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SUCCESSIVE DISCRIMINATION REVERSAL IZARNING
IN THE RAT OFFSPRING AS A FUNCTION OF
MATERNAL STRESS DURING GESTATION

Miles A. Kowall M.A.
Western Michigan University, 1973

This paper concerns itself with the effect of prenatal stress
on the learning ability of the offspring, parental emotionality on
learning ability, and how these two factors interact.

Female

animals were categorized as either high or low emotional by measures
in the open field and then further divided into shock or no-shock
groups.

This provided the stress condition.

stressed during pregnancy.

All females were

Cross fostering and fostering techniques

were used to provide more stringent control measures so as to be
able to extrapolate prenatal influences from post natal artifacts.
This resulted In a 2 X 2 X 3 analysis of variance matrix with error
scores on a Successive Discrimination Reversal task as the dependent
variable.

Although no main effects were found to be significant,

the interaction between emotionality and reversals approached
significance at the .05 alpha level.
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32

It b&s been shown by various Investigators that changes In
maternal physiology do affect the fetus behaviorslly as well as
physiologically, and In some cases rather permanently (Petropoulos
et al, 1967; Gerber, 1966; Wieller and Jailer, 1959; Kalter and
Warkany, 1959)*
However, the research regarding the behavioral effects of
prenatal stress has been quite meagre until recently when an
Increasing amount of interest has been generated In this area.

A

number of Investigators have assessed or noted changes in learning
ability, motivation, and emotionally as a function of such variables
as "nutrition" (Vore and Ottinger, 1969; Harrell, Woodyard and Tates,
1956; Whitley, O'Dell and Hagan, 1951), "drugs" (Hoffeld, McNew and
Webster, 1968; Young, 1964; Hamilton, 1954; Armitage, 1952),
"radiation* (Tacker and Deagle, 1970; Furchtgott, Echols and Openshaw,
1958; Ievlnson, 1952), "conditioned anxiety" (Thompson, Watson and
Charlesworth, 1962; Hockman, 1961; Doyle and Yule, 1959; Thompson,
1957), "crowding" (Keeley, 1962), "handling" (Werboff, Anderson and
Haggett, 1967; Ader and Conklin, 1963), end "temperature change"
(Thompson and Levine, 1968).
The research which has been generated in these areas has
raised several problems which tend to obscure the possibility of
finding definitive conclusions as a result of experimental mani
pulation of such variables as shock.
A majority of investigators have failed to employ a cross
fostering technique which has been shown to be a crucial factor
in extrapolating results due to prenatal manipulation from post

1.
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natal artifacts such as a failure of female lactation.

For example,

stress applied to the mother during pregnancy does in some cases,
affect the quality and/or quantity of the milk supply received by
pups during weaning.

It seems that any undue stress placed on the

pregnant female (i.e., prenatal) has some effect on the offspring
after birth (i.e., postnatal).

As used in this study, "prenatal"

refers to the period during pregnancy of the female animal, while
"postnatal" will henceforth refer to the period of maturation of
the offspring after birth.

Thus, the effects of the prenatal

treatment of the mother might be confounded by postnatal nutritional
factors of the offspring (Joffe, 1969).

In such studies, testing

the emotionality of offspring who were reared by their natural
biological mother failed to show any differences in activity as
opposed to those animals who were cross fostered at birth (Ader and
Belfer, 1962).

These findings seemed to emphasize the need for

fostering procedures that control for influences exerted by the
female after birth of the offspring.
Another problem presented in the literature deals with the
procedures used in emotionality testing in the open field.

Using

the open field as a tool for obtaining measures of emotionality is
a well practiced operation.

However, in studies involving the

measure of emotionality, only one trial for a short duration of
time has been used (Thompson, 1957)-

The method of using a single

trial and of short time duration has since been shown to be un
stable.

If the open field is to be used for the gathering of

emotionality data, experimental studies (Joffe, 1969) as well as
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logic suggests the use of a number of trials with a longer time
duration per trial so as to obtain the needed precision and validity.
It has been shown that b y testing emotionality using more than a
single trial, two different aspects of emotionality can be derived.
That is, b y means of obtaining factor scores, it was found that there
are separate factors for initial reactivity and habituated reactivity
on the bolus measure of emotionality (Becker,

1969)•

Another problem which arises out of the specific technique of
conditional anxiety used by Thompson (1957; 1962) and others, is the
confounding of premating stress with prenatal gestational stress.

