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INTRODUCTION
The impact of behavioral inhibition on educational achievement
	"Behavioral inhibition to the unfamiliar" has been described by Kagan and his colleagues as the reaction of some children to novelty or stress (Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984).  An "inhibited" child ceases overt activity, but continues to monitor the environment (Garcia-Coll, Kagan, & Reznick, 1984).  The tendency to exhibit this behavior has been shown to be stable from toddlerhood through the elementary school years (Garcia-Coll, Kagan, Reznick, 1984; Gersten, 1986; Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984; Kagan, Reznick & Snidman, 1988; Reznick, Kagan, Snidman, Gersten, Baak, & Rosenberg, 1986,).  Kagan and his colleagues regard behavioral inhibition as part of a child's temperament.  Exploring the origins of behavioral inhibition and predicting which children may experience it could be helpful to teachers, since the tendency to react to novelty or stress with inhibition can have a strong impact on childrens' achievement.
Defining behavioral inhibition
	"Behavioral inhibition" is the name given to the phenomenon that occurs when certain children are confronted by a novel person or environment, or a stressful event (Garcia-Coll, Kagan & Reznick, 1984).  When challenged by novelty or stress, "inhibited" children will stop whatever activity they are engaged in, (inhibiting their behavior) and continue to monitor environmental stimuli.  The inhibition of behavior seems to be involuntary, and is accompanied by high levels of arousal of the sympathetic nervous system.  The same events and environments that are seen as normal, everyday experiences by the majority of children are reacted to with inhibition by approximately ten percent of Caucasian preschool and school-age children (Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984; Kagan, Reznick & Snidman, 1987).  No information is yet available on children of other racial backgrounds.
	"Inhibition" can be thought of as a stable style of behavioral response throughout the toddler and early childhood years, and has been held to be an expression of human temperament (Kagan, 1989).  The stability of behavioral inhibition as a reaction to novelty or stress has been demonstrated in both laboratory (Reznick, Kagan, Snidman, Gersten, Baak & Rosenberg, 1986;) and classroom settings (Gersten, 1986).  In social settings, inhibition is described as extreme shyness (Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984).  In the classroom, behavioral inhibition may interfere with childrens' interaction with the teacher and their social development with peers, and adversely affect the quality and quantity of their performance on academic tasks.
	The tendency toward inhibition is believed to be an expression of a child's temperament, and is related to the functions of the sympathetic nervous system (Kagan, Reznick & Snidman, 1988).  Behavioral inhibition can be compared to other behaviors in which neurophysiology plays a role, such as Attention Deficit Disorder (ADD) and hyperactivity.  Depending on how extreme the behavior is, inhibition may or may not have as profound an impact on learning as ADD or hyperactivity, but it raises the same philosophical questions of how parents and educators will deal with inhibition in the classroom.  It would seem unnatural, if not unethical, for teachers and parents to look for a "quick fix", such as drug therapy, to eradicate behaviors that are not conducive to learning in the classroom setting.  Conversely, we do not want to resign ourselves to a "neurophysiology is destiny" attitude, letting inhibited children continue their withdrawal from stress and novelty without support from adults.
	There is a middle ground between these two attitudes.  It combines a) acceptance of childrens' tendency toward inhibition through the knowledge that inhibition may be an expression of neurophysiological functions, and b) provision of both a supportive environment and individually-tailored coping strategies for inhibited children who react to everyday experiences with inhibition of behavior.  Education of parents, child care professionals, and teachers about the nature and origins of behavioral inhibition, and early identification of children who have the neurological predisposition towards inhibition will help us to achieve this middle ground. 
	If reliable predictors of childhood behavioral inhibition can be isolated as early as infancy, parents and educators could identify children who are prone to behavioral inhibition before it can have an adverse impact on their learning experiences.  Knowledge of the phenomenon of inhibition will enable parents and teachers to be aware of the variety of ways children react in the classroom, and to work with children to formulate coping strategies that can optimize social and academic development in and out of the classroom.
Behaviors associated with inhibition
	In their study of children who scored high on an index of inhibited behavior, and whose inhibition was stable throughout the preschool and early school years, Kagan, Reznick & Snidman (1988) reported that "inhibited" children tended to use extreme impulsivity and/or extreme procrastination or "reflectivity" as problem-solving styles when confronted with stress or novelty.
	Some of the ways children can express inhibition in the classroom, and have it affect their achievement, are through the following processes:
Procrastination
	Children who are overwhelmed either by the academic demands being made, or the manner in which those demands are presented, may respond to the pressure with behavioral inhibition.  We can see this in the texts of a student's progress reports (see Appendix A) that were written by her elementary school teachers.  When children are pressured or pushed, they may balk or procrastinate.  This procrastination may actually be an example of behavioral inhibition in an academic setting.  Kagan et al found that extreme "reflectivity" was a common problem-solving style in their sample of highly inhibited children (Kagan, Reznick & Snidman, 1988).
Impulsivity
	Another expression of behavioral inhibition in the classroom may be the use of an impulsive problem-solving style (Kagan, Reznick & Snidman, 1988).  In order to lessen the stress level, students may try to complete an academic task as quickly as possible, without regard for the quality of the product.  This may involve blurting out the first answer that comes to mind, or handing in illegible work or work that has not been checked for errors.  When students receive feedback that the quality of their work is not acceptable, their stress levels may escalate, rendering them more inaccurate.  (For actual teacher's descriptions of these processes, refer to the reports in Appendix A).
	Students may combine both procrastination and impulsivity as reactions to stress or pressure in the classroom.  This can create a puzzling combination of behaviors for teachers to deal with effectively (refer to Appendix A).
Interpreting inhibited behavior
	The impulsivity and procrastination of inhibited students are sometimes interpreted by parents and teachers as a lack of motivation, or a deliberate, premeditated act, when children are actually attempting to reduce stress.  The reports shown in Appendix A indicate that teachers believed inhibition and its related behaviors to be signs of immaturity, mischief, and a resistance to authority.  At the time those comments were written, research into the physiological correlates of inhibition had not yet taken place.
	Do students react to stress and novelty in the classroom with inhibition because of earlier learning, as a way to get adult attention, for example?  Or are these behaviors an innate expression of some underlying neurophysiological process?  Due to our increased knowledge of the influences of the human nervous system on behavior, we can now hypothesize about the origins of inhibition and its related behaviors.
	This thesis explores the origins of inhibited behavior, and attempts to identify factors during infancy that may predict inhibition in preschool- and school-age children, so that psychologists, teachers and parents can accept inhibition and help each student cope effectively with the demands of the classroom.
	Of course, not all children find the classroom environment stressful, and of those that do, not all react with inhibition.  In the study of Caucasian children by Kagan, Reznick and Snidman, (1988) approximately ten percent scored as "extremely inhibited" on an index of behaviors associated with inhibition.  What is it that makes this ten percent of Caucasian children react with inhibition in a "normal" classroom environment, when the majority do not regard the classroom as a stressful, demanding place?  According to Kagan, Reznick & Gibbons, intelligence is probably not related to level of inhibition (1989), but this thesis proposes that achievement may be.  If inhibition of behavior causes children to answer test questions impulsively, or to not answer at all due to immobilizing anxiety, their scores may be lower.  Teachers may report that they know these students are capable of better quality work, but they are not living up to their potential (See Appendix A).
	The inhibited children whose teachers recognize their intelligence in spite of their inhibited behavior have the benefit of being expected to do well.  Other children with below-average or average intelligence might not have the benefit of a teacher's high expectations.  Also, children of all levels of intelligence with teachers who are less experienced in recognizing or dealing with inhibition may not receive as much encouragement.  The student's inhibition may be allowed to become the scapegoat for his or her lack of academic success.  Although a teacher's high expectations may increase a student's stress (and hence, the level of inhibition) in the short term, the long term effect of those expectations may be academic success. 
	Inhibition may cause a lower level of performance on academic tasks even in children who are thought to be of above-average intelligence, interfering with the students' achievement.  Is there something about the way these students perceive and process information from their environments that lead to their impulsivity or reflectivity?  The answer may be yes.  Children who exhibit these behavior patterns of impulsive or reflective problem-solving are, on average, more likely to show a different level of basic neurophysiological functioning than the majority of children (Kagan, Reznick & Snidman, 1988; Price, Russchen & Amaral, 1987, in Kagan & Snidman, 1991).
Inhibited children show physiological differences
	What is it that makes the physiology of these inhibited children different from that of the majority?  Some children with extreme behavioral inhibition also show higher levels of arousal in the sympathetic nervous system, shown by decreased heart rate variability, increased heart rate and pupillary dilation, and higher levels of the hormone cortisol (Reznick, Kagan, Snidman, Gersten, Baak & Rosenberg, 1986).  The idea that arousal in the sympathetic neurons is related to behavioral inhibition will be explored briefly in this introduction, and more fully in the next chapter.
	Children who show a tendency to react to "normal" stimuli with a high level of sympathetic arousal are seen as having a "low threshold to reactivity" (Price, Russchen & Amaral, 1987, in Kagan & Snidman, 1991).  Their perception and processing of the identical events that their classmates are experiencing produces in them a high level of sympathetic arousal, or anxiety state.  Not only do these children process information differently, but they react differently, too.  Their inhibition can be thought of as psychological "flight" from their stressors.
	The tendency of these children to react to novelty and stress with inhibition, impulsivity and reflectivity may not have appeared suddenly during elementary school.  Their behavior during infancy and toddlerhood might have helped their parents or teachers predict how they might react to the demands of the classroom later in life.  It would be valuable for their parents and teachers to understand childrens' levels of inhibition and arousal before the start of formal schooling, so that they can be sensitive to its possible effects on their academic work.
	Information about the origins and antecedents of behavioral inhibition would demonstrate to teachers that some behaviors are not deliberate willfulness or mischief on the part of the child.  This knowledge could help teachers to avoid making value judgements about inhibition.  Teachers might then be more prepared to formulate strategies that would make the academic tasks or atmosphere less stressful and therefore less likely to trigger inhibition.
	Unfortunately, it is difficult to predict which children will experience the effects of behavioral inhibition in the classroom.  We do know that four-month-old infants who showed "a combination of high motor activity and frequent crying to stimulation were more fearful to unfamiliar events at nine and fourteen months" than did the four-month-old infants who showed the opposite pattern, low motor activity and infrequent crying (Kagan and Snidman, 1991, p. 40).  The sample of children investigated in that study has not yet reached school-age, however, so nothing is known about the relationship between the levels of motor activity and crying during infancy and the amount of inhibition in the classroom.
The Goals of this Research
	This thesis attempts to identify any innate influences on temperament that are able to be observed through neonatal physiology, as well as early behavioral expressions of inhibition during infancy.  In order to do so, behavioral inhibition at ages four and seven years was correlated with measurements of infant physiological functioning in the delivery room, social behaviors between the infant and both the mother and a stranger examiner during the administration of a Bayley Examination of Mental and Motor Functioning at eight months, and whether excessive crying was observed during the Bayley Exam.  The behaviors examined during the Bayley Exam include the infant's speed of response in interacting with objects, whether the infant was more affected by the presence of people over objects, whether they became involved with or avoided interacting with the examiner, and whether they accepted the mother's help during tasks.
The measures of inhibition
	Two "indexes" of inhibition were constructed from extra-task behaviors coded during the administration of intelligence and achievement tests, one index for inhibition at four years and one for inhibition at seven years.  The index at age four years was a weighted average of two scores on extra-task behaviors coded during the administration of the Stanford-Binet at age four years, specifically, emotional reactivity and communication with the examiner.  "Emotional Reactivity" measured whether a child displayed a flat mood (inhibited), an average amount of reactivity, or a mood more variable than average (uninhibited).  "Communication with the Examiner" measured how verbal a subject was during the examination, ranging from non-communicative (inhibited) through the subject being so talkative that the content was irrelevant or inappropriate (uninhibited).
	The index of inhibition at age seven years was a weighted average of six scores coded during the administration of WISC and WRAT exams at age seven years.  This index includes scores on the variables Separation from the Mother, Fearfulness, Rapport with the Examiner, Communication with the Examiner, Self-confidence, and Assertiveness.  For Separation from the Mother, reactions ranged from being upset, crying, and clinging to the mother (inhibited) through showing an eagerness to go with the examiner (uninhibited).  Fearfulness ranged from a subject being very fearful and apprehensive (inhibited) through showing little or no fear during the examination (uninhibited).  Rapport with the examiner measured shyness.  Subjects' behavior ranged from being exceptionally shy and withdrawn (inhibited) through being extremely friendly with the examiner.  The behaviors coded in Nature of Communication were similar to those observed at age four years, and ranged from little or no verbal communication with the examiner (inhibited) through answering freely or speech where it was difficult to follow the subject's thinking (uninhibited).  Behaviors coded for Self-confidence ranged from a subject lacking self-confidence and being very self-critical (inhibited) through being very self-confident.  Behaviors measured by Assertiveness ranged from extreme passivity during the exam (inhibited) through extreme willfulness and assertiveness.  All of the values and frequencies of these six extra-task behaviors can be seen in Table 6 in Chapter 3.
	Kagan et al found that inhibition was not related to cognitive performance (Kagan, Reznick, & Gibbons, 1989).  If this is so, inhibition at ages four and seven years should be independent of intelligence as measured by the Wechsler Intelligence Scale for Children (WISC) and Wide Range Achievement Test (WRAT) scores in Spelling, Reading, and Arithmetic.  There should be no relationship between the indexes of inhibition at either four or seven years and the WISC or WRAT scores at age seven.
	The main goal of this thesis is to identify specific physiological and behavioral predictors of childhood "behavioral inhibition".  A secondary goal is to educate professionals in the field of child development about the origins of behavioral inhibition, and about how inhibition can affect school work.  Teachers have recognized and reported aspects of inhibition for decades, as we can see from the material in Appendix A.  Inhibition of behavior, though possibly adaptive in an evolutionary sense, may interfere with a child's educational interactions in the classroom.  Although inhibition of behavior during novel or stressful events may have contributed to an individual's survival in early human societies, it is not particularly "adaptive" in the modern American classroom.  Our educational system values participation in groups and competition between individual members, both of which may be reacted to with inhibition by children whose neurological makeup predisposes them to such reactions during stress or novelty.  By educating parents and teachers about the origins and expressions of behavioral inhibition, and by identifying its early predictors, we can use this information to optimize each child's early learning experiences.
	This study seeks to inform educators and parents about the nature of "behavioral inhibition" and the impact it has on learning, classroom interactions, and standardized test scores.  The definition of "behavioral inhibition" as given by Garcia-Coll, Kagan & Reznick (1984) is based only on the behavior of a sample of Caucasian children.  This limits our ability to generalize about the expression and prevalence of inhibition to any other ethnic group.  Because of this limited definition, this study will only examine a group of Caucasian children.  Similar analyses will be carried out on the non-Caucasian portion of the sample in a similar study in the future.
	Aspects of neonatal physiology observed in the delivery room, as well as infant social interactions with their mothers at eight months of age, will be examined to see if they predict a cluster of behaviors that make up "behavioral inhibition" in children at ages four and seven years.  The association between the cluster of inhibited behaviors at age four and a similar, but not identical, cluster at age seven will also be explored.	
	Previous studies (Kagan, Reznick & Gibbons, 1989) have assumed that 
level of behavioral inhibition is independent of intelligence.  Although

this may be true, a child who has a tendency to react to novelty or stress with inhibition of behavior may react to a testing situation with inhibition.  The use of an extremely impulsive problem-solving style stemming from a need to reduce anxiety, or the use of extreme reflectivity, where alternative answers are weighed until the choice between them becomes overwhelming, could both result in a lower test score for the inhibited child.  Do Caucasian children who have been categorized as extremely inhibited at age seven years have lower scores on intelligence and achievement tests than their uninhibited peers?  If inhibition is a stable behavioral tendency during childhood, does inhibition as assessed at age four years predict test scores three years later?  The association between levels of inhibition at ages four and seven, and scores from intelligence and achievement tests administered at age seven will be examined in order to address these questions.
Organization of this thesis
	This work is organized as follows.  In this introductory chapter, the concept of "behavioral inhibition" was introduced, and its relevance to education was demonstrated by examples of behavior that were taken from teachers' reports on an actual elementary school student. The idea that inhibition of behavior in response to stress is a stable characteristic of children's temperament was also presented.
	Chapter 1 examines the historical basis for our understanding of human temperament.  Arguments from both sides of the debate about innate versus environmental contributions to temperament are presented.  Current theories about temperament are compared, and a consensus definition of temperament is constructed.
	Chapter 2 defines "behavioral inhibition" more fully, and reviews the literature on research into this aspect of temperament.  The idea that extreme levels of behavioral inhibition are associated with a specific physiological phenomenon, that of high levels of arousal in the sympathetic nervous system, is introduced in Chapter 2.  The possible origins of these extreme levels of sympathetic arousal are considered.  Specifically, the capacity of the developing neurons to experience plasticity in their "choice" of neurotransmitter use during development is presented.  Neurotransmitter plasticity is the mechanism that allows the maternal consumption of certain substances to temporarily or permanently alter the structure and functions of the fetal nervous system.  This influence of fetal environmental conditions on the developing nervous system may result in a wider range of sympathetic arousal across individuals than would be the case if only genetic factors contributed to neuronal development.
The research questions
	Chapter 3 describes the present study, and states the research questions being investigated.  These questions are:
	a)	Which aspects of neonatal physiology observed in the delivery room, if any, predict behavioral inhibition at ages four and seven years?
	b)	Do infant social behaviors as described by the Bayley Examination of Mental and Motor Functioning predict later behavioral inhibition?
	c)	Does level of inhibition at age four years predict level of inhibition at age seven years?
	d)	Is level of inhibition at ages four and seven years independent of intelligence test scores?
	e)	Are a different pattern of correlations seen when the whole sample is used versus when only extreme group membership is analyzed?
	These research questions have been answered by a secondary analysis of an existing data set.  The origin of the data will be described, along with details about the specific variables being used.  Each of these variables will be summarized, and the intercorrelations among them will be presented.
	In the fourth chapter of this thesis, neonatal physiology and infant social behaviors have been correlated with the indexes of the variables describing behavioral inhibition at four and seven years.  Scores on intelligence and achievement tests at age seven will be related to level of inhibition at ages four years and seven years.
	The results of these analyses will be discussed in the fifth chapter.  The limitations of the concept that behavior is predicted by physiology will be explored.  Any relationships found between the predictor variables and inhibition will then be discussed in light of their ramifications for education.  The information in this chapter will expand on the idea that a supportive environment can change the expression of a physiologically-based behavior.  Teachers' knowledge of the origins and expressions of inhibition can allow them to better create a supportive classroom atmosphere, so that the any negative consequences of childrens' inhibition on their achievement can be minimized.  Accordingly, the following questions will be addressed:  How do the results from this study illuminate the experience of the inhibited child in the American classroom?  What recommendations can be made to parents and educators about how to address inhibited behavior in the classroom?  This thesis will also discuss areas that need to be addressed by further research.

CHAPTER ONE
The Origins of Human Temperament
The debate on the origins of temperament
	The longitudinal study of behavioral inhibition conducted by Kagan and his colleagues in the 1980's was introduced in the previous chapter (Kagan, 1989; Kagan, Reznick & Gibbons, 1989; Kagan, Reznick & Snidman, 1988).  Evidence from that study supports the argument that some aspects of children's temperament may originate in physiological processes. 
	In order to place this recent research into context, the history of temperament research will be presented first. This chapter will then conclude with a summary of contemporary definitions of temperament.
	The written record of the debate on the origins of human temperament in Western civilization spans two millennia.  Physicians in ancient Rome believed that temperament had a constitutional basis.  They, and later proponents of the "nature" theory, argued that stable individual differences in behavior can be accounted for by underlying physiological functions.
	Proponents of "nature" theory of temperament believe that an organism's environment is more important than underlying physiology.  They maintain that a person's temperament is shaped mainly by experience.  For most of the history of this "nature vs. nurture" debate the two sides were polarized; only in the last few decades have psychologists acknowledged that both physiology and learning each have their own influence on the expression of a person's temperament.
Cycles in the "Nature vs. Nurture" debate
	The first recorded "nature" theory in Western civilization appears in the Greek physician Galen's treatise "On Temperaments".  Galen (born in 129 A.D.) attributed human temperament to underlying physiological properties that originated from an imbalance of the four bodily humors:  blood, (sanguine, robust, cheerful), phlegm, (phlegmatic, impassive) yellow bile (choleric, easily provoked to anger), and black bile (melancholic, pensive and depressed) (Galen, in Brock, 1983).  Several centuries later, Christian doctrine held that human behavior originated in the soul, which was God-given, rather than in the body.  This idea held sway for over a thousand years in Western society.  
	Kagan (1989) gives a thorough overview of the study of supposed physiological influences on human temperament (such as head shape and body type) in the eighteenth and nineteenth centuries.  At the end of the nineteenth century, Darwin's work on interspecies variation and natural selection introduced the idea that differing environments might favor different physical and behavioral characteristics.  From this sprang the idea that, over time, different populations could show differences in temperament.
	As the twentieth century dawned, "nature" theories of temperament were still very popular.  Freud's theory that variation in adult behavior originated in early experiences was not widely accepted until the late 1930's, and then only in combination with innate influences on behavior.  In 1940, Sheldon described four body types and their related temperaments, and although he strongly believed in a physiological source for behavior, he also believed that the environment helped to shape temperament (Kagan, 1989).
	During the 1930's, Hitler was using the research on body type and temperament to promote his own political agenda in Nazi Germany.  He believed that one temperamental type, that associated with Aryan ancestry, was superior to others, and carried out systematic extermination of groups such as Jews and Gypsies whose external characteristics supposedly illustrated their inferiority.  When the reality of what Hitler was doing was finally accepted by the rest of the world, research on the physiological correlates of behavior became highly unpopular, and "nurture" theory of Freud gained popularity. 
	The hiatus in research into the physiological correlates of temperament continued into the 1970's, fueled both by the trend towards social egalitarianism and the preference for variables with continuous variation, rather than the necessarily categorical ones measuring "type" (Kagan, 1989).  Psychologists emphasized the importance of experience and enriched environments in the development of a child's behavior patterns.  Individual variation in temperament was attributed to social factors, such as interaction with the mother, and socio-economic status, which influenced the quality of all early experiences.
A return to the idea of physiological influence
	The second half of the twentieth century saw a return to the idea that physiological processes influenced temperament, but this was only in addition to the influences of environment and experience.  Allport's 1961 publication reset the scene for a theory of temperament that included physiology as a source of variation in human temperament.  In 1961, Allport defined temperament as:
"...the characteristic phenomena of an individual's emotional nature, including his susceptibility to emotional stimulation, his customary strength and speed of response, the quality of his prevailing mood, and all the peculiarities of fluctuation and intensity of mood, these phenomena being regarded as dependent upon constitutional make-up and therefore largely hereditary in origin." 
											(1961, p. 34, in Buss & Plomin, 1984, p. 3).
	Note that although temperament is held to be dependent on physiology, the main source of physiological (and, hence, behavioral) variation is considered to be genetic.  As will be demonstrated in Chapter Two, physiological variation may result from conditions in the fetal environment as well as from genetic instructions.
	Another focus of temperament research in the second half of the twentieth century was how knowledge of a person's temperament could be used to predict later behavioral disorders.  Many theorists assumed that infant temperament would predict behavior through adulthood.  Thomas, Chess, and Birch began a longitudinal study in 1956 that studied the role a child's temperament played "in the emergence and elaboration of (later) behavior problems" (1968, p. 3).
	During the 1960's, psychologists also realized that temperamental variation among siblings could not be explained solely by socialization within the family.  Experiences provided by the parents were not the same for each child in a family.  In other words, parents did not treat all their children in exactly the same way.  The origin of these differences in experience was held to be innate characteristics in the children themselves.  Thomas, Chess & Birch believed that each child was born with a unique, individual way of responding to the environment, and that parents reacted differently to each child.  They stated that:
"Parents frequently showed significant variations in their response patterns to their different children, suggesting that the child's own characteristics as an individual could and did act as specific stimuli for the parent."
														(Thomas, Chess & Birch, 1968, p. 3)
	In the 1970's, earlier work on the heritability of temperament was consolidated by Buss and Plomin (1975).  The tendency for a person to behave in a certain way following arousal or an emotional stimulus was considered to be constitutionally-based and capable of being inherited.
Contemporary definitions of temperament
	There have been many different theories on the origins of temperament during the time that scholars have chronicled human behavior, and these theories continue to evolve.  Contemporary theories of temperament now acknowledge that there is more than one source for variations in behavior:  both experience and physiology influence the development of temperament.
	This "nature vs. nurture" duality in contemporary theories of temperament are well illustrated by the following statements:  Temperament is generally thought to be "an hereditary aspect of personality" that is influenced by experience (Bornstein & Lamb, 1988, p. 390).  The physiological contribution of temperament is "not immutable...its features can undergo a developmental course that will be significantly affected by environmental circumstances" (Thomas, Chess & Birch, 1968, p. 4).  Although temperament is thought to have a "constitutional base (this) does not dictate that (it) be genetically fixed or temporally stable, or that experience need have a minimal impact" on it (Bornstein & Lamb, 1988, p. 389).
	Bornstein and Lamb emphasize this duality in the origins of temperament.  They state that "an adequate model of temperamental variation must acknowledge the reciprocal influences of environment and organism" (1988, p. 389).  The works of Sameroff & Chandler (1975); Thomas & Chess (1977); Lerner & Lerner (1983); Rothbart & Derryberry (1982); and Campos et al, (all in Campos, Barrett, Lamb, Goldsmith & Stenberg, 1983) also reflect this acceptance of an inborn physiological origin of temperament that is modified by experience.
	In their comprehensive review of contemporary research on temperament, Campos, Barrett, Lamb, Goldsmith and Stenberg (1983) compare and contrast the differing viewpoints on the constitution of temperament.  A brief summary of some of these definitions follows.
	In their classic work "Temperament and Behavior Disorders in Children", Thomas, Chess and Birch (1968) define temperament as the "behavioral style" of an individual.  How a person acts in a given situation is the focus of their temperamental research, not the person's ability level, motivation, or the content of the situation in which the behavior occurs.  Campos, Barrett, Lamb, Goldsmith and Stenberg (1983) find behavior-based views of temperament such as this far too broad.  They prefer to limit their definition to one that "links temperament closely to individual differences in emotionality", because they feel that temperament and emotion are closely related.  Campos et al restrict the type of behavior that is explained by temperament to that which is caused by a change in level of arousal or emotion.  They caution, however, that temperament and emotion are not the same.  "Temperament refers to stable individual differences in parameters of hedonic tone, arousal, and discrete emotions like anger and fear" (p. 830), while "emotion" is the actual expression of those discrete affects.  The dimensions of behavior that are almost universally seen as contributing to "temperament" include emotion, attention, and motor activity (Bornstein & Lamb, 1988).
A summary of theories of temperament
	During the last two thousand years of observation and research into human behavior, theories have assumed that the concept of "temperament" allows for the prediction of stable individual differences in behavior that are expressed during emotional arousal.  Another component of the definition of temperament is that behavior has a physiological origin, and this has been the subject of much debate.  Most contemporary theories on temperament's origins state that both inborn physiological functions and experience interact in the individual.  To summarize, there are five components shared by contemporary definitions of temperament:
	1.	The idea of "temperament" reflects individual differences in behavioral style;
	2.	The behavioral style used by an individual is stable over time;
	3.	The behaviors occur during emotional arousal or expression;
	4.	The behaviors are predictable;
	5.	The aggregate of the behaviors, temperament, is influenced by physiological events and is inborn.
	A recent area of research that has contributed to the acceptance of the argument that temperament has an inborn, physiological component is extreme inhibition of behavior (sometimes called shyness) in children.  The inhibition of behavior in children as a response to novel or stressful situations is a stable style of response for some individuals.  Kagan and his colleagues have demonstrated that extreme behavioral inhibition in children is related to arousal in the peripheral sympathetic nervous system.  A summary of this research is presented in the next chapter, and will explain how temperament is related to the physiology of the sympathetic nervous system.

