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Ch. 8  The Influence of

Biological and Early

Environmental Conditions 

on Personality Development

EACH TIME AN ORGANISM learns a new response, personality is developing.  In the preced​ing chapters, we considered the basic principles governing the acquisition of behavior.  In subse​quent chapters we shall consider supplemental principles.  An approach to personality that stresses the processes in learning is a study of psychological development.  We share with Freud the conviction that the best understanding of personality is to be had by taking the longitudinal approach.  In the use of the case history, he asked his patients to recall the events of their past, including the significant experiences of their infancy, childhood, and ado​lescence.  The reverse procedure is also possible by observing a young organism and noting the modifi​cations of behavior which take place under many changing stimulus conditions.  Any currently ob​servable response or chain of responses is a function of the many variables that have affected the indi​vidual in his history of conditioning.  

The viewpoint of this book has stressed and will continue to emphasize behavioral changes that take place as an organism interacts with the stimuli in his environment.  In this chapter we shall limit our​selves to two special problems in personality de​velopment:  (1) the biological limitations and poten​tialities for specific learning and (2) the effects of early environmental stimulation on later personality development.  

HEREDITY

In Chapter 2 we made clear that heredity is not the cause of behavior.  We do not inherit intelligence, special abilities, or personality character​istics.  Heredity merely sets the limits within which an organism can re​spond.  Between species and within species a great variation exists in the kinds of structures that have been inherited.  In all species where repro​duction is bisexual, the organism starts life as a uniting of two cells, one from each parent.  Within this new cell unit are chromosomes (colored bodies) which occur in pairs, the two members of each pair having certain likenesses in appearance and function.  In the union of the two original cells, one chromosome in each pair comes from both parents.  The num​ber of chromosomes in each cell differs from one species to another, but they are ordinarily the same in number within any one species.  Within these chromosomes are the genes, the basic carriers of the hereditary traits.

Heredity, then, consists of the specific genes an individual receives from each parent at the moment of conception.  Ordinarily, the genes are so minute that they are not visible even under a high-powered micro​scope.  After the union of the two parent cells, a process of cell division takes place and continues until billions of cells, which make up the mature organism, have developed.  All cells in the body thus possess the same heredity.  The fact that some develop into eye cells, others into skin cells, and others into hair cells, and so forth depends on the special environ​ment of the cells.  This includes gravity, pressure, availability of oxygen, other chemicals that act differentially upon the cells, and the influence of each cell upon other cells.

At sexual maturity, a different kind of cell division occurs in which special cells for reproduction are formed.  There is a reduction in the amount of division, since the chromosomes in each division have been reduced to half the original number.  In this kind of division each repro​ductive cell can receive a different combination of chromosomes.  When conception takes place by the uniting of the mother and father reproduc​tive cells (ova and spermatozoon), the full number of chromosomes is restored and continues through subsequent cell division.

Even a simple biological characteristic depends on a number of genes.  These interact in determining a particular structure that the parents transmit to the offspring.  The traits that are passed on are only those that the parents themselves have received.  The cells that eventually determine the mature structures, through a complex interaction, may represent a vast assortment of genes derived from the entire ancestry of the indi​vidual.  It is possible to have a characteristic quite unlike one's parents but one that is still due to heredity.  Brown-eyed parents usually produce brown-eyed children, but an occasional blue-eyed one is possible.  The Mendelian laws explain quite clearly how this is possible.  Some traits are dominant and others recessive, so that the presence of brown or blue eyes depends on the combination of genes inherited from both parents, which eventually determines the color.  

The genes operate only in determining the structure of an individual.  The growth of the structure progresses through an interaction with the environment.  Early theorists supposed the possibility of the exclusive influence of heredity in determining a specific characteristic.  However, in every developing structure there is both the influence of heredity and environment.  An illustration of this interaction effect in determining a specific structure is seen in the fruit fly Drosophila, which has been ex​tensively studied by geneticists.  The number of facets in the eyes of the fruit fly differ in various types, depending on the particular gene consti​tution of each.  However, the temperature at which the larvae are kept also influences the number of facets that will develop.

ENVIRONMENT

Environment has been used to refer to many things.  We speak of the prenatal environment consisting of the diet, nutrition, glandular secre​tions, and other conditions of the mother which affect the growing fetus.  The lasting influence of this environment is shown in the experimentally produced "monsters." Siamese-type twin fish can be developed by arti​ficially subjecting the eggs to slower development, low temperatures, insufficient oxygen, or ultraviolet rays.1  Likewise, by the application of various chemicals, "two-headed" tadpoles can be produced.  We are also familiar with the studies conducted to show the effects of radiation on prenatal development.  Such exposure during the embryonic stage of growth results in a number of abnormalities, including changes in size and shape of the head and other parts of the body.2
Biologists also speak of intercellular environment, which consists of the surrounding cells in which each individual cell develops.  These sur​rounding cells can influence the special way a designated cell grows.  There is also intracellular environment.  The genes within a cell are sur​rounded by a substance known as cytoplasm.  Geneticists have suggested that these genes act as enzymes, inducing chemical changes in the cyto​plasm.  The action of a particular gene has different effects, depending on the specific chemical composition of a certain cell.  Each gene also operates in an environment of other genes within any one cell.