A study by Kaplan (1957) showed that there was some doubt as to
whether the results that Thompson obtained occurred due to the
premating training in avoidance conditioning or the gestational
stress applied to the female animal.

It seems that females in the

learning situation received a large number of shocks, for a longer
period, than those given premating shocks only.

The premating

animals received three shock sessions daily for ten days.

Each

session consisted of twelve shocks administered over a two minute
period.

The gestationally shocked animals were replaced in the

shock chamber three trials twice a day for eight consecutive days.
Also, the study reported that the gestationally stressed
animals received a buzzer as well as a shock during the initial
training phase whereas the premating stress only rats received
only shock.

Another confounding factor arises as the gestationally

stressed females experienced a learning situation, that is,
avoidance conditioning prior to mating.

However, the premating
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k.
stressed animals were shocked only.
Other factors which seem to influence results of early
experience studies are the strain of animal used as well as the age
of testing (Thompson, et al, 1962).

They found that the effects of

gestational stress on offspring of Sprague-Dawley rats differed from
the effects on hooded rats.

Thompson found that the offspring of

Sprague-Dawley females who underwent stress in the form of shock
were more active, had shorter latencies of activity, and defecated
less than controls
rats.

The opposite results were found with hooded

Denenberg and Smith (1963) indicated in their study that the

activity score is more sensitive of a discriminator of group
differences at earlier stages while the defecation measure does a
better Job at the older ages.

Hockman ( 1961) found that whereas

the offspring of prenatally stressed mothers were less active than
controls in an open field at 3 0 - ^ 0 days of age there was no signi
ficant differences between groups at later testing (180-210 days
of age).

It has also been shown (Vincent, 1958) that studies using
varying degrees of an independent variable may produce bi-directional
outcomes.

Vincent found that a small dosage of alcohol given to

female rats during the gestational period had beneficial effects as
shown by the offspring being more active, better able to learn and
less emotional than offspring from a control group.

However,

larger dosages produce the opposite characteristics.
It would seem that perhaps if one uses a certain amount of
stress, beneficial results may be obtained but if an excess were
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to be used, opposite results could be found.

The research concerning

an optimum level of stress has not been undertaken in current studies
and as such this leaves another area to be considered in the
evaluation of certain results.
The present study seeks to clarify some of the disputed or
ambiguous conclusions obtained in a variety of conditional anxiety
studies by means of employing more stringent control procedures in
the area of cross-fostering and fostering of the offspring (Joffe,

1969).

Thompson (1957) only cross-fostered the female animals

between groups, but no fostering procedure within groups occurred.
Morra*s (1965) results, on the other hand, were inconclusive as
there was neither fostering or cross-fostering to account for post
natal effects.

Also, the fact that handling was not taken into

account in most of the early studies of prenatal stress (Thompson,

1957; Morra, 1965 ) also tends to lessen definitive conclusions
which could be drawn from such studies.

Also, the present study

tries to ascertain if such behavioral effects as a learning
decrement or increment can be assessed as a function of the
emotionality of the parent, and/or maternal stress during the
gestational period.

That is, this study is interested in (a) off

spring learning ability as a function of parental emotionality, (b)
the effects of a physically traumatic experience on a pregnant female
also with regard to subsequent learning ability of the offspring, and
(c) the interactional effect between emotionality of parents and
stress placed on the mother during pregnancy.
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6.
One of the basic general hypotheses of this study is that:
(a) offspring learning ability may be a function of a
stressful event placed upon a pregnant female.
Since the research regarding this subject has focussed mainly on
emotionality per se and neglected appetitive learning ability, it is
not known whether stress placed on the pregnant female produces a
possible learning decrement or increment upon the offspring.
Previous research by the author indicates an initial learning
deficit which progressively dissipates over an increased number of
experimental trials until a stable asymptotic level is reached.
Another basic but more specific hypothesis is:
(b) that offspring of a female parent which is considered
"high emotional" and undergoes a traumatic event,
will produce significantly more errors initially in
learning while the offspring of a female parent
classified a "low emotional" which also undergoes a
traumatic event will not produce as many initial
errors in learning.
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METHOD

Subjects
The subjects were 1^3 female and 78 male Sprague-Dawley rats
acquired from the Upjohn Company in Kalamazoo, Michigan.
approximately 100 days of age on arrival.