CHAPTER TWO

Behavioral Inhibition and Sympathetic Arousal

Studying behavioral inhibition
	The previous chapter summarized the historical debate on the origins of stable individual differences in behavior, or temperament.  Contemporary theories of temperament were then presented.  From these contemporary definitions, a list of five major components of temperament theory was constructed.  The first four of these components appear in all contemporary definitions of temperament.  They state that the term "temperament" encompasses stable individual differences that predict a behavioral style used during arousal or emotional expression.  The fifth component states that these stable patterns of behavior are inborn and are based on physiological functions.
	It is this fifth part of contemporary definitions that has been the source of much of the recent debate on the origins of temperament.  Research conducted in the last ten years has had a significant impact on this debate by supporting the argument that temperament has physiological processes as part of its genesis.  This recent research measured both a dimension of temperament in children and specific neurophysiological functions, and found a relationship between the two.
	The dimension of temperament studied in this recent research is called "behavioral inhibition to the unfamiliar" (Garcia-Coll, Kagan & Reznick, 1984; Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984; Reznick, Kagan, Snidman, Gersten, Baak & Rosenberg, 1986; Kagan, Reznick & Snidman, 1988).  Children who showed extreme inhibition of overt behaviors during novel or stressful situations were studied from ages 20 months to 8 years.  Not only was the tendency to exhibit inhibition to novelty or stress stable for some children during this time period, but extreme inhibition was found to be related to high levels of arousal in the sympathetic nervous system.
	This chapter will review recent research into childhood behavioral inhibition and its related physiology.  It will describe inhibition in detail, and explain the psychological and physiological symptoms that are experienced by children prone to behavioral inhibition.  Prior to this recent research, the topic of inhibition has been the subject of extensive study, and excellent summaries have been conducted elsewhere (Buss & Plomin, 1984; Kagan, 1989; Kagan, Reznick & Snidman, 1986), so this work will not undertake an extensive review.  Pertinent background research into the relationship between inhibition and physiology will be summarized, however.  This chapter will conclude with an exploration of the idea that behavioral inhibition is associated with specific physiological functions.
Types of inhibited behavior
	The theories of temperament that were presented in the previous chapter include the idea that there are stable individual differences in behavior, which have been described as temperamental "types".  One of these types is the inhibited person.  Jung's (1959) and Eysenck's (1982) categories of "introvert" describe this type of person, as does Galen's "phlegmatic" type, described in the second century A.D. (Galen, 1916).  Introverts often describe themselves as shy, cautious, and timid.  Their temperamental opposites, whom Jung (1959) and Eysenck (1982) called "extraverts", describe themselves as outgoing and sociable (in Kagan, 1989).
	The temperamental types of introvert and extravert are not limited to humans.  Behavioral inhibition has been observed in rats, and its heritability has been demonstrated by selective breeding of highly inhibited (non-reactive) and uninhibited (reactive) strains of rats (Blizard, 1981, in Kagan, Reznick, and Snidman, 1986).  Rhesus monkeys also exhibit behaviors resembling inhibition to the unfamiliar (Suomi, Kraemer, Baysinger & DeLizio, 1981, in Kagan, Reznick, Clarke & Snidman, 1984).  The results of these animal studies are closely related to research into behavioral inhibition in humans, but the emphasis this work places on human development precludes an in-depth discussion of animal studies because of space limitations.  Relevant research on inhibition in animals has been described in Garcia-Coll, Kagan & Reznick, 1984.
Relating temperamental "type" to physiological function
	The idea that different temperamental "types" are related to different levels of physiological functioning has been supported by recent research.  People labelled as "introvert" and "extravert" by Jung (1959) and Eysenck (1982) experience different levels of arousal in the sympathetic nervous system.  This is demonstrated by differences in their heart rates (HR) and heart rate variability (HRV).  Both HR and HRV are influenced by arousal in the sympathetic nervous system.  Under conditions of mild stress, introverts show larger increases in heart rate (higher HR, Hinton & Craske, 1977), and have lower heart rate variability (lower HRV) in a vigilance procedure than extraverts, who have lower HR and higher HRV (Thackray, Jones, & Touchstone, 1974; all in Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984).  This indicates that the introverts are experiencing relatively higher levels of sympathetic arousal than the extraverts.
Early research on inhibition and arousal
	The foundation for the most recent research into behavioral inhibition was laid in the 1950's and 1960's by a longitudinal study of infants and children.  Kagan & Moss (1962) conducted a study that tested children from infancy to adolescence and again as young adults on a variety of traits.
"Of the many individual qualities quantified during the first three years of life, only inhibition and lack of inhibition were preserved across adolescence and young adulthood."
										(Kagan, Reznick & Snidman, 1986, p. 55).
	Inhibition of behavior in infants and toddlers was studied further in a 1978 study by Kagan, Kearsley & Zelazo.  Attentiveness, excitability, reactivity to others, and attachment was examined in infants and toddlers from 4 to 29 months of age who were cared for either entirely at home or who received part of their care at a day care center.  It was felt that these four characteristics would be "vulnerable to variations in rearing environments" and so would reflect the influence of experience on temperament (Kagan, Kearsley & Zelazo, 1978, p. 192).  Half of the sample was Chinese-American and half were Caucasian.
	The Chinese-American children showed more behavioral inhibition than the Caucasian children, regardless of whether or not they attended a day care center.  "These ethnic differences were most dramatic across the period from 7 to 20 months of age." (Kagan, Reznick & Snidman, 1986, p. 56).  The differences between the two ethnic groups on behaviors such as attentiveness, irritability, vocalization, and smiling were fairly stable.  The Caucasian infants smiled and vocalized more than the Chinese-American infants.  Overall, the Chinese-American children showed higher levels of inhibition, and their tendency toward inhibition was fairly stable from 3 to 29 months of age.
	The difference in levels of inhibition experienced by the Chinese-American and Caucasian children existed whether or not the children attended day care.  This means that day care attendance itself did not explain the difference in inhibition level.  Cultural differences between the two groups in the behavioral expectations of, and treatment by the parents might explain the differing levels of inhibition.  Another explanation is be that there may be innate differences in the physiology of the two groups.
	Kagan, Kearsley, and Zelazo (1978) attempted to discover these innate differences in the physiological processes that might have influenced inhibition, attentiveness, and irritability.  Heart rate and heart rate variability were measured in the two ethnic groups of children in an attempt to describe and quantify this underlying physiological process.
	The Chinese-American children showed a different pattern of heart rate variability.  They had lower levels of heart rate variability at rest as well as during laboratory tasks than did the Caucasian children (Kagan, Kearsley & Zelazo, 1978).  This indicates that the Chinese-American children experienced higher levels of sympathetic arousal both at rest and during a task than the Caucasian children did.
	Based on these findings, Kagan, Kearsley and Zelazo (1978) concluded that some of the variations in inhibition that they saw in their sample were due to physiological arousal.  Stable individual differences in behavior appear to be related to different "thresholds of reactivity" to novel stimuli similar to those seen in monkeys (Suomi, Kraemer, Baysinger & DeLizio, 1981, in Kagan, Reznick, Clarke & Snidman & Garcia-Coll, 1984).  These different thresholds are associated with activity in the limbic lobe of the brain.  The higher heart rates and lower heart rate variability in the Chinese-American children's at rest led the experimenters to conclude that their baseline level of arousal, or "threshold of reactivity", was higher (Kagan, Kearsley & Zelazo, 1978).
	Any interpretation of Kagan, Kearsley & Zelazo's (1978) conclusion that inhibition "type" is related to level of sympathetic arousal needs to be tempered with some caution.  What the experimenters defined as a "resting" heart rate was actually a measurement made three seconds before the onset of a task.  The experience of being in a lab may have been a stressful situation for the children.  Simply being attached to the electrodes that measure heart rate and heart rate variability would be highly stressful to most toddlers.  This effect could have been exacerbated by the cultural values and experiences brought to the lab by the Chinese-American children.  Thus, the higher "resting level" baseline of arousal and the higher "threshold of reactivity" to stress attributed to the Chinese-American sample also may have been influenced by cultural and measurement issues.  The issue of the mitigating influence of experience on arousal-driven inhibition will be explored fully after the review of research done by Kagan and his colleagues in the 1980's has been presented, and again during the discussion of the results of the present study.
Recent research into inhibition and arousal
	The physiological variables that are associated with behavioral inhibition, including heart rate and heart rate variability, originate in the workings of the sympathetic nervous system.  In order to provide a more detailed examination of the relationship between inhibition and sympathetic arousal, Kagan and his colleagues planned another longitudinal study.  This study examined the physiological and psychological characteristics of toddlers classified as either extremely inhibited or extremely uninhibited (Garcia-Coll, Kagan & Reznick, 1984; Kagan Reznick, Clarke, Snidman & Garcia-Coll, 1984; Reznick, Kagan, Snidman, Gersten, Baak & Rosenberg, 1986; Kagan, Reznick & Snidman, 1988) and was limited to Caucasian children.
	The state of arousal that is experienced when a person is confronted with a novel or stressful stimulus is described by Kagan and his colleagues as "uncertainty to the unfamiliar" (Kagan, Reznick, Clarke, Snidman, & Garcia-Coll, 1984).  There is a wide range of behavioral response to this state of uncertainty across children.  Most show no change in their overt behavior, while others do show obvious behavioral changes.  Kagan et al state that behavioral inhibition occurs when children:"become quiet, cease the activity in which they are engaged, retreat to a familiar person, or withdraw from the field in which the unfamiliar event occurred".
		(Kagan, Reznick, Clarke, Snidman, & Garcia-Coll, 1984, p. 2212). 
	The Caucasian toddlers in study described above were selected on the basis of maternal ratings of either inhibited or uninhibited behavior at age 20 months.  Each child then had his/her level of inhibition assessed in the laboratory by the researchers at age 21 months.  The laboratory assessment included the following tasks:  meeting an unfamiliar examiner, encountering an unfamiliar set of toys, imitating a female model who displayed three difficult acts, interacting with another female stranger, being exposed to a novel toy and unfamiliar pictures, sounds, and speech, and experiencing a temporary separation from the mother.  The results of these assessments were pooled into an "index of inhibition".
	Approximately ten percent (n = 28) of the children in the initial sample (n=305) scored as extremely inhibited on the index of inhibition.  Another 10% of the sample (n = 30) was scored as being highly uninhibited on the index.  Only those children who scored in the 90th or 10th percentile on the index of inhibition (n = 58) were followed longitudinally.  They returned to the laboratory one month later, and were observed again under the same conditions.  "The cross-episode correlation for a summary index of inhibition was .6" (Kagan, Reznick, Clarke, Snidman, & Garcia-Coll, 1984, p. 2213).  This is not a particularly strong value for a cross-episode correlation, and indicates that the toddlers' level of inhibition after a period of only one month was somewhat variable.  Whether the level of inhibition was lower during the second laboratory assessment was lower for the group as a whole, possibly due to their previous experience in the lab, was not reported.  It is not known, therefore, whether some of the variability in inhibition index scores from one month to the next is due to  natural variations in the expression of inhibition in toddlers, or is a result of less novelty and stress for the toddler during the second laboratory visit.
The "inhibited" temperament	
	Approximately ten percent of normal children show extreme inhibition of behavior in novel or stressful situations.  These children have been labelled by Kagan et al as having an "inhibited" temperament.  The children at the other end of the behavioral spectrum, whose behavior remains unchanged, have been labelled "uninhibited"  (Garcia-Coll, Kagan, & Reznick, 1984).  These authors stress that the social backgrounds and levels of intelligence of the inhibited children are similar to those of the uninhibited children.
	Should we regard inhibited and uninhibited children as two distinct temperamental types?  Kagan, Reznick, Clarke, Snidman & Garcia-Coll state: 	"It is not clear whether these two types of children represent the extremes of a single, continuous dimension of inhibition, or whether it is more profitable to regard these two groups as qualitatively different, with different sets of antecedent conditions mediating each behavior category." 
		(Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984, p. 2212).
	Children who were classified as inhibited have a consistent way of approaching novel stimuli and events:  they take more time to approach strange peers and novel play situations, and spend more time close to their mothers both while playing and not playing.  They also show different ways of approaching problem-solving tasks than their uninhibited peers.  When presented with a task of feeling and naming a hidden object, they tend either to respond very quickly (exhibiting impulsivity) or to take a very long time before responding (exhibiting extreme reflectivity, Kagan, Reznick, & Snidman, 1988).  The response time of children who were rated as uninhibited is average, neither impulsive nor reflective.  Impulsivity and reflectivity can be thought of as attempts to reduce or control the high levels of uncertainty, arousal, or anxiety that are produced by perceptions of a novel or stressful stimulus.
Inhibition was associated with sympathetic arousal in some children
	Sympathetic arousal was assessed by measuring the children's' heart rate, pupil dilation, and saliva cortisol levels.  A pattern of high heart rate, low heart rate variability, increased dilation of the pupil, and elevated saliva cortisol levels indicates a high level of arousal of the sympathetic nervous system (Kahneman, Tversky, Shapiro, & Crider, 1969, in Kagan, 1989).  An increased level on one of these measures tends to be associated with an increased level of the others, although such correlations are not extremely high.  Because these indicators of sympathetic arousal are not highly intercorrelated, they can all be used in the same study to predict related behavior.
	The research by Kagan et al found that behavioral inhibition to the unfamiliar was related to the level of arousal in the sympathetic nervous system at age 21 months.  (Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984).  Inhibition index scores across the two assessments were related to heart periods (r= -.43, p<.01 for the second baseline, r=-.48, p<.01 for quiet tasks, 
r=-.47, p<.01 for active tasks), and heart period variability (r= -.27, p<.01 for the second baseline, r= -.32, p<.01 for quiet tasks, r= -.29 for active tasks).  Children whose index scores were in the 90th percentile had higher heart rates, lower heart rate variability, greater pupillary dilation, and higher saliva cortisol levels, on average, than children whose inhibition scores were in the 10th percentile.  The uninhibited children tended to have lower and more variable heart rates.  As was explained earlier, high heart rate and low heart rate variability indicate a high level of arousal in the sympathetic nervous system.  The heart rate patterns in the highly inhibited children indicate high levels sympathetic arousal.  Conversely, the heart rate patterns in the inhibited children showed lower sympathetic arousal.
	Additional measures of heart rate and heart rate variability, along with other measures of sympathetic arousal, were done during follow-up sessions when the children in the sample were four and five-and-a-half years of age.  Forty-three children from the original sample were re-evaluated at 48 months 
with a variety of tasks to determine if there was longitudinal stability of:  1) inhibited versus uninhibited behavior, and  2) heart rate as a predictor of inhibition.
	Behavioral inhibition continued to be correlated with sympathetic arousal at age four years.  Scores on the index of inhibited behavior were again correlated with heart period (r= -.27 p>.05 for the second baseline, r= -.33, p<.05 for quiet tasks, and r= -.39, p<.01 for active tasks), and heart period variability (r= -.33, p<.05 for the second baseline, r=-.39, p<.01 for quiet tasks, and r= -.39, p<.01 for active tasks).
"Children who were either high on the index of inhibited behavior or low on the index of uninhibited behavior...had higher and more stable heart rates on all task procedures...especially when they are doing mental work" 
		(Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984, p. 2218).
	Heart rate and other measures of sympathetic arousal were measured when the children in the sample were five-and-a-half years old.  Again, the inhibited children continued to show higher levels of sympathetic arousal.  As at age four, classification of inhibition at 21 months also predicted higher 
(r = .44, p<.05) and less variable (r = .39, p<.05) heart rates at age five and a half (Kagan, Reznick & Snidman, 1988).
	Sympathetic arousal was also assessed by measuring levels of neurotransmitters.  Urine samples were collected, and were assayed for levels of norepinephrine.  There was no relation between norepinephrine levels and the index of behavioral inhibition at 21 months, but "the correlations (of norepinephrine levels) with the indexes of inhibited behavior at age four and five and a half were significant" (r = .34, p<.05 at age four, and r = .31, p<.05 at age five) (Kagan, Reznick, & Snidman, 1988). Approximately ten percent of the variability in scores on the inhibition index is explained by levels of norepinephrine at ages four and five years.
	Saliva samples were collected from the children at age five-and-a-half years before and after a 90-minute laboratory session.  The saliva was collected for the purpose of measuring cortisol, a hormone produced during physiological arousal.  Cortisol is produced by the adrenal glands, and is necessary for the metabolism of sugar into usable energy for the body.  The body releases cortisol according to a regular daily rhythm, increasing the level in the early morning hours and decreasing in the evening.  The body also releases cortisol in bursts during perceived stress.  On average, the inhibited children produced higher levels of cortisol (between 900 and 1200 pmol/l during home, pre-laboratory, and post-laboratory assessments) than the uninhibited children (between 1400 and 2100 pmol/l during the same assessments).  
	Levels of cortisol in the saliva of children aged five-and-a-half years were more highly related to the classifications of "inhibited" or "uninhibited" made at 21 months than any other physiological measures, including heart rate.
Inhibition and somatic symptoms
	The mothers of children who had been classified as "inhibited" at age 21 months reported higher frequency of fears, nightmares, constipation and sleeplessness in their children than did the mothers of the uninhibited children (Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984).  Nightmares and sleeplessness are associated with discharge in the sympathetic nervous system (Guyton, 1981, in Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984).  Another of the physiological mechanisms of sympathetic arousal is constriction of the colon, which can lead to constipation.  Because the inhibited children are the ones most likely to have high sympathetic arousal, the fact that they experience these symptoms more than the uninhibited children is not surprising.  These symptoms are indirect evidence (based on parental report) that sympathetic arousal occurs in the inhibited children during normal life events, in addition to stressful laboratory settings (Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984).
Inhibition and childrens' behavior in the classroom 
	In addition to examining behavioral inhibition, many behaviors that can be thought of as reflecting a child's "classroom style" were observed in this study (Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984; Gersten, 1986).  The researchers coded "extra-task behaviors" during the laboratory sessions.  These extra-task behaviors included:  looking at the examiner, restless behavior (getting up from the chair and obvious movement of the trunk and limbs), and smiling.  The intercorrelations between these three variables were low (between 0.1 and 0.2), indicating that a child would tend to exhibit some but not all of these behaviors.  Smiling was the only behavior that was independent of inhibition category.  Whether a child would smile frequently during the laboratory testing could not be predicted by knowing whether s/he was inhibited or uninhibited.  Restless behavior and looking at the examiner were related to inhibition, however.  Children previously classified as inhibited were less restless than the uninhibited children, suggesting that body movements may be inhibited during an interaction with a stranger examiner in this group.  The inhibited children also looked at the examiner more often during the testing session (Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984).
Inhibition and cognitive performance
	This combination of less physical restlessness and more attention towards the examiner for cues and feedback did not affect the inhibited children's' scores on a variety of cognitive measures.  In addition to being coded for "extra-task" behaviors, the tests and observations done at 4 years were also evaluated for cognitive performance.  "Quality of performance" was measured by the number of correct answers on incomplete figures, environmental sounds, matching familiar figures, and three subscales of the Wechsler Preschool and Primary Scale of Intelligence (WPPSI).  There were no strong intercorrelations among the different components of the "quality of performance" measure, with the exception of the relationship between the scores on incomplete figures and the picture completion subscale of the WPPSI (similar tasks).  When these scores were compared with the indexes of inhibition it was found that:
"There were no relationships between quality of performance on any of the tests and either behavioral inhibition, heart rate, or heart rate variability, suggesting that the qualities of inhibition and lack of inhibition are independent of cognitive abilities".
		(Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984, p. 2219).
	"Cautious attitude" was measured by the number of times each subject refused to offer an answer on the cognitive measures at four years of age.  The children who refused to offer a guess while listening to taped environmental sounds had higher heart rates on quiet tasks (r = -.39, p<.01) on average than did the non-refusers.  The behavior of responding to the task seems to have been inhibited by a high level of sympathetic arousal produced by the novelty or stressfulness of the task.
	During the laboratory session at four years, children previously classified as either highly inhibited or uninhibited at 21 months were shown a video presentation involving an active and a passive figure.  
"Inhibited children looked more at passive than active figures 
(r =  -.37, p<.05) and more often named the passive rather than the active agent first in their verbal descriptions (r = -.31,p <.05)".
		(Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984, p. 2220).
	This suggests that even at age four, inhibited children are aware of their own behavior and therefore identify more closely with the figure who is passive or "inhibited".
Summarizing the study of inhibition
	Observation and examination of this sample of highly inhibited and uninhibited children at age four indicate that:
"inhibited...children have higher and more stable heart rates, look more often at the examiner, look longer at passive than at active figures, and are described as more timid and cautious by their mothers" than uninhibited children.
			 (Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984, p. 2220).
	According to this study, inhibited and uninhibited children did not differ in quality of cognitive performance.
	Classification of inhibition level at 21 months was a strong predictor of both level of sympathetic arousal and level of inhibition at age four years.  Knowing that a child was classified as inhibited at 21 months, we can predict that they are likely to exhibit both inhibited behavior and high sympathetic arousal at 48 months.  Children previously initially classified as inhibited showed the following specific characteristics at age four years:
	1)	inhibited behavior with a strange peer;
	2)	higher and more stable heart rates during cognitive procedures;
	3)	more frequent heart rate accelerations and fewer decelerations during a story designed to elicit empathy with one of the characters:
	4)	reluctance to offer a guess on the incomplete figures and the		 environmental sounds tasks;
	5)	preferential fixation of the passive figure during a story;
	6)	more frequent glances at the examiner and less restless behavior.
	The amount of heart rate variability, but not absolute heart rate, was preserved from age 21 to 48 months.  67% of the children assessed at age four retained both their behavioral classification of "inhibited" or "uninhibited" and their degree of cardiac variability across this 27-month interval.  The authors conclude that:
"Caucasian children selected to be extreme on the qualities of behavioral inhibition and lack of inhibition to the unfamiliar retain these characteristics over the pre-school years", although
this is only true for two-thirds of their sample.  (Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984, p. 2222).
	At age five-and-a-half, some children were no longer classified in the same category of extreme inhibition as they had been as toddlers.  There were two patterns to these changes.  The children who had been classified as extremely inhibited at 21 months but not at age five years were likely to be boys.  Several children showed a change in their behavior in the opposite direction, exhibiting extreme inhibition at age five-and-a-half although they had not been classified as such at 21 months.  These latter children were mostly girls whose parents admitted to preferring less uninhibited (more inhibited) children.  These changes in behavior suggest that socialization and experience are capable of changing levels of behavioral inhibition.
	Acceptance of the possible influence of neurophysiology on temperament, in combination with environmental factors, will help parents and teachers to avoid making value judgements about inhibited behavior (and the child who exhibits it).  Just as our knowledge of the brain has influenced our acceptance of left-handedness as a natural expression of a child's neurophysiological makeup, knowledge of the development, structure and functions of the sympathetic nervous system will inform our understanding of "behavioral inhibition".  By understanding the link between neurophysiology and behavior, we can be sympathetic to the experiences of the inhibited child. 
	As was stated earlier, children with a tendency toward inhibition are thought to have a lower "threshold of reactivity" to stimulation.  This means 
that an "inhibited" child will tend to become highly aroused in a situation that the majority of children will experience without extreme arousal.  Understanding that some children become overwhelmed by what the majority regards as "normal" experiences, and that this tendency may be influenced by neurophysiological functions, could help parents and teachers devise strategies for helping the inhibited child cope with the stresses of the classroom without compromising their achievement.
The development and functions of the sympathetic nervous system
	Why is there such a wide range of levels of sympathetic arousal across individuals?  Both genetic and environmental influences on the development of the sympathetic nervous system act to produce the wide range of arousal and inhibited behaviors seen in children.
	The pathways of expression for the physiological arousal that were studied by Kagan et al were the endocrine system and the sympathetic nervous systems.  The ways in which these systems operate directly influence inhibition of behavior in children who have a low threshold of reactivity to stress (Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984).  The limbic lobe of the brain is thought to be involved in determining the threshold at which an individual will respond to a stimulus as a threat (Gray, 1982).  Gray uses the following schematic diagram to describe the behavioral inhibition system:


__________________________________________________________________
Signals of Punishment ---      BEHAVIORAL     --- Behavioral Inhibition
Signals of Non-reward ---      INHIBITION     --- Increment in Arousal
Novel Stimuli -----------        SYSTEM       --- Increased Attention
Innate Fear Stimuli -----                            
__________________________________________________________________
Figure 1:  The Behavioral Inhibition System (after Gray, 1982, p. 12)

	The limbic system in the brain processes incoming stimuli in what Gray calls the "behavioral inhibition system" (1982).  Stimuli that are perceived by the limbic system as either signals of punishment or non-reward, novel stimuli, or innate fear stimuli (e.g. falling, loud noises) activate the brain's "behavioral inhibition system".  This produces three reactions in the brain and body:
	1) An inhibition or cessation of behavior;
	2) Increased physiological arousal; and 
	3) Increased attentiveness in general and to the stimulus in particular.

	These three reactions of the body and brain to a perceived threat are evolutionarily adaptive.  Individuals who perceive danger and do not modify their behavior are probably less likely to survive to pass their genes on to the next generation.  Individuals who stop all behavior (ceasing to provide movement clues to a predator), increase their attention to the perceived threat, and whose arousal level readies them for "fight or flight" might be more likely to survive.  Any individual who reacts to a perceived threat with inhibition of behavior on a regular basis due to their neurological makeup may have a better chance at survival than one who has to learn to inhibit their behavior or only does it occasionally.  In this way, a physiologically-based tendency to react to threats with inhibition would be passed from one generation to the next.
	Although the capability for a high level of sympathetic arousal may seem to be inborn, genetic information may not be the only influence on the development of sympathetic neurons.  Fetal neurons' natural plasticity during development encourages a wider range of sympathetic arousal and its associated behaviors across normal individuals than genetic information alone would create.
Plasticity in neurotransmitter "choice" during development
	When the fetus' developing neurons first begin to use neurotransmitters, they seem to be able to use and produce more than one type of transmitter.  They have not yet become committed to the use of a specific neurotransmitter (Black, 1982)  This plasticity during the development of the autonomic nervous system encourages a wide range of sympathetic arousal across individuals.  Some of the factors that take advantage of this plasticity and foster the selective development of sympathetic neurons include:  genetic instructions, and substances of both internal and external origin that affect the intrauterine environment such as viral infections; radiation; toxic substances such as nicotine, alcohol, and other drugs; anxiety; and the mother's naturally-occurring biochemical environment.  The wide range of sympathetic arousal levels across individuals is not limited to the combination of genetic instructions supplied by the parents, but is also influenced by substances produced and ingested by the mother during the development of fetal neurons.  The ability of the environment to alter the functions and behavioral expression of the sympathetic nervous system is not limited to the fetal period, but may continue on throughout childhood. 
	In the next chapter, the specific variables that were used to assess neonatal physiology in the delivery room, infant social behaviors at age eight months, and the behaviors making up the indexes of inhibition at ages four and seven years will be described in detail.  In the following chapter, the indexes of inhibition will then be related to neonatal physiology and infant social behaviors in an attempt to isolate early predictors of inhibition.

