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Abstract:
An experiment was conducted investigating changes in the task performance of rats when preceded by
electric shock. The study involved five stress groups: a control; an approach-avoidance gradual group,
in which the shock was administered when the subject pressed the bar in a Skinner box, on a gradually
increasing basis; an approach-avoidance sudden group, in which the subject received a high level of
shock for each bar press; a non-contingent gradual group, in which the shock was gradually increased
and was not contingent upon a response; a non-contingent sudden group, which received the shock at a
high level, not contingent upon a response. The subjects were trained in bar pressing in a Skinner box,
running in an alley and learning a discrimination in a Y-maze. The shock was administered in the
Skinner box, and the subjects were subsequently tested in the alley and the Y-maze. Measures of
running speeds were recorded for the alley and the Y-maze.

The results indicated that the non-contingent gradual group adapted to the stress as well or better than
the approach-avoidance gradual group which previously had been investigated by Miller (1960) and
Karsh (1962). It was also found that there was a significant difference in running speed in the alley
between the approach-avoidance gradual group and the non-contingent gradual group. The findings of
this experiment were interpreted in terms of previous physiological research and learning theories. 
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ABSTRACT

An experiment was conducted investigating changes in 
the task performance of rats when preceded by electric 
shock. The study involved five stress groups: a control;
an approach-avoidance gradual group, in which the shock was. 
administered when the subject pressed the bar in a Skinner 
box, on a gradually increasing basis; an approach-avoidance 
sudden group, in which the subject received a high level of 
shock for each bar press; a non-contingent gradual group, 
in which the shock was gradually increased and was not con
tingent upon a response; a non-contingent sudden group, 
which received the shock at a high level, not contingent 
upon a response. The subjects were trained in bar pressing 
in a Skinner box, running in an alley and learning a dis
crimination in a Y-maze. The shock was administered in the 
Skinner box, and the Subjects were subsequently tested in 
the alley and the Y^maze. Measures of running speeds were 
recorded for the alley and the Y-maze.

The. results indicated that the non-contingent gradual 
group adapted to the stress as well or better than the 
approach-avoidance gradual group.which previously had been 
investigated by Miller (1960) and Karsh .(196 2) . It was 
also found that there was a significant difference in run
ning speed in the alley between the approach-avoidance 
gradual group and the non-contingent gradual ,group. The 
findings of this experiment were interpreted in terms of 
previous physiological research and learning theories.



INTRODUCTION

Stress is a very general term which has come to denote 

a condition of physical and/or psychological tension which 

causes changes in the autonomic nervous system. Stress 'may 

come in many forms, in this study it will be represented by 

electric shock. In recent years, studies of stress have 

been conducted along two major lines, physiological studies 

of stress reactions by the body and psychological attempts 

to train subjects to resist stress. One major contribution 

in the field of. physiological reactions to stress has been 

made by Selye (1956j , who developed a descriptive System of. 

reactions to stress which he called the General Adaptation 

Syndrome. These adjustments to stress are divided into, 

three successive stages; (I) the alarm reaction, in which 

adaptation is not yet acquired and the organism is startled 

by the stress, (2) the stage of resistance, in which adap

tation is optimal with specific hormones secreted aiding in 

the resistance, (3). the stage of exhaustion, in which the 

organism is completely exhausted and is no longer capable 

of adapting to the. stress. The descriptive analysis of the 

General Adaptation Syndrome is based upon Selye1s (1952) 

examinations of rats under stress. He found some of the 

characteristic symptoms of stress to be enlarged and dis

colored adrenals, involuted thymus and lymph nodes, and an
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ulcerated stomach wall.

Levine (1971) qualified Selye's (1952, 1956) work by 

defining the specific series of events which take place on 

the physiological level during stress adaptation. He found 

that a signal is received by the hypothalmus from the cen

tral nervous system, indicating the presence of stress.

The hypothalmus. then secretes a corticotropin-re leasing 

factor which stimulates the pituitary to secrete the hor

mone ACTH. The ACTH then stimulates the cortex of the 

adrenal gland.to increase its synthesis and secretions of 

hormones. The key hormones secreted are glucocorticoids.

In the human, the glucocortinoid is primarily hydrocorti

sone, while in the rat it is corticosterone. With the phy

siological studies of stress well documented by Selye (1952 

and 1956) and Levine (1971), a basis for understanding the 

changes in the body resulting from stress may be understood

Miller (1960) conducted a series of experiments concern 

ing training programs in which rats learn to resist stress. 