They were

All animals were placed

in standard size individual cages and maintained on food and water
ad libitum.

Due to a number of false positive pregnancies as well

as a number of cannibalisms after mating, only 39 viable male
offspring were used to test the two basic hypotheses.

Procedure
The procedure followed in this study is described in four
phases under the headings: Parental Phase Ij Parental Phase IIj
Offspring Phase I; and Offspring Phase II.

Under these headings,

the specific apparatus used in that phase will be described (see
Tables I and II).

Parental Phase I

On arrival, all animals were placed on ad libitum food and
water for seven days.

Beginning on the eighth day and lasting for

five days, all animals began emotionality testing in the open field
for a one minute period with emotionality assessed in the following
ways:

7-
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8.
(a) Latency off the first square.
(b) Ambulation adjusted. (Ambulation divided by one minute
minus latency off the first square.)
(c) Defecation (the number of boll dropped).

Apparatus
The open field was used to measure emotionality.

This con

sisted of a box 45" X k5" X 18" marked off in 9" X 9" squares, with
an overhead 150 watt light.

The light was suspended in the centre

of the field twenty-two inches from the floor of the box.

A

Lafayette electric counter was used to measure ambulation while a
Brenet type 15 stop watch recorded latency off the first square.
Twenty-four hours after the last emotionality trial in the
open field, the animals were allowed to mate.

One high emotional

male was placed with four to five high emotional females for a
one four day estrus cycle.

This same procedure was followed with

the low emotional group.

Parental Phase II

On the fifth day of mating, all males were removed.

On the

sixth day, all females of both emotionality groups were randomly
divided into an experimental or control group.

This second parental

phase is characterized by the introduction of the stress factor, in
this case foot shock with a specified duration and amount of shock.
Shock was used as it lent Itself to easy manipulation as there were
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9.
a number of animals being shocked at once, as well as regulation, in
which the amount of shock could be varied if necessary.

Some pre

liminary work done by the author (Kowall and Becker in preparation)
provided the criterion for the specific stress procedure used.

Apparatus
Seven experimental female animals of either the high or low
group were placed in the shock chamber at one time until the total
number of animals had been shocked.

The shock chamber was con

structed out of 17 inch plywood with an overall length of 7 2 inches
and height of 15 inches.

There were seven individual compartments

with each one of these being 15 inches deep with electrified rods
running along the entire length of the floor.
chamber was also constructed out of

The lid of the

inch plywood and hinged to

the back of the chamber so it could be opened and closed quite
readily.

Eye hooks attached to the lid prevented the animals from

accidentally opening the lid during the shocking phase.

The front

of the chamber was constructed out of 17 inch plexiglass so all
animals could be viewed (see Figure l).

Procedure
All experimental animals received a one milliampere shock
delivered from a BBS shock scrambler model 2902 for a total of
four minutes.

This overall shock period consisted of: (a) two

minutes of continuous shock for all experimental animals of both
emotionality groups; (b) a one minute rest period (no shock); and
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10.
(c) another two minutes of continuous shock for a total of four minutes
of shock.

After the last period of shock, there was a thirty second

delay before removing the animals from the chamber and replacing them
in their home cages.

This delay was intended to reduce any negative

association between handling and/or home cages and the stressful
situation. All experimental animals of both emotionality groups were
shocked using the two minute on, one minute rest, and two minute on,
shock schedule described previously for seventeen days throughout
their gestational period.

Since the animals were allowed to mate for

a period of four days, this would make up the twenty-one day
gestational period entirely.

Control animals of both emotionality

groups were placed in the shock chamber in succession with the ex
perimental animals but were not given the stress treatment (shock).
To control for handling effects, the control animals underwent the
same procedure as did the experimentsIs except that shock was not
administered (Ader and Conklin, 1963)-

On the seventeenth day of

shocking, all animals were placed in maternity cages and left

1
undisturbed until parturition.
Using this procedure the study incorporated two independent
variables with two levels of each.