Psychologists speak of the behavioral environment, a rather inclusive concept referring to current stimuli with which an organism interacts and to his earlier history of stimulation.  Kantor3 suggests environment to be the sum total of stimulation a person has received from conception until death.  Since the stimuli in an organism's environment (discriminative, reinforcing, and so forth) and the responses he makes to these stimuli are difficult to separate in his developmental history, Kantor proposes the concept of reactional biography, which constitutes the sum total of re​sponses an organism has made to stimuli up to any particular stage in his development.  It is his total life history of interacting with stimuli.  This conception of environment not only includes the ordinary notion of pres​ent environment as stimuli but the past environment as well, since at any point in the development of an organism, the present responding is going to be a function of both.  The concept of behavioral environment is not merely limited to objects in one's physical surroundings, for unless they act as stimuli, they will not exert any influence on his behavior.  

Stimuli have different kinds of functions, depending on the relation​ships that exist between them and the responses an organism makes.  There are eliciting stimuli found in respondent behavior.  These can, if appropriate, "pull out" a response with or without prior conditioning, depending on their properties.  (Salivation can occur on presentation of meat or the ringing of a bell if the appropriate stimulus association has developed.) We have frequently mentioned reinforcing stimuli which strengthen or weaken a response when they are presented or withdrawn.  Discriminative stimuli set the occasion for an organism to respond or not to respond, according to the contingencies of reinforcement presented or withheld.  Furthermore the secondary or conditioned reinforcing stimuli take on the function of a primary reinforcer through prior association with it.  In the next section we shall discuss aversive stimuli, which are really not classified as special stimuli because their functions are also involved in primary and secondary reinforcement and discrimination.  However, their effects on the responses tend to be the opposite of positive reinforcement.  Those stimuli, then, both present and in the past history of the organism, that exert and have exerted an influence on its behavior (whether they be primary or conditioned, internal or external) constitute what we call the organism's psychological or behavioral environment.

BIOLOGICAL LIMITATIONS AND POTENTIALITIES

In speaking of limitations or potentialities, we are referring to oppo​site sides of the same coin.  Certain structures can act as an advantage in learning some behavior or a disadvantage in acquiring other kinds of behavior.  For example, inheriting two hands with four fingers and the opposed thumb on each is an advantage or structural potentiality for acquiring many kinds of manipulatory behavior.  An absence or a defect in structure acts as a disadvantage and limits the possibilities of acquiring certain behaviors.  Birds, lacking hand structures, cannot acquire many manipulatory behaviors, but having wings, can locomote in a manner unavailable to most mammals.  

1.  Hereditary Structures.  The nature and development of bodily struc​tures limit in some cases the possibility of behavior acquisition.  The cat cannot learn to fly nor can the dog learn to climb a tree.  The fact that humans have hands, vocal mechanisms, an upright posture, and a nervous system more complex than lower forms acts as a potentiality for the de​velopment of behavior not found among some other species.  On the other hand, birds can see better, dogs can smell better, and monkeys can climb better than man because of structural advantages.  The presence of a structure is a necessary but not a sufficient condition for behavioral acquisition.  It does not assure a response.  If no bars ever existed in the rat's environment, he would not learn to press them, although he has the structure that allows the possibility of this response.  At the human level, the structural equipment of most persons allows a tremendous and almost limitless variety of behavioral possibilities.  These structures are inherited, but the behavior is not.  The structure merely acts as a limitation or poten​tiality within which behavior can or cannot be acquired, depending on the environmental contingencies.

2.  Structural Defects.  An individual may possess structural limitations that can be due either to heredity, accident, or disease.  These last two conditions are, in the strict sense, environmental.  The child with cerebral palsy is limited because of brain damage before birth in the acquisition of certain coordinated and skilled movements.  He has been the victim of an environmental accident in the same sense that a man is blinded by fire.  Often, following epidemic encephalitis (sleeping sickness), a child (or adult) is left mentally deficient after recovery from the immediate effects of the virus.  Because of cerebral inflammation, his brain has been left damaged, thus limiting to some degree the kinds of behavior he can emit or will be able to learn in the future.  Many forms of structural abnormal​ities leading to peculiar development and deficiency are the result of environmental accident, disease, insufficient nutrition, drugs, and poisons to which the fetus was subjected in its prenatal development.

Structural defects can also be inherited.  Thyroid deficiency has been fairly well established as operating in a disorder known as cretinism.  The child's condition is readily diagnosed by his stunted growth, coarse, thick skin, underdeveloped genitalia; and protruding abdomen.  If defective genes were contributing to the inadequate thyroid development, the dis​order would be, in this sense, inherited.  From a point of view of behavior, the physical weaknesses have limited the possibility of the cretin's learn​ing many responses, some intellectual in character, which are typical of the normal child.  Another clearly identifiable disorder which acts as a limiter in behavior acquisition is a condition known as phenylpyruvic oligophrenia.  The disorder is typified by the presence of phenylpyruvic acid in the urine because of the inability of the liver to manufacture an enzyme to utilize it.  Geneticists believe that the condition depends on the presence of a simple recessive gene.  The individual has very limited ability and is severely retarded mentally as a result.  He often cannot learn to talk or to control his bladder or bowel movements.  The heredity condition in this unusual case has placed a severe limitation on the amount and kinds of behavior that can be acquired. 

Heredity does not cause behavior or lack of it.  Neither do accidents or disease cause mental deficiency.  In both cases the biological limitations and disadvantages have limited the acquisition of behavior through structures of the body.  By structure we mean any organic, somatic, or psysiognomic condition.  Included are anatomical, physiological, and bio​chemical conditions that might indirectly influence behavioral develop​ment and acquisition.4
3.  Maturation.  The particular species to which an organism belongs determines his final level of biological development.  Rats, dogs, monkeys, and men develop at different rates and reach maturity at different times.  The ultimate level achieved will differ widely in each.  There is a wide variation from species to species in the ultimate limits that each can achieve.