Miller.trained rats to run down ah alley to receive a food 

pellet and an electric shock at the goal. The first group, 

which Miller called the gradual condition, received an elec 

trie.shock of 125 volts at the goal for five trials on the 

first day, and the voltage was increased in 15% steps on 

each successive day until it reached 335 volts on the
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fifteenth day.* The second group, called the sudden condi

tion, received five practice trials a day with no shock at 

the goal during the fifteen day period that the gradual 

group was receiving the gradually increasing shock. Once 

the gradual group reached the 33.5 volt level, the sudden 

group also received the same level of shock, intensity at 

the goal. Both gfoups then received five trials a day at 

the 335 volt.level for 20 days.

Miller (1960) found that after just one shock at the 

goal, the running speed of the sudden group increased drama

tically. The running speed of the gradual group on the 

other hand did not change as dramatically and stayed at a 

faster speed than the sudden group. Miller’s findings indi

cated that through the training program of gradually in

creasing shock, an organism is.capable of adapting to stress 

much better than one without the training. Further experi

mentation by Miller (1960), testing to discover the effects 

of the gradual introduction to stress when presented out

side the test condition,■ indicated that training to resist 

stress through the program of gradually increasing shock 

was not effective in reducing the change in running speed 

when introduced to the alley task. M i l l e r t h e r e f o r e , con

cluded that the training to resist stress was specific to , 

the training situation. ' -
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Karsh (1962) conducted experiments similar to those of 

Miller (I960), and found that the running speed after a . 

change in the shock intensity was, determined by two factors, 

the present and the previous. shock experiences-. An analy

sis of Karsh’s findings indicated that the initial.exper

ience with the electric shock was the more critical factor. 

He. concluded that the changes in shock intensity, regard

less of the direction, produced gradual "incomplete" 

changes in running speed. These incomplete changes in the 

running speed were in the form of highly variable running 

speeds without trend or pattern in the overall direction or 

magnitude of change. These changes were labeled "incom

plete" because they varied in both directions and did not 

form a standard pattern.

The physiological nature of stress has been established 

through the work of Selye (1952,. 1956) and Levine. (1971). 

Adaptation training of Miller (1960) and Karsh (1962) has 

been found to reduce, disruptions in behavior in the stress

ful environment. The research along these lines has been 

relatively separate in postulating the effects of stress.

The present study is an attempt to intergrate, these.two 

lines of research on the issue of the effects of a stress

ful. environment on.behavior and the possible changes in 

behavior in subsequent tasks. The General Adaptation.
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Syndrome has been found to involve the secretion of. hor

mones and changes' in the physiological make-up of certain 

organs in the body (Selye 1952, 1956 and Levine 1971) . Pos

sibly the same physiological changes'.which aid in adapting 

to stress may influence performance on a series of tasks 

when these tasks are preceded by a stressful environment.

The present study had two main objectives. The first 

attempted to discover whether there are any changes in task 

performance as a result of the presence of stress in another 

situation. The second was an attempt to determine the 

effectiveness of a training program which was based upon a 

gradually increasing shock not contingent upon a response 

by the subject, the non-contingent gradual group. Through 

the use of three entirely different tasks, bar press rate 

in a Skinner box, running speed in an alley, and running 

speed and error rate in a Y -maze involving a discrimination., 

changes in behavior and the processes involved in each were 

examined. These three different tasks were chosen because 

each requires the use of a different type of. response. The 

bar press, task in the Skinner box requires that the subject 

press the bar and then move to the food cup to. obtain a 

reward. The running speed in the alley requires motor 

coordination to obtain the food pellets in the goal box.

The running in the Y -maze, like that of the alley, involves



motor coordination., but it also .involves a decision process 

as to which door to choose. Therefore, by using these 

three tasks, the processes of each may be examined. The 

effects.of a stressful environment produced by electric 

shock, paired with a food reward in the Skinner box, were 

examined as it affected.the behavior in each of the other 

tasks. . Five different groups -- a control, two sudden stress 

groups, and two gradual stress groups--were tested in the 

three tasks consecutively every day for 20 days. At the 

end of.the 20 days' o f ■testing, the electric shock was ter

minated and the testing in.the three tasks continued for 

another 20 days. Through this procedure, the changes in 

the performance in the three tasks were examined under the 

conditions of stress and the subsequent- non-stress situa-. 

tion.