The first independent variable,

emotionality, had two levels, high and low.

The second independent

variable, stress, also contained two levels, shock and no shock.
The animal was always placed facing the same co mer of the
open field and the stop watch activated.

When the animal had all

^ It should be noted that only 30 P®r cent of the females gave
birth which tended to decrease the overall N per cell.
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four feet off the first square the watch was stopped.
defined as the number of traversals in the open field.

Ambulation was
This was

measured by an electric counter which was activated when the animal
entered a square with all four feet.

Defecation was measured by a

simple frequency count.
All animals were then rated as being either high or low in
emotionality.

To be considered as "high emotional," a subject had

to have all three indices in agreement.

That is, long latency off

the first square, a low number of traversals, and a high rate of
defecation.

These criteria were used since emotionality can be

measured using a number of parameters.

A combination of such

parameters would tend to be more consistent.

It has also been

shown that different parameters of emotionality load on different
factors (Billingslea, 1942; Royce, Carran and Howarth, 1970) and
hence b y using all three indices of emotionality, a more precise and
overall definition can be presented.

However, since the majority

of animals did not defecate, the bolus measure was not considered
in the analysis of emotionality.

An animal was then assigned to

a high emotional or low emotional group.

This designation was

determined b y calculating the mean latency scores for all five days
of emotionality testing and assigning all those animals with a mean
latency of between 35-60 seconds to the high emotionality group.
Low emotional animals had mean latency scores between 1-20 seconds.
Animals that scored between 21-3^ seconds were discarded as they
did not fit into these groups.

Animals with mean ambulation scores

of 1-20 traversals were also considered as high emotional while
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scores of 35 and upwards were designated as low emotional.

The

designation of high and low scores was an arbitrary decision made by
the experimenter.
Hence, the design became a simple 2 X 2 X 3
correlated variable, the errors per reversals.

factoral with one

However, it should be

noted that the study was concerned specifically with the dependent
variable (number of errors in a Successive Discrimination Reversal
learning task) of the offspring.

Offspring Phase I

Within forty-eight nours after birth, all litters were
randomly culled to six pups and fostered or cross fostered within
their respective emotionality groups.

This procedure was in

troduced to control for post natal maternal effects such as poor
lactation of offspring by females in either group.

In this type of

procedure the females were moved instead of the litters.

This was

done so as to reduce any handling effects and possibly human
influences which would disrupt the weaning of the pups by the new
mothers.

It has been shown in previous research that if pups are

moved in a litter, the female will be able to detect this and refuse
to wean the pups.

Therefore in this study, one experimental female

would be fostered to a litter from another experimental mother, while
a control female cross fostered to an experimental litter.

Using

this procedure no offspring would remain with its natural mother.
As a result of this cross fostering procedure a number of litters
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were cannibalized b y their new mothers.

A frequent count of all

cannibalized litters, however, did not indicate that the experimental

2
females cannibalized more than the control animals.
Offspring were weaned at twenty-one days and then removed from
their foster mothers.

The six original pups were again culled and

two male progeny from each foster litter were used.

Only male

offspring were used in this study as their behavior tends to be
somewhat more stable than females whose estrus cycle may cause varied
and erratic behavior during testing.

The males were placed two to a

cage until the time of testing when they were housed individually.
When the male offspring were approximately forty days of age
they underwent emotionality testing in the open field using the
same procedure as their parents had undergone.
described in Parental Phase I.

The procedure was

One major difference was that these

offspring were not divided into high or low emotionality groups.
Parents were so defined for purposes of mating so that high
emotional males and females would be mated as well as low emotion
ality animals.

However, since this study was not concerned with the

mating of the offspring, dividing them into such groups was not
necessary.

Testing the offspring in the open field lasted for five

days until the offspring were forty-five days of age.

2

The females tended to cannibalize their entire litter and
in no case were any offspring spared in these litters.
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Offspring Phase II

The same day that emotionality testing was completed (U^th day
after birth), all food was removed from the cages except for fire
grams.