CHAPTER THREE
Methodology
	The introduction to this thesis described the possible impact that behavioral inhibition might have on childrens' educational achievement.  If teachers could be prepared for their students' reactions to stress and novelty in the classroom, they would be able to develop strategies for coping with the effects of inhibition.
	Neonatal physiology and infant social behavior are two types of information that might be used to predict later behavioral inhibition, and are easily obtained.  Pediatricians and parents could alert teachers to which children might exhibit inhibition in the classroom.  Teachers could then be prepared to mitigate any limitations inhibition might impose on childrens' potential achievement.
	In order to provide educators and parents with more information about inhibition, this study attempts to identify early precursors of childhood inhibition.  It seeks to answer the following questions:
	a)	Do any aspects of neonatal physiology observed in the delivery room predict behavioral inhibition at ages four and seven years?
	b)	Do infant social behaviors with their mothers as summarized by items on the Bayley Examination of Mental and Motor Functioning predict later behavioral inhibition?
	c)	Does level of inhibition at age four years predict level of inhibition at age seven years?
	d)	Is level of inhibition at ages four and seven years independent of intelligence test scores?
An additional methodological question will be answered:
	e)	When only the extremes of inhibition are analyzed, are the same variables still related?  If so, is the size of the correlation coefficients any different?
	This last question springs from the use of only the extremely inhibited and extremely uninhibited subjects in the research conducted by Kagan et al (Garcia-Coll, Kagan, Reznick, 1984; Gersten, 1986; Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984; Kagan, Reznick & Snidman, 1988; Reznick, Kagan, Snidman, Gersten, Baak, & Rosenberg, 1986).  Subjects in the longitudinal study of inhibition by Kagan et al were screened on an "index of inhibition" at age 21 months.  Then, only the subjects who scored in the top and bottom 10% of that index had their behavior related to their physiology.  Therefore, their correlation analyses that relate inhibition to increased levels of sympathetic arousal have omitted the middle 80% of the distribution of inhibition in the sample.  The correlation coefficients that then describe the relationship between inhibition and sympathetic arousal may not be accurate for the "middle majority" of the sample, as they only describe relationships in the tails of the distribution of inhibition.
	The use of only the extreme groups may even inflate the correlation coefficients, since the cases in the tails of a distribution curve are, by definition, not average.  A correlation analysis assumes that the data values are normally distributed.  When only the tails of a distribution are used in a correlation analysis, not only does this violate the assumption of normally distributed scores, but the line that is fitted to the resulting two distinct groups of data points is unduly influenced by these extreme values.  The information contained in the middle part of the distribution is omitted from the fitting of the line.  If a relationship is detected when only extreme values of a distribution are used, we cannot assume that the size of the correlation coefficient would be similar if the entire distribution were used.  Also, we cannot assume that any line would necessarily be fitted at all.
	In order to address this issue of extreme groups analysis, for any relationships that are detected between physiology and inhibition, or inhibition and test scores, two types of correlation analyses have been conducted.  One uses the entire sample, and one uses the top and bottom 20% of the distribution of inhibition scores only, omitting information on 60% of the sample.
Collaborative Perinatal Project data used
	In order to identify which children might be affected by inhibition, information on neonatal physiology gathered in the delivery room and assessments of infant social behavior made during a Bayley Examination of Mental and Motor Skills have been correlated with extra-task behaviors assessed during the administration of the Stanford-Binet Intelligence Scale at age four years and the Wechsler Intelligence Scale for Children and the Wide-Range Achievement Test at age seven years.
	These data were originally collected by the National Institute of Neurological Disease and Stroke as part of the Collaborative Perinatal Project (CPP) between 1959 and 1970.  The goal of the CPP was to collect prospective data on the conditions and complications of pregnancy, the environmental factors influencing the mother, and biological conditions in the parents in order to determine their relationship to physical and mental development in early childhood (Broman, Nichols & Kennedy, 1975).
	The Collaborative Perinatal Project initially assessed over 50,000 children born between January, 1959 and September, 1966 (Broman, Nichols & Kennedy, 1975).  These children were followed from birth to age seven, and were assessed in the following in various ways at different ages.  These assessments are listed below:
	1.	During the pregnancy, information on maternal health and demographic characteristics was collected.
2.	During labor and delivery, physiological assessments of the neonate were made.
3.	At age 4 months, a general pediatric examination was administered.
	4.	At age 8 months, the Bayley Examination of Mental and Motor Development was administered.
5.	At age 1 year, a neurological examination was administered.
6.	At age 30 months, a speech, language and hearing examination was administered.
	7.	At age 4 years, a psychological examination was administered.
8.	At age 7 years, a neurological and psychological examination was administered.
	The CPP data was collected at 13 sites around the country, including Boston Lying-In Hospital and Children's Medical Center, Buffalo Children's Hospital, Charity Hospital (New Orleans), Columbia-Presbyterian Medical Center, Johns Hopkins Hospital, Medical College of Virginia, New York Medical College, Pennsylvania Lying-In Hospital and Children's Hospital (Philadelphia), Providence Lying-In Hospital and Brown University, University of Minnesota, University of Oregon, University of Tennessee, and Yale University.
	Hundreds of variables were observed, recorded and categorized for the children in the Collaborative Perinatal Project over the first seven years of their lives.  Several different works have been published describing the findings of the CPP.  Broman, Nichols & Kennedy (1975) summarize the prenatal and early developmental correlates of preschool IQ.  Hardy, Drage & Jackson (1979) describe the relationships among the variables collected in the first year of life.  Heinonen, Stone & Shapiro (1977) explore the effects of drugs ingested during pregnancy and birth defects.  Myrianthopoulos (1985) provides a longitudinal look at malformations in children from one to seven years; and Nichols and Chen (1981) relate the pregnancy variables to minimal brain dysfunction.  The present study seeks to examine the relationship of physiological and behavioral variables during infancy with a specific pattern of behavior during childhood:  inhibition to the unfamiliar.
Selection of variables
	Specific variables were selected for this study from among the data collected by the Collaborative Perinatal Project.  The large number of variables in the original data set provided a variety of interesting measures that could be used to explore the associations among neonatal physiology, infant social behaviors, intelligence test scores, and inhibition.  There were thousands of subjects for whom seven years of data had been collected, so that many variables could be used in the present analysis without sacrificing too much power.  It also meant that if there were weak relationships among the variables, they would be detected by statistical tests.  Although these presented powerful temptations to include many different variables in the present analysis, the need for a streamlined data set was also important, and specific limitations were imposed on the size of the sample.
	One of the first limitations on the sample size was imposed by the lack of information on behavioral inhibition in ethnic groups other than Caucasian.  Although Kagan, Kearsley and Zelazo (1978) had originally shown differences in inhibition between Chinese-American and Caucasian children, Kagan et al's later work that defined the term "behavioral inhibition" had been based solely on Caucasian children (Garcia-Coll, Kagan & Reznick, 1984; Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984; Kagan, Reznick & Snidman, 1988).  The CPP's original sample of births was 45% Caucasian, 47% African-American, 7% Puerto Rican and 1% other ethnic groups.  It was felt, however, that it would not be fair to assume that 55% of the sample exhibited inhibition in the same way (if at all) as the Caucasian children.  The sample for the present study was therefore limited to children categorized as "Caucasian" by the CPP, with the author intending to carry out similar analyses for the African-American and Hispanic groups.
	Another important limitation of the sample for the present analysis was that of initial neurological diagnosis.  Only those Caucasian children diagnosed as neurologically "normal" during the Bayley Examination at age 8 months were included.  A total of 5,575 Caucasian children were included in the sample for this analysis.  51.2% of the sample (n = 2850) was male (recoded as "0" for this analysis) and 48.8% (n = 2721) was female (recoded as "1").
The four groups of variables
	Each group of variables will be described separately by age.  The independent (predictor) variables that described neonatal physiology in the delivery room and infant social behaviors toward their mothers and strangers during the Bayley exam at eight months will be presented first.  Next, the dependent variables that measured emotional reactivity and communication with the examiner at age four years and those that measured fear, shyness, separation, self-confidence, communication, and assertiveness at age seven years will be summarized.  Finally, the variables that are summaries of WISC and WRAT scores will then be described.

The Independent Variables
Characteristics of Neonatal Physiology
	Fourteen variables that describe neonatal well-being were chosen from among those in the Collaborative Perinatal Project.  They described each neonate's quality of growth (birth weight and total length of the umbilical cord); oxygenation (whether first breath and first cry occurred before or after delivery was complete, timing of first breath and first cry, normality of respiration); neurological integrity (motor activity and tone, tone of neck, quality of the Moro reflex); and indicators of possible fetal distress (marked molding of the head, forceps marks, staining of the umbilical cord, characteristics of the skin).
Recoding the CPP variables
	For this analysis, certain values of variables were recoded to allow the estimated correlation coefficients to be interpreted in a uniform way.  For example, the way the data had originally been coded in the CPP, variables with ordinal values of 1-5 contained categories of "6" (a "combination of codes"), "8" ("other") and "9" ("not recorded"), as can be seen in Appendix C.  For this analysis, these values indicating "combinations", "other" and "not recorded" were set to "missing", or a value of "." .  This allows the ordinal variables to be interpreted so that a higher value indicates more inhibition, for example, and allows these variables to be correlated with other variables in a meaningful way.
	First, the coding of variables describing quality of fetal growth will be explained.
Birth weight
	Information on birth weight was available for 99.86% of the sample 
(n = 5564).  Birth weight was measured in pounds and ounces on a continuous scale, and ranged from 3 lbs., 3 oz. to 12 lbs., 4 oz.  Mean birth weight was 7 lbs., (s.d.= 1.67 lbs.)  Table 1 on the next page shows the frequencies of birth weights in one pound intervals.

	The CPP reports that birth weight was positively correlated with socio-economic status, although Broman, Nichols & Kennedy (1975) do not give a correlation coefficient in their work.  The estimated intercorrelations among all the delivery room variables are presented in Appendix C of this thesis. 
_________________________________________________________
Table 1:  Birth weights of the sample in 1 lb. intervals*

Birth Weight					Count	Percent
 3 lb., 0 oz. to  3 lb., 15 oz.			  11 		0.2 %
 4 lb., 0 oz. to  4 lb., 15 oz.  			  57 		1.5
 5 lb., 0 oz. to  5 lb., 15 oz.			 521 		9.7 
 6 lb., 0 oz. to  6 lb., 15 oz.			1406	                   25.0
 7 lb., 0 oz. to  7 lb., 15 oz.			2069 	     37.0
 8 lb., 0 oz. to  8 lb., 15 oz.			1183 	     21.0
 9 lb., 0 oz. to  9 lb., 15 oz. 			 286 		5.2
10 lb., 0 oz. to 10 lb., 15 oz.  			  55 		1.0
11 lb., 0 oz. to 12 lb., 04 oz.* 			   6 		0.1
								5564 	    100.0	

* The last interval is > 1 lb. due to the small number of cases within it
_________________________________________________________

Length of the umbilical cord
	After an infant's umbilical cord was cut, its length was measured in centimeters in three places:  on the infant's body, on the placenta, and any other piece that may have been cut from the middle.  These three measurements were summed to produce "Total length of the Umbilical Cord".  Although 97% of the sample had the length of the umbilical cord on the infant's body recorded, only 68% had the lengths on the placenta and "other" recorded, resulting in a value for "Total length" for only 68% of the sample (n = 3795).  For this portion of the sample, the mean total length of the umbilical cord was 62 cm. (s.d.=14.25 cm.). 
Was umbilical cord clamped before or after delivery was complete?
	This categorical variable reflects whether an umbilical cord was clamped before or after the delivery was complete.  A value of "0" represents an umbilical cord that was clamped before the birth was completed, and a value of "1" represents an umbilical cord that was clamped after the birth.  This information was recorded for 98.3% of the sample (n = 5480).  9.7% of these infants had the umbilical cord clamped before the delivery was completed 
(n = 535).  90.3% (n = 4945) had the cord clamped after delivery.
Number of minutes after the birth the umbilical cord was clamped
	The number of minutes after the birth that the umbilical cord was clamped was recorded for 98.4% of the sample (n = 5485).  The values of this continuous variable ranged from 0 (less than one minute after the birth) to 6 (six minutes after the birth).  72% of the infants for whom this variable was recorded (n = 3939) had their umbilical cords clamped less than one minute after delivery.  Presumably, this includes the 9.7% who had their cord clamped before the delivery was complete (see the previous variable). 25.25% 
(n = 1397) had their cord clamped one minute after delivery.  2.5% (n = 135) of the infants had their cords clamped two minutes after delivery.  9 infants (0.16%) had their cords clamped three minutes after delivery, 2 (0.03%) infants had their cords clamped at 4 minutes, 2 (0.03%) at 5 minutes, and 1 (0.01%) at 6 minutes after delivery.  The mean value of this variable was 0.31 
(s.d.= .54), indicating that on average, a neonate had his/her umbilical cord clamped within one minute of delivery.  The standard deviation can be thought of as half a minute.  As was described above, the number of minutes after the birth the umbilical cord was clamped was associated with the length of the cord (r = .10, p<.0001).
First breath taken before or after delivery was complete
	Whether the infant's first breath occurred before or after the birth was complete was recorded by this categorical variable for 98.8% of the sample 
(n = 5508).  41.8% of these infants (n=2304) took their first breath before the delivery was completed, while  58.2% (n=3204) took their first breath after the birth was completed.
Number of minutes after delivery the first breath was taken
	The number of minutes after the birth that the neonate took their first breath was recorded for 98.7% (n = 5502) of the sample.  The values of this ordinal variable ranged from 0: "first breath within the first minute of birth", "1": more than one minute and less than two minutes, etc., through "5" and "10" (1 case).  Fully 95.2% of the infants for whom this variable was recorded scored zero on this variable, indicating that their first breath had been taken within the first minute after birth.  4% of the sample (n = 216) had their initial respiration at least one minute after the birth; 0.5% (n = 27) at least two minutes after the birth; 0.25% (n = 14) at least three minutes after; 0.05% 
(n = 3) at least four minutes after; 0.01% (n = 1) at least five minutes after, and 0.01% (n = 1) at least ten minutes after birth.  The mean score for this variable was 0.06 (s.d.=.33), reflecting the fact that 95% of the sample took their first breath within one minute of birth.
First cry occurred before or after the birth was completed
	Whether the infant's first cry occurred before or after the delivery was completed was recorded for 99.5% of the sample (n = 5546).  24% (n =1309) of these neonates uttered their first cry before the birth was complete, while 76% (n = 4196) cried for the first time after they had been fully expelled from their mother's body.
Number of minutes before/after birth the first cry occurred
	The number of minutes before or after the birth that the infant emitted his/her first cry was recorded for 98.8% of the sample (n = 5503), and ranged from 0 (within the first minute of birth) to 14 (14 minutes after the birth).  Of these neonates, 88.7% (n = 4880) cried for the first time within one minute of birth.  This category includes those who cried before the birth was complete.  7% (n = 395) cried for the first time after one minute; 2% (n = 113) after two minutes; 1% (n = 50) after three minutes; 0.6% (n = 32) after four minutes; 0.2% (n = 10) after 5 minutes; 0.1% (n = 7) after 6 minutes; 0.1% (n = 7) after 7 minutes; 0.05% (n = 4) after 8 minutes, 0.01% (n = 1) after 9 minutes; 0.02% (n = 2) after 10 minutes; and 0.01% (n = 1) after each of 12 and 14 minutes.  The mean score on this variable was 0.2 (s.d.=.77), reflecting the large proportion of neonates who cried within the first minute after birth.
Quality of the Cry
	In addition to the timing of the first cry, the quality of the cry was assessed for 99% of the sample (n = 5527).  97.2% of these infants were coded as having a normal cry present (n = 5370); 2.76% (n = 155) emitted an abnormal cry; and 0.04% (n = 2) showed a total absence of cry.
Quality of Respiration
	In addition to the timing and quality of the first breath and cry, whether or not a neonate's respiration was normal was evaluated for 99.3% of the sample (n = 5532).  93.3% of these subjects exhibited normal respiration and scored "0" on this variable, while 6.7% were coded "1", as "other", presumably not a normal pattern.  There is no further information as to what these "other" patterns were, so we do not know which neonates may have stopped breathing, for example.  Another variable, "Resuscitation" was initially intended to be used to determine what neonates may have had a delay or interruption of their breathing necessitating resuscitation, but only 66% of the sample (n = 3730) had been coded for this variable.  Of these 3730, 99.4% were coded as "not resuscitated", while 0.6% were coded as "not reported".  Obviously, this variable does not help to identify which subjects were resuscitated for the purpose of assessing later outcomes.
Quality of the Moro Reflex
	The Moro reflex is a reflex found at birth in neurologically normal newborns.  When a loss of physical support is perceived by the infant, as in a simulated fall, the infant's arms jerk out to the sides, then up.  This reflex can be thought of as a survival reflex in primates.  If a mother loses her grip on a newborn, the newborn's reflexive actions serve to reach out and up for her limbs, hair, etc.
	The symmetry of each neonate's Moro reflex was recorded for 98.4% 
(n = 5483) of the sample.  93.6% of this group (n = 5134) showed a Moro reflex in which the movement of the flexor and extensor muscles were symmetrical.  This is considered a normal pattern.  6.4% (n = 349) infants showed what was coded as "other pattern", indicating possible neurological immaturity or deficit.
Motor Activity and Tone
	This variable was only coded for 66.3% (n = 3694) of the sample.  Of this group, 96% (3547) showed motor activity and tone that was normal.  4% (n = 147) showed what was coded as "other", presumably motor activity and tone that was not normal.
Neck Tone
	Neonatal neck tone (strength of the neck muscles) was assessed for 67.5% of the sample (n = 3768).  93.8% of these infants (n = 3538) were coded as having neck tones that were normal.  6.2% (n = 225) were coded as "other".
	The following variables describe each infant's experience of the delivery, including whether fetal distress may have occurred.
Molding of the head
	Molding of the head occurs as an infant is pushed by muscular contractions through its mother's dilated cervix and birth canal.  The softness of the fetal skull tissue, along with incomplete closure of the fontanels, allows the pressure of the contractions to shape the fetal head so that it can pass through the mother's bony pelvis more easily.  Marked molding of the head occurs when the mother's pelvic size is relatively small, when the fetal head is relatively large, when labor has been prolonged, or any combination of these factors.
	Whether or not an infant showed marked molding of the head was recorded for 98.9% of the sample (n = 5516).  65.6% of these cases 
(n = 3618) scored "0", indicating that molding of the head was absent or minimal.  The remaining 34.4% (n = 1898) showed marked molding of the head.
Forceps Marks
	Forceps are used during a delivery when the force of the mother's muscular contractions is unable to push the infant out.  The use of forceps in the CPP was positively correlated with the duration of the second stage of labor (expulsion of the fetus).  Forceps were more likely to be used with longer labors.  Both use of forceps and longer labors were associated with low parity for the mothers.  Use of forceps was also positively correlated with SES.  Infants from families with higher SES ratings were more likely to be born in forceps-assisted deliveries than infants from families with lower SES.
	Whether forceps were used during delivery was recorded for 98.9% of the sample (n = 5510).  On 57% of these subjects (n = 3132), forceps marks were absent.  On 43% (n = 2378), forceps marks were present.  This latter percentage may seem large by today's standards, but we must keep in mind that these births occurred from 1959 to 1966, before Caesarian sections became as routine as they are today.
Quality of the Skin
	The quality of each neonate's skin was assessed for 93.2% of the sample (n = 5196).  The CPP's values for this variable have been recoded to an ordinal scale, whose lower values (0, 1) indicate more normal oxygenation in the newborn, and whose higher values (3, 4) indicate a lack of adequate oxygenation (cyanosis) in the newborn.
	77.5% (n = 4083) of the group for whom information about their skin was available were coded as having "normal" skin.  2.4% (n = 127) were coded as having "pallor"; there were 15 cases of petechia (minute hemorrhages of the skin) and 2 cases of jaundice.  These three groups were combined and recoded as "1", and comprised 2.6% (n = 144) of the total coded group.  2% (n = 120) were coded as "2", indicating skin that was stained by meconium.  The presence of meconium staining indicates that the fetus has passed fecal matter into the amniotic fluid before birth, and is considered a sign that the fetus was in distress during labor.  11.5% (n = 612) were coded as "3", indicating cyanosis, which is a blue or purple discoloration of the skin indicating a lack of oxygen.  0.4% (n = 21) were coded as "4", having general cyanosis, which would be cyanosis over the entire body.  General cyanosis is the more severe condition.
Staining of the Umbilical Cord
	Information on whether the umbilical cord was stained was only available for 66% of the sample (n = 3677).  For 93% of these cases, there was no staining of the umbilical cord, while 7% (n = 255) showed staining.
Body Movements
	The normality of the neonate's body movements was assessed for only 31% of the subjects.  94% of these showed body movements that were considered normal, over 5.5% showed body movements that were abnormal, and less than 0.5% were coded as "not reported".  This variable was not included in any of the across-age correlations reported in the next chapter.
Edema
	The presence or absence of edema (an excess accumulation of fluid in tissue) was noted in only 33% of the sample.  In 96% of these cases, edema was absent, in 3.5% edema was present, and in 0.5% it was "not reported".  This variable was also dropped from the cross-age correlations.
Variables that were dropped from the analysis
	Seven variables were chosen for the present analysis for theoretical reasons out of those available from the CPP, and were later dropped due to the low number of cases for which information was available.  They include:  whether suction was used on the infant (34% missing cases); whether drugs were administered to the mother (59% missing cases) and whether the mother was given oxygen during the delivery (34% missing cases).  A note in the NINDS/CPP coding book indicates that these variables were not to be used in any analyses.
	Other variables dropped from the analysis were the normality of the neonate's body movements (69% missing cases), the presence of bleeding (67% missing) and edema (67% missing) in the neonate, and sustained respiration (tenth breath) in minutes (69% missing).
	These seven variables were initially included in this study to see if they predicted later behavior, but were later dropped from the analyses for two reasons.  First, while estimating Pearson correlation coefficients for groups of variables including Suction, Maternal Drugs, and Maternal Oxygen, no relationships were found.  It is not known if this is because they were truly not related, or because the number of cases was limited.  Also, because the sample size was relatively low, the power of Pearson partial correlation coefficients would have been greatly reduced if these variables were included, since that analysis uses only those cases included in the variable with the least number of missing values.
Intercorrelations among the neonatal variables
	The intercorrelations among the variables observed in the delivery room are shown in Appendix C.  General patterns of interrelationships among the variables will be summarized below.
Gender
	The only variable related to gender was birth weight (r =  -.15, p<.0001), with boys having slightly higher birth weights, on average.  Gender only explained 2% of the variability in birth weight, however.  The lack of any other differences between the genders in terms of neonatal physiology is notable.
Variables measuring respiration and cry
	Several measures of neonatal functioning and well-being were related to the quality and timing of respiration and crying.  The variables measuring first breath, first cry, and quality of respiration were intercorrelated.  First cry and quality of respiration were also related to variables measuring neonatal well-being, such as motor tone, neck tone, body movements, and Moro reflex.
	Although many of these measures of neonatal physiology were related to each other (see Appendix C), whether they are related to inhibition at ages four and seven years will be addressed in the following chapter.
Behavioral Variables at Age 8 Months
	At age eight months, a Bayley Examination of Mental and Motor Functioning was administered to the subjects in the Collaborative Perinatal Project.  From the information gathered by this exam, five variables were chosen for this study, for their ability to illustrate how infants interact with their mothers and stranger examiners at eight months of age.  These variables are Speed of Response, Intensity of Social Response, Social Response to the Examiner, Social Response to the Mother, and the presence of Deviant Behavior, specifically, excessive crying during the examination.
	These variables were chosen because they can describe inhibited behavior as it was defined for a group of 21-month-olds by Reznick, Kagan, Snidman, Gersten, Baak & Rosenberg (1986).  They state that:
"The major behavioral signs of inhibition were long latencies to interact with the unfamiliar adults, retreat from an unfamiliar person or object, cessation of play or vocalization, clinging to the mother, and fretting or crying".  
	(Reznick, Kagan, Snidman, Gersten, Baak & Rosenberg, 1986, p. 660)
	Intensity of Social Response illustrates whether a subject is more interested in objects or people.  Speed of Response reflects whether the infant approaches or avoids unfamiliar objects.  How the infant interacts with people is described by both Social Response to the Mother and Social Response to the Examiner.  Social Response to the Examiner describes whether the infant instigates or avoids contact with an adult stranger.  Social Response to the Mother describes whether the infant clings to or avoids the mother during the examination.  The measure of Deviant Behavior describes whether excessive crying was observed during the Bayley Examination.  Table 2 on the next page shows the levels of the five variables measured at age 8 months, and the frequencies with which each behavior occurred.
	The variables that were coded at age eight months, as shown in Table 2 on the next page, are very similar to the behaviors that were observed in the 21-month-olds in the study by Reznick, Kagan, Snidman, Gersten, Baak and Rosenberg (1986).  The infants in present study were more than a year younger, however.  Kagan and Snidman caution that eight-month-old infants
 "may not have passed through (the) ...phase at 8 or 9 months when they become vulnerable to fear of the unfamiliar" (Kagan and Snidman, 1991,

p. 42).  Because of the differences in ages between these two studies,
interpretation of the results in the next chapter must be conducted with caution.
                                                                                                                    
Table 2:  Frequencies of Behavior at age 8 months

Behavior    	Value	Description                                   		  n 		% n	mean

SPEED OF	1	Very fast, anticipates E's moves				 135	  2.7
RESPONSE	2	Quickly approaches objects					1114	 22.2
		3	Approaches objects after brief looking		3369	 67.2
		4	Approaches obj. only after a long time		 369	  7.2
		5	Very slow, doesn't approach objects		  35		  0.7
															5022	100.0		2.8

INTENSITY	1	Very strong, overreacts to persons			  79	  1.6
OF SOCIAL	2	Behavior strongly affected by persons		 627	 12.4
RESPONSE	3	Equally interested in social contact and		3906	 77.2
				object manipulation
		4	Hesitates, apprehensive at E's approach		 436	  8.6

		5	Doesn't respond to initiation of social		  12	  0.2
				contact									5060	100.0		3.0

	
SOCIAL	1	Invites/instigates social contact with E.		 232	  4.6
RESPONSE	2	Friendly, respondes easily to most			 990	 19.6
TO 				experimental situations
EXAMINER	3	Accepts/is passive, but responds to E.		3327	 66.0
		4	Hesitates, apprehensive at E's approach		 447	  8.9
		5	Avoids, turns back, turns to mother			  47	  0.9
															5043	100.0		2.8

SOCIAL	1	Demands, clings to mother					 161	  3.2
RESPONSE	2	Enjoys contact with mother during exam	1345	 26.8
TO 		3	Responds adequately to assistance by M.	3474	 69.1
MOTHER	4	Hesitates, cooperates in certain tasks		  39	  0.8
		5	Ignores M. at play, resists contact			   5	  0.1
															5024	100.0		2.7

EXCESSIVE	0	No excessive crying reported				4274	 99.0
CRYING	1	Excessive crying								  41	  1.0
															4315	100.0
                                                                                                                   
Speed of Response
	Each infant's speed of response was assessed during the administration of the Bayley Examination at age 8 months.  Table 2 above indicates that the speed of response varied greatly across subjects.  The majority of the infants (67.2%, n = 3369) were coded as approaching objects after a brief period of looking at them.  Approximately 25% had a response rate faster than this, with over 22% approaching the objects quickly, and approaching objects very fast and anticipating the experimenter's moves.  About 8% of the subjects had a response rate that was slower than the majority.  Of these, 7.2% (n = 369) of the infants took a long time to approach the objects, while 0.7% (n = 35) were considered very slow, or didn't approach them at all.
Intensity of Social Response
	The intensity of each infant's social responses was also assessed during the Bayley Exam.  This variable attempts to compare infants' interest in people to their interest in objects.  The vast majority (77%, n = 3906) were as interested in social contact as they were in object manipulation.  14% had behavior that reflected a greater interest in people than in objects.  12.4%
(n = 627) showed behavior that was "strongly affected by persons", while 1.6% (n = 79) were affected very strongly, or overreacted to the presence of people.  9% of the sample had behavior that reflected a preference for objects over people during the examination.  Of these, 8.6% (n = 436) responded only to a direct approach by the examiner, while 0.2% (n = 12) didn't respond to the initiation of social contact by the examiner.
Social Response to the Examiner
	Each infant's social response to the examiner was evaluated.  This variable describes how friendly/sociable or shy/avoidant the infant is towards the examiner.  Two-thirds of the infants (n = 3327) accepted the presence of the examiner and responded to the instigation of social contact.  Over 24% were more friendly toward the examiner.  Of these, 19.6% (n = 990) were friendly and responded easily to most experimental situations, and 4.6%
(n = 232) invited or instigated social contact themselves.  Under 10% were less social with the examiner.  Of these, 8.9% (n = 447) hesitated and were apprehensive at the examiner's approach, while 0.9% (n = 47) avoided the examiner, turned their back, or turned toward the mother.
Social Response to the Mother
	Each infant's social response to his/her mother was also evaluated during the Bayley Exam.  The majority of subjects (69.1%, n = 3474) responded adequately to assistance by their mothers during the examination.  Over 30% required more contact with their mothers than average, with 26.8% (n = 1345) enjoying contact with their mothers, and 3.2% (n = 161) demanded contact with or clung to their mothers.  Less than 1% showed less than adequate responses to their mothers' attempts to assist them during the examination.  0.8% (n = 39) hesitated, then cooperated on certain tests, while 0.1% (n = 5) ignored their mothers while at play and resisted contact with them.
Excessive crying
	Deviant or stereotyped behaviors were coded for 89% of the sample
(n = 4926), including unusual and meaningless hand motions, head rolling or banging, rocking, meaningless smiling and laughing, and excessive crying.  Excessive crying was only recorded in 41 cases, although a category that reflected a combination of the above behaviors, containing 294 cases, may include some infants who exhibited excessive crying.  It is impossible to know which infants in the combination category have excessive crying as one of their behaviors, however.  The small number of cases for which information is available on excessive crying excluded this variable from further analyses.
Estimated intercorrelations with Social Response to the Examiner
	Table 3 on the next page shows that the variable measuring infants' social responses to the examiner had the strongest associations with other variables.  Speed of Response was related to Social Response to the Examiner (r = .29, p<.0001, n = 4993).  On average, the faster an infant approached objects, the more friendly s/he was with the examiner.  Conversely, the infants who were slower in approaching the objects presented during the Bayley Examination were more hesitant and avoidant towards the examiner, on average.  8% of the variability in scores on Social Response to the Examiner was accounted for by scores on Speed of Response, and vice versa.

__________________________________________________________________

Table 3:  Estimated intercorrelations among behavioral variables at 8 months

			Speed of	Intensity of	Social 		Social
			Response	Social		Response to	Response to
					Response	Examiner		Mother
			r	r	r	r
	          ------------------------------------------------------------------				
Speed of	        1.00        -.08***            .29***               .06***
Response

Intensity 
of Social	                     1.00                 .19***              .23
Response

Social Re-		                 1.00	                .29
 sponse to
 Examiner

		***= p<.0001
__________________________________________________________________

Scores on Speed of Response accounted for 8% of the variability in scores on Social Response to the Examiner, and vice versa.
	Intensity of Social Response was also associated with Social Response to the Examiner (r = .19, p<.0001, n = 5035).  Not surprisingly, infants whose behaviors were more strongly affected by people than by objects were more likely to be friendly towards the examiner than infants who responded more towards objects than people, on average.  Scores on Intensity of Social Response only accounted for 4% of the variability in scores on Social Response to the Examiner, however.
	Infants' social responses towards their mothers were also related to their social responses towards the examiners (r = .29, p<.0001), n = 4994).  On average, infants who were hesitant in cooperating with their mothers on certain tasks were more also likely to be hesitant in their interactions with the examiner.  This suggests a general tendency of the infants to either interact readily with people (be uninhibited) or to not interact readily (be inhibited).  It will be interesting to see if this pattern is associated with later inhibition.  Scores on infant's social responses towards their mothers explained 8% of the variability in scores on social responses towards the examiner, and vice versa.
Intercorrelations with Social Response to the Mother
	As was reported above, Social Response to the Examiner was related to Social Response to the Mother (r = .29, p<.0001, n = 4994).  Speed of Response was very weakly associated with Social Response to the Mother 
(r = .06, p<.0001, n = 4968), with scores on one accounting for less than half of one percent of the variability in scores on the other.  Intensity of Social Response was more strongly correlated with Social Response to the Mother, however (r = .23, p<.0001, n = 5011).  In general, infants who readily accepted help from their mothers on tasks tended to have behavior that was more strongly affected by people than infants who hesitated when their mothers tried to help them during tasks.  Scores on Intensity of Social Response explained 5% of the variability in scores on Social Response to the Mother.
Intercorrelations with Speed of Response
	As was reported above, Social Response to the Examiner was related to Speed of Response (r = .29, p<.0001, n = 4993).  Intensity of Social Response was also correlated with Speed of Response towards objects 
(r =  -.08, p<.0001, n = 5008).  This is the only negative correlation among all the variables.  It indicates that in general, the infants who were very involved with the objects were not as involved with the people during the testing, and vice versa.  Specifically, infants who reacted quickly to the objects responded only to the direct approach of people, and infants who overreacted to the presence of people were slow to approach objects.  This seems to indicate that infants who are inhibited in their interactions with people are not necessarily inhibited in their interactions with objects.  The strength of this relationship is very weak, however, because scores on Intensity of Social Response only explain half of one percent of the variability in scores on Speed of Response.
	Whether infants' speed of response towards objects, intensity of social response towards people, and the nature of their responses towards stranger examiners and their mothers at eight months of age are related to later expressions of inhibited behavior at ages four and seven years will be addressed in the next chapter.