Of the. five groups used in this experiment, two were, 

of the same type used by both Miller (I960) and Karsh 

(1962)--an approach-avoidance gradual group and an approach 

avoidance sudden group. By using approach-avoidance groups 

two types of stress were applied, the physical stress of 

the electric shock and the psychological stress of a deci

sion. The psychological stress of a decision can have a 

.great effect as shown in earlier experiments by Miller 

(1951) with.approach-avoidance anxiety and Brady (1958)
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with the "executive monkey" experiment, in which the "exe

cutive monkey", died from stomach ulcers as a result of 

making constant decisions. ■Since one goal of the present ■ 

study was to clarify conditions under which organisms can 

adapt to stresSn, a second type of training was developed, 

the non-contingent gradual group. The non-contingent groups 

received the same electric shocks as the approach-avoidance 

groups but they were not administered contingent upon a 

response, as in the . approach-avoidance groups . Through the 

use of the non-contingent groups, the stress of a decision 

in an approach-avoidance conflict was eliminated, providing 

groups which were identical to the ,approach-avoidance 

groups except for the criterion used in administering the 

shock. Thus, a non-contingent gradual group and a non

contingent sudden group, comprised two. other groups. The 

fifth group, a control condition, did not receive, any elec- 

.trie shocks. The gradual groups were believed to enter the 

General Adaptation Syndrome and adapt to the stress through 

the aid of hormonal changes previously described. These 

hormonal changes were expected to cause highly variable 

response rates in the gradual groups. The sudden groups, 

which as.a result of the sudden introduction of the elec-. 

trie shock passes quickly through the stages of alarm and 

resistance injto the stage of exhaustion. Once in the stage
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of exhaustion, hormonal changes become minimal and, there- ' 

fore, response rates should be less effected than those in 

the gradual groups.

. Through the use of these five groups and the general 

procedure of measuring the performance changes in each task,

the behavioral changes resulting from a stressful environ-
*

ment were studied under each condition. Through the use of 

the Skinner box as the stress-inducing situation, a differ

ent type of response criterion, bar pressing, was examined 

to determine the effectiveness of approach-avoidance groups 

and the non-contingent groups in resisting stress in another 

type of situation. The non-contingent gradual group pro

vided an alternative type of training which may be as effec

tive in adapting to stress as the approach-avoidance gradual 

group, since as Brady (1958) has demonstrated the effects 

of.a decision in a stressful situation are of a great magni

tude. Changes in performance or differences between groups 

were interpreted by combining the two lines of research, 

physiological and learning theories, which went beyond the 

limitations of each and created a mode of understanding the 

highly variable response rates resulting from previous expo

sure to a stressful environment.



METHOD
Subj ects.

Ten Sprague - Dawley rats were housed individually and
; .

maintained at approximately 80% of their free-feeding body 

weight. Each subject was approximately 150 days old at the 

start of the experiment.

Apparatus.

A BRS/LVE shock generator/scrambler was calibrated in 

milliampers ranging from 0.0 ma to 10.0 ma, connected to 

the grid floor of a standard Skinner.box. It administered 

an electric shock which was scrambled through the grid of 

the Skinner box floor to the rat. A Rustrak recorder was • 

connected to the Skinner box, providing a permanent record 

of the time of each bar press for each subject on each day.

A Hunter timer and. a relay were connected between the 

Skinner box and the shock generatpr/scrambler,. and. the dura

tion of the shock was set at 0.1 second. A standard power 

supply set at 28 volts was used to. operate this equipment. 

The alley (see Figure Al) which was constructed of ply- ■

wood, was 20.3 cm high sides, 20.3 cm wide and 2.434 m long.
• ' ' 'I

The floor and the top were constructed of 1/4 inch wire

mesh. The sides of the alley were painted flat blue. A

fast-action, side-swinging door was placed 17.8 cm from, the

front of the alley. A microswitch behind the.door activated
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a Hunter Klockounter upon the opening of the door by. a 

switch outside the alley. A photo-electric cell was 

mounted 12..7 cm from the back of the alley. The interrup

tion of the photo-electric beam by the rat stopped the 

Hunter Klockounter. The running distance from the door to 

the photo-cell was therefore 2.10 m. In the last 12.7 cm of 

the alley, the goal box, a food cup was placed containing 

two food pellets for each run.

The Y-maze (see. Figure A2).,was constructed of plywood, 

with 20.3 cm high sides and 20.3'cm wide. The stem of the ■ 

Y was 1.35 m, as measured along the outside walls to the . 

focal point in the Y. The arms of the Y were set. at a 45° 

angle to the stem and were.1.04 m each. The sides were 

painted flat brown. The start box was 17.8 cm long, as 

measured from the inside back wall. It was opened by a 

fast-action, side-swinging door, the same, type as used in 

the alley. Behind the door was a microswitch which was 

connected so that the opening of the door activated the 

Hunter Klockounter. In each of the stems of the Y was 

mounted a photo-electric cell,.12.7 cm from the back wall, 

which stopped the Hunter Klockounter when interrupted. The 

last 12.7 cm of each arm was designated as a goal box and 

contained a food cup. A hanging door, which opened when 

pressure was applied to the bottom, was located 61.0 cm
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from each of. the photo-electric cells. The two doors were 

constructed of. a light weight cardboard. One was covered 

with white construction paper, the other with black, Two ■ 

blocks were placed on the side walls of each stem of the Y 

next to the'hanging doors in such a manner that the doors 

would allow the rat to enter the goal box area, but not 

leave it, .The running distance from the fast-action door 

to either one of the photo-electric cells was 2.10 m.