The schedule for this deprivation diet consisted of giving

all animals one five gram pellet for three days to bring down their
weight to 80 per cent body weight and then increase it to fifteen
grams on the fourth day for the remainder of the experiment.

On the

seventh day of the deprivation schedule, habituation to the T-maze and
preference training began.

This will be discussed at length later

in the paper.

Apparatus
The T-maze which was used in this study was constructed of

5 inch pine with an overall arm length of fifty inches and stem
length of forty inches.
painted flat gray.

The maze was six inches in height and

The top of the maze was constructed out of £

inch plexiglass which was hinged to the back side of the maze so
as to allow for easy access in picking up the animal after each
trial.

There were two guillotine type gates at either end of the

arms and one at the start of the stem (see Figure 2).

Habitual Training
Habituation to the T-maze was carried out for four days only.
In this phase, food (U5 mg. Noyse pellet) was placed in both goal
boxes.

Half the offspring were randomly selected to start in either
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the right goal box while the other half were placed in the left side.
The animals were given one four minute trial per day starting in the
goal box area for two days.

Animals were placed so that they were

orienting toward the food cup.

An alternating procedure between left

and right side was also employed.

That is, on day one of habituation

training they were placed in onegoal box, while on the next day they
were placed in the opposite box.

Next, the animals were given a one

four minute trial in the pregoal box area.

This was also done for

two days with the same alternating procedure used.

The animals could

explore the maze during the four minute period and had free access to
any portion of the maze.

If the animal ate the pellet in either of

the goal boxes it was replaced when the
of the goal area.
period was up.

Tne animal was not handled until the four minute

On the fifth day the animal was given just one trial

in the stem section of the maze.
training.

animal had all four feet out

This marked day one of the preference

This alternating of sides was used to control for possible

position effects.

Preference Training
During the preference phase, all doors were open in the maze
and when the animal had entered one goal box, the gate was then shut
preventing the animal from retracing his steps or entering the other
goal box.

Preference training was instituted as a check to see if the

animals, when measured on the dependent variable, had fewer errors on
one side of the maze as opposed to the other.

Therefore, this was

instituted as a special procedure so the experimenter could ascertain
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16.
if fewer errors occurred on one side of the maze rather than the other.
Food was still obtainable in both goal boxes as was the case during the
habituation phase.

When the animal entered a goal box and ate the food,

he was returned to the stem of the maze and the food replaced.

The

animal was returned to the stem for nine consecutive replications.

The

side to which the animal entered on the majority of trials (five out
of nine or better) was considered his preferred side.

On the sixth

day, the animal v;as placed in the start box which marked day one of
Successive Discrimination Reversal (SDR) training.
In this last phase, the animal was placed in the start box with
food being only in one goal box instead of in both.
was always to the non-preferred side.

The first trial

All animals were given one

session per day with ten trials per session.

Criterion was 9/l0

correct responses with the non-correction method being used (Pubols,
195?)*

When the criterion was reached, the food was placed in the

opposite goal box and the animal now had to run to the opposite side
until the criterion again was reached.

This procedure resulted in

five reversals over the entire experiment with the total number of
errors being the dependent variable.

All Ss reached criterion for

each reversal.
This procedure provided a successive discrimination reversal
task (Gossette, 1969).

A. good portion of studies involved in prenatal

stimulation have used as the principle learning task an avoidance
or escape paradigm (Thompson, 1957J Thompson, et al, 196c*; Thompson
and Quinby, 1961; Hutchings and Gibbon, 1970), while ignoring other
types of learning paradigms.

This study, however, was concerned
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with appetitive learning ability, that being learning sets or "learning
to learn."

The reason for this type of learning procedure was due to

the complexity of the task involved, and as Harlow (in Koch, 1959, p.

510) states:
" We believe that this phenomenon has a great generality and
that all insightful learning of all problems by animals is
the resultant of L.S. formation."
Since the SDR paradigm is a form of learning set, the author chose
this as the paradigm for the present study.
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TAB IE I

Summary of Parental Procedure Phase

PEASE I
Day 1-7

Animals housed individually and placed
on food and water ad libitum.