The Dependent Variables
The behavioral variables at age four years
	Among the variables studied by the Collaborative Perinatal Project were so-called "extra-task" behaviors observed during the psychological examinations at ages four and seven years.  Some of these variables described behaviors that can be thought of as part of the spectrum of inhibition.  At age four years, the subject's emotional reactivity and the type of his/her communication with the examiner were observed during the administration of Stanford-Binet Intelligence Scale.  These variables describe how verbal each subject was with a stranger examiner were during testing, along with his/her variability or flatness of mood during the testing.  These variables were chosen because their extreme values at one end of the scale, flat mood and limited verbal communication with the examiner, describe inhibition as it has been defined by Kagan et al.  These two variables, Emotional Reactivity and Communication with the Examiner are the "outcome" or dependent variables at age four years.
	These variables describing children's behavior during an interaction with a stranger examiner in a testing situation were made more than two decades before the term "behavioral inhibition" came to used by Kagan et al (Garcia-Coll, Kagan & Reznick, 1984; Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984; Kagan, Reznick & Snidman, 1988; Reznick, Kagan, Snidman, Gersten, Baak & Rosenberg, 1986).  Therefore, the individual variables listed above may not be measuring "inhibition" precisely, even if such a thing were possible.  These measures of extra-task behaviors, however, seem to provide a fairly good description of behaviors we now consider "inhibited".
	Each of these six extra-task behaviors were coded on a five-point ordinal scale.  Values from the original CPP study indicating a combination of codes, "other", or "not recorded" were set to missing values.  These six variables can be thought of as different ways of describing behavioral inhibition.  Lower scores (1, 2) indicate that a child was more emotionally expressive and more interactive with the examiner at age four.  Higher scores (4, 5) indicate more inhibition of emotional expression and less interaction with the examiner.  Keeping in mind that behavioral inhibition involves a cessation of overt behaviors and a cautious watchfulness, the less a child was involved with the examiner and the testing procedure, the higher their scores on the index of inhibition.  For example, a value of "5" on "Communication with the Examiner" at age four years indicates a child who was largely non-verbal during the exam, while a value of "2" indicates a child who answered the questions and initiated spontaneous conversation with the examiner.
	In order to ensure that the ordinal scale of values indicating more or less inhibition was in the same direction across variables, some of the variables had their original values reversed for this analysis.  A value of "1" became "5", "2" became "4", etc.  Both of the variables used at age four, "Communication with the Examiner" and "Emotional Reactivity" had their original values reversed, so that the scale would be in the same direction as the variables measuring inhibition at age seven years.
Characteristics of inhibition at age four
	Table 4 below shows the distribution of inhibited behavior at age four years.
_________________________________________________________________
Table 4:  Frequencies of Inhibited Behavior at age 4 years

Behavior						Value  Description                	            n           % n

EMOTIONAL 	1			Mood extremely unstable	           64           1.5
REACTIVITY 	2			Mood more variable than avg.471	10.7
								3			Normal                                3246	74.1
								4			Somewhat flat			          559	12.8
								5			Extremely flat                           40          0.9	
                                                                       4380        100.0

COMMUNIC-		1			Content irrelevant and	           45		1.0
	ATION		   				inappropriate
WITH THE			2			Answers questions, some            516	11.8
EXAMINER		   					spontaneous conversations
								3			Includes spontaneous	        2883	66.1
				   								conversation
								4			Content restricted to                  855	19.7
													direct questions
								5			Nonverbal during exam	           62	 1.4	   
                                                                       4361        100.0
__________________________________________________________________
Emotional Reactivity
	"Emotional Reactivity" was assessed for 77% of the sample (n = 4380), and had a mean score of 2.99 (sd=.57).  In three-quarters of these cases 
(n = 3,246), the subjects were coded as having a normal level of emotional reactivity.  About 12% had moods that were considered "more variable than average" or "extremely unstable".  About 14% had reactivity levels that were labelled as "somewhat flat" or "extremely flat" during the administration of the Stanford-Binet scale at age four years.
Communication with the Examiner
	"Communication with the Examiner" was recorded for 78% of the sample (n = 4363).  Two-thirds of these children (n = 2883) had levels of communication that were considered average, exhibiting some spontaneous conversation with the examiner.  About 13% were more talkative than average, including those children who answered questions readily or who were so talkative that some of the content was irrelevant or inappropriate.  About 21% of the children were less talkative than average, only answering direct questions (19.7%) or being largely non-verbal during the exam (1.4%) at age four years.
	Emotional Reactivity and Communication with the Examiner were related to each other (r = .26, p<.0001, n = 4355).  Lower scores on Emotional Reactivity, such as "1" (mood unstable) or "2" (mood more variable than most) are associated with lower scores on Communication with the Examiner: "1" (irrelevant, inappropriate conversation) and "2" (spontaneous conversation with the examiner).  Similarly, high scores on Emotional Reactivity, "5" (extremely flat mood), and "4" (somewhat flat mood) are associated with the high scores on Communication with the Examiner: "5" ("non-verbal") and "4" (restricted to answering direct questions).  Seven percent of the variability in scores on Emotional Reactivity is explained by scores on "Communication with the Examiner", and vice versa.
	The two types of behavior that we may think of as inhibited, a) flat emotional expression and b) lack of verbal communication, are related to each other.  The moderate strength of this association, however (r = .26, p<.0001), demonstrates that these two expressions of inhibition do not always go hand in hand.  Scores on Emotional Reactivity only explain 6% of the variability of scores on Communication with the Examiner.
Variables Describing Inhibition at age Seven Years
	At age seven years, behaviors describing different facets of inhibition were observed during the administration of the Wechsler Intelligence Scale for Children and the Wide-Range Achievement Test.  Variables for the present study were chosen for their ability to describe inhibition, including:  the subject's ease of separation from the mother, his/her amount of fearfulness, friendliness or shyness with the examiner, willingness to answer questions and speak to the examiner, level of self-confidence, and assertiveness or passivity during the testing. 
	Low scores on these ordinal measures of behavior indicate a willingness to separate from the mother and go with the examiner, no or very little 
_________________________________________________________________
Table 5:  Frequencies of Inhibited Behavior at age 7 years

Behavior   				  Value	Description					 n 	 	          % n	   

SEPARATION	        1	No concern, eager to leave		   71				   1.6
FROM THE	        2	Very little concern					1202				  26.9
MOTHER		        3	Appropriate initial reticence		2940				  65.9
			        4	More than usual amt. concern	 200						4.5
			        5	Very upset, cries, cling to M	   49				   1.1	
														4462				100.0 

FEARFULNESS	1	None								   35				   0.8
			        2	Very little fear							 990					  21.5
			        3	Normal amount of caution	   2706					  58.8
			        4	Inhibited and uneasy				 794					  17.2
			        5	Very fearful and apprehensive     79					   1.7
   						             					   4604					100.0
  
RAPPORT		        1	Extremely friendly					   36				   0.8
WITH THE	        2	Very friendly                        847					  18.4
EXAMINER	        3	Initial shyness, then at ease	   2429					  52.8
			        4	Shy throughout						1198				  26.1
			        5	Exceptionally shy, withdrawn	   88				   1.9
														4598				100.0	

NATURE OF	        1	Difficult to follow thinking		   12					0.3
COMMUNIC-	        2	Answers freely						 638					  13.8
 ATION	              3	Readily answers questions		2515				  54.6
			        4	Confined to answering				1406				  30.5
						direct questions
			        5	Little or no communication	      37					   0.8
														4588				100.0		 
SELF-		        1	Very self-confident					   12					0.3
 CONFIDENCE	2	More than usual level				 181					   3.9
			        3	Adequate level							3115				  67.9
			        4	Distrusts own ability				1227				  26.7
		              5	Lacking, extremely self-		      56					   1.2
						critical							4591				100.0	

ASSERTIVE-	        1	Extremely assertive, willful			 9					0.2
	NESS		        2	Quite forceful							   81					1.7
			        3	Self-assertive but accepting		3443				  74.8
			        4	Passive acceptance					1045				  22.7
			        5	Extreme passivity					   27				   0.6	              					  									4605               100.0

fearfulness during the exam, friendliness with the examiner, a willingness to answer questions, a high level of self-confidence, and assertiveness during interactions with the examiner.  Conversely, high scores on these variables indicate an unwillingness to leave the mother to go with the examiner, inhibition or fearfulness during the exam, shyness, communication that was restricted to the answering of direct questions or no verbal communication with the examiner, a low level of self-confidence, and passivity during the examination.
Separation from the Mother

	The ease with which the seven year-old subjects separated from their mothers before the examination was coded on an ordinal scale for 80.1% of the sample (n = 4462).  The information in Table 6 shows that two-thirds (65.9%) displayed an "average" amount of reticence in separating from the mother to go with the examiner for testing.  Over one-quarter (28.5) showed either an eagerness to go with the examiner, or very little concern.  Less than five percent showed more than the usual amount of concern over leaving the mother, and only one percent was very upset, cried, or clung to the mother.  The average score on this variable was 2.77 (s.d.=0.61), between "very friendly" and "initial shyness, then at ease".
Fearfulness
	The amount of fearfulness a subject showed during the examination was also recorded for 82.6% of the sample (n = 4604).  The distribution of scores on a subjective measure of Fearfulness was somewhat similar to those on Separation from the Mother, with one exception.  A larger proportion of subjects was coded as being inhibited and uneasy (17.2%) or very fearful and apprehensive (1.7%), which is a total of 18.9% for the two most inhibited categories.  This is almost four times as many subjects as had difficulty separating from the mother.  Almost sixty percent (n = 2706) showed a "normal amount of caution", while a fifth of the group showed very little or no fear.  The average Fearfulness score was 2.98 (s.d.= 0.7), or very close to a "normal amount of caution".
Rapport with the Examiner
	The amount of friendliness or shyness shown by each subject towards the examiner was recorded for 82.5% of the sample (n = 4598).  Half of these children (52.8%, n = 2429) showed an initial shyness with the examiner, and then were at ease during the testing.  Almost one fifth of the sample were either very friendly (18.4%) or extremely friendly (0.8%) with the examiner.  One quarter of the sample (26.1%) were coded as being shy throughout the testing, while only 1.9% were exceptionally shy and withdrawn.  The average amount of Rapport with the Examiner was 3.1 ("initial shyness, then at ease").
Nature of Communication
	The nature of each subject's communication with the examiner was recorded for 82.7% of the sample (n = 4608).  This variable assessed whether the subject answered questions readily and spoke freely with the examiner, whether his/her responses were confined to the answering of direct questions, or whether there was little or no verbal communication with the examiner.
	Half of these subjects (54.6%, n = 2515) were coded as readily answering the examiners' questions.  Some subjects (13.8%, n = 638) were more talkative than average, answering freely and initiating spontaneous conversation with the examiner.  Less than one percent (0.3%, n = 12) were so talkative that it was difficult to follow their thinking.  One third of the subjects were less talkative than those who answered questions readily.  30.5% (n = 1406) confined their communication to answering direct questions from the examiner, and less than one percent (0.8%, n = 37) displayed little or no verbal communication with the examiner.  The mean score on this variable was 3.18, or close to "readily answers questions".
Self-confidence
	The amount of self-confidence shown by a subject was assessed for 82.4% of the sample (n = 4591).  Two-thirds of this group were judged as having an "adequate level" of self-confidence (67.9%, n = 3115).  A total of 4.2% (n = 193) had either "more than the usual level" (3.9%) or were "very self-confident" (0.3%).  Over a quarter of those coded, however, had less than an adequate level of self-confidence.  26.7% (n = 1227) were coded as distrusting their own ability, and 1.2% (n = 56) were lacking self-confidence and extremely self-critical.  The mean score on self-confidence was 3.25, or close to an adequate level.
Assertiveness
	The level of each subject's assertiveness during the testing was recorded for 82.6% of the sample (n = 4605).  Three-quarters of these seven year-olds (n = 3443) were coded as being "self-assertive but accepting" of the testing situation.  Less than two percent were more assertive than this, with 1.7% 
(n = 81) being coded as "quite forceful" and only 0.2% (n = 9) regarded as "extremely assertive, willful".  At the other end of the spectrum, one fifth of the sample (22.7%, n = 1045) showed a "passive acceptance" of the testing situation, while 0.6% (n = 27) were coded as exhibiting "extreme passivity".  The mean score for this variable was 3.26, indicating a "self-assertive but accepting" attitude toward the examination.
Estimated intercorrelations among the variables at seven years
	Table 6 on the next page shows the intercorrelations among these six "outcome" variables at age seven years:  Separation from the Mother, Fearfulness, Rapport with the Examiner, Communication with the Examiner, Self-confidence, and Assertiveness.

__________________________________________________________________
Table 6:  Estimated intercorrelations among the outcome variables at seven 	     years

			Separation	Fear-	Rapport	Communic-     Self-         Assertive-
							fullness             ation     		confidence  ness
			r			r	 r	         r		r	     r
		--------------------------------------------------------------------------------------

Separation     1.00         .57***  .43***    .29***      .24***            .10***
			
Fearfulness                 1.00	 .68***     .49***      .44***            .31***
	    			
Rapport		                    1.00         .63***      .38***            .42***

Communication		             1.00	      .30***             .25***

Self-confidence			        1.00              .41***

Assertiveness	      		                          1.00
	
		     *** = (p<.0001)
__________________________________________________________________


Correlations with Separation from the Mother
	Separation from the Mother was highly correlated with four of the five other variables (Fearfulness, Rapport, Self-confidence, and Communication), and weakly associated with the last variable (Assertiveness).  The strongest
association was between Separation from the Mother and Fearfulness (r = .57, p<.0001).  Subjects who had more difficulty separating from their mothers

before the exam were also likely to be scored as fearful during the exam than those who separated easily.  32%, (one third) of the variability in scores on Separation from the mother is explained by scores on Fearfulness.
	Rapport with the Examiner (degree of shyness) was also associated with Separation from the Mother (r = .43, p<.0001).  Children who separated more willingly from the mother tended to be rated as being friendly towards the examiner, while children who had difficulty with the initial separation from their mothers were more likely to be rated as shy or withdrawn throughout the examination.  The amount of variability in Separation scores explained by Rapport (18%) is slightly more than half the size of that explained by Fearfulness.
	Communication with the Examiner was also related to Separation from the Mother (r = .29, p<.0001).  The children who had more difficulty separating from their mothers were more likely to be coded as communicating with the examiner only when asked a direct question than were those who separated more easily from their mothers, who were more likely to answer the examiner freely.  The association between these two variables was fairly weak, however, with only 8% of the variability in scores on Separation from the Mother explained by scores on Communication with the Examiner.
	Degree of Self-confidence was also related to Separation from the Mother (r = .24, p<.0001).  The children who had less difficulty separating from their mothers were somewhat more likely to be coded as having more self-confidence, while the children who had more difficulty separating were more likely to be coded as less self-confident and "distrustful of their own ability".  The association between these two variables was fairly weak, however, with only about 6% of the variability in scores on Separation from the Mother being explained by scores on Self-confidence.
	Finally, Assertiveness was correlated with Separation from the Mother, although this relationship was very weak. (r = .10, p<.0001).  The subjects who had more difficulty separating from their mothers were rated as slightly more passive than those who had little difficulty separating from their mothers.  Only 1% of the variability in scores on Separation from the Mother is explained by scores on Assertiveness.
Correlations with Fearfulness
	Level of fearfulness was also associated with the other five extra-task behaviors.  As we saw above, Fearfulness was highly correlated with Separation from the Mother (r = .57, p<.0001).  The children who were rated as more inhibited and fearful were also more likely to have difficulty separating from their mothers than those who showed no or very little fear.  32% (one third) of the variability in Fearfulness scores was explained by scores on Separation from the Mother.
	Rapport with the Examiner was also strongly related to Fearfulness 
(r = .68, p<.0001), with the children rated as more fearful also more likely to be coded as shy throughout the examination than those who exhibited little or no fear.  46% (one half) of the variability in Fearfulness scores was explained by scores on Rapport with the Examiner.
	Communication with the Examiner was related to Fearfulness (r = .49, p<.0001).  The children who were coded as "inhibited and uneasy" or "fearful and apprehensive" during the testing were more likely to be coded as having communication with the examiner that was either limited to answering direct questions or completely non-verbal, than those who showed little or no fear.  24% (one quarter) of the variability in Fearfulness scores was explained by scores on Communication with the Examiner.
	Degree of Self-confidence was also associated with Fearfulness (r = .44, p<.0001).  Children who scored as "inhibited" or "fearful" were more likely to be coded as distrusting their own ability or extremely self-critical on the measure of self-confidence.  19% (one fifth) of the variability in Fearfulness scores is explained by scores on Self-confidence.
	Level of Assertiveness was the variable with the weakest association with Fearfulness (r = .31, p<.0001).  The more inhibited and fearful children were slightly more likely to be coded as passive in their interactions with the examiner than were the fearless children.  9.6%, or (one tenth) of the variability in Fearfulness scores is explained by scores on Assertiveness.
Correlations with Rapport with the Examiner
	Rapport with the Examiner, or degree of shyness, was correlated with all of the other extra-task behaviors:  Separation from the Mother, Fearfulness, Communication with the Examiner, Self-confidence, and Assertiveness.  As was stated earlier, Separation from the Mother was related to Rapport, 
(r = .43, p<.0001).  Children who were coded as shy or withdrawn throughout the testing were more likely to have difficulty separating from their mothers.  Scores on Separation from the Mother explained 18% of the variability in scores on Rapport with the Examiner.
	Fearfulness was also related to Rapport with the Examiner (r = .68, p<.0001).  Children who scored as shy or exceptionally shy throughout the examination were more likely to be rated as inhibited or fearful as well.  Scores on Fearfulness explained 46% (one half) of the variability in Rapport scores.  Scores on Rapport with the Examiner, which reflected friendliness/shyness with the examiner, seem to have been heavily influenced by the examiners' ratings on both Separation from the Mother and Fearfulness.
	Communication with the Examiner was also strongly related to Rapport with the Examiner, not surprisingly (r = .63, p<.0001).  "Communication" rated how freely the subject spoke with the examiner in answering the examination questions, and "Rapport" rated how friendly or shy and withdrawn each subject was with the examiner.  Children who were coded as shy or withdrawn throughout the testing were also likely to be coded as having communication with the examiner that was confined to answering direct questions, or that was largely non-verbal.  Scores on each one of these variables explained 40% of the variability in scores on the other.  	Self-confidence was also correlated with Rapport (r = .38, p<.0001).  Children who were coded as shy or withdrawn throughout the testing were slightly more likely to be coded as lacking self-confidence or extremely self-critical than those who were rated as being friendly with the examiner.   Scores on self-confidence explained 14% of the variability in Rapport scores.
	Assertiveness was also related to Rapport (r = .42, p<.0001).  Children who were coded as shy or withdrawn were more likely to be coded as passive during the examination than those were rated as friendly toward the examiner.  Scores on assertiveness explained 18% of the variability on Rapport scores.
Correlations with Communication with the Examiner
	Communication with the Examiner was related to the five other variables, Separation from the Mother, Fearfulness, Rapport with the Examiner, Self-confidence, and Assertiveness.  These correlations were of moderate strength, with the exception of Rapport with the Examiner, which was very strongly related to Communication.
	As we saw above, Separation from the Mother was related to Communication (r = .29, p<.0001).  Children whose communication was restricted to answering direct questions or even more limited were slightly more likely to have more difficulty separating from their mothers than those who answered the examiner freely.  Scores on Separation from the Mother explained only 8% of the variability in Communication scores.
	Fearfulness was associated with Communication with the examiner 
(r = .49, p<.0001).  Children who were coded as having little or no communication with the examiner, or who confined their communication to answering direct questions, were more likely to be coded as "inhibited" or "fearful" than those who answered the examiner freely.  Scores on Fearfulness explained 24% of the variability in Communication scores.
	Rapport with the Examiner was also correlated with Communication with the Examiner (r = .63, p<.0001).  Children who had limited or no communication with the examiner were more likely to be coded as being shy or withdrawn throughout the examination.  Scores on Rapport explained 40% of the variability in scores on Communication with the Examiner.
	Self-confidence was related to Communication with the Examiner 
(r = .30, p<.0001).  Children whose communication with the examiner was restricted to answering direct questions or who showed little or no communication were slightly more likely to distrust their own ability or be extremely self-critical than those who communicated freely with the examiner.  Scores on Self-confidence explained 9% of the variability in scores on Communication with the Examiner.
	Finally, Assertiveness was associated with Communication with the Examiner (r = .25, p<.0001).  The relationship of Assertiveness to Communication was the weakest of all the variables, and explained only 5% of the variability in Communication scores.  The children who had limited or no communication with the examiner were slightly more likely to be passive than those who communicated freely with the examiner.
Correlations with Self-confidence
	As was reported above, Self-confidence was related to Separation from the Mother, Fearfulness, Rapport with the Examiner, Communication with the Examiner, and Assertiveness.
	The strength of the association between Self-confidence and Separation from the Mother was relatively weak (r = .24, p<.0001).  The children who distrusted their own ability or who were extremely self-critical were slightly more likely to have difficulty separating from their mothers than the children who had more than the average amount of self-confidence.  Scores on separation from the Mother explained 6% of the variability in self-confidence scores.
	Fearfulness was also correlated with Self-confidence (r = 44, p<.0001).  The children who had less self-confidence than average tended to score as more inhibited or fearful on the measure of Fearfulness.  Scores on Fearfulness explained 19% of the variability in Self-confidence scores.
	Rapport with the Examiner was also associated with Self-confidence 
(r = .38, p<.0001).  Children who distrusted their own ability or whose self-confidence was considered to be lacking were more likely to be shy or withdrawn throughout the examination than those children who had more than the average amount of self-confidence.  Scores on Rapport with the Examiner explained 14% of the variability in Self-confidence scores.
	Communication with the examiner was also related to Self-confidence 
(r = .30, p<.0001).  The children whose self-confidence was lower or lacking were more likely to have communication with the examiner that was confined to answering direct questions or that was non-existent than those whose self-confidence was higher.  Scores on communication with the examiner explained 9% of the variability in Self-confidence scores.
	Assertiveness was also related to self-confidence (r = .41, p<.0001).  Children who distrusted their own ability or who were extremely self-critical were more likely to show passive acceptance or extreme passivity during the examination.  Scores on Assertiveness explained 17% of the variability in Self-confidence scores.
Correlations with Assertiveness
	Although the descriptions of the intercorrelations above have already included the interrelationships of Assertiveness with all the other variables, they will be restated here from the point of view of how much variability in Assertiveness scores was explained by the other variables.
	Separation from the Mother was only weakly related to Assertiveness 
(r = .10, p<.0001).  Children who showed passive acceptance or extreme passivity during the examination were also more likely to have difficulty separating from their mothers, while children who were assertive and willful were less likely to have difficulty separating from their mothers.  Scores on separation from the mother explained only 1% of the variability in Assertiveness scores.
	The relationship between Fearfulness and Assertiveness was much stronger (r = .31, p<.0001) with scores on Fearfulness explaining 9% of the variability in Assertiveness scores.  Children who were more passive during the examination also were more likely to be inhibited and uneasy or very fearful and apprehensive than those children who were assertive and willful.
	Rapport with the Examiner was also related to Assertiveness (r = .42, p<.0001).  Children who were passive during the exam were more likely to be coded as shy or withdrawn than were those who were assertive.  Scores on Rapport with the Examiner explained 18% of the variability in scores on Assertiveness.
	Communication with the Examiner was also associated with Assertiveness (r = .25, p<.0001).  The more passive children were also slightly more likely to confine their communication with the examiner to answering direct questions than were the more assertive children, who tended to communicate with the examiner freely throughout the examination.
	Finally, Self-confidence was correlated with Assertiveness (r = .41, p<.0001).  The children coded as being more passive were more likely to be coded as distrusting their own ability or being extremely self-critical, whereas the more assertive, willful children were more likely to be coded as more self-confident.  Scores on Self-confidence explained 17% of the variability in Assertiveness scores.
Intelligence and Achievement Test Scores
	The six extra-task variables described above were all assessed during the administration of the Wechsler Intelligence Scale for Children (WISC) and the Wide-Range Achievement Test (WRAT), which contains sub-tests on Reading, Spelling, and Arithmetic.  The scores from these tests were placed in ordinal categories by the CPP analysis (see Appendix B for the original scoring categories).  Some of these categories, such as "inadequate exam" or "unknown" were set to missing values in the present analysis.  The order of the remaining categories was reversed, so that for the WISC scores "1" became "mentally defective", "2" became "borderline", "3" became "above average, and "4" became "superior" intelligence.  Recall that these categories were first used by the CPP in the 1960's when terms such as "mentally defective" were still in use.
	The ordinal categories for the WRAT sub-tests of Spelling, Reading, and Arithmetic were recoded so that those cases coded "does not attend school" and "Inadequate exam" were set to missing, and a score of "1" indicated a "below average score"; "2" indicated an "average" score, and "3" indicated an "above-average" score.  WISC and WRAT scores were expected to be independent of inhibition at ages four and seven years.
Creating the "Indexes of Inhibition"
	The sample correlations among six extra-task behaviors that were coded at age seven varied in strength, as shown in Table 6 above.  The correlations among the variables ranged from a low of (r = .10, Assertiveness scores explained only 1% of scores on Separation from the Mother, and vice versa), to (r = .68, Fearfulness explained 46% of the variability in Rapport with the Examiner, and vice versa).  Eleven out of the fifteen comparisons, however, fell between (r = .24) and (r = .49), and explained between 6% and 24% of the variability in scores for their respective variables.  The correlations among these six variables were considered to be of moderate strength, neither totally unrelated nor too strongly intercorrelated.  It was felt that the cross-age correlation analyses performed to identify any predictors of inhibited behaviors would benefit from combining the two variables at age four years and the six variables at age seven years into two "indexes of inhibited behavior".
	The two indexes of inhibition were composed by creating a weighted average of the outcome variables at each age.  The two variables measured at age four years (Communication with the Examiner and Emotional Reactivity), and the six variables at age seven years (Separation from the Mother, Fearfulness, Rapport with the Examiner, Communication with the Examiner, Self-confidence, and Assertiveness) were summed separately, using the following formula:
	Index score= Sum (X1, X2, X3, X4, X5) / N(X1, X2, X3, X4, X5)
	When this formula was used to sum the scores for multiple variables, missing values were not counted in the weighting process.  In other words, if, out of five variables, four have values from 1 to 5 and the fifth is missing, the sum of the four variables would be divided by four, rather than by five.  All of these variables were coded on a five-point ordinal scale, so an individual's numerator for the above equation (not counting missing values) could range from 1 to 10 for the two variables at age four years, and from 1 to 30 for the six variables at age seven years.  Denominators could range from 1 to 2 for at age four, and from 1 to 6 at age seven.  Therefore, an individual's index score could range from 1 to 5 at both ages.
	A low index score (closer to 1) indicated behavior that is considered to be uninhibited.  A higher score, one closer to 5, indicated behavior that was considered to be more inhibited.
	Indexes of inhibition were used by Kagan et al in their evaluation of inhibited behavior (Garcia-Coll, Kagan, Reznick, 1984; Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984; Kagan, Reznick & Snidman, 1988; Reznick, Kagan, Snidman, Gersten, Baak, & Rosenberg, 1986,).  The indexes used in the present study are similar to those used by Kagan et al in that they pool information about multiple variables that can be considered to be describing different facets of inhibited behavior.  The actual indexes themselves differ, however, because the behaviors being measured in this study vary from those measured in Kagan et al's longitudinal study.
	In this study, flat emotional reactivity at age four years can be thought of as a more inhibited behavior, while variable or unstable moods can be thought of as more uninhibited emotional reactivity.  Recall that scores on emotional reactivity were correlated with scores on Communication with the Examiner (r = .26, p<.0001, n = 4355), therefore, subjects' non-verbal behavior or communication that was restricted to the answering of direct questions, can be thought of as an inhibited communication style, while spontaneous, inappropriate, and irrelevant conversations with the examiner can be thought of as uninhibited communication.
	The variables measured at age seven years during the administration of the WISC and WRAT exams can also be thought of as different facets of inhibited behavior.  As was in from Table 6, all of the intercorrelations among the variables at age seven were positive:  as scores on one variable increased, so did scores on the other variable.  This confirms that the ordinal scales which measured behavior have been devised with the categories showing the least amount of inhibition at the lower end of the scale, and the categories showing the most amount of inhibition at the higher end. 
	Children who show little or no concern in separating from their mothers to go with the examiner before the testing has begun can be thought of as less uninhibited or less shy, while the children who show more than the usual amount of concern, or who become very upset, cry, and cling to the mother can be thought of as more shy and inhibited.
	Similarly, the children who show little or no fear on the measure of Fearfulness can be thought of as uninhibited, while the children who are classified as "inhibited and uneasy" or "very fearful and apprehensive" can be thought of as being more inhibited.
	Those children who were coded as "very friendly" or "extremely friendly" on Rapport with the Examiner can be thought of as uninhibited, while those who were coded as "shy throughout" or "exceptionally shy, withdrawn" can be thought of as more inhibited or shy.
	Communication with the Examiner was another variable for which reflected inhibited behavior.  The higher scores on this variable indicate that a subject's communication with the examiner was confined to answering direct questions, or that there was little or no verbal communication on the part of the subject.  We can think of this as the more inhibited behavior.  In contrast, the lower scores, indicating that subjects answered questions or were so talkative that it was difficult to follow their thinking, can be thought of as reflecting uninhibited behavior.
	The other two variables included in the "index" at age seven years were self-confidence and assertiveness.  Referring to Table 7, the strengths of self-confidence's correlations with the other variables ranged from (r = .26) to 
(r = .44).  The strengths of the intercorrelations with Assertiveness ranged from (r = .10) to (r = .42).  Based on these inter-relationships, both Self-confidence and Assertiveness were included in the weighted average of extra-task behaviors at age seven, called the "index" of inhibition.
Use of the "indexes of inhibition"
	In the following chapter, results of multiple comparisons made between groups of variables across the different ages will be reported.  Because of the large number of variables being compared (fourteen at birth, five at age eight months, two at age four years, and six at age seven years), the use of "indexes" or weighted averages for the outcome variables has two advantages.  Using indexes simplifies the analysis, reducing the number of comparisons that must be made when estimating correlation coefficients across ages from 729 to 441.  This reduces the possibility that a Type I error will be made.
	The indexes of inhibition that will be used in the forthcoming analyses are not identical to those used by Kagan and colleagues in their longitudinal study of inhibited behavior.  The current study examines different behaviors at different ages than those examined by Kagan et al.  The measures of inhibition being utilized in this work are appropriate to the specific ages, however, and are suggested by previous research.  At age four years the variables being pooled are emotional reactivity, which measures subjects' variability or flatness of mood, and communication with the examiner, which measures the extent of subjects' verbal interactions during the exam.  Flat emotional reaction during the examination, combined with the absence of verbal communication with an examiner is similar to Kagan et al's descriptions of the inhibited child, who ceases all overt activity and remains in a state of wary vigilance (Kagan, Reznick, Clarke, Snidman, & Garcia-Coll, 1984).
	At age seven years a different set of variables was used to assess the inhibition of behavior to novel or stressful stimuli.  Communication with the Examiner was again assessed, but added to this was information on whether a subject had difficulty separating from the mother to go with a stranger examiner, was very fearful, shy, passive, or lacking in self-confidence.  The moderate strengths of the intercorrelations among these six variables in table 7 indicate that they may reflect different aspects of inhibition.