Frequently, in any one species it is difficult to distinguish between the effects of maturation and learning.  With continued growth, new biological potentialities become available, enabling the more mature organism to acquire more complex responses.  There is an interdependence of biological maturation (growth of structures) and learning (acquisition of new behavior).  It is clear that the child cannot stand until his muscles and bones are strong enough to support his weight.  He can only learn to walk after the mechanisms of equilibrium are sufficiently matured.  The same is true of manipulatory movements and speech.  Forcing a child to make discriminations beyond those which his biological mechanisms have set at any stage in development only leads to frustration and conflict.

As the organs of speech grow and change in shape, it becomes possible for greater variety of sounds to occur in the infant's vocal repertoire.  At any stage in the development, maturation sets the limits for learning.  Just as species differ in the rate and final limits of biological growth, so also do individuals within a species.  Other things being equal some children walk at 11 months, others not until 17 months.  Two children, both 3 years old, may speak quite differently; one is difficult to compre​hend, the other is quite articulate in his talking.  Although variations in learning opportunity may quite obviously account in part for these differ​ences, it is also possible that the better speaker is more mature in his vocal development.  

On occasion, one meets a child who is exceedingly slow in his de​velopment, with his final limit of growth lower than most.  We call this child developmentally retarded.  Because of his slow and limited matura​tion, he is slower to acquire new responses required at any level of de​velopment.  He may show marked deficiency in acquisition of intellectual, interpersonal and emotional behaviors typified by any stage in develop​ment.  

From a biological standpoint, maturation refers to the process of structural growth determined by heredity, but it is also obviously affected by environmental influences.  We can also speak of maturation from a psychological standpoint.  In this sense it means the progression from lesser to more mature forms of behavior.5  The criterion for maturity would ordinarily be set by the norm for any age group.  The changes in behavioral development are both a function of the learning process and the limitations set by biological maturation at any stage of development.  A simple example is seen in the changes that take place in feeding be​havior.  To begin with, an infant gets his nourishment from sucking from the bottle or his mother's nipple.  From birth through the first few months this process becomes more efficient.  Then weaning begins.  It may be introduced gradually by giving small amounts of mashed food from a spoon and occasionally milk from a cup.  Eventually the process is com​plete and the nipple is abandoned.  Another shift soon occurs from eating with mother's help to eating alone.  As the child becomes stronger and more coordinated, the efficiency of the process improves.  He spills less and begins to use adult utensils.  Eventually he is able to make use of the knife for cutting.  The change is gradual, over many years, and depends on the potentialities of maturation and the availability of learning.  

The sequences of many kinds of behavior development at the human level have been extensively studied.  Halverson,6 for example, observed the development of the grasping response in the infant.  Young infants, 20 weeks old, use a sweeping motion of the whole arm and hand in order to secure an object.  At about 28 weeks the arm moves more directly out​ward beyond the object and then back to grasp it.  At 36 weeks the grasp is more differentiated, and by a year it is quite direct.  Psychologists have also studied the schedules of motor development1 from lifting the head to creeping to standing to walking, as well as language, affectional and intel​lectual development.8
Without a particular degree of development or growth, learning is impossible.  Maturation thus provides the foundations on which learning is built.  For example, a child learns to walk at that stage when he is maturatively ready, and his developing vocabulary depends to a degree on the maturation of the vocal apparatus and its neural control.  For in​stance, it is ordinarily foolish to try to begin toilet training before a child can control his sphincter muscles.  A study of the developmental sched​ules that indicate the average time at which behavior can be acquired is helpful for anyone interested in the proper training of the child.  However, it should be made clear that individuals differ in the rate and often in the progression of development, so that the schedules can act only as guides and not as absolute standards.  

An interesting experiment that shows both the significance of species limitations on behavioral acquisition as well as the limits set by matura​tion was performed over 30 years ago by Kellogg and Kellogg.9 It is con​sidered a classical experiment today, and it is familiar to many students.  We mention it here because it demonstrates most adequately the prin​ciples we have been stressing concerning the limits of heredity on behavior development.  

These investigators brought an infant chimpanzee, Gua, into their home and raised it with their son, Donald, for a period of about nine months.  Every effort was made to treat Gua as a child rather than a pet, as an attempt to ensure identical opportunity to learn for both organisms.  The ape was dressed in child's clothes, toilet trained, taught to eat from a spoon, drink from a cup, and was given the same affectional treatment, and so on.  During the study, the Kelloggs made a series of comparative tests of the behavior of the two species at different stages of their de​velopment.  Both liked looking at picture books, scribbling with a pencil, and playing "go hide."  In tests where physical maturation was important, the ape succeeded earlier.  Gua learned to climb a ladder and swing down, open a door, and operate a light switch more quickly than Donald.  She drank from a glass, ate with a spoon, and was toilet trained earlier.  On the other hand, Donald was superior in social games (pat-a-cake) and more dexterous with his hands (the ape's hand is not so well adapted to handling small objects).  At the end of the experiment Donald was beginning to exceed Gua in many of the performances, even though she was 2 1/2 months older.  It is clear that at certain points in the maturational process.  Gua exceeded Donald, but her early advantage was overcome by Donald's preferred evolutionary status.  