Running speed between the fast-action, doors of the start 

boxes and the photo-electric beams, was measured in the alley 

and the Y-maze,.

Procedure.

' ■ Training--Each subject received training in the Skinner 

box, alley, and the Y-maze until., they reached a steady rate 

of responding in each of the three tasks. The subjects were 

trained in a Skinner box to press the lever and receive a. 

standardized precision food pellet. The training in the 

alley consisted of successively increasing the running dis

tance until it reached 2.10 m from the door of the start 

box to the photo-electric cell. In the Y-maze, the subjects 

were trained to run for a.reward to the black door. Once 

all the subjects had chosen the correct door on five succes

sive trials, the training in the Y-maze was discontinued. 

Each subject received three practice trials of the entire
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series of three tasks, one on each of three consecutive 

days„ Oh the third day of practice trials, the subjects 

were randomly assigned to the experimental groups.

Testing--Each subject was placed in the Skinner box for 

a five minute session. During this, session, the stress, in 

the form of electric shock, was administered to the rat 

according to the .stress group of which he was a member.

The Rustrak recorder provided a permanent record of the 

time, at. which the subject emitted a bar press. Food rein

forcement was delivered on a continous schedule.

Once the five minute Skinner box session was completed, 

the subject.was removed from the.apparatus and placed in a 

cage with a water bottle for a five minute time-out- period.

The subject was then.put in the start box of the alley 

and given three trials with a one minute inter-trial inter

val in a cage with a water bottle. The door of the start, 

box was opened when the subject was facing the door with 

his nose less than 1/2 inch away.. The running speed was 

recorded for each of the trials in the alley.

After the last trial in the alley and the one minute .. 

inter-trial session had been completed, the subject was 

given three trials in the Y-maze with an inter-trial inter

val of one minute. A pattern.for changing the hinged black 

and white doors was randomly selected for each day. The



pattern remained constant for all subjects for that day,' 

Choosing the black door was always rewarded with two stan

dard size, food pellets, the size used in the Skinner box, 

Choosing the white door was never rewarded. The same cri

terion was used for the opening of the fast-action door in 

the Y-maze as in the alley. Both running speed and errors 

were recorded for each trial of each day. When the third . 

trial was. completed in the Y-maze, the subject was returned 

to the home cage, and the experimental session was conclu

ded for that subject for that day.

Design— The Control (C) group did not receive any elec

tric shocks.

The Approach-Avoidance Gradual (AAG) group received an 

electric shock for each bar press in the Skinner box. The 

shock was increased gradually in increments of 0.5 ma every 

other day. The first shock was 0.5 ma, and the level reach-, 

ed 5.0 ma at the end of the gradually increasing steps. The 

subjects received the 5.0 ma shock for two days once reach

ing this level of intensity.

The Approach-Avoidance Sudden (AAS) group received the 

5.0 ma intensity of shock for the 20 days that the AAG group 

was receiving the gradually increasing shocks.

The Non-Contingent Gradual (NCG) group received a shock 

at the same point of time in the Skinner box session that

13
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the AAG group had pressed the bar and received a shock.

Thus, the number and the time of the shocks received by the ' 

AAG group and the NCG group were equivalent, but the NCG 

group did not receive the shocks contingent upon bar press

ing behavior. One subject in the AAG group was yoked with 

one subject in the NCG group for the entire experiment; The 

shock intensity of the NCG group increased in the same man

ner as the AAG group.. *

The Non-Contingent Sudden (NCS) group followed a similar 

procedure as the NCG group, receiving a shock at the same 

point of time in the Skinner box session as the, AAS group 

but not contingent upon bar pressing behavior. The shock 

intensity that the NCS group received was of the.same inten

sity as that of the AAS group.

Beginning on the twenty-first day, the subjects in all 

the groups no longer received any shock in the Skinner box 

and the procedure of testing in the three tasks was contin

ued for another 20 days. Upon completion of the testing 

of all of the subjects after 20. days of no electric shock, 

the experiment was terminated.