Stratification of the sample for later cross-validation
	Since the size of this sample was very large, (n = 5,572), the data set was split into two similar halves, allowing each analysis to be replicated.  Similarity of the two halves was achieved by sorting the data along the values of the outcome variables, which were the indexes of inhibition at four and seven years of age.
	In order to ensure that each half of the data set was substantially similar, if not identical, each case was assigned a random number after sorting by the values of the outcome variables, gender, and physiology at birth.  The odd random-numbered cases were placed into one data set and the even random-numbered cases into another.  Analysis of means, standard deviations, ranges and frequencies for both new data sets revealed that they were identical both to each other, and to the original.  Each of the new, smaller data sets contains information on 2,786 cases.  From this point on in this work, all of the tables, correlation coefficients, and other statistics will be based on a sample size of 2,786.  All analyses were carried out on the two separate data sets to see if the results could be cross-validated.
	Analyses that determine whether aspects of neonatal physiology and infant social behaviors are related to inhibited behavior at ages four and seven years are presented in the next chapter.

CHAPTER FOUR
Results

	The previous chapter described physiological variables recorded in the delivery room, the behaviors coded during the Bayley Exam at age eight months, and the construction of indexes of inhibition from individual behaviors measured at ages four and seven years.  Correlational analyses were conducted between groups of variables.  The physiological variables observed in the delivery room were correlated with the later behavioral variables at eight months, and with the indexes of inhibition at four and seven years.  The behaviors measured at age eight months were also correlated with the indexes of inhibition from ages four and seven years.  The results of these analyses are reported below.
Relating neonatal physiology to behavior at 8 months
	First, the variables measuring neonatal physiology were correlated with the behaviors observed during the administration of the Bayley Examination of Mental and Motor Skills at age eight months.  Table 7 on the next page shows that all but two of the correlations between delivery room observations and behavior at eight months were extremely weak.  It was probably only the large size of the sample (n = 2786) that allowed these extremely weak relationships to be detected.
------------------------------------------------------------------------
Table 7:	The relationship between neonatal physiology and behavior at age 8 months.

				Speed of	 			Intensity				Social			Social
				Response				of Social				Response to	Response 
										Response				Examiner		to Mother                               r	     	            r	                 r	       r

Gender	  
				
Birth Weight          

Cord Clamped         
(in minutes)

First Cry	 
(in minutes)

Quality of	 
Respiration

Molding of           
the Head

Forceps Marks        

Staining of          
Umbilical Cord
     
Quality of	 
the Skin

Cry    	 

Moro Reflex	 

Body	 
Movements

		~=p<.05   *=p<.01   **=p<.001  ***=p<.0001
______________________________________________________________________________

	Cross-validation of these estimates was carried out on a second, nearly identical sample of data, with almost identical results.  Only correlation coefficients where the physiological variable explains at least 1% of the variability in later behavior are listed in boldface type.
Gender and inhibition at age 8 months
	The only variable that had more than a very weak association with any behavior at age eight months was gender.  Gender was related to Speed of Response towards objects (r = .11, <.0001), and also to Social Response to the Examiner (r = .12, p<0001).  Recalling that boys were coded as "0" for this analysis, and girls were coded as "1", these results indicate that girls had higher scores, on average, for Speed of Response.  In other words, girls had longer elapsed times until they interacted with objects than did boys.  Gender only accounted for 1% of the variability in scores on Speed of Response, however.  Girls also had higher scores on Social Response to the Examiner, on average, showing more hesitancy and avoidance toward the examiner than boys.
	The correlation coefficients in Table 7 were all significant at the (p<.0001) level.  This significance level was chosen because of the large number (27) of variables being compared.  The null hypothesis that gender is not related to either Speed of Response or Social Response to the Examiner at eight months was rejected.
	Even though the null hypothesis for the other small coefficients appearing in Table 7 above could also be rejected on the basis of their p-values, the amount of variance explained in the behaviors by the physiology was 0.5% or less.  
	With one exception (Quality of Respiration), all of the physiological variables were negatively related to the behaviors at age 8 months.  Higher scores on the physiological variables indicate longer elapsed times until first respiration cry or abnormal processes such as neck tone, Moro reflex, quality of skin, marked molding of the head, or forceps marks.  This would seem to indicate that the more time elapsed until the first breath and cry, and the more abnormal the signs of neonatal well-being were, on average, the longer infants took to respond to objects, the more hesitant/avoidant they were at the approach of the stranger examiner, and the more hesitant they were in interacting with their mothers at age 8 months.
Predicting inhibition at age four years from neonatal physiology
	The information in Table 8 below illustrates that physiological measurements made in the delivery room were not good predictors of behavior just eight months later.  Using the entire sample (n =  2194), correlation of the delivery room variables with the index of inhibition at four years (a weighted average of the variables Emotional Reactivity and verbal Communication with the Examiner) revealed additional weak relationships that were not able to be replicated in a second data set.
	The data set had been stratified by the physiological and behavioral variables and split into two halves.  The correlation coefficients estimated for each data set were not replicated in the other half.  For example, in the first data set, the elapsed time before a neonate took its tenth breath was related to inhibition at age four (r = .18, p<.01, n = 249).  Infants who had higher elapsed times had higher scores on the index of inhibition four years later, on average.  Tenth breath would appear to explain 3% of the variability in inhibition index scores at age four years, except that this association was not found in the other data set (refer to the column on the left in Table 8 on the next page).  Whether this was due to the relatively small number of cases for which data on the tenth breath was available in each data set, (approximately 10%), or to the true absence of such a relationship, is not known.
	Similarly, the associations detected in the second data set between the index of inhibition at age four and gender, whether the umbilical cord was clamped before or after the delivery was completed, and quality of the neonate's skin were not replicated in the first data set.  All three of these associations were extremely weak.

	The first of these correlations with the index of inhibition at age four was gender (r = -.06, p<.01, n=2193).  Boys were had slightly higher scores on the index of inhibition than girls did, on average.  Note that this was the reverse of the relationship found between gender and Speed of Response at age 8 months, when girls were more likely to exhibit slightly longer latency to approach objects and more hesitancy or avoidance when interacting with the examiner during the Bayley examination.

__________________________________________________________________
Table 8:	Estimated correlations between neonatal physiology and a) scores on an index of inhibition at age four years, and b)  membership in the 20% least and most inhibited group of subjects.

			   Scores on the index               Membership in the
			   of inhibition at age                extreme groups only
Neonatal physiology        4 years 	     at age four years
FIRST DATA SET----------------------------------------------------------
	Gender			  ---			          ---

	Tenth breath		 .18*		              ---
				(n=249)
	Umbilical cord		      
	clamped before/	         ---			              ---
	after birth

	Minutes after		
	birth umbilical		 ---			              ---
	cord clamped

	Neck Tone		 ---			              .09~
							               (n=608)

	Quality of Skin		 ---			              .10*
							               (n=810)
SECOND DATA SET-------------------------------------------------------
	Gender			-.06*		             -.06~
			      (n=2193)		             (n=877)

	Tenth breath		---			              ---

	Umbilical cord			
	clamped before/	        .06			              .08~  	
	after birth	                 (n=2160)		             (n=859)

	Minutes after
	birth umbilical		---			              .07~
	cord clamped					               (n=863)
		
	Neck Tone		---			              ---

	Quality of Skin		.05
			      (n=2056)

	Another weak relationship found in the second data set, but not in the first, was that between the index of inhibition at age four and whether the umbilical cord was clamped before or after birth (r = .06, p<.01, n = 2160).  Infants whose cord had been clamped before the delivery was complete had lower scores, on average, on the index of inhibition at age four, although this variable explained less than half of one percent of the variability in index scores.
	The third weak relationship that was not replicated was between the index of inhibition at age four and the quality of the neonate's skin (r = .05, p<.05, n = 2056).  Neonates whose skin exhibited signs of a more extreme condition immediately following the birth, such as cyanosis, were more likely to have higher scores on the index of inhibition at age four, on average.  Quality of the skin at birth explained 2.5% of the variability in scores on the index of inhibition at age four, but this relationship was not replicated in the other data set.  These correlation coefficients are reported in Table 8. 
Neonatal physiology and extreme inhibition at age four
	Subjects whose score on the index of inhibition at age four years fell in the top or bottom 20% of scores were assigned values on a dummy variable that indicated extreme inhibition or lack of inhibition.  Subjects in the 0-20th percentiles were assigned a value of "0"; while subjects in the 80th to 100th percentiles were assigned a value of "1".  The 60% of the cases in the middle of the distribution of index scores were set to missing values.  When this dummy variable was correlated with the physiological variables observed in the delivery room, an entirely different pattern of relationships appears.  Only two of the variables found to be related to the index of inhibition at age four in either of the two complete data sets were related membership in the extreme groups of inhibition/disinhibition.  These patterns can be seen by comparing the column on the right of Table 8 to the column on the left.
	In the first data set, when only the extreme groups were examined, elapsed time until the tenth breath was not found to be related to extremely high or extremely low levels of inhibition, as it had been when the entire distribution of inhibition scores was examined.  However, two variables that were unrelated to inhibition when the complete sample was analyzed did appear to be related to membership in the extreme groups. 	
	The first of these was the neonate's neck tone.  Neck tone was positively correlated with membership in the extreme groups of inhibition (r = .09, p<.05, n = 608).  This would seem to indicate that infants with "other than normal" neck tones are more likely to be extremely inhibited than extremely uninhibited, on average.  Membership in the extreme groups explained less than 1% of the variability scores on Neck Tone.  Extreme caution must be used when generalizing from the sample to the population however.  These extreme groups are, by definition, not "average".  Any generalization from the behavior of the most and least inhibited portions of the sample to the population as a whole is moot.  The weak relationship between neck tone and inhibition index score is only generalizable to the 20% most inhibited and 20% least inhibited children at age four.  For this subset of the sample, increased inhibition was weakly related to abnormal neck tone at birth.
 	Similar caution must be exercised when examining the relationship between extreme inhibition at age four and the quality of the neonate's skin.  When only membership in the extreme groups were correlated with Quality of the Skin, another association was found that was not detected when the entire sample was analyzed (r = .10, p<.001, n = 810).  When only the 20% most inhibited and 20% least inhibited four year olds were examined, the group of extremely inhibited subjects had slightly higher scores on the quality of the skin at birth.  This could indicate an increased amount of fetal distress, or less than adequate oxygenation following birth for the group that is extremely inhibited at age four.  In this sub-sample of extreme groups, only 1% of the variability in scores on the dummy variable indicating extreme inhibition/disinhibition at age four was explained by score on quality of the skin at birth.
	In the second data set, neither neonatal neck tone nor quality of the skin was found to be related to membership in the extreme groups of inhibition at age four.  Also, when only membership in the extreme groups was examined at age four, no effect for gender was seen in the first data set, although it was found in the second.
	When membership in the extreme groups of inhibition was related to neonatal physiology in the second data set, one relationship appears that was not detected when the entire distribution of inhibition scores was analyzed.  The number of minutes after birth that the umbilical cord was clamped was related to the membership in the extreme groups of inhibition/disinhibition at age four years (r = .07, p<.05, n = 863).  Longer elapsed times before the cord was cut were associated with extreme inhibition at age four, on average.  0.5% of the variability in scores on the dummy variable for the extreme cases was accounted for by the number of minutes that elapsed before the cord was cut.  This illustrates that relationships that are found when only membership in the extreme groups is analyzed may also be found when an entire distribution of scores is analyzed in a correlation analysis.
	Two associations that were detected when the entire distribution of index scores was analyzed were also found when extreme group membership was examined.  These relationships were between extreme inhibition and gender (r = -.06, p<.05, n = 877), and extreme inhibition and whether the umbilical cord was clamped before or after birth (r = .08, p<.05, n = 859).
	The size of the correlation between gender and inhibition stayed the same (r = -.06) whether all the index scores were analyzed or membership in the extreme groups only.  Less than half of one percent of the variability in the dummy variable indicating extreme inhibition/disinhibition was explained by gender.  Boys were more likely to be in the group of extremely inhibited subjects than girls, on average.
	The size of the correlation between whether the umbilical cord was clamped before or after the delivery of the neonate was complete and membership in the extreme groups increased 33% from the analysis in which this variable had been correlated with the entire distribution of index scores.  Table 8 illustrates that the correlation increased from -.06 to -.08.  Whether the umbilical cord was cut before or after the delivery was completed still only accounted for less than 1% of the variability in the dummy variable indicating extreme group membership, however.
Summarizing neonatal physiology and inhibition at age four
	The analysis of the relationships between the variables measuring neonatal physiology and scores on the index of inhibition at age 4 years produced mixed results, depending on which of two data sets was examined, and whether the entire distribution of index scores was analyzed, or just extreme group membership  These results were summarized in Table 8 above.
	In general, relationships detected in the first data set were not cross-validated in the second, and vice versa.  Also, in the first data set, relationships detected when only extreme group membership was analyzed were not found for the sample as a whole, and vice versa.
	In the second data set only, two relationships between neonatal physiology and index scores were detected in both the entire sample and the extreme groups.  These were between scores on the index of inhibition at age four and a) whether the umbilical cord was clamped before or after the delivery of the neonate was complete, and b) gender.  Again, these results were not cross-validated by analysis of the first data set.
Predicting inhibition at age seven from neonatal physiology
	The same pattern of weak correlations that were unable to be replicated at age four years was also seen when the variables measuring neonatal physiology were related to the index of inhibition at age seven.  The index of inhibition at age seven was made up of a weighted average of scores on Separation from the Mother, Fearfulness, Rapport with the Examiner, Communication with the Examiner, Self-confidence, and Assertiveness.
	As is shown in Table 9 on the next page, in the first data set, the index of inhibition at age seven was found to be very weakly related to the number of minutes until the neonate's first cry (r = .04, p<.05, n = 2314), and the normality of neonatal body movements (r = .11, p>.01, n = 670).  The more time that elapsed after birth until a neonate's first cry, the higher the score on the index of inhibition at age seven years, on average.  The number of minutes until the first breath accounted for only 0.16% percent of the variability index scores, a very minute amount.
_________________________________________________________________
Table 9:	Estimated correlations between neonatal physiology and  a) scores on an index of inhibition at age seven years, and  b) membership in the 20% least and most inhibited group of subjects.

			    Scores on the index              Membership in the
		                  of inhibition at age 7 years    extreme groups
			              r			                          r						
Neonatal physiology		                            
FIRST DATA SET----------------------------------------------------------

Elapsed time
until first	                                .04~		                       .07~
cry (minutes)                              (n=2314)	                        (n=929)

Body movements                          .11*		                       .16*
                                               (n= 670)	                        (n=275)

Marked molding                            ---		                        ---
of the head

Forceps marks                              ---		                        ---

SECOND DATA SET-------------------------------------------------------

Elapsed time
until first	                                  ---	                          ---
cry (minutes)

Body movements                           ---		                        ---

Marked molding                           -.05~	                        -.09*
of the head                                  (n=2267)	                        (n=873)

Forceps marks                             -.08**	                        -.14***
                                                (n=2261)	                        (n=875)

	~= p<.05     *=p<.01     **=p<.001     ***=p<.0001
__________________________________________________________________

	The normality of neonatal body movements was also related to scores on the index of inhibition in the first data set (r = .11, p<.01, n = 670).  Neonates with body movements that were considered abnormal had a higher score on the index of inhibition, on average, than neonates with normal body movements.  Normality of body movements accounted for 1% of the variability in index scores in the first data set.
	Neither of these relationships were cross-validated in the second data set, in which two new relationships were found.  As was shown by the bottom half of Table 9 above, scores on the index of inhibition at age seven years were negatively correlated with marked molding of the head (r = -.05, p<.05, 
n = 2267), and with forceps marks (r =  -.08, p<.001, n = 2261).
	Neonates who exhibited marked molding of the head after delivery had lower scores, on average, on the index of inhibition at age seven.  Scores on molding of the head accounted for only 0.25% of the variability in index scores.  Infants who had forceps marks also had lower scores on the index of inhibition at age seven, on average, than infants without forceps marks.  Scores indicating the absence or presence of forceps marks explained 0.64% of the variability in index scores.
Neonatal physiology and inhibition in the extreme groups at age seven
	When only the 20% most inhibited and 20% least inhibited cases as determined by scores on the index of inhibition at age seven were used in a correlation analysis of neonatal physiology to extreme group membership, these same relationships were detected in each data set, but the size of the correlation coefficients had increased.  This can be seen by comparing the column on the right of Table 9 to the column on the left.
	The value of the correlation coefficient describing the relationship between elapsed time until first cry and membership in the extreme groups increased 75%, from r = .04 to r = .07 (p<.05, n = 929).  When only the extremely inhibited and extremely uninhibited cases at age seven years were examined, the number of minutes until the first cry accounts for 0.5% of the variability in extreme scores on the index of inhibition.
	The value of the correlation coefficient describing the relationship between body movements and membership in the extreme groups also increased, from (r = .11) to (r = .16).  This was a 45% increase in the size of the correlation coefficient.  When only the extremely inhibited and extremely uninhibited cases at age seven years were examined, the normality of body movements explained 2.5% of the variability in extreme scores on the index of inhibition.
	Neither of these relationships were cross-validated in the second data set when neonatal physiology was related to the extremes of inhibition, however.  The two relationships that had been found when the entire sample was analyzed were also detected when only the extreme groups were used, again with an increase in the size of the correlation coefficients.
	The negative correlation between marked molding of the head and extreme scores on the index of inhibition at age seven years increased 80% from (r = -.05) to (r = -.09, p<.01, n = 873).  For the infants in the 0-20th percentiles or 80-100th percentiles on the index of inhibition at age seven, those with marked molding of the head had lower scores on the index, on average, than those without marked molding of the head.  When only the extremely inhibited and extremely uninhibited cases at age seven years were examined, whether or not a neonate showed marked molding of the head explained 0.8% of the variability in extreme scores on the index of inhibition.
	The negative correlation between the presence of forceps marks and extreme scores on the index of inhibition at age seven years also increased, from (r = -.08) to (r= -.14, p<.0001, n = 875), an increase of 75%.  For seven-year-olds whose level of inhibition was either extremely high or extremely low, those who had forceps marks present after birth had lower scores on the index of inhibition than those with no forceps marks, on average.  When only the extremely inhibited and extremely uninhibited cases at age seven years were analyzed, the presence or absence of forceps marks accounted for almost 2% of the variability in membership in the extreme groups.  Again, these results were not replicated in a cross-validation.
Summarizing the relationship of neonatal physiology to later inhibition
	None of the eight extremely weak relationships of neonatal physiology (four at age four years and four at age seven years) with later inhibition for the entire sample was able to be cross-validated in a second data set.  Both data sets were shown by univariate statistics to have values and frequencies that were similar, if not identical, for every variable.  The occurrence of a relationship in just one half of the data does not allow for a confident rejection of the null hypothesis.  Therefore, physiological measures that describe a neonate's quality of growth1,oxygenation and respiration2, neurological integrity3, and indicators of possible fetal distress4 are not good predictors of inhibition with a stranger examiner at ages four or seven years in Caucasian 

children.
Relating infant social behaviors to inhibition at age four years
	Estimation of correlations between the variables describing infant social behaviors at age eight months (Speed of Response, Intensity of Social Response, Social Response to the Examiner, Social Response to the Mother, and presence of excessive crying) and the index at age four again proved problematic due to the lack of replication of the results in the second data set.  In the first data set, the index of inhibition was very weakly related to Speed of Response (r = .04, p=.05, n = 1970), but no correlations were found among the second data set.  A comparison of the results of four different correlation 

_______________________________________________________________
1  	birth weight and total length of the umbilical cord
2	whether first breath and first cry occurred before or after delivery was complete, timing of first breath and first cry, normality of respiration  
3	motor activity and tone, tone of neck, quality of the Moro reflex)
4	marked molding of the head, forceps marks, staining of the umbilical cord, characteristics of the skin
analyses in both data sets are presented in Table 10 on the next page.

	When the first data set was analyzed, Social Response to the Examiner at eight months was very weakly related to inhibition at age four (r = .05, p<.05, n = 1973).  Infants who responded to the examiner with hesitant or avoidant behavior at age eight months had higher scores, on average, on the index of inhibition at age four years than infants who accepted or instigated social contact with the examiner.  Scores on social response to the examiner explained only 0.25% of the variability in index scores at age four, however.  The correlation between Social Response to the Examiner and scores on the index of inhibition at age four years was not found in the second data set. 
	When only membership in the extreme groups at age four was correlated with infant social behavior at age 8 months, scores on Social Response to the Examiner again were once again associated with membership in the extreme groups  (r = .07, p<.05, n = 801).  When only the extremely inhibited and extremely uninhibited cases at age four years were analyzed, infants who were hesitant or avoidant towards the examiner at age 8 months were more likely to be in the extremely inhibited group, on average.  For these extreme groups only, scores on Social Response to the Examiner at age 8 months account for only 0.5% of the variability in membership in the extreme groups.  The change in size of the correlation coefficient from the whole-group analysis to the extreme-group analysis was a 40% increase.


_________________________________________________________________
Table 10:	Estimated correlations between infant social behaviors and  a) scores on an index of inhibition at age four years, and  b) membership in the 20% least and most inhibited group of subjects. 

			Scores on Index of 			Membership in the
			Inhibition at Age 4 Years		extreme groups

Behavior at				Pearson		         		Pearson
 8 months		Pearson	Partial#		  Pearson		Partial#
			r		r			r		r
FIRST DATA SET-------------------------------------------------------------------------------------

Social Response	.05~		.06~~		.07~			---	
to Examiner	     (n=1973)	(n=1169)	(n=801)

SECOND DATA SET----------------------------------------------------------------------------------

Social Response	---		---		---			---
 to Examiner

# =  the effects of gender, birth weight, left-handedness have been partialled out

~~= p=.05     ~=p<.05     *=p<.01     **=p<.001 ***=p<.0001
__________________________________________________________________

Partialling out the effects of birth weight
	Two additional correlation analyses were carried out to determine if partialling out the effects of birth weight, gender, and left-handedness would change the value of the correlation coefficients, both in the entire sample, and for the extreme groups only.  These three variables were chosen for the following reasons.
	Birth weight was used as a proxy variable for SES.  Partialling out the effects of SES in the correlation analyses would help to control for any differences in inhibition levels due to class.  Examples of this might be acceptance of inhibition by parents in one SES stratum versus parental pressure to become less inhibited in other strata, or coding of behaviors as uninhibited in children from one SES level while the same behaviors in children from other levels would be considered normal.
	Direct measures of SES were not available for this analysis, so birth weight was used instead.  As reported in the Collaborative Perinatal Project, birth weight was related to SES. Infants from the higher SES categories tended to have higher birth weights than infants in the lower categories of SES (Broman, Nichols and Kennedy, 1975).  The mean birth weights for the two extreme groups (6.93 lbs. for the 20% least inhibited, 7.01 lbs. for the 20% most inhibited) were not significantly different from the mean birth weight for the entire sample (6.98 lbs.), however.
Partialling out the effects of gender
	The effects of gender were partialled out so that any examiner bias would be removed.  An example of examiner bias would be that of coding shy behavior as normal for one gender (girls, perhaps) and as inhibited for the other (boys, perhaps)  Although exactly 50% of the entire sample was male, and 50% female, these proportions were not seen in the extreme groups.  In the extremely uninhibited group at age four, 52% were male, and 48% were female in both data sets, not a significant difference from the proportions in the whole sample.  An even higher proportion of boys was found in the extremely inhibited group, however.  In both data sets, 56% of the extremely inhibited group were boys, while only 44% of the extremely inhibited group were girls.
	More boys than would be expected by chance were in the extremely inhibited group at age four.  Whether this was due to an actual effect of gender, with more boys showing extremes of both inhibited and uninhibited behavior at age four, or to experimenter bias, with shy/inhibited behavior being coded as more extreme for boys than girls, is not known. 
Partialling out the effects of left-handedness
	The effects of left-handedness, were also partialled out during the additional correlation analyses.  Kagan et al report a higher proportion of left-handed and blue-eyed subjects in their extremely inhibited category than in the population as a whole (Kagan, Reznick & Snidman, 1988; Rosenberg & Kagan, 1989).  Whether or not a subject was left-handed was computed from two scores on the Tactile Finger Test given at age seven.  If the score from the left hand minus the score from the right hand was larger than zero, the subject was considered to left-handed, and was assigned the value of "1" on a newly-constructed categorical variable of left-handedness.  Otherwise, the subject was considered to be right-handed, and was assigned a value of "0".
	Approximately 17% of the entire sample (n = 338 of 2023) was left-handed.  Of the 408 least inhibited cases at age four, almost 19% (n = 77) were left-handed.  Of the 405 most inhibited cases at age four, only 16% (n = 63) were left-handed.  These proportions were not significantly different for the extreme groups than for the sample as a whole.  Of the 463 least inhibited cases at age seven, 18% were left-handed (n = 85).  Of the 467 most inhibited cases at age seven, 18% were left-handed (n = 83).  Again, these proportions were not significantly different for the extreme groups at age seven than for the sample as a whole.
Results of the partial correlations at age four
	The results of the correlation analyses in which the effects of birth weight, gender, and left-handedness were partialled out are shown above in Table 10.  In the first data set, when the entire sample was examined and the effects of birth weight, gender and left-handedness were removed, the correlation coefficient describing the relationship of Social Response to the Examiner and scores on the index of inhibition was almost the same (r = .06, p=.05, n = 1169) as when no variables were controlled for (r = .05, p<.05, n = 1973).
	When only the extremes of inhibition were analyzed and the effects of birth weight, gender, and left-handedness were removed, no significant relationship was seen between Social Response to the Examiner (or any other variable) and extremely inhibited or extremely uninhibited behavior at age four.
	None of these results were cross-validated when the second data set was analyzed.  These mixed results indicate a lack of conclusive evidence that behaviors that measure infants' interactions with objects and people at age eight months were able to predict four-year-old's interactions with stranger examiners.  These analyses also highlight the importance of the replication of results, especially when the correlation coefficients were so small, with scores on one variable explaining less than one percent of the variability in scores in the other.
Relating infant social behaviors to inhibition at age seven years
	Analyses similar to those carried out on the index of inhibition at age four years were conducted for the index of inhibition at age seven years.  The variables measuring infant social behaviors at age eight months were related to the index of inhibition at age seven years.  Again the results found in one data set were not fully replicated in the second data set.  The results of these analyses can be seen in Table 11 on the next page.
	Speed of Response was weakly related to the index of inhibition at age seven years in the first data set (r = .07, p<.001, n = 2144), but this relationship was not found in the second data set.  In the first data set, infants who approached objects only after a long time, or who didn't approach them at all, had higher scores, on average, on the index of inhibition at age seven years.  In other words, the infants who were slower in approaching objects at age eight months showed more inhibition at age 7 years.  Speed of response in interacting with objects at age eight months only accounted for 0.5% of the variability in scores on the index of inhibition at age seven, however.
________________________________________________________________
Table 11:	Estimated correlations between infant social behaviors at eight months with  a) scores on an index of inhibition at seven years and  b) membership in the 20% least and most inhibited group of subjects. 