Compared with lower organisms, man's maturation is slower.  How​ever, his longer maturative history gives him the greater advantage of behavior modification by external stimulus control, whereas in lower forms it is possible to effect almost complete enslavement by the im​mediately present stimuli.  Man's behavior, on the other hand, is more frequently a function of more remote stimulus conditions in his past.  There is no reason to believe, however, that man acts free from stimulus control (free will).  His behavior is just as determinable as the rat's.  By the complexity of man's biological potentiality, it is more likely that stimuli in his past history will operate on his present behavior.  This, of course, makes the study of human personality development all the more difficult.  It accounts, however, for our resorting to animal investigation, where variables can be better handled and are not so numerous, as a means of understanding the developmental process.  

Studies using the method of co-twin control, by Gesell and Thomp​son,10 likewise illustrate the limiting as well as the maturative potential​ities for behavior development.  In their studies of stair climbing and cube behavior (reaching, manipulating, and playing with the cubes), they took identical twins who were 46 weeks old at the start of the experiment.  Twin T (trained) underwent a 20-minute training period each day in these two behaviors.  At the end of the training period, twin C (control) had had no specific training in either of these two behaviors.  She proved equal to the trained twin in the cube behavior but did not come up to the trained twin in the stair climbing.  Twin T readily climbed a five-tread staircase, while twin C was not able to do so even with the assistance of the experimenter.  However, two weeks later, without any intervening training, the control twin was able to climb.  Then, at age 53 weeks, the control twin was given two weeks of extensive practice at the end of which she approximated the trained twin in his skill.  Because of greater maturative development, a two-week training at age 53 weeks was as effective as a six-week training at 46 weeks old.  In interpreting these results, it should be kept in mind that the problem is not one of heredity (maturation) versus environment (learning).  A comparison is made be​tween a specific period of controlled learning at one time and the com​bined efforts of maturation and uncontrolled learning (exercise of related behavior which the subjects underwent outside the laboratory) on the other.11
THE PROBLEM OF UNLEARNED BEHAVIOR

In Chapter 3 we spoke of two classes of behavior, learned and un​learned.  At the human level the amount of behavior in the latter class is rather small, being limited to simple reflexes.  This is not the case in many lower species.  In a comparative approach to psychology, where species differences are obvious, the problem of unlearned behavior is necessarily important.  Unlearned behavior usually refers to behavior that is exhibited upon presentation of certain stimuli in the absence of any possible prior conditioning.  The criteria proposed from time to time that a behavior must meet in order to qualify as unlearned have included (1) universality within the species, (2) uniformity among members of the species, (3) sudden appearance, (4) absence of opportunity for previous learning, and (5) possession of survival value.  Of all these, the only really dependable criterion is the absence of any prior opportunity to learn.12
It is not correct to call unlearned behavior simply inherited behavior, since only structural characteristics are directly influenced by the genes.  In unlearned behavior the response automatically occurs in the presence of certain stimuli which are sufficient in themselves to call out the re​sponse.  However, without these stimuli, the response does not appear.  Unlearned behavior has traditionally been classed into (1) tropisms, (2) reflexes, and (3) instincts.  These divisions are not sharply differentiated.  A tropism usually means an orienting of the entire organism toward a stimulus.  The response is forced by the properties of the stimulus and the responding organism.  We note the turning of plants toward the sun, flying of moths to the light, withdrawal of the cockroach from a light, and movement of the loggerhead turtle toward the sea.  

Reflex generally implies a specific response of some part of the organ​ism to a particular kind of stimulus:  the contraction of the pupil to light, "knee jerk" to a tap on the patellar tendon, or the lacrimal secretion (tears) in the eye when some foreign matter enters it.  

Instinct is less clearly defined.  Some writers refer merely to internal functions; contractions of the stomach and dryness of the throat are called instincts and used interchangeably with the nebulous concept of drive.  More properly, instinct implies a chain of reflexes as a complex stereotyped sequence of responses.  The behavior of many insects as well as higher organisms fits this definition.  The pollinating behavior of the yucca moth is a favorite example.  After emerging from its chrysalis, it travels to the yucca flower, obtains pollen, then goes to another yucca flower and deposits its eggs as well as the newly found pollen.13  Nest building, copulating behavior, and migration in many species have been considered to be instinctive.  

At the human level, some have implied the concepts of "native capacity" or "innate ability" to mean that the expression of some be​havior or proficiency has its roots in an inherited potential.  Inherited intelligence, musical talent, and predisposition to personality traits fre​quently suggest that the behavior somehow is inborn.  Nothing could be further from the truth.  All that we can say is that structures are inherited.  Behavior is not.  Because of a given structural advantage, a person may be able to learn some kinds of behavior better than others.  Only in this way is heredity operating.  Tall men are more disposed to basketball playing than short men, a large physique is an advantage for the football player, and two hands with five fingers on each hand are necessary for piano playing.  These are the biological potentialities and serve only to give one a structure that can be used in some behavioral acquisition.  Organisms and species differ in the structural advantages and limitations that they inherit.  Behavior operates within these limits whether it is a direct func​tion of that structure in unlearned behavior or expression by the prin​ciples of behavior acquisition discussed in previous chapters.  