Day 8-12

Emotionality testing in open field.
Animals divided into high and low
emotionality groups.

Day 12-15

Femles mated within respective
emotionality groups.

Day 16

All males removed.

Day 17-33

Females divided into experimental
and control groups and shocked once
each day beginning on Day 17.

Day 34

Females housed in maternity cages
and left undisturbed until parturition.

PHASE II
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TABIZ II

Summary of Offspring Procedure Phase

PHASE I
Day 1-2 (birth)

All offspring culled to six pups.

Day 3

Litters fostered and cross-fostered.

Day 4-20

All animals left undisturbed until
weaning.

Day 21

Offspring weaned and litters culled
again to two male pups. Pups left
undisturbed for approximately three
weeks.

PHASE II
Day 40-50

Offspring begin emotionality testing.

Day 46-51

Deprivation schedule begins.

Day 52-55

Habituation to T-maze.

Day 56

Preference training begins.

Day 57

SDH testing begins.
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RESULTS

The present study was concerned with the hypotheses regarding
offspring learning ability as a function of maternal stress, the
effects of parental emotionality on offspring learning behavior,
and how these two factors interact.
The analysis, a 2 X 2 X 3 mixed analysis of variance, was
done to isolate any significant effects due to the experimental mani
pulation (see Table III).

These results indicated no main effect for

emotionality or treatment as well as for the interaction of treatment
and emotionality.

One possible reason for finding no treatment

effect could be attributed to the fact that the shock which was
administered was rot of such intensity as to create the desired
effect.

Using foot shock as the treatment condition, assessing the

number of milliaraps running through the grid rods and ultimately
shocking the animal was difficult to measure and as such only an
approximation can be given.
However, there was an interaction effect between emotionality
and reversals significant at the .10 alpha level and approaching
significance at the .05 alpha level (F * 2.57; hf 2/60, p > .10)
(Figure l).

If the number of reversals had been extended the F

ratio might have been greater and reached significance at the .05
level (F = 315; If 2/60, p >

.05).

Collapsing the treatment

variables and taking the means of the emotionality X reversal
scores, a Scheffe test was done on possible groups that were

20 .
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significantly different.

The only significant comparison was found

between the low emotional-stressed group and the high emotionalstressed group.

This was significant at the .01 alpha level (see

Table TV).
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TAB IE

III

Summary of Analysis of Variance for 2 X 2 X 3

Source of Variation

df

Sum of Squares

Usin^ 'l'-Scores

Mean Square

F

EMO

1

16220.9383

16220.9383

1.2 Hi
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1

283.9729

283.9729

0.021
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T
X

22878.2266

22878.2266

1.713

BET

33

Mt O773.1250

13356.7578
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0 .0 )i7
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66220.6250
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TRT X REV

2

2'i50''u 0)i3C
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i

0.9)19

EMO X TRJ’ X REV

2

190-'i*» .7656

;

9522.3828

' 0.738

66
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WITHIN

12903.9688
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DISCUSSION

When examining the means for all three components of the
analysis of variance, It Indicated that all the animals made the
greatest number of errors on the Initial reversal (see Figure 3) •
One possible reason for this, which at this point is highly
speculative, may be due to a "frustration effect."

Thus, when the

animals were accustomed to finding food in one specific location
all the time, and when this location was switched, the animals may
be temporarily frustrated and thus produce a perseveration toward
the old, familiar location.

This idea of stereotyped running was

introduced many years ago by Maier (in Yates, 1962) who labelled it
"position stereotype responses."

Although Maier’s procedure

differed somewhat, his results seem to be fairly consistent with
this present study.

Maier found that when animals were required

to reverse their initial responses, it took a considerable number
of trials.
study.

This would be comparable to reversal one in the present

Maier also found that fewer trials were needed to learn the

second response.

This effect was also found in the present study

and is suggested by the reduction of errors on the second reversal
(see Figure 3).
To explain this frustration hypothesis more clearly, it
seems that during acquisition, the animal was reinforced on the
same side of the T-maze for a number of sessions per trial over a
given number of trials.

When the criterion for the learning task

24.
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25FIGU3E 3
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was achieved (9/10 correct responses to the appropriate side), there
was an abrupt change with food now being placed in the opposite arm of
the maze.