                             Scores on Index of 	  Membership in the
                             Inhibition at Age 7 Years                extreme groups only

Behavior at	                               Pearson			                     Pearson
age 8 months	        Pearson 	 Partial#	  Pearson             Partial#
			 r		r                       r		                 r
FIRST DATA SET----------------------------------------------------------------------------------------------------------------
Social Response	   .08**		  .06~~		 .09*		   ---
 to Examiner	            (n=2148)          (n=1169)            (n=563)

Speed of
 Response to		   .07**		  ---		 .15***	   .10~~		  
 Objects		  (n=2144)                                  (=864)	            (n=347)

SECOND DATA SET-----------------------------------------------------------------------------------------

Social Response	   .07*		  ---		 .09*		   ---
 to Examiner	            (n=2101)				         (n=822)

Speed of 
 Response to		   ---		  ---		 ---		   ---
 Objects

	# = the effects of gender, birth weight, left-handedness have been partialled out

~~= p=.05     ~=p<.05     *=p<.01     **=p<.001     ***=p<.0001
______________________________________________________________________________

	There was one weak association between behavior at eight months and behavior at seven years that was detected in both data sets.  Social Response to the Examiner was related to the index of inhibition at age seven years (r = .08, p<.001, n=2148) in the first data set, and (r = .07, p<.01, n=2101) in the second data set.  Infants who were hesitant or avoidant in their interactions with the examiner at age eight months had a higher score on the index of inhibition at age seven years, on average.  The hesitant and avoidant infants were more inhibited at seven years, while the infants who were friendly towards the examiner or instigated social contact with him/her were less inhibited at age seven years.  This relationship was very weak, however, with scores on Social Response to the Examiner only account for approximately 0.5% of the variability in scores on the index of inhibition at age seven years.
	When the entire sample was analyzed, infants' intensity of social response, their clinginess or avoidance of their mothers, and the presence of excessive crying at eight months of age were not related to whether a child was inhibited with a stranger examiner at age seven years.  Infants' social responses to stranger examiners at age 8 months were related to their later levels of inhibition at age seven years.  Mixed results were seen when infants' speed of response toward objects at eight months was related to inhibition at age seven years, with a weak relationship detected in one data set, but not replicated in a second analysis of similar data.
	When the effects of birth weight, gender, and left-handedness were partialled out during the correlation analysis, some of the relationships detected in the previous analysis were no longer significant.  This can be seen by comparing the second column of Table 11 above to the first column.
	Speed of response to objects was no longer related to inhibition at age seven years when the effects of birth weight, gender, and left-handedness were removed in the first data set.
	In the first data set, Social Response to the Examiner continued to be related to inhibition at age seven years, although the significance level dropped (r = .06, p=.05, n=1169).  In the second data set, however, Social Response to the Examiner, which had been related to the index of inhibition at age seven in the previous analysis, was no longer related.
Infant social behavior and extreme inhibition at age seven
	An analysis of the extreme groups (the top and bottom 20% of scores on the index of inhibition at age seven) indicated that Social Response to the Examiner at age eight months was related to membership in the extreme groups at age seven years (r = .09, p<.01, n = 563 in the first data set, and r = .09, p<.01, n = 822 in the second data set).  This information can be seen in the third column of Table 11.
	In the 20% most and least inhibited cases at age seven, infants' social responses to examiners at age 8 months accounts for 0.8% of the variability in the dummy variable indicating extreme group membership.  In these extreme groups, the children who were more inhibited at age seven years were more hesitant or avoidant with stranger examiners at age 8 months, on average, than were those children who were less inhibited at age 7 years.
	In the extreme groups analysis, Speed of Response continued to be related to scores on the index of inhibition at age seven in the first data set (r = .15, p<.0001, n = 864).  Notice that the size of the correlation coefficient doubled when only the extreme groups were analyzed, compared to when the entire sample was used.  In the second data set, no relationship between Speed of Response and inhibition at 7 years was detected.
	When only the extreme groups were analyzed and the effects of birth weight, gender, and left-handedness were partialled out, Social Response to the Examiner was no longer related to inhibition at age seven, while Speed of Response remained related in the first data set, albeit with a higher level of significance (r = .10, p=.05, n = 347).
	When analyses of extreme groups membership at seven years were conducted on variables measuring infant social behaviors at eight months, there were three possible outcomes, compared to when the entire distribution of index scores was used.  The first outcome, seen in the first line of Table 11, is that the size of the correlation coefficient describing the relationship between two variables stays the same.  The second outcome, illustrated by a comparison of the Pearson correlations in the second line of Table 11, is that the correlation coefficient increases by up to 100% of the size of the coefficient found when the entire sample is analyzed.  The third outcome, illustrated by the Pearson Partial correlations in the second line of Table 11, is that a relationship that did not exist when the entire sample was used is detected when only the tails of the distribution of inhibition index scores were analyzed.
	These differing outcomes that resulted when only the extreme groups were analyzed underscore the importance of not generalizing the results of correlation analyses involving only a portion of a distribution to the rest of the sample.
A profile of the extremely inhibited group
	In order to provide a clearer picture of the etiology of extreme inhibition, a subsample of children whose inhibition scores at ages four or seven years were between the 80th and 100th percentiles were analyzed separately.  The relationships between extreme inhibition and neonatal physiology, infant behaviors, and intelligence and achievement test scores are shown in Table 12 on the next page.
	Once again, a mixed pattern of results was produced when both data sets was analyzed.  In general, results found in the first data set were not replicated in the second, and vice versa.
	When the four-year-olds with the 20% highest scores on the index of inhibition were analyzed in the first data set, inhibition was related to a more abnormal respiration pattern at birth (r = .11, p<.05, n-436), the quality of the cry (r = .10, p<.05, n = 435), the Moro reflex (r = .10, p<.05, 
n = 433) and elapsed time until the tenth breath (r = .72, p<.0001, n = 50).  In this extremely inhibited group, the children with the highest scores on the index of inhibition had more abnormal respiration at birth, cries that were considered more abnormal, more abnormal Moro reflexes, and longer elapsed time until their tenth breath, on average, than those whose inhibition was less extreme.
________________________________________________________________
Table 12:	Estimated correlations between neonatal physiology and extreme inhibition at age four years.

		    Scores on an index of inhibition at age 4 years
		    FIRST DATA SET		    SECOND DATA SET
		__________________________________________________

Gender	                 ---		                   -.11~
					                  (n=439)

First Cry	                 ---			                 -.10~
(in minutes)				                  (n=433)

Quality of		               .11~	                                   ---
Respiration	               (n=436)

Quality of		               .10~		                                 ---
Cry	                             (n=435)

Moro Reflex		               .10~		                                 ___
			             (n=433)

Body Movements		                                 .17~
					                                (n=154)

Tenth Breath		               .72***		                                 ---
(in minutes)		              (n=50)	
	
		~=p<.05,    ***=p<.0001
__________________________________________________________________

	Scores on quality of respiration, quality of the cry, and Moro reflex each accounted for only 1% of the variability in extreme inhibition score, however.  For the 10% of the extremely inhibited group who had information about elapsed time until their tenth breath recorded (n = 50), half of the variability in inhibition index score was explained by time until tenth breath.  This result should be interpreted with caution, however, due to the relatively small sample size.  These relationships were not cross-validated in the analysis of the second data set, however, making interpretation of these results difficult.	
	Analysis of the second data set revealed an entirely different set of relationships.  Inhibition in the extremely inhibited group at age four years was related to gender, (r = -.11, p<.05, n = 439), elapsed time until the first cry (r = -.10, p<.05, n = 433), and body movements (r = .17, p<.05, 
n = 154).  Of the 20% most inhibited children at age four, boys were more inhibited, on average, than were girls.  1% of the variability in index scores was explained by gender.
	Shorter elapsed time until the first cry was associated with inhibition in the extreme group, a result that seems counter to the patterns seen in the first data set (r = -.10, p<.05, n = 433).  A score of "0" on this variable indicates that an infant took its first breath within the first minute of delivery, while higher scores indicate more elapsed time.  1% of the variability in inhibition index scores at age four years was explained by the number of minutes until the first cry.
	Neonatal body movements that were considered abnormal were associated with inhibition in the extreme group at age four years (r = .17, p<.05, n = 154).  Almost 3% of the variability in index scores was explained by scores on body movement.
	Inhibition in an extreme group of four-year-olds does seem to be related to the quality of neonatal oxygenation and measures of neurological integrity, although the exact predictors differed as different samples were examined.
	When a subsample of children whose inhibition scores on the index at age seven years were between the 80th and 100th percentiles were analyzed separately, none of the variables above were related to inhibition, although different variables were related.  They are shown in Table 13 below.
______________________________________________________________
Table 13:	Estimated correlations between neonatal physiology and extreme inhibition at age seven years.

		    Scores on an index of inhibition at age 4 years
		    FIRST DATA SET                SECOND DATA SET
		__________________________________________________

Whether infant	             ---		                        .11~
was conceived				                    (n=413)
near the vernal
equinox

First cry before/	             ---	                                   -.11~
after delivery				                    (n=409)
complete

			~=p<.05
__________________________________________________________________

Conception occurring near the vernal equinox
	Another variable was added to the analysis of the extreme groups.  The disproportionate number of blue-eyed subjects in Kagan's longitudinal study of extremely inhibited Caucasian children was hypothesized to be due to lower levels of melatonin production during fetal development (Rosenberg & Kagan, 1987).  Kagan suggested that this could be due to differing amounts of sunlight reaching the maternal pineal gland in fetuses conceived at different times of the year (Kagan, personal communication).  The mothers of infants conceived near the vernal equinox (in the months of February, March, and April) would produce more melatonin in the first trimester and early second trimester of pregnancy.  The melatonin level would then drop off after the summer solstice, and be at the lowest level as the time of birth approached.  Infants conceived at other times of the year would have maternal melatonin levels steadily increasing as the due date approached (Kagan, personal communication).  Based on an average gestation period of 40 weeks, date of conception was calculated for each infant in the sample.  Infants conceived in the twelve-week period surrounding and including the vernal equinox were then assigned a value of "1"; all others were assigned a value of "0".  This categorical variable was then related to inhibition at ages four and seven.
	When the entire sample was analyzed, whether conception had occurred near the vernal equinox was not related to inhibition at either four or seven years of age.  However, when the subsample of extremely inhibited seven year olds was analyzed, children who had been conceived near the vernal equinox had more extreme inhibition than those conceived in the nine other months of the year (r = .11, p<.05, n = 413).  Time of conception explained only 1% of the variability in index of inhibition scores at age seven, however.  Again, this weak effect was seen in one data set, and not the other, so that it is difficult to generalize from the sample to the population regarding time of conception.  It is curious that this effect was seen in the children classified as inhibited at a later age (seven years), and not at the earlier age (four years).
	Whether the first cry occurred before or after the delivery was complete was also weakly related to membership in an extreme inhibition at age seven years (r = -.11, p<.05, n = 409).  Infants who took their first breath before the delivery was complete had more extreme inhibition at age seven years, on average, than infants whose first breath occurred after the delivery was complete.  First breath occurring before the delivery was complete could be evidence of fetal distress, or of a more reactive nervous system, or could signify neither.  This makes interpretation of this relationship difficult.  Whether the first cry occurred before or after delivery was complete explained 1% of the variability in extreme inhibition scores at age seven.
Extreme inhibition and infant social behaviors
	Only the children with extreme inhibition at the two ages were examined in order to see if any infant social behaviors during the Bayley Exam at eight months predicted extreme inhibition at ages four or seven years in this group.  The results of these analyses are summarized in Table 14 on the next page.

_______________________________________________________________
Table 14:	Estimated correlations between extreme inhibition at age four and infant social behaviors on the Bayley Examination

		    Scores on an index of inhibition at age 4 years
 		    FIRST DATA SET	            SECOND DATA SET
		__________________________________________________

Social Response	             .11~		                       ---
to the Examiner                (n=399)

			~=p<.05
__________________________________________________________________

	In one of the two data sets analyzing only those children who were extremely inhibited (in the top 20% of scores on an index of inhibition) more extreme inhibition at age four was related to hesitant or avoidant behavior towards a stranger examiner at age eight months (r = .11, p<.05, n=399).  Only 1% of the variability in index scores at age four was accounted for by infants' social responses toward the examiners eight months.  This relationship was not seen, however, in an analysis of a second, similar data set.
	When only the top 20% of inhibition index scores were examined at age seven, no infant social responses observed during the Bayley Examination were related to extreme inhibition.
	The combination of these results seems to indicate that although patterns of behavior during infancy may be preserved in the first four years of life in some children, by the time those children reach age seven, their level of inhibition depends on other factors.  By seven, any influence of innate physiology on infant behavior seems to be overridden by experience .
Relating inhibition at age four to inhibition at age seven years
	Scores on the index of inhibition at age four (made up of a weighted average of Emotional Reactivity and Communication with the Examiner) were related to scores on the index of inhibition at age seven (a weighted average of Separation from the Mother, Fearfulness, Rapport with the Examiner, Nature of Communication with the Examiner, Self-confidence, and Assertiveness) were weakly associated with each other in both of the data sets (r = .10, p<.0001, n = 2014 in the first data set, and r = .12, p<.0001, n = 1962 in the second data set).  These relationships can be seen in Table 15 on the next page.
Children with higher scores on the index of inhibition at age four had higher scores on the index of inhibition at age seven, on average, although scores on one index only account for about 1% of the variability in scores on the other.
	When the effects of birth weight, gender, and left-handedness were partialled out of the correlation analysis that analyzed the entire sample, the value of the correlation coefficients remained the same (see the second column of Table 15 (r = .10, p<.0001, n = 2007) in the first data set, and (r = .12, p<.0001, n = 1952) in the second data set).  Children who had higher scores on the index of inhibition at age four years were more likely to have higher scores on the index of inhibition at age seven years.

__________________________________________________________________
Table 15:	Estimated correlations between the indexes of inhibition at ages four and seven years
			
			  Scores on an index of 	                  Membership in the
			  inhibition at age 7 years                       extreme groups only
  			           Pearson	                                Pearson
	                    Pearson       Partial#	            Pearson           Partial#
		        r                   r                            r                           r
FIRST DATA SET--------------------------------------------------------------------------------------------

Scores on an      
 index of      	       .10***	.10***	.16*	.15~
 inhibition             (n=2014)           (n=2007)           (n=341)                   (n=249)
 at age 4 yrs.

SECOND DATA SET----------------------------------------------------------------------------------

Scores on an
 index of 	       .12***    	.12***	.18**	.18*
 inhibition             (n=1962)           (n=1952)           (n=324)                   (n=236)
 at age 4 yrs.

# = the effects of gender, birth weight, and left-handedness have been partialled out

	~=p<.05     *=p<.01     **=p<.001     ***=p<.0001
______________________________________________________________________________

	When the two dummy variables indicating membership in the extreme groups were used in a Pearson correlation analysis, the correlation coefficients increased in both data sets (r = .16 (p<.01, n = 341) in the first data set, and (r = .18, p<.001, n = 324) in the second data set.  Membership in the extreme group at age four years explains between 2 and 3% of the variability in membership in the extreme group at age seven years.
	Partialling out the effects of birth weight, gender, and left-handedness in the analysis of extreme groups membership did not change the size of the correlation coefficient in either data set (r = .15, p<.05, n = 249) in the first data set, and (r=.18, p<.01, n = 236) in the second data set.
	Table 15 illustrates that when the entire distribution of inhibition index scores was analyzed, the tendency of a child to exhibit inhibition or lack of inhibition was very weakly preserved from age four to age seven.  Children with higher scores on the index of inhibition at age four years (indicating a combination of flat emotional reactivity and restricted verbal communication with the examiner) had higher scores on the index of inhibition at age seven years (indicating a combination of distress at separation from the mother, inhibited or fearful behavior during the exam, shyness with the examiner, limited verbal communication, low self-confidence, and passivity during the exam).  Scores on the index of inhibition at age four years account for only a tiny amount of the variability in scores on the index of inhibition at age seven years, however (r=.10, p<.0001 in the first data set, and r=.12, p<.0001 in the second data set).
Relating inhibition to intelligence and achievement test scores
	According to Kagan, Reznick, Clarke, Snidman & Garcia-Coll (1984) extreme inhibition and lack of inhibition were not related to level of cognitive performance on three subscales of the Wechsler Preschool and Primary Scale of Intelligence (WPPSI), and other extra-task behaviors coded at age four years.
	In the data available for this thesis, actual WISC and WRAT scores were not available, so summary descriptions of those scores were used.  WISC (Wechsler Intelligence Scale for Children) scores were rated on an ordinal scale of 1-4.  The order of the original CPP ratings were reversed for this study so that higher summary scores indicated higher WISC scaled scores.  A value of "4" indicates a total WISC score that was considered above average; a value of "3" indicates an average score; a value of "2" indicates a below-average WISC score, and a value of "1" reflects a score from a person considered "mentally defective". 
	Summaries of WRAT (Wide-Range Achievement Test) scores were done by the three WRAT sub-tests, Spelling, Reading, and Arithmetic.  Again, the original CPP ratings were reversed for this study.  A value of "3" indicates a score on the Spelling, Reading, or Arithmetic sub-test that was above-average, "2" indicates an average score, and "1" indicates a below-average score.
	Correlation analyses were conducted to determine scores on the index of inhibition at age four years were related to these summary descriptions of WISC and WRAT scores.  The results appear in Table 16 on the next page.
Inhibition at age four years and WISC summary scores
	When the entire sample was analyzed, levels of inhibition at age four were found to be related to WISC scores at age seven in both data sets 
(r = -.07, p<.01, n = 2023) in the first data set, and (r = -.04, p<.07, 
n = 1970) in the second data set.  Children who scored higher on the index of 
______________________________________________________________________________
Table 16:  Estimated correlations between intelligence and achievement test scores and scores on an index of inhibition at age four years

			Scores on Index of             Membership in the
			Inhibition at Age 4 Years      extreme groups only
           			  Pearson			Pearson
			Pearson 	  Partial#	Pearson	Partial#
			    r			r	r			    r 
Test Score
FIRST DATA SET---------------------------------------------------------------------------------------------
  WISC		 -.07*	   -.07* 	 -.11*	 -.10*
			(n=2023)	 (n=2010)	(n=814)	(n=764)

  WRAT Spelling	   ---		 ---	   ---	  ---
	        
  WRAT Reading	   ---		 ---	   ---	  ---

  WRAT Arithmetic	   ---		 ---	   ---	  ---

SECOND DATA SET------------------------------------------------------------------------------------------
  WISC		 -.04@	   -.04~~	 -.08~	 -.09~
			(n=1970)	  (n=1957)	(n=780)	(n=740)	

  WRAT Spelling	 -.06*	   -.05~	 -.08~	 -.07@
			(n=1970)	  (n=1957)	(n=782)	(n=740)

  WRAT Reading	 -.05~		 ---	   ---	  ---
			(n=1972)

  WRAT Arithmetic	   ---		 ---	   ---	  ---

# = the effects of birth weight, gender, and left-handedness have been partialled out

@= p=.07  ~~= p=.05  ~=p<.05  *=p<.01  **=p<.001 ***=p<.0001
______________________________________________________________________________

inhibition at age four years had lower WISC scores, on average, than children
who scored lower on the index.  In other words, children who were more inhibited at age four had lower WISC scores at age seven than children who were less inhibited.  Only about 0.5% of the variability in WISC score summaries was accounted for by inhibition score at age four, however.  This relationship was stronger in the first data set than in the second.
	When the effects of birth weight, gender, and left-handedness were partialled out of the correlation analysis for the entire sample, the size and significance levels of the coefficients remained the same (r = -.07, p<.01, 
n = 2010) for the first data set, and (r= -.04, p=.05) for the second data set. 
	An analysis of the extreme groups was also conducted to see if the children who in the extreme groups at age four also had lower WISC scores at age seven.  Extreme group membership was negatively related to WISC scores in both data sets (r= -.11, p<.01, n = 814) in the first data set, and (r= -.08, p<.05, n = 780) in the second data set.  Children whose scores on the index of inhibition at age four were in the 80th to 100 percentiles had lower WISC scores at age seven, on average, than children who were extremely uninhibited at age four.  Membership in the extreme groups at age four accounted for from 0.64 to 1% of the variability in WISC summary scores at age seven.
	When extreme group membership was analyzed and the effects of birth weight, gender, and left-handedness were partialled out, the size and significance level of the correlation coefficients stayed about the same 
(r = -.10, p<.01, n = 764) for the first data set, and (r = -.09, p<.05, 
n =740) for the second data set.
	In general, higher scores on the index of inhibition at age four years predicted lower summaries of WISC scores at age seven, although this relationship was very weak, with inhibition at age four only explaining between one-half and one percent of the variability in WISC summary scores.
Inhibition at age four and WRAT summary scores
	There was a mixed pattern of results when inhibition at age four was related to WRAT scores at age seven, as can be seen in Table 16 above.  There were no significant relationships among the data in the first data set.  In the second data set, scores on the spelling sub-test of the WRAT were weakly associated with inhibition at age four (r = -.06, p<.01, n = 1970).  The strength of this relationship stayed approximately the same when the effects of birth weight, gender, and left-handedness were partialled out (r = -.05, p<.05, n = 1957), when only membership in the extreme groups was analyzed 
(r = -.08, p<.5, n = 782) and when the effects of birth weight, gender and left-handedness were partialled in the analysis of the extreme groups (r = -.07, p=.07, n = 740).
	In the second data set only, the children who had higher scores on the index of inhibition at age four years had scores that were lower, on average, on the Spelling sub-test of the WRAT at age seven years (r= -.06, p<.01, n=1970).  This relationship was extremely weak, however, with scores on the index of inhibition at age four accounting for less than half of one percent of the variability in Spelling sub-test scores.

Inhibition at age seven years and concurrent WISC scores
	Similar analyses were conducted to determine if summaries of WISC and WRAT scores at age seven years were related to concurrent scores on the index of inhibition.  These results are displayed in Table 17 below.
______________________________________________________________________________
Table 17:	Estimated correlations between intelligence / achievement test scores and scores on  a) an index of inhibition at age seven years, and  b) membership in the 20% least and most inhibited group of subjects.  
 
			Scores on Index of												Membership in the
			Inhibition at Age 7 Years										extreme groups only
           				                       Pearson			                                Pearson
Test Score				Pearson 	    Partial#	                  Pearson	           Partial#
				  r			r			r			r
FIRST DATA SET--------------------------------------------------------------------------------------------

WISC		-.22***	-.21***	-.30***	-.26***
			(n=2332)	(n=2316)	(n=932)	(n=599)

WRAT Spelling	-.13***	-.13***	-.19***	-.16***
			(n=2325)	(n=2316)	(n=927)	(n=599)

WRAT Reading	-.13***	-.13***	-.19***	-.17***
			(n=2328)	(n=2316)	(n=931)	(n=599)

WRAT Arithmetic	-.09***	-.08***	-.11**	-.13*
			(n=2328)	(n=2316)	(n=930)	(n=599)
SECOND DATA SET------------------------------------------------------------------------------------------

WISC		-.22***	-.22***	-.27***	-.20***
			(n=2274)	(n=2259)	(n=874)	(n=553)

WRAT Spelling	-.13***	-.13***	-.15***	-.10~  
			(n=2273)	(n=2259)	(n=873)	(n=553)

WRAT Reading	-.17***	-.17***	-.21***	-.17***
			(n=2275)	(n=2259)	(n=875)	(n=553)

WRAT Arithmetic	-.07**	-.07**	-.08~			---
			(n=2275)	(n=2259)	(n=875)

# = the effects of gender, birth weight, left-handedness have been partialled out
~~= p=.05     ~=p<.05     *=p<.01     **=p<.001     ***=p<.0001
	Table 17 above shows that scores on the index of inhibition at age seven years were related to concurrent scores on WISC and WRAT examinations.  (Recall that the index was constructed from extra-task behaviors observed during the WISC and WRAT exams.)  The size of the coefficients in each of the two data sets were remarkably similar (R= -.22, p<.0001, n=2332 in the first data set, and R= -.22, p<.0001, n=2274 in the second data set).  This replication of results in a second, similar data set allows the null hypotheses that intelligence and achievement test scores were not related to level of inhibition to be rejected with confidence.
	Scores on the index of inhibition at age seven were negatively correlated with summaries of WISC scores.  This relationship was of moderate strength 
(r = -.22, p<.0001, n = 2332) in the first data set, (r = -.22, p<.0001, 
n = 2274) in the second data set, when the entire distribution of index scores was analyzed.  Children whose scores on the index of inhibition were higher had lower WISC scores, on average, than children with lower levels of inhibition.  Scores on the index of inhibition account for almost 5% of the variability in the summaries of WISC scores.
	When the effects of birth weight, gender, and left-handedness were partialled out, the size of the correlation coefficients remained remarkably similar (r = -.22, p<.0001, n = 2316) in the first data set, and (r = -.22, p<.0001, n = 2259 in the second data set).
	An analysis of extreme group membership was conducted which determined that for the 20% most inhibited and 20% least inhibited children at age seven, membership in the extreme groups was related to summaries of WISC scores (r = -.30, p<.0001, n = 932) for the first data set, and 
(r = -.27, p<.0001, n = 874) for the second data set.  Children who exhibited extreme inhibition at age seven had lower WISC scores, on average, than children who were extremely uninhibited.  Extreme group membership explains between 7 and 9% of the variability in summaries of WISC scores.  Notice that the values of the correlation coefficients are slightly larger in this analysis of extreme group membership compared to the analysis of the entire distribution of index scores.
	When these extreme group membership was analyzed and the effects of birth weight, gender and left-handedness were partialled out, the values of the correlation coefficients decreased slightly from the unpartialled analysis 
(r = -.26, p<.0001, n = 599) for the first data set, and (r= -.20, p<.0001,
n = 553) for the second data set.  This suggests that birth weight, gender, and/or left-handedness may have had an effect on the WISC scores in these extreme groups.
	In general, children who exhibited more inhibition at age seven scored lower on the WISC, on average, than children who exhibited less inhibition.