Species Differences in Learned and Unlearned Behavior.  At the level of the jelly fish it is possible to predict just about the entire repertoire of responses if one knows the stimuli affecting it.  The behavior consists of almost completely unlearned responses.  If we know about the environ​mental stimuli and their properties to elicit the responses, our knowledge of the behavior of this organism is almost complete.  In the comparison of the jelly fish with the bee, for example, the repertoire of the latter is more complex.  Although the bee's behavior is partially unlearned, its other activity can be acquired and modified.  The rat, a familiar animal by now, also exhibits a variety of unlearned responses.  These have not previously been stressed because our discussion has been concerned with the prin​ciples of behavior acquisition.  However, many of the responses concerned with reproduction, exploration, foraging, nest building, care of the young, and defense appear to be in the unlearned class.  When we get to man, we see the unlearned portion playing a less important role than in the rat.  With much greater biological potential than any other species, man's repertoire of unlearned behavior is limited to simple reflexes, although these also can be modified, as we have seen, through conditioning.  

Effects of Early Experience on Behavior

A vast amount of research has become available on the effects of early experience, particularly at the animal level.  Space does not permit the enumeration of many of these studies.  The interested student, how​ever, can look into reviews by Orlanskyt4 at the human level and Beach and Jaynes15 at the animal level.  We shall attempt to mention a few representative examples in various areas of study.  

EARLY DEPRIVATION AND RESTRICTION OF ENVIRONMENT
Riesen16 kept chimpanzees in darkness for the first 16 months of life.  When removed from the restricted environment, they showed typical reflexive pupillary responses to light but a great deficiency in depth per​ception.  In one of his subjects, 50 hours of visual experience elapsed before the simple discriminative response of reaching and grasping a nursing bottle could be acquired.

Restriction has been studied in a number of species of birds.  Padilli7 kept chicks from pecking by rearing them in darkness, later tested them for accuracy.  They tended to be inferior to normals at first but ordinarily improved rapidly when taken out of the restricted environment.  How​ever, when the chicks were fed in the dark artificially from a spoon after hatching and later placed in the light, they never developed the pecking responses when placed in a pen with grain and grit.  It would appear, according to the author, that these birds were starving to death in the midst of plenty.  The evidence seems to point in the direction that when organisms are deprived of normal visual stimulation during the develop​mental period, they may be unable to respond properly to visual stimuli when these later become available.

Numerous investigations have been conducted on the hoarding be​havior of the rat.  Hunt18 deprived one group of rats of food for 15 days, beginning at the age of 24 days.  A second group was subjected to a similar period of deprivation except that the experiment started at the age of 32 days.  Both groups were then given regular feeding for the next five months, after which they were again starved along with a control group that had not been deprived during infancy.  The rats in the 24-day deprived group responded to the second period of deprivation by hoard​ing more than two and a half times as many food pellets as did the control rats who had not been starved in infancy.  The 32-day group did not show any excess hoarding.  Hunt interprets these findings as indicat​ing that the early infantile feeding frustration had a greater effect upon adult hoarding behavior than did later frustration.

A study by McKelvey and Marx10 used partial water deprivation for one group of rats for 15 days after weaning.  A second group was partially deprived of food.  A control group had both food and water accessible at all times.  After 130 days, hoarding tests were conducted both before and after a period of complete deprivation.  The food deprivation in the male rats showed significantly more hoarding than the controls, but no signif​icant differences were found in the hoarding of the water-deprived rats.  
Effects of Environmental Restriction in Scotties.  A series of experiments by Thompson and Melzack and their associates with dogs illustrates the effects of severe restriction of opportunities for development in early life on later behavioral acquisition.20  They have studied the effects of a bar​ren environment on later behavior in a number of areas of development:  social, emotional, and general learning ability.

Shortly after weaning (4 weeks) Scotties were divided into two groups.  One group (control) was raised as pets by families outside the laboratory; the other group (experimental) was confined to cages, one to a cage.  The cage was opaque so that the dog could not see outside.  Furthermore, al​though food was delivered to him, he never saw his keepers.  The dogs were raised in this isolated environment for seven to ten months, at which time the two groups were first tested.  The first test was for activity.  The normal group was placed in a small room.  After exploring the room a bit they soon lay down and relaxed.  The experimental group continued active, exploring for a longer time.  Measurements of time were taken during activity and nonactivity.  Similar results occurred when each group was placed in a maze.  When the same animals were tested in these situations several years later, the earlier restricted dogs still showed con​siderable more activity than the normal ones, even though both groups were then of the same age.21
In another experiment, the effects of early restriction of activity was studied on the emotional behavior of the Scotties.22  Three weeks after restriction, the experimental animals were exposed to a series of objects with which they had had no previous contact such as a human skull, a slowly inflating balloon, an opened umbrella.  The normal dogs usually ran from these strange objects without showing much excitement, while the restricted dogs became very agitated, jumped back and forth, whirled around, or "stalked" the objects.  A year later the restricted and normal dogs were again compared in the same situation.  The normal dogs were by now more aggressive, growling, barking, and snapping at the objects, while the restricted dogs still showed their earlier diffuse emotional ex​citement.  However, they had by this time developed an avoidant response, typical of the normal dogs a year earlier.  Meizack concluded that the environmental experience with objects that apparently are emotion​ally provoking is necessary for the development of adaptive responses such as avoidance and aggression.  

