121.

41.

66.

103.

29.

93.

115.

223.

227.

62.

130.
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^able 133

STAGE 4: STUDY 5 DUFaMG CS RATE FOR 1

TRIAL
MIN

SUBJECT

LTEl

LTE2

LTE3

LTE4

LTE5

LTE6

LTE7

LTE8

LTCl

LTC2

LTC3

LTC4

LTC5

LTC6

LTC7

LTC8

0.

0.

0.

0.

0«

0.

0»

1

.

0.

0»

0.

0.

0.

0,

0»

0.

0,

0«. 0.

0, o»

3*

3.

0.

©
0,

0.

0»

0»

6»

0.

0.

0,

6,

0»

1

3.

3.

0.

0.

0*

3*

0.

0.

0.

1 23.

0. 0.

6, 14»

1 2.

0.

1

1

4. 5*

0. 11

23*

1

.

5.

5.

0.

3»

5.

1

.

4.

4.

4.

4.

6*

1.

3. 4,

7* 17* 31.

1. 4. 8.

6. 13.
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Table 13h

STAGE 3: STUDY 5 SUPPRESSION RATIO
TRIAL

SUBJECT
1 n 3 4 5 6

TLEl 00 .00 00 ^ doV V . 'J 'J 00

TLE2 08 19 00 o-^ 64

TLE3 04 06 00 . 1 0 24

TLE4 10 07 . 1

1

V no
. -c-CJ 1 y

TLE5 00 00 07 * 1 S* X \J T7O / 4J

TLE6 00 00 00 . 04 J. i .1

TLE7 00 00 05 vU A O

Tiro 00 00 00 00 35 36

TLCl 00 00 00 00 00 24

TLC2 00 00 00 04 . 17 00

TLC3 00 00 15 .28 47 37

TLC4 15 00 31 43 .40 .56

TLC5 02 04 20 44 20 36

TLC6 06 35 22 37 37 43

TLC7 00 00 .00 00 .00 00

TLC8 00 00 00 52 . 14 16
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Table 135

SUBJECT

STAGE 3: STUDY 5 PRE-CS RATE FOR 3 MIN
TRIAL

1 2 3 4 5 A

Ti r 1 71 72. 64. 62. 42. 76.
TI
1 L-C. ^ 33 25. 68. 27, 26. 17.

1 LC.O 67* 49. 57. 77. 66. 68.
TI F41 t. ^ 79 80

.

145. 108. 142, 120.

TI F'=;1 L« L. \J 34 44 42. 85, 51

.

47.

TLE6 / 0 74 91

.

66. 96. 58.

TLE7 33. 33. 55. 45. 49. 31.

TLE8 6* 36. 30. 35

.

33. 42.

TLCl 39. 30. 44. 31. 51

,

29.

TLC2 70. 71. 60. 71. 57. 96.

TLC3 79. 76. 176. 126. 87. 173.

TLC4 50. 50. 60. 44. 53

,

45.

TLC5 144. 82. 82. 34'. 131 , 153.

TLC6 96. 93, 108. 137. 122. 113.

TLC7 45. 53. 99. 71

.

83. 90.

TLCa 14. -7
24. 11 . 18, 16.
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Table 136

STAGE 3: STUDY 5 DURING CS RATE FOP 1

TRIAL
MIN

SUBJECT

TLEl

TLE2

TLE3

TLE4

TLE5

TLE6

TLE7

TLE8

TLCl

TLC2

TLC3

TLC4

TLC5

TLC6

TLC7

TLC8

0»

1*

1.

3»

Ot

0,

0.

0.

0»

0.

0*

3.

1.

2.

0.

0.

0*

2.

«L *

0»

0.

0»

0*

0»

0»

1.

17,

0.

0*

6.

1*

0.

1*

0.

0»

0 . 1 0

0.

7.

3, IS.

1.

0*

0.

!

16.

0* 0.

10. 10.

7.

9 . 13. 9

.

5. 10. 13.

4. 5.

0*

0.

4.

3t

3»

0.

34.

9. 11. 12. 19.

7* "9. 11 . 30.

10. 27. 24. 28.

0* 0. 0. 0.

0. 4. 1. 1.
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