In order to compare the scores of the three tasks toge

ther, they were converted to a large Z score for each mea? 

sure, providing a relative score as compared with the other 

groups, for each task. The Skinner box session was divided,
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into two 2 1/2 minute sessions with a bar press score for 

each. The third trials in the alley and the Y-maze was 

dropped.. Through this process, the 3-way analysis of 

variance nested model with measurement replication was used.



RESULTS

The•ANOVA 'conducted for the days I - 20 yielded signi

ficant results in the Stress Group x Task interaction,

P <0.01 (see Table I). The Only interaction of interest in' 

this'experiment was the group x task. The F value for the 

task source .in the ANOVA was. approximately zero because of 

the use of the Z score conversion. Figure I provides a 

.graphic illustration of the Stress Group x Task interaction 

in mean Z scores, indicating that the relative performance 

of each group varied according to the task and was not con

stant. (For the raw scores and the converted Z scores see 

Tables AT and A2) .

. The bar press performance for the AAG group decreased 

once the shock intensity reached 3.0 ma,, while the perfor

mance of the NCG group remained relatively constant through

out the first twenty days. .Figure 2 provides an illustra

tion of the changes in the bar press rate on a daily basis, 

and a comparison of the rate to the other groups. A daily 

plot of the running speeds of the experimental groups for. 

days I - 20 are illustrated in Figures .3.and 4. Figures 5 

and 6 are plots of the running speeds in the Y -maze for each 

of the stress groups. These figures illustrate the changes 

in. running speeds on a logarithmic scale in order to plot

Days I - 2 0., '



ANOVA Table for Days I - 20.

Source SS DF MS F-ratio P value

indiv/group 1143.9603 5 228.7921

group 1578.5969 4 394.6492 1.7249

task 0.0038 2 0.0019 0.0000

ind/task x 
group 484.5796 10 48.4580 1.7739

group x 
task

1982.5908 8 247.8239. 5.1142 P <0.01

measure
error 819.5039 30 27.3168

I totals
I_ _ _ _ _ _ _ _

6009.2353 59

TABLE I
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FIGURE 3
Alley Performance by Day in Logarithmic Function for 

, Control, AAS, and AAG.
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FIGURE 4
Alley Performance by Day in Logarithmic Function for

NCS and NCG.
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FIGURE 5
Y-Maze Performance by Day in Logarithmic Function for

Control . AAS, and AAG.
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all of the values.-

The error rate in the Y-maze, running to the white door-, 

was too small to plot on a daily basis, so the totals for 

the two 20 day periods were plotted by group. The number 

of errors per group for both twenty day sessions were plot

ted in Figure.A3. Ah ANOVA run on the errors for the first 

twenty days per group vs. the errors for the second twenty 

days did not yield a significant difference between the ■■ 

stress period and the non-stress period.

Scheffe tests were conducted with the paired groups, 

which had data that were likely to yield significant re

sults, of the tasks individually (see Table A3). The 

Scheffe tests for the Skinner box. session yielded signifi

cant differences in the bar press performance between the 

gradual groups. (AAG and NCG) and the sudden groups (AAS and 

NCS) , (PCo.Ol),. Other significant results were found be

tween the control group and the AAS group, the NCG group 

and the.NCS group, the NCG group and the AAS group, all 

P 0.05. These results support the earlier findings of

Miller (1960) and indicate that the NCG group was effective
- . in resisting.stress to a similar level of that of the AAG.

In the alley a Schefle test between the.AAG group and the

NCG group yielded a significant difference in running speed

(p<0.05), indicating that the NCG group ran faster in the
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alley than the AAG group.. The Scheffe tests for the groups

in the Y-maze did not indicate significant differences

between any pairs in running speed. ,

An ANOVA conducted.on the data for the days 19 and 20,

the days that all the stress groups received the 5.0 ma

intensity shock, yielded a F= 3.06 for the Stress Group x

Task interaction (see Table 2).. An w test was conducted

for the same, two days to determine the relative, strength
'2of the Group x Task, interaction. The w indicated the rela

tive strength of each of the variables and interactions that 

had been computed for the ANOVA. • This test calculated the

power of the stress group x task interaction to be equal to
29 2% (see Table A4). The w test therefore indicated .that

the Stress Group accounted for 92% of the variance in the

scores on these three tasks for the days .19 + 20. The.

extremely large number for the Stress Group x. Task inter-
2action should not be misinterpreted. The w 'result was 

extremely large primarily because it included the Skinner 

box session in which the shock was administered and would 

cause large differences in response rates according to the 

.group as illustrated by the Scheffe test results in the 

Skinner box. Therefore, the Skinner box session probably

accounts for the greatest amount of the 92% total found in
2  " ■ -the U :test.