In a third experiment, attempts were made to discover the effects of early restriction on the responses to such primary aversive stimuli as an electric shock or a burning object.23  Scotties were first pursued by a toy car that gave them an electric shock when they touched it.  The normal dogs quickly learned to avoid being hit by the car.  They would jump out of its way or flick a leg or tail to prevent being hit.  The restricted dogs behaved in a much less organized manner.  They jumped about, galloped in circles, and actually ran into the car.  It took about 25 shocks for them to learn the avoidance response, as compared with the average of six shocks for the normals.  Even then the restricted dogs became agitated and excited when they saw the car.  Two years later, the restricted dogs still showed their earlier agitation when tested.  In tests using nose burning with a safety match, the normal dogs quickly learned to turn their noses when the match was struck, while seven out of ten restricted dogs made no attempt to avoid the noxious stimulus.  They "appeared unaware" of the source of the aversive stimulus.  These dogs often "toyed" with the painful stimulus and even walked into it.  The authors conclude that responses to noxious stimuli are at least in part learned.  If an organism does not learn them in infancy, he may never achieve the proper avoid​ance behavior characteristic of a normal adult.24
In studies of learning where chicken wire was placed between the dog and a positive reinforcement of food, the normal dogs quickly learned to go around the barrier to receive food, while the restricted animals dashed up to the barrier and pushed at it trying to get their noses through the wire mesh.  In delayed-reaction tests, both groups observed the experi​menter put food in one of the pair of boxes.  They were then released at various times later, to test whether or not they could still select the cor​rect box.  The normal dogs were able to make the correct selection of going to the box with the food in it even after a delay of 4 minutes, while the restricted dogs usually could not select the right box even after being released without any delay at all.  

In a final study, tests of dominance were attempted.  A restricted dog and a normally reared one were allowed to compete for a bone.  Almost without exception the normal dogs dominated the restricted ones.  Fur​thermore the normal dogs still dominated the restricted dogs even in cases where the latter were several years older.25
It is dangerous, of course, to extrapolate these results too far and imply that a direct comparison between dogs and humans is possible.  At the level of the Scottie it is clear that an environment of many stimuli to which he can acquire a variety of discriminative responses early in life is an important condition for normal development.  Restriction results in behavioral impoverishment and often permanent retardation.  

Similar observations are found at the human level, although it is im​possible to conduct controlled experiments by placing an organism in such a restricted environment shortly after birth and keeping him there for several years before testing the effects on behavior.  Some studies have been done on early restriction of movement, but they have not been carried on over a very long period of time, and the results, in general, have been negative.26 Surveys of children reared in institutions like orphanages have some bearing on the problem.  It has been fairly well established that orphanage children do not perform as well on tests of intelligence as those reared in their own homes.  There may be a number of variables operating which account for these differences, and it is diffi​cult to isolate them all.  However, institutional environments are relatively lacking in stimuli for the developing child.  There are problems of over​crowding, lack of personnel, and little necessary equipment for appro​priate discriminative learning.  There is also evidence indicating that the development of verbal behavior is slower among children reared in institutions.27  The degree and variety of stimuli in the environment are obviously important conditions for acquiring a verbal response.  Another interesting observation of institutionalized children is that their relative performances on intelligence tests tend to decline with age and time spent in the institution, whereas (ordinarily) that of children reared outside the environment tends to stay relatively constant.28
Further light is shed on the problem of restricted environment in studies of the so-called wild children.  Although lacking any experimental control, they do show the effects of a kind of restriction in that the environment in which they grow up is dissimilar to that of a civilized one.  An early report by the French physician Itard29 describes the case of Victor, the wild boy of Aveyron.  In September 1799, three sportsmen came upon a boy of about eleven or twelve years old wandering about in one of the forests of France.  The boy was naked, dirty, unable to speak, and seemed frightened.  It appeared that he had led a wild animal-like existence.  He was seized by the men and brought to the attention of Itard.  The characteristics of this case are similar to others in the literature and have been summarized by Zingg.30  These children are usually mute and walk on all fours.  Their sensory responses are typically quite acute; sight (particularly at night), smell, and hearing appear to show better discrim​inations than those found in civilized groups.  They show no need to cover their bodies with clothing and seem to develop a resistance to heat and cold.  In particular, in the case of the wild boy of Aveyron, a marked deficiency in perception of depth and distance was observed.  He could not discriminate solid objects from pictures of them.  When such children are placed in a more civilized environment, they ordinarily show rapid im​provement in learning, although they seldom come up to the level of the normal children of the same age.  

However, this should not be expected and is no evidence for any kind of "inherited" feeblemindedness.  The long periods of isolation, where opportunities for normal behavioral acquisition in a civilized en​vironment are lacking, certainly is not going to facilitate the learning process in dogs or man.  Furthermore, in these human cases there is the possibility of interference from earlier acquired responses, well estab​lished, which were acquired in the "wild" and must be extinguished, de​pressed, or interfered with before other activities can be adequately learned.  Although the studies of the "wild children" are uncontrolled and somewhat anecdotical, the findings are similar to those developed in the more controlled animal studies.  In early restriction and lack of environ​mental stimuli, there appears to be a profound and lasting effect, to the disadvantage of the behaving organism, on the learning of later behavior.  

Harlow and Zimmermann81 have tested the effects of raising young monkeys on "surrogate" mothers.  These mothers were made of wire mesh and terry cloth, the latter being soft to the touch.  Some of the monkeys were nursed with the milk bottle attached to the wire mesh and others were similarly fed with the bottle attached to the breast of the terry-cloth mother.  When the monkeys were given the choice of going to either mother, they typically chose the terry-cloth mother regardless of which "surrogate" mother had previously fed them.  This preference continued for many months.  