When the animal runs to the same side and finds that there

is no reward, the situation becomes "frustrating" as his goal directed
behavior is blocked and as such the animal must un-learn this previous
response or pattern of running, and adopt or re-learn new responses so
as to acquire food.

If he wished to get the reward and ultimately

reduce his hunger drive, he must stop and run to the opposite side of
the maze.

The animal may exhibit other behavior but these would not

reduce the state of food deprivation in which the animal exists.
Behavior other than running to the appropriate side of the maze could
be considered behavioral manifestations of this frustration effect.
The first time that this frustration effect occurs and re-learning
takes place, the number of errors drastically Increases.

However, as

the animal continues its new running pattern, the number of errors
becomes somewhat more stable and slowly begins to decrease until
asymptotic level is reached.

Thus, as the re-learning process becomes

fixed, and the animal now associates food with the opposite or new
side of the maze, few errors are produced on later trials until
criterion is reached.

As this effect occurs on every new trial after

criterion, it seems to become weaker and not as many errors are
produced on the first new trial of later reversals.

One reason for

this reduction of errors may be due to the animal associating no
reward in one arm of the maze with "switching" behavior and thus the
"fixation" due to the frustration effect is reduced and the animal
learns to run to the other side.

Doing this, the rat reduces the
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number of entrances Into the Incorrect goal box.

When the association

between "no food - other goal box" is established, the first time the
animal encounters no reward, It produces running in the opposite
direction to the other goal box.
Another interpretation of the increased number of errors on the
first reversal can be analyzed in the light of frustration combined
with partial reinforcement theory.

In the present study, as training

continued, and continuous reinforced and non-reinforced trials are
mixed, the rat begins to exhibit behavior which is incompatible with
maze running behavior.

That is, the latency from the start box to

entrance into either goal box becomes increased and there is a
noticeable amount of increased grooming behavior.

This would seem to

indicate possibly that association between the correct position and
reward in the maze may be breaking down.

This type of behavior was

not exhibited in the preference trials where reward was present in both
goal boxes continuously.

This may be more clearly stated as the

animal seemed to be in a state of conflict.

On one hand, the cues of

the alley promise the ultimate payoff of food, but on the other hand,
the same cues also promise the upsetting frustration of an empty goal
box.

Nevertheless, the rat continues to run unless too few rewards

are provided since reinforcement is available at least some of the
time (Deese and Hulse, 1958)*

1° the present study, since the rat

has been reinforced in one location, it returns to this same location
for a number of trials even though the reinforcement has been placed
in the other arm of the T-maze.

This can be readily verified by

looking at the mean number of errors on the first trial (Bev. l)
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when the reinforcement was switched (see Figure 3)*
Also, it would seem that in later trials, this frustration
effect became somewhat reduced after the animal had been involved in
the SDB task for a number of sessions.

This hypothesis can be

supported to some degree by the fact that there is a gradual linear
reduction of errors from the first reversal to the third reversal.
If the mean number of errors per reversal are plotted, one can see
quite clearly this gradual reduction of errors over the total number
of trials (see Figure 3)*

Also, if one looks at the interaction

effect between emotionality and reversals, there is a considerable
decrease in the number of errors for factor two (i.e., initial
reversals) which was proved to be significant at .01 alpha level.
In summary, there is some evidence to suggest that parental
emotionality interacts with offspring learning behavior ability.
The paper has also substantiated data previously found by the author
to suggest that there is a definite learning pattern which lower
organisms like the albino rat exhibits.

It seems that the rate of

errors increase on the first reversal as compared to acquisition
trials but tend6 to decline on later trials until an asymptotic
level is reached.

Eventually the animal is able to be reversed in

one trial with usually one error in that session.
Emotionality of the female and male animals were assessed
using the open field and were later mated within their respective
high or low groups.

These groups were then sub-divided into ex

perimental and control groups with the experimental group receiving
a one milliampere shock.

Controls were placed in the shock chamber
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but not given the shock.

More stringent control procedures were also

observed in the technique of fostering mothers within experimental and
control groups and cross fostering between these respective groups.
No animal was mixed between emotionality categories.
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