Inhibition at age seven and WRAT Spelling scores
	Similar, albeit weaker, relationships were found between level of inhibition at age seven and summaries of scores on the three WRAT sub-tests (see table 17 above).  An analysis of the entire distribution of index scores revealed that WRAT spelling scores were lower, on average, for the children who were more inhibited (r = -.13, p<.0001, n = 2325) in the first data set, and (r = -.13, p<.0001, n = 2273) in the second data set) than for those children who were less inhibited.  Scores on the index of inhibition at age seven accounted for 1.5% of the variability in WRAT Spelling scores.
	Similar correlations were seen when the effect of birth weight, gender, and left-handedness were partialled out (r = -.13, p<.0001, n = 2316) for the first data set, and (r = -.13, p<.0001, n = 2259) in the second data set.
	When membership in the extreme groups was examined, the size of the correlation coefficients again increased, to (r = -.19 p<.0001, n = 927) in the first data set, and (r = -.15, p<.0001, n = 873) in the second data set.  Membership in the extremes groups of inhibited behavior accounted for between 2 and 3.5% of the variability in summaries of WRAT Spelling scores. 
	When the effects of birth weight, gender, and left-handedness were partialled out during the analysis of extreme group membership, the correlation coefficients and significance levels decreased slightly, to (r = -.16 p<.0001, 
n = 599) in the first data set, and (r = -.10, p<.05, n = 553) in the second data set, again suggesting that some or all of these variables were influencing the relationship between inhibition and WRAT Spelling scores.
Inhibition and WRAT Reading scores
	Almost identical results were found when summaries of WRAT Reading sub-test scores were related to the index of inhibition at age seven (see Table 17 above).  In both data sets, the more inhibited children had lower scores on the Reading sub-test of the WRAT (r = -.13, p<.0001, n = 2328) in the first data set, and (r = -.17, p<.0001, n = 2275) in the second data set.  Between 1.5 and 3% of the variability in WRAT Reading scores was accounted for by scores on the index of inhibition at age seven years.
	Partialling out the effects of birth weight, gender, and left-handedness had no effect on the size of the relationship between inhibition and Reading score summaries (r = -.13, p<.0001, n = 2316) in the first data set, and 
(r = -.17, p<.0001, n = 2259) in the second data set.
	Analysis of membership in the extreme groups revealed that the size of the correlation coefficients increased slightly (r = -.19, p<.0001, n = 931) in the first data set, and (r = -.21, p<.0001, n = 875) in the second data set, compared to when the index scores themselves were analyzed.
	When the effects of birth weight, gender, and left-handedness were partialled out the analysis of extreme group membership, there was a slight decrease in the size of the correlation coefficients (r = -.17, p <.0001, 
n = 599) in the first data set, and (r= -.17, p<.0001, n = 553) in the second data set.  Birth weight, gender, or left-handedness may have had an effect on reading scores in the extreme groups only.
	Children who had higher scores on the index of inhibition at age seven years had lower WRAT Reading scores, on average, than children who had lower scores on the index of inhibition.
Inhibition and WRAT Arithmetic scores
	Summaries of WRAT Arithmetic sub-test scores were also related to level of inhibition at age seven, but this relationship was weaker than those for summaries of Spelling and Reading sub-test scores (r = -.09, p<.0001, 
n = 2328) in the first data set, and (r = -.07, p<.001, n = 2275) in the second data set.  On average, children who were more inhibited at age seven had lower scores on the WRAT Arithmetic sub-test than children who were less inhibited.  The amount of variability in Arithmetic scores that was explained by score on the index of inhibition was less than 1%, however.  Other unknown factors were contributing to a larger proportion of variability in Arithmetic scores than to Spelling and Reading scores.
	No appreciable change was seen in the strength of this association, however, when the effects of birth weight, gender, and left-handedness were controlled for (r = -.08, p<.0001, n = 2316) in the first data set, and 
(r= -.07, p<.01, n = 2259) in the second data set.
	When membership in the extreme groups was analyzed, the strength of the relationship between inhibition and WRAT Arithmetic scores stayed almost the same (r = -.11, p<.001, n = 930) in the first data set, and (r = -.08, p<.05, n = 875) in the second data set.  When the effects of birth weight, gender, and left-handedness were partialled out during the analysis of extreme group membership, the relationship in the first data set appeared to grow stronger (r = -.13, p<.01, n = 599), while in the other data set, Arithmetic scores were no longer related to level of inhibition.
A summary of the results
	In summary, aspects of neonatal physiology that were observed during delivery were not good predictors of inhibited behavior at either four or seven years of age.  Although some very weak relationships were found between physiology and later inhibition, they were not cross-validated by analysis of a second, similar data set.
	Infant social behaviors were unreliable in predicting inhibition at age four years.  Infants' social responses to examiners at age 8 months was very weakly associated with scores on the index of inhibition at age 4 years in one data set, but not the other.  The infants who were more hesitant and avoidant towards the examiner had higher scores, on average, on the index of inhibition at age four years, but scores on Social Response to the Examiner accounted for less than 0.5% of the variability in index scores.
	Infant social behaviors were also unreliable in predicting inhibition at age seven years, although the weak relationship between Social Response to the Examiner and inhibition index scores was detected in both data sets.  Infants who were hesitant or avoidant towards the examiner at age eight months had higher scores on the index of inhibition, on average, at age seven years.  Scores on Social Response to the examiner only explained about 0.5% of the variability in index scores, however.
	Infants' speed of response when interacting with objects at eight months was related to scores on the index of inhibition at age seven years in one data set, but not the other.  In this one data set, infants who approached objects only after a long time, or who didn't approach them at all, had higher scores on the index of inhibition at age seven years.  Scores on Speed of Response only accounted for 0.5% of the variability in index scores at age seven, however, and this relationship was not cross-validated in an analysis of a similar data set.
	Scores on the index of inhibition at age four were weakly related to scores on the index of inhibition at age seven.  Children who were more inhibited at age four were also more inhibited, on average, at age seven.  Scores on the index at age four accounted for only 1% of the variability in scores on the index of inhibited behaviors at age seven.
	Level of inhibition at age four was weakly related to WISC scores at age seven, with the more inhibited children at age four having lower WISC scores, on average.  This finding was cross-validated by an analysis of similar data.  Level of inhibition at age four accounted for less than 1% of the variability in WISC scores, however.
	Level of inhibition at age seven was related to concurrent WISC and WRAT scores.  Children who were more inhibited at age seven had lower WISC scores, on average, than children who were less inhibited.  This relationship was of moderate strength, with scores on the index of inhibition explaining almost 5% of the variability in WISC scores.  This relationship was also cross-validated in a similar data set.
	A similar, although weaker, relationship was seen between inhibition and WRAT scores.  Children who were more inhibited at age seven had lower scores on the Spelling, Reading, and Arithmetic sub-tests of the WRAT.  Between 0.5 and 1.5% of the variability in Spelling, Reading, and Arithmetic scores were explained by level of inhibition.
	When only membership in the extreme groups of inhibition (a dummy variable indicating whether the inhibition index score was in the top or bottom 20th percentiles) was analyzed, three possible outcomes resulted.  The first of these was A) A relationship that had not been detected in the entire sample was detected by analysis of the extreme groups only;  The second was, B) A relationship that had been detected in the entire sample was not detected in the extreme groups, and the third, C) The value of an existing correlation coefficient increased when only the extreme groups were analyzed.  Outcome "C" occurred the most often in this research.
	These results will be discussed in the following chapter.

CHAPTER FIVE
Discussion and Recommendations
Neonatal physiology and inhibition at age four
	The previous chapter reported the results of correlation analyses that were designed to answer the five research questions.  The first of these questions was whether aspects of neonatal physiology were related to behavioral inhibition in Caucasian children at ages four and seven years.  Although some measures of neonatal physiology (elapsed time until tenth breath, whether the umbilical cord was clamped before or after the delivery was complete, and quality of the neonate's skin), as well as gender, appeared to be related to inhibition at age four years, these results were not cross-validated in the analysis of a second data set (see Table 9 in Chapter Four).  In summary, measures of neonatal physiology were not related to inhibition at age four years.
Neonatal physiology and inhibition at age seven
	Similar analyses were conducted for neonatal physiology and inhibition at age seven years.  A correlation analysis of the variables measuring neonatal physiology and scores on the index of inhibition at seven years revealed a different pattern of relationships in each of the two data sets (refer to Table 10 in Chapter 4).
	In one data set, the number of minutes that elapsed until the infants' first cries and the normality of neonatal body movements were related to scores on the index of inhibition at age seven.  Abnormal body movements after birth and longer elapsed times until the first cry were associated with more inhibited behavior, on average, at age seven.  This seems to suggest that infants whose initial respiration was delayed and whose pattern of body movements were abnormal tend to have higher levels of inhibition at age seven.  These relationships were not cross-validated in the second data set, however.  
	In the second data set, marked molding of the head and the presence of forceps marks were related to higher scores, on average, on the index of inhibition at age seven years.  This seems to indicate that neonates who had experienced prolonged or stalled labor resulting in marked compression of the head or the use of a forceps-assisted delivery were more inhibited at age seven than neonates who did not experience these processes.  Neither of these relationships was cross-validated in the first data set, however, so it is difficult to generalize these results from the sample to the Caucasian population with much confidence.  As with inhibition at age four months, aspects of neonatal physiology were not reliable predictors of inhibition in Caucasian seven-year-olds.
	In an assessment of the etiology of extreme levels of inhibition/disinhibition, only those cases in which the index score fell in the 0-20th percentiles or the 80th to 100th percentiles at ages four and seven were examined in the manner of analyses of inhibition conducted by Kagan et al (Garcia-Coll, Kagan & Reznick, 1984; Kagan, Reznick, Clarke, Snidman & Garcia-Coll, 1984; Kagan, Reznick & Snidman, 1988), in order to determine what aspects of neonatal physiology, infant social behavior, and summaries of WISC and WRAT scores were associated with membership in these extreme groups.
	At age four, depending on which of two data sets was examined, a combination of gender, elapsed time until first cry, and body movements, or a combination of quality of respiration, quality of the cry, Moro reflex, and elapsed time until tenth breath was associated with membership in the extreme groups.  At age seven, in one data set, whether conception had occurred near the vernal equinox and whether the first cry occurred before or after the delivery was complete was associated with extreme group membership, but not in the second data set.  It is difficult, therefore, to provide a profile of neonatal physiology for the Caucasian children who were extremely inhibited at either age four or seven years.
	The general pattern of results that was produced by the analysis of membership in the extreme groups of inhibition was that those physiological processes that are associated with extreme group membership at age four no longer predict extreme inhibition at age seven.  One reason for this could be the fact that the indexes used to reflect inhibited behavior are different at the two ages.  Extreme inhibition at age four reflected a combination of extremely flat mood and a lack of verbal communication with the examiner, while extreme inhibition at age seven was a  combination of extreme anxiety at separation from the mother, extreme fearfulness, extreme shyness, a lack of verbal communication with the examiner, a lack of self-confidence, and extreme passivity.
	Another reason for this lack of stability in the power of the variables measuring neonatal physiology to predict extreme inhibition is that any influence that physiology may have on the early expression of temperament is overridden by children's experience with the world.  We can see evidence of this by the  comparison of inhibited behavior at age four to that at age seven years.
The instability of inhibition from age four to age seven years
	The longitudinal study by Kagan et al found that some children changed their classification from inhibited to uninhibited, and vice versa, although this was not seen in those whose inhibition or lack thereof had originally been coded as extreme (Kagan, Reznick & Snidman, 1988).  In order to determine if inhibition classification showed stability in this sample, a correlation analysis was conducted on the two indexes of inhibition at age four and seven years.  Only 1% of the variability in index scores at age seven was explained by index scores at age four years, indicating that the expression of inhibition does change throughout childhood.  
	Membership in the extreme groups of inhibition at age four enjoyed a slightly stronger correlation with extreme group membership at age seven years.  Values on the dummy variable indicating extreme group membership at age four explained 2-3% of the variability in extreme group membership at age seven years.  Again, it is not know if this lack of a strong association between the two indexes is due to the different measures of inhibition that were used at each age, or if classification of inhibition is not particularly stable across the ages due to learning or experience.  
The role of experience in the expression of inhibition
	The weak association between the two indexes at ages four and seven is probably due to both changes in the indexes and a natural variability in each child's expression of inhibition during early childhood.  By age seven, children have had three more years of experience with the world.  The lack of stability in inhibition classification across the two ages would indicate that learning plays a relatively more important role than innate physiological factors in determining which children will show inhibited behavior by middle childhood.
Behaviors at age eight months and inhibition at four years
	When a correlation analysis examined infants' reactions to objects and people during the administration of the Bayley Examination of Mental and Motor Functioning at age eight months in relation to inhibition at ages four and seven, a similar pattern of mixed results that were not able to be cross-validated was seen.
	In one data set, inhibition at age four years was correlated with infants' social responses towards the examiners at eight months.  Social Response to the Examiner measured whether an infant was friendly towards the examiner and initiated contact with him/her, or whether the infant was hesitant or avoidant during interactions with the examiner.  Infants who were hesitant or avoidant towards the examiner at eight months showed more inhibition at age four years, on average, although this relationship was extremely weak.  The amount of variability in inhibition index scores explained by infant social response to the examiner was less than half of one percent.  When the analysis was replicated in another data set, this relationship was not cross-validated.
	When membership in the extreme groups was analyzed, Social Response to the Examiner was again found to be related to inhibition.  The 20% most inhibited four-year-olds had been more hesitant or avoidant towards the examiner, on average, at eight months of age, while the 20% least inhibited had responded easily to most experimental situations, been friendly towards the examiner, or had invited or instigated social contact with the stranger examiner at age eight months.  This relationship was only slightly stronger for the extreme groups than it had been for the entire sample, with half of one percent of the variability in index scores being explained by infants' social response to the examiner.  As in the analysis of the entire distribution of index scores, this pattern was cross-validated in only one of the two data sets, however.
	When the effects of birth weight, gender and left-handedness were partialled out during the correlation analysis, little difference was seen in the strength or level of significance of the resulting correlation coefficients.  In general, infants' styles of social response during a Bayley Examination at age eight months were very weakly related to later inhibition.
Behaviors at age eight months and inhibition at seven years
	Similar correlation analyses were conducted for the scores on the index of inhibition at age seven years, to see if behaviors at age eight months predicted later inhibition (see Table 12 in the previous chapter).
	When the entire sample was analyzed, infants' social responses to the examiners at age eight months were found to be related to inhibition at age seven years.  Infants who had been hesitant or avoidant during their interactions with a stranger examiner during the administration of the Bayley Examination of Mental and Motor Functioning were more inhibited at age seven, on average, than infants who had been friendly towards the examiner or who had invited or instigated social contact.  This relationship was very weak, however, with scores on Social Response to the Examiner accounting for only half of one percent of the variability in scores on the index of inhibition at age seven.  This relationship was detected in both data sets.
	An additional relationship that was detected in only one of the two cross-validations was between infants' speed of response in interacting with objects during the Bayley exam and later inhibition.  Infants who approached objects only after a long time, or who didn't approach them at all, were more inhibited at age seven, on average, than infants who approached objects quickly.  Infants' speed of response only explained half of one percent of the variability in scores on the index of inhibition at age seven, however.  	
	When membership in the extreme groups at age seven was included in the analysis, infants' social response to the examiner and speed of response in interacting with objects were related to membership in the extreme groups.  The group of extremely inhibited seven year-olds had longer latencies in their interactions with objects as infants, and more hesitancy and avoidance in their interactions with the examiner at eight months of age.  These relationships were very weak, however, with Social Response to the Examiner explaining only 1%, and Speed of Response only 2%, of the variability in membership in the extreme groups at age seven years.
	When the effects of birth weight, gender and left-handedness were partialled out during the correlation analyses, little difference was seen in the strength or level of significance of the resulting correlation coefficients at ages four or seven years.
	Caucasian children who scored higher on the index of inhibited behaviors at age four years (a weighted average of scores on Emotional Reactivity and Communication with the Examiner) had higher scores, on average, on the index of inhibition at age seven years (a weighted average of scores on Separation from the Mother, Fearfulness, Rapport (shyness) with the Examiner, Nature of Communication with the Examiner, Self-Confidence, and Assertiveness.  This relationship was very weak, however, with scores on the index at age four only explaining one percent of the variability in scores on the index at age seven years.
Inhibition and WISC and WRAT scores
	Level of inhibition was expected to be independent of scores on WISC and WRAT examinations, but this was not the case.  Caucasian children who scored higher on the index of inhibited behavior at age four years had lower WISC scores at age seven, on average, than those who were less inhibited (see Table 14).  Inhibition at age four was only weakly related to WISC scores, however, with scores on the index at age four explaining half of one percent of the variability in WISC scores at age seven.
	Additional weak relationships between inhibition at age four and WRAT Spelling and Reading scores at age seven were detected in only one of the two data sets analyzed.  No clear pattern emerged from this analysis between inhibition at age four and later WRAT scores.
	WISC and WRAT scores at age seven were both related to concurrent levels of inhibition.  Almost five percent of the variability in WISC scores was explained by scores on the index of inhibition.  The Caucasian children who were more inhibited at age seven had lower WISC scores, on average, than those with lower levels of inhibition.
	This effect was even more pronounced in the extreme groups.  For those children whose inhibition scores were in the top or bottom 20%, level of inhibition explained almost ten percent of the variability in WISC scores.
	The effect for WRAT scores was less pronounced, but higher levels of inhibition were still associated with lower scores, on average, on the Spelling, Reading, and Arithmetic sub-tests of the WRAT.  Between two and three percent of the variability in WRAT Spelling and Reading scores was explained by scores on the index of inhibition, while only half of one percent of the variability in WRAT Arithmetic scores was explained by inhibition.
	For Caucasian children, WISC and WRAT examinations seem to measure inhibited behavior as well as "intelligence" and "achievement".
Summary
	These results indicate that it is difficult to predict which Caucasian children will experience behavioral inhibition during childhood by examining their neonatal physiology, or their behavior toward objects, their mothers and stranger examiners at age eight months.  If innate physiological characteristics do influence the expression of an inhibited temperament, they are not easily detected during routine assessments at delivery or through an assessment of social behaviors during infancy.
	Inhibited behavior during childhood was not reliably predicted by infant social behaviors.  Inhibition during childhood was not particularly stable from ages four to seven, either.  Inhibition at age four years was only weakly related to inhibition at age seven years.  This indicates that experience, learning, or reinforcement by parents and teachers may all play a role in a child's expression of inhibition.
	The contributions of physiology to inhibited behavior can be overridden by environmental conditions.  Therefore, any underlying physiological processes that influence the expression of inhibition, such as those found by Kagan et al (Kagan, Reznick & Snidman, 1988), may be helpful in predicting a possible behavioral outcome, but should not be assumed to predict an inevitable behavioral destiny in a given child.
The impact of inhibition on test scores
	Regardless of its etiology, behavioral inhibition may have more of an impact on education than was previously suspected.  An unexpected finding of this research was that Caucasian children who were more inhibited during the administration of WISC and WRAT examinations at age seven scored lower on those tests, on average, than children who were less inhibited.
	These tests call for the subject to interact with a stranger examiner, and so may not be indicative of the average classroom performance of a particular child.  The more inhibited a child was, however, the stronger the effect of his or her inhibition on the test scores.
	There are several different explanations that can account for these lower scores in the more inhibited children.  The first of these is that the inhibited children's actual achievement is lower than uninhibited children's because inhibition interferes with their learning.  The learning deficits then appear in the test scores.  
	The second possible explanation is that the novelty of any testing situation raises level of sympathetic arousal and puts inhibited children at risk for "test anxiety".  Therefore, the more inhibited children score lower on any test, whether it is in a traditional classroom atmosphere or administered by a stranger examiner.  
	The third possible explanation is that even if inhibited children have learned and retained material in the classroom, and would be able to perform well in the setting they are used to, the fact that these tests involve interaction with a stranger examiner affect their performance.
	The second and third explanations may be more likely than the first, although a study of the relative performances of inhibited and uninhibited children on a variety of self-, teacher- and stranger-examiner administered tests would be needed to assess these possibilities.
	Teacher awareness of the impulsive and/or reflective problem-solving skills used by some inhibited children would promote clearer interpretation of test scores, especially in cases where the teacher feels a student is capable of a better performance but is puzzled by a lack of achievement.
Areas that need additional research
	Additional areas that need to be researched include a study of the non-Caucasian children for whom similar data is available.  This would allow a comparison of the prevalence of inhibited behavior in the African-American and Hispanic subjects, as well as providing information about the effects of inhibition on test scores in these other ethnic groups.  Also, research that assesses the effects on inhibition during tests administered in the classroom as well as by stranger examiners would also be helpful in determining the effects of inhibition on students' achievement.
Recommendations
	The scores of IQ tests and achievement tests that are administered by a stranger are open to influence by psychological processes such as inhibition.  There are several explanations for the appearance of this inhibition in during testing.  The first of these, espoused by Kagan et al, is that there are innate, physiological influences, such as arousal of the sympathetic nervous system, which act to create inhibition of behavior in novel or stressful situations.  Another is that a tendency towards inhibition is also a part of a child's temperament, but that the inhibition is the result of learning and experience.  A third explanation is that inhibition is not an underlying tendency in a child, only appearing in certain situations.
	This study demonstrated that up to 5% of the variability in IQ and achievement test scores may originate from a child's interactions with the examiner.  Whether these interactions are due to a temperamental bias towards the expression of inhibition or not, parents and educators should interpret these scores with added caution.  For example, almost ten percent of the variability in highly inhibited children's' IQ scores was explained by their membership in that extremely inhibited group.  The highly inhibited children scored lower on the WISC and WRAT examinations than their uninhibited peers.
	Teachers and parents should keep in mind each child's temperamental "type" or interpersonal "style" during early childhood when evaluating the results of standardized tests.  The tendency to exhibit behavioral inhibition was found to be relatively stable from toddlerhood through the beginning of kindergarten (Gersten, 1986), but not in this study.  In other words, whether a child has exhibited inhibition throughout life, or whether the expression of inhibition is a relatively recent occurrence, if teachers and parents recognize inhibition's potential impact, they can help children overcome its possible effects on academic achievement.
	This study has demonstrated that tests given by stranger examiners can produce results that differ depending on a child's level of inhibition.  Other types of classroom work could be affected, such as tests, but this remains to be tested.  If a child has been observed by a parent or teacher to exhibit behavioral inhibition as a response to novelty or stress, it would make sense for them to have a strategy for dealing with the inhibited child to make the academic setting less stressful.  For example, parents of shy or inhibited children could encouraged their schools to make the transition to the school environment as gradual as possible.  Changing teachers, classrooms, or schools may make school adjustment particularly difficult for a child who reacts to novelty with inhibited behavior, whether this tendency is innate, physiologically-influenced, or the result of experience and learning.  Children who have learned to react to novel situations with inhibition of behavior may benefit teachers' sensitivity toward their inhibition as much as children whose inhibition is influenced by their internal, physiological state of arousal.
	Teachers could devise techniques to minimize novelty of stress for the inhibited child, and help him/her cope with the classroom environment.  This could include finding a place for the child to sit where there will be the lease amount of extra stimulation coming from the classroom environment.  A seat near or next to a wall removes a whole row of distracting classmates from the inhibited child's environment, for example, while a seat with a window view adds distractions.
	For those children whose inhibition does have a physiological component, helping them minimize or manage arousal or stress might include having the teacher place less emphasis on inter-student competition, while promoting group cooperation.  Speaking up in class may be an overwhelming task for an easily aroused child, so that a gradual, teacher-supported transition into classroom participation may be necessary.
Conclusions
	This thesis began with an introduction to the idea that physiological processes may influence human temperament.  The concept of "temperament" reflects predictable individual differences in behavior that occur during arousal or emotional expression, and that the tendency for an individual to express these behaviors may be innate.
	One component of children's temperament, the inhibition of behavior in children following a stressful or novel stimulus, was shown by previous research to be related to extreme arousal in the sympathetic nervous system.  The mechanisms that might allow the physiology of the sympathetic nervous system to influence behavior were presented in this work.
	Some of the influence on the expression of inhibited behavior may be physiological.  Although this physiological component of inhibition may initially be controlled by genetic information, there are also environmental influences during fetal development that can affect the developing sympathetic nervous system.  The plasticity of individual neurons during the early growth of the nervous system encourages a wide range of sympathetic arousal across normal individuals.  To the extent that levels of sympathetic arousal influence the expression of inhibition, neuronal plasticity during development may play a role in the differences in levels of inhibited behavior seen in children.
	Scores on the index of inhibited behavior at age four years were only very weakly related to scores on the inhibition index at age seven years.  This indicates that inhibition levels changed over a three-year period.  The children who were inhibited at age four are not necessarily inhibited at age seven.  The normal maturation of the nervous system may explain the ability of some children to change their levels of sympathetic arousal over time.
	Repeated experience with the original stressful stimuli may also encourage extinction of high levels of arousal, a learned response.  Some children may retain their original levels of sympathetic arousal, yet their inhibition is gradually extinguished.  Experience with the environment and encouragement from adults to change behavioral style would seem to be more likely explanations for the extinction of inhibition in children.
	In summary, this research produced conflicting evidence that neonatal physiology is useful in the prediction of later childhood inhibition.  In addition, only very weak associations were found between inhibited behavior in infancy and later inhibition at ages four and seven years.  Inhibition was not particularly stable from age four to age seven, either.  Unexpectedly, inhibition was related to lower scores on WISC and WRAT exams.
	The relationship between arousal in the sympathetic nervous system and behavioral inhibition (Kagan, Reznick & Snidman, 1988) is but one explanation for the origin of inhibited behavior.  Other as-yet-undetected mechanisms in the brain and body may also influence the expression of inhibition.  
	In addition, learning and experience influence the expression of inhibition.  This is illustrated by the finding that scores on an index of inhibition at age four years were only very weakly related to inhibition index scores at age seven years.
	Educators and parents should realize that differing levels of attention span, types of problem-solving skills, and some social behaviors may be part of children's temperaments.  As such, they may originate in innate neurophysiological functions, or in childrens' interactions with their environments.  We must be willing to divorce these components of a child's temperament from his/her motivation and ability levels.  In order for the education of a child who exhibits inhibition to be most effective, we must realize that the child may not be acting this way on purpose.
	The traditional American classroom may not be an optimal environment for inhibited children.  Our culture tends to reward activity, engagement, and participation.  Our awareness of behavioral inhibition may help educators and parents avoid making value judgements about which temperamental types are more desirable.  Inhibition of behavior, although different from what occurs in the majority of Caucasian children, may be a natural expression of a child's innate physiological characteristic, or the result of learning and experience.  Behavioral inhibition, shyness, and extreme impulsivity or reflectivity may look maladaptive in a large, competitive or activity-filled classroom, but they are normal behaviors for a minority of Caucasian children.

APPENDIX A

	The excerpts that appear below were taken from the actual progress reports of an elementary school student aged 7-9 years.  "Susan's" second through fourth grade teachers describe some of the behaviors associated with inhibition.  Their reports illustrate their frustration with a student that they found bright, but not living up to her potential.  Susan's teachers were able to recognize and report her behavior. Their reports, however, did not give any evidence that they tried provide Susan with any solutions to the problems caused by her inhibited behavior.  One teacher attributed Susan's inability to maintain a consistent standard of achievement to a willful "attitude",  deliberate mischievousness, and "rudeness" to adults, and believed that Susan's behaviors were a sign of immaturity that time would help erase.  Another teacher perceived that Susan's inability to pay attention was due to "her great supply of nervous energy".  One teacher was able to work with Susan, and reduced the behaviors that her previous teachers found so distracting.  This teacher appealed to Susan's sense of humor to overcome her "resistance to authority".
	Two of the behavior patterns evident in Susan's school reports were 
Susan's tendency to 1) finish work as quickly as possible, disregarding the quality of the work; and 2) to "procrastinate" during assignments while becoming progressively more "inaccurate".  Susan's behaviors lasted for at least three years of her primary school education.
	The impulsivity, restlessness, and procrastination described by her second-grade teacher illustrate how Susan reacted to the stresses of her classroom environment.  When faced with an academic task, she was sometimes impulsive and sought to finish the task as quickly as possible, thereby reducing her anxiety level.  At other times, her anxiety interfered with her performance.  She became so agitated at her inability to solve a task that her performance became even more inaccurate.  She had difficulty keeping focused on a task, and was easily distracted by other events in the classroom.  All of these behaviors produced a mixture of academic achievement and failure for Susan.  
"In spite of her outstanding ability, Susan does not live up to what might be expected of her...She tends to be either extremely careless, or to spend an interminable amount of time on a few problems...The longer she spends with an assignment, the more inaccurate she becomes.  She is still unable to settle down for more than ten minutes to concentrate on the task assigned... Inaccuracy, inattentiveness, and sloppiness are the keys to her lack of progress."
						(Susan's second-grade teacher)

	That three different teachers saw similar patterns in Susan's behavior attests both to their observational skills and to the stability of the behavior.  Susan's teachers made their observations several decades before psychologists had discovered the association between the functions of the human nervous system and inhibition.  Her teachers could not have had an answer as to why she exhibited behaviors that interfered with her academic progress.  Each of Susan's teachers indicated frustration with her lack of academic progress, but only one reports to the parents that she found a partial solution to Susan's "problem behaviors".
	Susan also showed behavior that is described by Kagan, Reznick & Snidman (1988) as being extremely "reflective":  
"She tends to be either extremely careless, or to spend an interminable amount of time on a few problems... The longer she spends with an assignment, the more inaccurate she becomes."
						(Susan's second grade teacher)

	One way that Susan's behavior can be interpreted is that they are her way of coping with or reducing the stresses she encountered in the classroom.  Her impulsive behavior showed her attempts to reduce her anxiety level by getting an assignment out of the way as quickly as possible.  In the case of her extreme procrastination or "reflectivity", she became so mired in anxiety that she was mentally immobilized, and unable to complete the task.  In effect, she was showing "inhibition of behavior".
	As Susan's teachers  noted, her failure at academic tasks was not caused by her lack of intelligence, but by her inability to perform or complete the tasks:
"In spite of her outstanding ability, Susan does not live up to what might be expected of her...Inaccuracy, inattentiveness, and sloppiness are the keys to her lack of progress."	
						(Susan's second-grade teacher)
									
"...One does not approach Susan in a demanding or pressuring manner if one truly desires her cooperation...Susan is a worker and a doer but likes to set her own style and pace..."   
						(Susan's third-grade teacher)
							
"Susan is not using her full potential...her attention span is getting shorter as time goes on...she must learn to control her natural enthusiasm and her great supply of nervous energy."
						(Susan's fourth-grade teacher)

	The comments of these teachers show that the pattern of inhibition, impulsive and reflective behavior that Susan displayed was interfering with her achievement.  These teachers recognized Susan's intelligence in spite of her inhibited behavior, so they had high expectations for her, and pushed her toward achievement.
	Susan exhibited many of the behaviors associated with inhibition to the unfamiliar.  The teachers' characterizations of her "inattention", "short attention span", "resistance to adult authority" and "great supply of nervous energy" described the impulsivity and reflectivity reported in inhibited children by Kagan, Reznick & Snidman (1988).

Texts of School Progress Reports, "Susan", Grades 2-4.
-----------------------------------------------------------------------
Second grade, February
	"Susan is a very bright and capable youngster.  She has the ability to do outstanding work in every phase of our curriculum...In spite of her outstanding ability, however, she does not always live up to what might be expected of her.  She has an excellent sight vocabulary and is able to read independently above grade level.  Unfortunately she has a tendency to choose reading material which is far too easy for her and completely lacking challenge.  She tends to dawdle endlessly when more adequate material is prescribed for her.
	"Susan has a very good knowledge of the addition and subtraction facts and is well able to cope with carrying and regrouping.  In this area her work tends to be careless and sloppy.  When asked to repeat an assignment, however, it is handed in neatly and without errors.
	"Susan's ability to spell is also well above grade level.  More often than not her careless writing is the reason for not passing a test.  Her ability to do creative writing is also outstanding.  When she sets her mind to it, she can hand in an interesting, imaginative, well-constructed, and beautifully written piece of work.  On the other hand, when the mood so strikes her, she simply scribbles a few incoherent thoughts.
	"Susan displays a great deal of interest in social studies and science.  She contributed a great deal to our unit on Communication and showed an unusual amount of accurate knowledge in our study of weather and electricity.  She joins in all our activities with a great deal of enthusiasm and contributes generously to all our discussions and projects."
	"Susan seems to enjoy her day at school.  She draws and paints quite well.  She also performs extremely well on the recorder (when she remembers to bring it into the classroom)...
	"In summing up let me say that I expect that Susan will achieve the great things of which she is capable.  I am looking forward with enthusiasm to the second half of the semester..."