When fearsome stimuli were presented to the monkeys in the form of a large wooden spider or other strange and unfamiliar objects, they would typically run to the terry-cloth mother.  In her presence, however, the monkeys were more likely to explore the unfamiliar objects.  Harlow and Zimmermann concluded that the contact with the terry cloth is primarily reinforcing to the infant monkeys.  Since both of the "surro​gate" mothers gave adequate nourishment, it is not the food alone that is reinforcing, but touching the soft mother is equally important.  

There also appear to be other stimuli that real mothers provide that are important for normal development.  Even the monkeys raised on the terry-cloth mothers developed peculiar behaviors as they grew up.  They tended to be more aggressive and unsocial and had great difficulty in having sexual intercourse with other normally raised monkeys of the opposite sex.  These findings would seem to have some implication for the significance of early contact stimulation for normal development.32
Environmental Restriction of Institutionally Raised Children.  Spitz33 has observed the behavior of human infants raised in an institutional en​vironment.  He found that children who spent the first year in such a deprived environment showed marked retardation in their behavioral development.  When he returned to the institution two years later, he noticed that the general development of those children who had remained was definitely retarded.  Some could not walk without help, and others had not learned enough speech to enable them to communicate in a fashion characteristic of their chronological age.

One possible explanation for the retardation could be a lack of sen​sory stimulation.  Spitz had observed that the sides of the infants' cribs were covered, few or no toys were provided, and visual stimulation was restricted to staring at the blank ceiling.  The wards were usually quiet so that the babies received little auditory stimulation.  Children were rarely handled, so kinesthetic and tactile stimulation was at a minimum.  In institutions that are understaffed, it is possible that sources of emotional, intellectual, and social stimuli were absent.  

Goldfarb34 has compared children raised in an institution with an​other group reared in foster homes; the groups were matched for age and sex.  In many respects he found the institutionally raised children inferior.  On tests of intelligence, there was a greater weakness in concept forma​tion and abstract thinking.  Some of the institutional children were later adopted into foster homes that were intellectually and socially more stimulating.  Further tests showed that the early deficit remained.  He concludes that the early deprivations exert a lasting influence on a child's development that is not easily overcome even by subsequent periods of normal school, family, and community environment.  

STUDIES OF IMPRINTING

Recently psychologists have been particularly concerned with the effects of stimuli that are presented very early in the organism's postnatal existence.  The results of such experiments is that the first stimulus to elicit a response in the very young organism becomes the only stimulus that will henceforth arouse that response.  Usually the experimental operation in this procedure is to prevent some visual stimulus (along with an auditory one sometimes) of a moving object (exclusive of members of his own species) during the first hours after birth.  The imprinting is said to occur if the organism subsequently exhibits behavior toward that object (and others like it) which usually is exhibited only toward mem​bers of its own species.  

The operation has been studied in a variety of species under con​trolled and uncontrolled conditions.  Birds, fish, and some mammals (goats, sheep, deer, and guinea pigs) have served as subjects, although birds have been the most popular subjects so far.  The problem was first investigated by an Austrian zoologist, Konrad Lorenz,35 with geese as his subjects.  He divided a clutch of eggs laid by a graylag goose into two groups; one group was hatched by the mother and the other in an incubator.  The goslings hatched by the mother immediately followed her.  However, those hatched in the incubator, never saw their mother, only the experi​menter.  They continued to follow Lorenz.  He then marked the incubator-hatched birds and placed both groups together in a large box.  When first let out each member of the two groups went immediately to its respec​tive "parent."  The experience that determined the behavior was referred to as "imprinting." 

Hess30 has studied the phenomenon under laboratory conditions, using mallard ducklings as subjects.  His apparatus consisted of a circular runway.  The imprinting object was a model of a male mallard duck, the kind used by hunters as a decoy.  The model could be moved around the runway at various speeds and distances from the birds.  Inside the model, a tape-recorded sound was played.  After being hatched in the laboratory incubator, the birds were isolated in individual boxes without visual stimulation until the time came for them to be placed in the apparatus.  They were exposed to the model one at a time and then returned to their boxes by means of a trap door.  Imprinting was accomplished by placing the ducklings on the runway about a foot away from the decoy.  A noise "gock, gock, gock" was played from inside the decoy as it moved along the runway.  Testing for the effects of imprinting were made by placing the duckling between two decoy ducks, one the original and the other a female model differing in color and "call."  Tests indicated that imprinting occurs soon after the hatching but is most successful between 13 and 16 hours after birth.  

Another series of tests varied the distance between the model and the subject at the time of imprinting, from 12 1/2 to 100 feet.  As the distance increased up to 50 feet between subject and object, the strength of the imprinting increased.  The amount of time in the imprinting sessions was also varied.  The strength of the imprinting appeared to be dependent not so much on the duration of the imprinting period as on the effort the bird exerted in following the object.  When the ducklings had to follow a decoy up an incline or over a hurdle, the imprinting results were better than on the plane.  Furthermore the effect of the imprinting became progressively weaker when the birds were given meprobamate (Miltown), which is a muscle relaxant.37
Jaynes38 investigated imprinting with young chicks by exposing new​born chicks to a 7-inch, moving green cube which traveled irregularly along a 10-foot alley.  In testing for the effects, he found the degree of strength of imprinting was a function of practice or time spent in the initial imprinting sessions.  The birds exposed to the moving object in longer daily periods were more likely to become imprinted; they followed the object more vigorously than those exposed for a shorter time.  The degree of retention of the imprinting in later life was also related to the amount of early practice.  