ANOVA Table for Days 19 and 20.

Source SS DF MS F-ratio P value

indiv/group 510.1741 5 102.0348

group 539.9294 4 134.9824 1.3229

task 1.0194 2 0.5097 0.0037

ind/task x 
group 1385.9802 10 138.5980 2.0462

group x 
task

3389.8491 8 423.7311 3.0573 P >0.05*

measure
error

6095.9782 90 67.7311

totals 11922.9304 119

Po.OS*note 3.07

TABLE 2
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Days 21 - 40.

The data for the days 21 - 40. were treated in the same
\

manner as that of the first twenty days. An ANOVA calcula

ted on the data did not reveal a significant difference.

An ANOVA conducted for the days 21 and 22, the first days 

after the stress was terminated, did not yield any signifi- ■ 

cant differences in the Stress Group x Task interaction (see 

Table AS). These results indicate that the performance of 

the stress groups had returned to that of the control within 

48 hours of the termination of the shock. (For the raw 

score totals and the Z score conversions, see Table AS and 

A6) .



' DISCUSSION

The results of the Scheffe tests, which revealed a 

significant difference between the bar press rate of the 

gradual groups and the sudden groups, support the earlier 

findings of Miller (1960) and Karsh (1962). Thus, through 

a program of gradually increasing stress, changes in beha

vior in the stressful environment may be reduced. The pre

sent findings have also gone beyond the earlier investiga

tions of training programs with the approach-avoidance type 

of stress, indicating that when the stress is administered 

in a non-contingent manner in gradually increasing steps, 

the rate of responding is at approximately the same level 

as. that of the group which, is not receiving any stress: 

However, the rate of responding of the approach-avoidance 

group, receiving the gradually increasing shocks at the 

same rate as the NCG group, is at a lower rate than the 

control (see Figure I). The primary difference between the 

non-contingent group and the'approach-avoidance group is 

that the approach-avoidance group must make a decision 

regarding whether to press the bar and receive an electric 

shock and a pellet of food, or not to press the bar and not 

receive the pellet of food. The non-contingent group does 

not have the decision to make, since they are yoked with 

the approach-avoidance group and receive the shock only
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when the approach-avoidance group performance in bar press

ing, This decision should not be minimized, for as Miller 

(1951) has shown in previous work, the effects of an 

approach-avoidance conflict are great. The stress of a 

decision has also been investigated by Brady (1958) in which 

an "executive monkey" and another monkey were used in an 

experiment in which the "executive monkey" had to press a 

bar every five seconds to avoid a shock administered to both 

monkeys. After about twenty days, the "executive monkey" 

died of ulceration of the stomach while the other monkey 

was still in fine health. It therefore appears that a pro

gram of gradually increasing stress in which the stress is 

applied in a way that is not contingent upon any successful 

behavior, is a much better program for adapting to stress 

than the AAG training conducted by Miller (I960)'. The NCG 

group is much like the second monkey in the Brady . (1958) 

experiment, where the decision is not placed with him, but 

•with another, thus relieving him of another potential 

stress-inducing problem.

An examination of Figures 3 through 6 indicates that 

stress may affect performance in other tasks in the same 

manner as Karsh (1962) hypothesized; i.e., as "incomplete" 

change in behavior.- This "incomplete" change of behavior 

does not have a trend or pattern but only creates a greater



variance in the rate of responding than an unstressed group 

or causes the response rate to change sporadically, result

ing in increases in the decision time and the error rate in 

the Y-maze. ■ .

The Scheffe1 test yielded a significant difference in 

running speeds of the NCG group and the AAG group in the. 

alley. In examining Figure I, it is clear that the NCG 

group and the AAG group have opposite trends. The differ- 

ences in the rates of responding between the two gradual 

groups.are hypothesized as indications of the "incomplete" 

changes in the task performance outside the stress-inducing 

situation which may be a result of the secreting of hormones 

which aid in the stress found by Selye (1952, 1956). The 

hormones are secreted to aid the subject in entering and 

maintaining the adaptation to the stress.

Although the only significant Scheffe' test outside the 

stressful environment was found for the alley task between 

the two gradual groups, this is a strong enough result to 

indicate that there may be other changes in task performance 

when preceded by stress. These changes may not have a pat

tern such as increasing running speeds and decision times 

but may only cause sporadic disruptions in the rate of 

responding.