Second grade, June
	"Now at the end of Second Grade it is pleasant to be able to tell you that Susan has satisfactorily completed all phases of our academic curriculum and is now ready for Third Grade.  She is an extremely lively youngster with a great capacity for fun and mischief and very often these qualities keep her from accomplishing the very fine work of which she is capable.
	"Susan's ability in reading is excellent.  She has mastered thoroughly the various word attack skills and is more than able to cope with challenging material.  However, she still seeks out "the short, easy books" and refuses to attempt enriching material unless it is demanded of her.  When such demands are made and she settles down to the task before her, she is more than able to do an outstanding job."
	"In mathematics, although she has an excellent command of the concepts of all four processes, she tends to be either extremely careless, or to spend an interminable amount of time on a few problems or examples.  The longer she spends with an assignment, the more inaccurate she becomes.
	"Inaccuracy, inattentiveness, and sloppiness are the keys to Susan's lack of outstanding progress in spelling and language arts.  Her hand- writing can be extremely neat when she wants it to be, but the opposite is more often true.  As was reported to you in February, her carelessness is most often the reason she does not pass a spelling test, rather than the fact that she does not know how to spell a word.  Her creative writing and book reports still have their highs and lows--either very good or not at all.
	"Although Susan has made considerable academic progress, because of her outstanding ability this phase of the year has been rather disappointing.  Susan's attitudes in school are also cause for concern at this time.  She is still unable to settle down for more than ten minutes to concentrate on the task assigned.  She teases her classmates, forgets her assignments, is quite inattentive, and has, on more than one occasion, been quite rude to adults.  Perhaps these are all signs of immaturity, and by this time next year will be things of the past.  For Susan can, and often does, contribute to our activities and discussions, and when she does, she is indeed a most refreshing and delightful youngster.  Let me take this opportunity to express the hope that Susan will return in September ready to accomplish in Third Grade the fine things of which she is capable."
Note: The entire class was scheduled to have this same teacher for Third
	Grade.  School records indicate that S's parents had her transferred
	to another teacher's class for Third Grade.  The father noted that
	a less rigid, authoritarian classroom environment might foster more
	positive development.  This seems to have worked, given the following
	reports from the third-grade teacher.

Third grade, February
	"Indeed, it's a pleasure teaching another of your youngsters.  I find Susan to be an intelligent, independent, creative child with a subtle sense of humor.  It is appealing to the latter that has proved helpful whenever Susan has had some temporary experience in resisting adult authority.
	"Susan sets high standards for herself.  The strength of her own convictions occasionally brings her into conflict with other members of the committee to which she belongs.  More often than not, it is creative conflict, for Susan has many sound and imaginative suggestions to make that in the end truly benefit any committee that she works on.  Her imagination and delightful humor show up also in class plays, puppet show, art work, and general conversation.
	"Academically, Susan is above-average.  She reads with comprehension and speed.  Poetry appears to be her latest "find"; not only to read but to compose too.  Oral and written expression seem to come easily to Susan in general.  Her stories are another indication of her general intelligence and wit.  Her sentence structure, spelling and punctuation are consistently correct.
	"Susan experiences no apparent difficulty in learning and retaining new concepts in arithmetic and science.  She detects cause and effect relationships with comparative ease and can often contribute relevant material to class discussions.
	"Susan utilizes her free time in constructive ways.  She seems to prefer the various art media, and just generally enjoys working with her hands.  Puppet shows are another avenue through which Susan expresses her humor and her imagination."
	"Although Susan does not show resistance to gym time, her interest in active games seems to be half-hearted.  If given a choice, she would probably prefer some quiet game with just a few players...
	"Susan seems to have made a good adjustment to her new group.  This would be no simple task for anyone considering the facts that the group had already been established for a few years and Susan's streak of independence and convictions.  But whoever said human relations were easy at any age?"	

Third grade, June
Excerpts from the section "ATTITUDES AND WORK HABITS"
	"Social Development-- Susan enjoys working with the youngsters in her present group particularly in creating plays, skits, shows, etc.  She thinks for herself and makes many productive contributions in general.
	"Cooperation-- As our rapport developed, along with understanding, so did Susan's wish to be cooperative.  One does not approach Susan in a demanding or pressuring manner if one truly desires her cooperation.
	"Work Habits-- Susan is a worker and a doer but likes to set her own style and pace.  Routine and unimaginative assignments seem to bore her somewhat.  On the other hand, a creative suggestion can be embellished effortlessly by her.
	"Behavior-- Susan enjoys setting her many creative ideas into action.  She has an agile mind, a spontaneous sense of humor, a stubborn streak, a deep sensitivity, a desire to lead--traits that work for her and at times against her."



Fourth grade, February
ATTITUDES AND WORK HABITS
	"Susan is usually reliable about getting homework and long-term assignments done on time and to the best of her ability.  She is a bright child who learns relatively easily, with good retention.  Yet she is not using her full potential, nor is she getting maximum benefit from her school time, because she has become a constant chatterbox and her attention span is getting shorter as time goes on.  Susan is engaged at least 50% of the time in talking with neighbors, and wanders about the room at short intervals.  I have moved her seat repeatedly but the talking pattern moves with her; constant reminders keep her quiet for about five minutes.  She is now on notice that unless she takes herself in hand in this regard she will face detention or extra assignments.  Actually, she wants to do well and to be well thought-of, but she must learn to control her natural enthusiasm and her great supply of nervous energy.  Used properly, this energy could make her a much stronger student and she should reap the benefits."
LANGUAGE ARTS
	"Written Expression--Good plots, logical sequence of ideas, great improvement in colorful details, some poetic touches and much dry wit.
	"Mechanics--Good grammar and capitalization, some tendency to run-on sentences lacking punctuation.  Too many careless errors due to haste and failure to proofread.
	"Oral Expression--Poised and fluent in prepared speeches; in spontaneous speeches tends to rush along in great bursts, sometimes loses her train of thought."
	"Spelling--Very good in weekly units, could be better in daily application if she would proofread, since she can correct errors immediately when I point them out.
	"Handwriting--Depends on her mood; when she takes time, she can write neatly and attractively but she is usually in a hurry and her writing is erratic, papers very untidy.  She has to recopy very frequently and resents it deeply, but could cure the whole problem with a little care at the outset.
READING
	"Vocabulary--Above grade level and increasing rapidly; learns new words easily, can apply phonetic rules to new words.
	"Comprehension--Excellent on general idea, plot, figures of speech.  Lacks patience to search for specific details, misses many fine points.
	"Interest--Likes fantasy, animal, and human interest stories, avoids more challenging material such as biography, science or the classics.  Often chooses books I think are too easy for her, needs to be prodded to stretch herself."


ARITHMETIC
	"Basic Skills--Adequate mastery of all basic facts and processes taught to date; lacks confidence on new material and tends to become frustrated if solution is not readily apparent.
	"Accuracy in Computation--Better on new than familiar material--when she thinks she knows a process, gets somewhat careless with it.
	"Problem Solving--Can apply logical thinking if problems are all of the same type; becomes confused if mixed types are presented--overall, she is gaining confidence in math but still tends to underestimate her ability."
SOCIAL STUDIES
	"Understanding of subject matter--Good understanding of overall ideas and events, some difficulty with specific facts.
	"Research skills--Much improvement in taking concise notes, organizing ideas and writing an interesting report.
SCIENCE
	"Knowledge of subject matter--Sound grasp of concepts in areas like human body or animals; not interested in more abstract areas such as light, chemistry, etc.
	"Application of Learning--Can make generalizations from known facts, much improvement in asking probing questions.


ART--Creative, often whimsical ideas, good color sense.
MUSIC--Sweet, small voice, learns rote songs and theory easily.
SHOP--Plans carefully and carries out projects patiently.
PHYSICAL EDUCATION--Strong and wiry for her size, aggressive team player."

Fourth grade, June
ATTITUDES AND WORK HABITS
	"Susan is a very capable student who takes pride in doing her best at all times.  She is far less tense about her work than she was at the outset, thought she still tends to expect of herself that she can grasp new things immediately, and if she does not, she shows certain signs of frustration.  However, this tendency has worn away to a great extent as the year has progressed and as her maturity and self-confidence have increased."
	"In the last few months, Susan has let her pixie sense of humor come forth more and more; she has a natural bent for droll comedy, and is capable of creating instantaneously the most outrageously funny pantomimes and skits.  Her sense of humor has won her many friends, and she has begun to find herself a social leader in the class.  She gets along well with just about everyone, though she finds it a bit difficult to let herself go with new acquaintances.
	"Susan has a thoroughly serious and mature attitude about her work, and has had a successful and productive fourth grade year.  I am certain that she will continue to progress at a rapid rate in fifth grade.
LANGUAGE ARTS
	"Written Expression-- Stories are well-conceived and organized, with vivid descriptions, lively action and characters, and many whimsical details.  She can write lovely and sensitive poetry; her reports are factual and interesting.  
	"Mechanics-- She has mastered paragraphing and quotations more thoroughly than most fourth-graders.  Her work always has a logical sequence of ideas.
	"Oral Expression--  Expresses herself very fluently and pointedly both in prepared and spontaneous speeches.  Yet she does not contribute to class discussions as much as she might; hopefully next year she will be more active in this regard."
	"Spelling-- Excellent in weekly units; has moved well into advanced lists with high scores.  Relatively few errors in daily work; some careless ones due to haste.  Writing has improved greatly in form, size, and slant, provided she takes her time.  Takes pains to make work neat; willingly copies work if necessary to correct errors."


"READING
	"Vocabulary-- Well above grade level; is highly independent in working out new words phonetically; rarely has to be told the same word twice.   Likes big words and their derivations, so sight vocabulary grows rapidly.
	"Comprehension-- Also well above grade, both in finding specific information and in reading for inferences, interpreting figures of speech, selecting main ideas, and paraphrasing.  Book reports show keen analysis and critical reading for author's intent and style.
	"Interest-- Loves to read in spare time; shows mature judgement in selecting books of different types and on a challenging level of difficulty.
ARITHMETIC	
	"Basic Skills-- Has adequate mastery of all basic facts and processes required for the grade.  This is not her favorite subject area, and she often blocks herself when faced with new material.  Is more capable here than she thinks she is, but has to be convinced she can do it every time we start new work.
	"Accuracy and Computation--  Works slowly and makes quite a few errors in fundamental facts or operations; finds it difficult to correct her own errors because she becomes emotionally wrought up when she makes errors; needs careful guidance in this area until she can convince herself that she can master it.  Problem-solving follows the same pattern; her reasoning is quite sound, but she gets tangled up in details especially in problems involving several steps for solution."
SOCIAL STUDIES
	"Understanding of Subject Matter-- Sound grasp of both facts and cause and effect relationships.  Has mature interest in current events, geography, and history.  Is able to grasp underlying causes for events or peoples' living patterns.
	"Research Skills--  Can use a variety of sources, gather pertinent information in concise notes, and organize material into an accurate report with many perceptive personal observations.
SCIENCE
	"Knowledge of Subject Matter--  Not very interested in the physical sciences; does better in the life sciences.  Is a good observer and can make practical applications of what she learns in class.  Can do a valid demonstration of some law or principle, shows sound reasoning ability."
	"Art-- Good Control in drawing and painting techniques; has many creative ideas and works patiently to produce a pleasing piece of work.
	"Music-- Has a small but sweet voice, learns rote songs and theory easily.  Is developing a good ear in appreciation lessons; is able to hear themes, etc.


	"Shop-- Plans carefully and works painstakingly to produce a handsome project.
	"Physical Education-- Has improved markedly in coordination and agility, though she is still not physically strong enough to do some of the required skills.


APPENDIX B
Variables Measured and Coding Categories
	The following is a list of variables selected from the Collaborative Perinatal Project as they were originally coded.  In some cases, these variable were recoded for the present analysis.  If so, this information is contained in the text of the thesis.
-------------------------------------------------------------------------
BIRTH:	These variables describe the physiological condition of the neonate

Date of birth:---month, day, year

Birth weight:----in pounds and ounces

Time of birth:-- based on 24-hour clock

Umbilical cord clamped before/after delivery: ------- 0=before; 1=after

How long before/after delivery cord was clamped:-- in minutes

First breath before/after delivery:----------------------- 0=before; 1=after

Time of first breath before/after delivery:------------- in minutes

First cry before after delivery:---0=before; 1=after

Time of first cry:---------------in minutes

Time of physical exam:--- in minutes

Was respiration normal?----0=normal; 8=other; 9=not reported

Motor activity and tone:--0=normal and symmetrical; 8=other; 
								       9=not reported

Tone of neck:-- 0=normal and symmetrical; 8=other; 9=not reported

Molding of the head: -- 0=absent or minimal;  1=marked; 9=not reported

Forceps marks:--0=absent;  1=present; 9=not reported

Staining of the umbilical cord:-- 0=unstained;  1=stained;  9=not reported

Total length of the umbilical cord:--in centimeters

Condition of the skin:-- 0=normal;  1=pallor;  2=general cyanosis; 			                                     3=petechiae;  4=stained;  5=cyanosis;  6=jaundice; 			     7=combination;  8=other;  9=not reported

Quality of the cry:-- 0=normal cry;  1=abnormal  2=absent; 9=not reported

Symmetry of the Moro reflex:-- 0=Flexor and extensor symmetrical;
			                8=Other pattern; 9=not evaluated

Body movements:-- 0=normal;  1=abnormal;  2=not reported

Generalized edema:-- 0=absent;  1=present;  9=not reported

Was there bleeding?-- 0=absent;  1=present;  9=not reported

Tenth breath (sustained respiration):-- in minutes

8 Months:	These observations were made during administration 		 of the Bayley Scales of Mental Development at 8 months

Gender of the subject:-- 1=male;  2=female

Race:-- Caucasian only

Final Bayley diagnosis:-- Normal only

Speed of response:-- 1=Very slow, doesn't approach/takes a long time
			 2=Approaches objects only after a long time
			 3=Approaches objects after brief looking
			 4=Quickly approached presented objects
			 5=Very fast; anticipates Examiner's moves
			 6=Varies greatly
			 8=Comment only
			 9=Unknown

Intensity of social response:
	1=Doesn't respond to initiation of social contact
	2=Responds only to direct approach, not persons
	3=Equally interested in social contact as object manipulation
	4=Behavior strongly affected by persons more than objects
	5=Very strong; over-reacts to persons
	6=Varies greatly
	8=Comment only
	9=Unknown

Nature of social response to the examiner: 
	1=Avoids, draws back, turns to mother
	2=Hesitates, apprehensive at approach of Examiner
	3=Accepts, is passive, but responds
	4=Friendly, responds easily to most experimental situations
	5=Invites, instigates social contacts
	6=Varies greatly
	8=Comment only
	9=Unknown


Nature of social response to the mother:
	1=Ignores mother at play, resists contact
	2=Hesitates, cooperates in certain tests
	3=Responds adequately to assistance by mother
	4=Enjoys contact with mother during testing
	5=Demands, clings to mother
	6=Varies greatly
	8=Comment only
	9=Unknown


---------------------------------------------------------------------
4 Years: These observations were made during administration of the
	    Stanford-Binet Intelligence Scale, the Graham Ernhart Block
	    Sort, and gross and fine motor tests.

Emotional reactivity:--	1=Extremely flat
				2=Somewhat flat
				3=Normal
				4=Mood more variable than average
				5=Extreme instability
				8=Comment only
				9=Unknown

Nature of communication:--	1=Nonverbal
					2=Content completely confined to direct 						questions
					3=Includes spontaneous conversation
					4=Answers Q's, some spontaneous
	 					conversation
					5=Content irrelevant and inappropriate
					8=Comment only
					9=Unknown


7 Years:	These observations were made during administration of the Wechsler Intelligence Scale for Children (WISC), a tactile finger test, and the Wide-Range Achievement Test (WRAT).

Right-hand score:  As given on the tactile finger test
Left-hand score:    As given on the tactile finger test

Reaction to separation from mother:  1=No concern, eager to leave
				2=Very little concern
				3=Appropriate initial reticence
				4=More than usual amount of concern
				5=Very upset, cries, clings to M.
				6=Variable
				8=Comment only		
9=Unknown                          
      
Fearfulness during the exam:-- 1=None
					2=Very little fear
					3=Normal amount of caution
					4=Inhibited and uneasy
					5=Very fearful and apprehensive
					6=Variable
					8=Comment only		
9=Unknown

Rapport with the examiner:--	1=Exceptionally shy, withdrawn
					2=Shy
					3=Initial shyness, then at ease
					4=Very friendly
					5=Extreme friendliness
					6=Variable
					8=Comment only		9=Unknown

Degree of self-confidence:-	1=Lacking, extremely self-critical
					2=Distrusts own ability
					3=Adequate
					4=More amount than usual
					5=Very self-confident
					6=Variable
					8=Comment only
					9=Unknown

Nature of communication:--	1=Little or no communication
					2=Confined to answering direct questions
					3=Readily answers questions
					4=Answers freely
					5=Difficult to follow Subject's thinking
					6=Variable
					8=Comment only
					9=Unknown, not applicable

Assertiveness:--	1=Extremely assertive, willful
			2=Quite forceful
			3=Self-assertive but accepts situation
			4=Passive acceptance
			5=Extreme passivity
			6=Variable
			8=Comment only
			9=Unknown, not applicable

Summary of intelligence:--	1=Superior
					2=Average
					3=Borderline
					4=Mentally defective
					8=Inadequate exam
					9=Unknown

WRAT Spelling score:------	0=Not applicable, S. does not attend school
WRAT Reading score:		1=Above average
WRAT Arithmetic score:	2=Average
					3=Below average
					8=Inadequate exam
					9=Unknown



APPENDIX C
__________________________________________________________________
Table 2:  Intercorrelations among the delivery room variables, p<.0001

			Cord	1st	1st	1st Cry	1st Cry
	Gender	Birth	Clamped	Breath	Breath	bef/aft	(minutes)
		Weight	(mins.)	bef/aft	(minutes)	Birth	        
		r		r		r		r		r		r		r

Gender	1.00		--		--		--		--		--		--

Birth	-.15	1.00		--		--		--		--		--
Weight	(5562)

1st Cry		--		--		--		.65		--		1.00		--
bef/aft								(5499)		

1st Cry		--		--		--		.11		.41		.11	  1.00
(minutes)								(5494)	(5493)		(5499)

Quality of		--		--		--		--		--		--		 .11
Respiration													(5490)

Motor Tone		--		--		--		--		--		--		 .14
														(3667)

Neck Tone		--		--		--		--		--		--		 .15
														(3767)
Length of		--		.15		.10		--		--		--		--
Umb. Cord				(3795)	(3755) 	    	                 	    		
Quality		--		--		--		--		--		--		.18
	of Cry														(5485)

Moro		--		--		--		--		--		--		.14
	Reflex														(5443)

Body		--		--		--		--		--		--		.12
	Movements													(1730)

Edema		--		--		--		--		--		--		.13
															(1810)

Tenth Breath	--		--		--		.22		.22		.15		.60
					(588)		(584)		(587)		(585)

Table 2:  Intercorrelations among the delivery room variables (cont'd)

		Respir-  Motor  Neck  Molding  Quality  Quality  Moro    
		 ation   Tone   Tone  of head  of Skin  of Cry   Reflex      				r	  r		r		r		r		r		r
  				       				
Respiration	1.00		--		--		--		--		--		-- 	
	               			          		  
Motor Tone		.25	1.00		--		--		--		--		--     
				(3694)				

Neck Tone		.16		.32		1.00		--		--		--		--	
				(3785)		(3694)                   		

Molding of		--		--		.12	1.00		--		--		--	
	the Head						(3780)	       		

Forceps		--		--		--		.31		--		--		--
	Marks								(5490)

Stained		--		--		--		--		.29		--		--
	Umb. Cord										(3425)

Quality		.14		.14		.11		.13	1.00		.12		.15
	of Skin		(5192)		(3441)	(3517)	(5177)				(5191)		 (5153)

Quality		.33		.23		.17		--		.12		1.00		--
	of Cry		(5524)		(3699)	(3779)			(5191)

Moro			.17		.35		.26		--		.15		.21	 1.00
	Reflex		(5481)		(3656)	(3746)			(5153)		(5479)

Body			.22		--		--		--		--		.19		 .28
	Movements	(1744)										(1745)	 (1735)

Edema		--		--		--		--		--		--		.10
															(1815)

Tenth		--		--		--	-.12		--		--		.12
	Breath							(582)						(582)

Note: Because of the large number of comparisons being made while estimating these correlation coefficients, only those coefficients where (p<.0001) are reported.  Also, only those coefficients that are equal to or greater than r=.10 are reported, so that at least one percent of the variability in the corresponding variable is explained. 


Gender
	The only variable related to gender was birth weight (R= -.15, p<.0001), with boys having slightly higher birth weights, on average.  Gender only explained 2% of the variability in birth weight, however.  	 The lack of any other differences between the genders in terms of neonatal physiology is notable.
Birth Weight
	As we saw in the text, Gender was related to Birth Weight (R= -.15, p<.0001) although gender only explains 2% of the variability in birth weight.  
	Length of the umbilical cord was also correlated with Birth Weight (R=.15, p<.0001).  Infants who weighed more tended to have slightly longer umbilical cords, on average.
First Breath Before/After Delivery was Completed
	Whether the infant's first breath was taken before of after delivery was completed was highly correlated with the variable indicating whether the infant's first cry occurred before or after the delivery was completed (R=.65, p<.0001).  Not surprisingly, the timing of the first breath accounted for 42% of the variability in the timing of the first cry.  Whether the first breath occurred before or after the delivery was complete was also associated with the number of minutes until the first cry (R=.11, p<.0001), although timing of the first breath only explained 1% of the variability in elapsed time until the first cry.
Number of Minutes Until First Breath
	The number of minutes after the birth that the neonate took his/her first breath was correlated with the number of minutes after birth that the first cry was emitted (R=.41, p<.0001).  Number of minutes until the first breath accounted for 17% of the variability in number of minutes until the first cry.
First Cry Before/After Delivery was Completed
	Whether the infant's first cry occurred before or after the delivery was correlated with the number of minutes after birth in which the first cry was emitted (R=.11, p<.0001).  Whether the first cry occurred before or after the birth explained only 1% of the variability in the number of minutes until the first cry.
Number of Minutes after delivery the First Cry was Emitted
	The number of minutes after birth that the first cry was emitted was related to eight other variables:  Quality of Respiration (R=.11, p<.0001), Motor Activity and Tone (R=.14, p<.0001), Neck Tone (R=.15, p<.0001), Quality of the Cry (R=.18, p<.0001), the Moro Reflex (R=.14, p<.0001), the neonate's Body Movements (R=.12, p<.0001), presence of Edema (R=.13, p<.0001), and time of the Tenth Breath (sustained respiration, in minutes:  R=.60, p<.0001)
	A higher score on Quality of Respiration indicates that respiration was not normal.  Neonates with higher scores on quality of respiration were slightly more likely to have a longer number of minutes elapse after birth before the first cry was emitted (R=.11, p<.0001).  Only 1% of the variability in Quality of Respiration, however, is explained by number of minutes until the first cry.
	Motor Activity and Tone was also related to Number of Minutes until the First Cry (R=.14, p<.0001).  On average, neonates who had a longer elapsed time until the first cry were slightly more likely to score high, or "not normal" on the assessment of motor activity and tone.  Only 2% of the variability in Motor Tone scores is explained by Minutes until First Cry, however.
	Neck Tone was also related to Minutes until the First Cry (R=.15, p<.0001).  Neonates with abnormal neck tones were slightly more likely to have a longer elapsed time until the first cry, and vice versa.  Number of Minutes until First Cry only explained 2% of the variability in Neck Tone, however.
	Quality of the Cry was also related to Minutes until the First Cry, (R=.18, p<.0001).  In general, abnormal cries were slightly associated with a slightly longer elapsed time until First Cry.  Scores on Quality of the Cry explained 3% of the variability in Minutes until First Cry, and vice versa.
	Moro Reflex was also associated with Minutes until the First Cry, (R=.14, p<.0001), with neonates scoring higher on Moro Reflex (showing a reflex that was not normal and symmetrical) having slightly longer elapsed times until the first Cry, on average.  Whether a lack of oxygenation due to delayed crying is promoting an abnormal Moro reflex, or if the abnormal Moro reflex indicates a neurological problem of which delayed cry is another symptom, is not clear.  Minutes until the First Cry only explains 2% of the variability in Moro Reflex scores.
	Scores on Body Movements were also related to number of Minutes until the First Cry (R=.12, p<.0001).  On average, neonates whose Body Movements were not considered normal had a slightly longer time elapse until their first cry.  As with Moro Reflex, it is not clear whether the lack of oxygenation due to delayed cry is causing a lack of normal Body Movements, or if the lack of Body Movements is related to some underlying cause of which delayed cry is another symptom.  Another caution in interpreting this correlation coefficient is that the variable "Body Movements" was coded for only 31% of the sample.  The cases for which there is information may not be representative of the whole sample.
Quality of Respiration
	As we saw above, Quality of Respiration was related to number of Minutes until the First Cry (R=.11, p<.0001)  We can also see from Table 2 that Quality of Respiration was related to six other delivery room variables:  Motor Tone (R=.25, p<.0001);  Neck Tone (R=.16, p<.0001);  Quality of the Skin (R=.14, p<.0001), Quality of the Cry (R=.33, p<.0001);  Moro Reflex (R=.17, p<.0001);  and Body Movements (R=.22, p<.0001).
	Motor Tone was related to Quality of Respiration (R=.25, p<.0001).  Keeping in mind that over 90% of the cases for whom these variables were recorded showed normal motor tone and normal respiration, we can see that neonates with a high score (indicative of abnormality) on one of these variables were somewhat more likely to have a high score on the other, on average.  Scores on Quality of Respiration explain over 6% of the variability in scores on Motor Tone, and vice versa.  Again, it is impossible to determine from this correlation whether some underlying condition is causing both abnormal respiration and motor tone, or if the lack of normal respiration is promoting abnormal motor tone.
	Neck Tone was also associated with Quality of Respiration (R=.16, p<.0001).  On average, neonates with abnormal respiration were slightly more likely to have abnormal neck tones, although scores on Respiration only accounted for 2.5% of the variability in scores on Neck Tone.
	Quality of the Skin was correlated with Respiration, also (R=.14, p<.0001).  Quality of the Skin was coded on an ordinal scale, with "0" meaning the skin was normal, and increasing values indicating progressively more serious problems, such as pallor, petechiae or jaundice; staining; cyanosis; and general cyanosis, respectively.  General cyanosis indicates a marked lack of oxygen throughout a neonate's body, so it is not surprising that high scores indicating "abnormal" Quality of Respiration are related to higher scores on Quality of the Skin, although this relationship is fairly weak.  Scores on Respiration only account for 2% of the variability in scores on Quality of the Skin.
	Quality of the Cry was also related to Respiration (R=.33, p<.0001).  Higher scores (indicating abnormal respiration) were associated with higher scores (indicating abnormal cry or absence of cry).  Scores on Quality of the Cry explained 11% of the variability in scores on Respiration.
	Moro Reflex was related to Respiration, also (R=.17, p<.0001)
Body Movements
Motor Tone
Neck Tone
Length of the Umbilical Cord
	Birth Weight was correlated with length of the umbilical cord (R=.15, p<.0001), although birth weight only accounts for 2% of the variability in length of the umbilical cord.  Length of the cord was also correlated with the number of minutes after the birth the cord was clamped (R=.10, p<.0001).  On average, longer umbilical cords were associated with a very small increase in elapsed time after the birth until the cord was cut.  Again, this relationship was very weak, with length of the cord explaining only 1% of the variability in time until the cord was cut.
	Whether or not the umbilical cord was clamped before or after the delivery was complete was not associated with any other variable assessed in the delivery room.  This would seem to indicate that the present-day controversy over whether to wait until the cord stops pulsing to allow the cord blood to enter the neonate's circulation may be moot, since no measures of neonatal well-being were related to elapsed time until the cord was cut.
Quality of the Cry
Moro Reflex
	Symmetry of the Moro reflex was correlated with six other variables.  The first of these was the number of minutes after the delivery that elapsed before the neonate emitted the first cry (R=.14, p<.0001).  Infants with higher scores on Moro reflex (not showing a normal reflex pattern) tended to have a slightly higher elapsed time until first cry, on average.  Number of minutes until first cry only accounts for about 2% of the variability in Moro Reflex scores, however.
	Moro reflex scores were also associated with scores on Quality of Respiration (R=.17, p<.0001).  Neonates whose respiration was not considered normal (e.g., had been coded as "other") were slightly more likely, on average, to have their Moro reflex coded as a pattern "other" than normal and symmetrical.  Moro reflex scores only explained about 3% of the variability in Quality of Respiration scores, however, and vice versa.