The implications of these findings have been subject to considerable theorizing.  Some psychologists liken imprinting to a seal which with one swift blow stamps an ineradicable impression on the mind or brain.39  However, these studies certainly imply that learning is operating in the development of the response.  Much of the behavior that is modified by imprinting is of the respondent sort.  We have already seen that unlearned responses can be modified through the process of conditioning.  

Child and comparative psychologists have also demonstrated that a certain amount of visual stimulation and handling is important in early life.  Ribble40 has stressed consistently the significance of "mothering" for proper personality development.  By "mothering" she means handling, cuddling, loving, embracing, and similar affectionate responses.  Clinical evidence indicates that this kind of treatment facilitates eating and sleep​ing, and leads to less crying and frustrated responses.  Many feel that under these conditions, the infant develops greater frustration tolerance and is better able to adjust to his environment as he grows older.41
It has been suggested that the early responses of smiling on the part of the human infant, which ordinarily occur at about the third month of life, are of a respondent sort and related to the problem of imprinting.  Experimental investigations have shown that a young infant will smile at the human face as well as a variety of objects resembling it, whether they be artificial or real.42  If such imprinting exists at the human level, it probably extends over a period of several months (probably the first six) instead of the few hours found in animal or bird experiments.  

EFFECTS OF EARLY TRAUMA

Freud43 stressed the effects of early traumatizing experiences in infancy and childhood on later behavior.  Certain intense, shocking, or frightening stimuli made strong impressions on the personality which were never lost to the behavior of the organism, even though they might occur so early in life that they could not be consciously recalled.  Freud's associate, Otto Rank,44 stressed in particular the trauma of birth as the cause of the basic anxiety.  Birth was a sudden shock or change from a sublime uterine existence into a hostile world where a continuous fight for survival existed.  Although there is little evidence for Rank's hypo​thesis of the birth trauma, it is possible to consider some effects on later development of strong aversive stimuli delivered early in life.  

As an experimental analogue to Freud's emphasis on the traumatizing experience, we mention an experiment by Baron and his associates.45  Three groups of rats were subjected to severe electric shock, each at the age of 20 days, 36 days, and adulthood (90 to 120) days.  A fourth group of adult rats acted as a control.  All adult subjects were then subsequently trained to escape or avoid one of the two shock intensities by pressing a bar.  They were placed on a grid floor and shock was delivered to their feet.  By pressing a bar in one operation, they could terminate the shock (escape), or in another operation, prevent its onset (avoidance).  One-half of each group served under each of the two shock intensity conditions.  The animals who had been subjected to any kind of earlier shocking were more successful in acquiring the escape or avoidance responses.  All groups, regardless of age at first shocking, learned the tasks better than the control group that had never been subjected to prior shocking.  Likewise, those animals that had received the more intense shock in their early life, extinguished their escape and avoidance responding more slowly than did either the less intense shocking group or the controls.  These results emphasize the importance of the early traumatizing experi​ence on later learning where aversive stimuli are involved, as well as the permanence of effect of the experience.  

After reviewing the studies of early experience (or lack of it) on later development, what conclusions may we suggest?  Early experience, whether it be in the form of a kind of restriction, deprivation, frustration, or special stimulation, does have an important effect on subsequent be​havior.  This being the case, the next question is, how or in what ways do these early experiences influence the behavior later on?  Three generaliza​tions may be made:  

1.
Behavior learned in infancy is among the first to be acquired and per​sists into adult life.  Such persistence without extinction is, of course, a basic principle of behavior.  When a young organism learns a re​sponse, the repetition of that response (if reinforced) is likely to prevent the acquisition of other types of behavior that might interfere.  This explains the chicks who acquired the unnatural eating by spoon, which prevented the development of their normal pecking responses.

2.
Deprivation in infancy is relatively stronger than the same amount in adult life.  When an organism is deprived shortly after weaning, the operation has a greater effect on behavior than when it occurs later in life.  Since the young organism is lighter in weight and less strong, equal amounts of deprivation in the young and mature organism will produce greater effects on the younger organism.  Hunt found that the early deprivation of food affected hoarding behavior significantly more than when the animals were deprived later in life.

3.
There appear to be certain periods that are critical in the develop​mental process.  During these, certain types of behavior are normally shaped.  The observation is true in experimental embryology.  Studies of imprinting strongly suggest that there are specific and restricted periods during which stimuli can elicit responses which later would not succeed.40
Summary

The developmental approach to personality from an experimental point of view is plagued with methodological problems.  At the human level, to study the same organism over a period of years and control every possible variable is impossible.  Likewise, to investigate the effects of early restriction of environment is not allowable under the present cul​tural tradition.  The best sources of study are in uncontrolled case histories.  For these reasons we often depend on the animal investigations to give us some understanding of how the developmental process oper​ates in molding the mature personality of the individual.  Even at the animal level, a truly longitudinal approach is difficult.  Some organisms have limited life spans.  It takes a dedicated researcher to devote many, many years to the investigation of one single problem of growth.  Finally, the longer the period of experimentation, the more difficult it is to con​trol the necessary variables for a study to be experimentally sound.  Despite these handicaps, both at the animal and human levels, investiga​tions have given us a considerable knowledge about the relations between heredity and environment and the effects of early environmental stimu​lation or lack of it on the later development of the organism.  
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