It is important to note that the extremes in response
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rates in the alley and the Y-maze (see Figure I) are repre

sented by the NCG group and the AAG group, the gradual 

groups in both cases, whereas the AAS group and the NCS 

group are closest to the control group. This trend suggests 

the reason for the. upper and lower bounds of responding in 

the subsequent tasks may result from the adaptation to the 

stress that they have acquired. The adaptation to the 

stress involves the secretion of hormones, which are sus

pected as the cause for changes in task performance, while 

the lack of adaptation as represented by the sudden groups, 

involves only a minimal amount of hormones because they are 

thrust into the stage of exhaustion due to the high inten

sity of the shock. Therefore, there are two possible 

explanations, for this finding. The differences in the 

responding between the two gradual groups may be. represen

tations of the hormones secreted to aid the adaptation to 

the stress, now interfering in task performance in a non

stress situation (the alley and the Y-maze). The differ

ences may be explained through the added stress of the 

approach-avoidance decision which is present in the AAG 

group but. not the NCG group. ■ Of course, it is possible 

that the differences are a result.of both of the above 

stated factors.

The results of the days 21,- 40 suggest that the effects
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of stress decrease as the length of time from the stress 

increases. This tendency, of changes in the behavior. in the 

non-stress situation as illustrated in Figure 7. ' The 

lack of parallel lines indicates that there may have been an 

interaction between the previous experience with stress and 

the task performance, although the differences were not 

great enough to yield a significant F in the ANOVA for days 

21 -40.

The error total was too small to yield a significant 

difference between groups during the stress and the non

stress environment. It is important to note that during 

the stress, the NCG group made the.largest.amount of errors 

and decreased to below that of the control during.the hori- 

stress testing. The change in the error total for the NCG 

group is opposite to that of the other groups, which . 

increased their total number of errors during the non

stress. The fact that the control also increased in the 

total errors during the non-stress, is difficult to explain 

because there was no change for the control between the 

stress and non-stress environment.

The present study had several objectives, the first of . 

which was to discover if a group receiving a Miller (1960) 

type training program to resist stress, could adapt to the 

stress if it was applied without being contingent upon a
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response. The NCG group provided evidence indicating that 

the training program for the non-contingent group resulted 

in equal or less change in the rate of responding in the. 

stressful environment as compared to the paired approach- 

avoidance, AAG group. This study, also found , that there was 

a difference in the rate of responding outside the stress- 

inducing environment between the AAG group and the NCG 

group, suggesting that the effects of stress are not limited 

only to the environment in which it is applied.

The results of this experiment indicate that stress can 

cause variability in subsequent task performance. These 

results also indicated that further investigations in this 

field are warranted. ■ 'In order to examine the differences in 

task performance, several other factors should be. incorpora

ted into the experimental design to obtain these results.

The amount of time .in the stressful environment is a criti

cal factor, for this may be highly correlated with the 

amount of hormonal secretions and the length of time for 

. which it has an effect. The time-out period following the

stress should be varied to determine the effects, of a rest
' ' ' . > 

period after the . stress, on subsequent task performance. A

more complicated, discrimination task may yield a higher 

error rate for the Y-maze. The final suggestion for modifi

cation of the experimental design concerns randomizing the
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running trials of the alley and the Y-maze. By randomizing 

these trials the effect in each should be a result of the 

stress and not a function of the time from the stressful 

environment, as in the.present study.

Although there are modifications on the present study 

which may yield stronger results, the present study has 

succeeded in discovering that there are effects of a non

contingent training program and there are changes in task 

performance when preceded by a stressful environment. The 

knowledge of stress is relatively small and the effects 

outside the stressful environment had not been previously 

investigated. It was the purpose of this study to aid in 

the understanding of stress and its implications outside 

the stressful environment and to provide a basis for further 

research investigating the effects of a stressful environ

ment on subsequent behavior.



APPENDIX



37

CONTROL

M G

AAS

NCG

TABLE Al ■
Raw'Score Data for Days 1-20.

BAR PRESS ALLEY . . ' Y-MAZE

29.58 60.36 46.53

29.83 29.42 56.4351.81

32.44 32.23 43.96 56.91

38.56 62.67 80.86

34.49 40.51 71.23

27.68 29.02 40.38

503 ■ 27.77 27.14 41.32 42.34

26.2326.61 44.47

50.79 32.52 47.68 49.59

45.8131.32 30.79 48.29NCS
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TABLE AZ

Z Score Conversions of Raw.Score Data for Days 1-20. 

BAR PRESS ALLEY Y-MAZE

44.2745.69CONTROL .

45.4 '55.16 45.58 54.5456.73 52.20

51.12 ■ 49.51 44.08 52.59

71.7857.57 55.51 71.90

60.1238.83AAS -

44.09 39.1735.69 35.79

59.82

43.35 ' ■ 51.460.02 62.48

46.7254.4 ■35.09. NCS

45.6849.4245.9445.51



39

-TEST GROUPS 

-C vs. NCS 

C vs. AAS 

C vs. NCG 

C vs . AAG 

AA vs. NC ' 

Grad. ' vs.. ' Sudden 

NCG vs. NCS- 

NCG vs.. AAS 

NCG vs. AAG 

AAG vs. AAS'

TABLE.A3

Scheffe Test Results.

SKINNER BOX' ALLEY Y-MAZE

F= .13.8786 F= 2.0879 ■' F= 2.17

F= 19.66* F= 0.0427 - F= 3.16

F= 0.0529 F= 0.9930 F= 4.44

F= 1.2349 • F= 11.69 F= 1.0883

F= 2.1010 F= 4.0476

F= 2.6.48** '

F= 15.6458* • F= 5.96

F= 21.7527*

F= 1.8486 'F= 19.50* F= 9.93

F=> IT. 03

Fs ( 0 . 05) 13.92

Note: * = significant to 0.05 level

** = significant to.0.01 level
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■ TABLE A4

Table of Omega Square Results. 

MS . effect

r/B

B

C

BC

' rC/B 

Totals

2.86
5.49 .

. 0.00 
28.5.13 ■ 

17 . 72 
311.20

effect

0.01

0.02

0 . 00

0.92

0.06

1.01

total



CONTROL'

' M G

M S

NCG

TABLE AS
Raw Score Data for Days 21-40.

41 •

BAR PRESS ALLEY Y-MAZE

749 683 28.74 28.56 55.26 54.19

I . 616 555 28.64 28.63 43.72 42.63

599 524 30.75 27.56 58.85 40.4

460 ’ 525 27.52 . 29.48 67.03 45.61

709 499 31.54 31.03 74.48 64.64

438 382 27.15 27.2 47.05 101.25

745 640 25.64 26.33 77.22 44.46

666 595 33.29' 26.98 55.15 99.95

515 450 • 42.75 41.97 88.15 70.23

653 580 32.89 34.59 73.35 72.37NCS
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TABLE Ab

Z, Score Conversions of Raw Score Data for Days 21-40.

CONTROL

AAG

AAS

NCG

BAR PRESS ALLEY Y-MAZE

66.65 ' 46.31 45.6362.59

. 51.39 40.25

49.65

41.6452.21

51.76

59.72 41.1141.39

43.46 66.93

53.1075.8940.6 ■

54.33 59.654.37NCS



ANOVA Table for Days 21 - 40.

Source j SS I -DF ’ J MS J F-ratio j P value

indiv/group| 504.4936 I 5 ' . 1100.8987 |
group j1025.8476

4
256.4619 2.5418 ..

— .. — ...

task' | 0.0023 2 0.0011 10.0000

r :
lind/task x 
I srouu

998.0868 I 10 99.8087' ' 2.0636

I group x 
I task 2023.0630 8 252.8829 2.5337 : P> 0.05

I measure 1 1451.0011 
I .errror f

30 48.3667 ' ■ I

I ■ I ■I totals I 6002.4944 59 I



A N O V A  Table for Days 21 and 22.

Source I ss ■
H

MS' F-ratio . P value

indiv/group 1089.8115' 5 217.9623
I' I . ' .

■ group . 951.3258 4
.

237.8314 1.0911.'

task 0.0002 2 0.0000 0.0000
'

ind/task x
group ' 1167.0193 10 332.4282 |.1.7124 ' .

group x 
task 2659.4256 8

I
68.1477 2.8485 P> 0.05 I

measure
error I 6133.2946 90

Z Z H
I totals |12000.87 119 I

r1. • -p*
>09

TAB
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Goal Box

Overall
Length

2.4284 m

Fast-action Door
^r-

Photo-electric Cell

Running Distance 
2.1036 m 
(7 feet)

Scale: I.905cm=30.48cm
(.75 inch=I foot)

Start Box 
17.78 cm

FIGURI- Al 
Diagram of Alley.
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Photo-electric Cells

12.TO cm
Hinged Doors „/

Arm
Length
I.04lU m

Stem Length 
I.3^62 m .9525 cm

Running Distance 
2.1036 m (7 feet)

Fast-action Door

Scale: 2.54cm =30.48cm 
(l Inchi=I foot)

Start Box 17.78 cm

MOJRli A2
Diagram of Y-Maze.
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FIGURE A3
Total Errors for Each Group During 20 Days of Stress and 

During 20 Days of Non-Stress.
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FIGURE AS
Group by Task Performance for Days 21-40
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