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ABSTRACT 

A longitudinal study of the physical growth of Tucson, Arizona 

school-children was conducted from 1969 to 1975. The children aged 

from 61/2 to 11/2 years during this period. To obtain a "total'1 morpho

logical assessment of child growth, 33 anthropometric measurements and 

status-at-birth, social, and environmental data were collected on 

longitudinal cohorts of Mexican-American, Anglo, and Black children of 

both sexes. The major purpose of the research has been to study how 

the patterns of physical growth vary when these patterns are viewed as 

population or group characteristics. The major theme of this study is 

the description and analysis of the extent of variability in attained 

physical growth within each of the ethnic groups. 

Investigation of within-ethnic group variation involved com

parisons of groupings of children formed on the basis of prenatal, at-

birth and postnatal factors. The relationship of prenatal and at-birth 

factors to later growth was studied by comparing 7 year old children 

grouped on the basis of three variables: birth weight, gestational 

age, and mother's gravidity. The greatest variability is found with 

respect to birth weight. Variation among groups based on at-birth 

factors is greater the more homogeneous the postnatal environment, as 

estimated from socioeconomic circumstances. The influence of genetic 

factors is suggested by the patterns of anthropometric variation. 

xxx 
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Comparisons were made among groups of children growing under 

varying postnatal environmental conditions as estimated by socioeco

nomic situation, family size and structure, birthplace, and place of 

residence in Tucson. Socioeconomic group differences are difficult to 

interpret environmentally owing to the evidence for a racial-genetic 

gradient running parallel to the "environmental" one. The patterns of 

family social mobility within each of the ethnic groups partially ex

plains the direction of socioeconomic group differences. Despite the 

existence of the genetic bias, a threshold effect is exhibited for the 

socioeconomic group with the lowest income, children in this group 

having the smallest anthropometric dimensions in most comparisons. An 

interaction between large family size and low income socioeconomic 

circumstances is found, but not in all sex/ethnic group comparisons. 

Variability between family-size and socioeconomic groups increases over 

the span of the study, but some of the increased variation at age ll1/2 

years is the result of both genetic and cultural factors. Increased 

chest dimensions in groups of 7 year old children living in residential 

districts which have less optimal conditions with respect to air pol

lution, household crowding, and sanitation indicates a possible 

microenvironment-related response of the respiratory system during 

growth. 

Socioeconomic and family factors are the most important deter

minants of within-ethnic group variability found in this study. The 

high relative importance in socioeconomic and family group differen

tiation of circumferential measurements and other anthropometric 
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variables known to be important indicators of nutritional intake vari

ation strongly supports the relationship of some of the observed 

anthropometric variability to dietary factors. 

The methodological approach is both experimental and multi

variate. An attempt is made to view environmental factors as treat

ments (in the analysis of variance sense). A multivariate technique, 

discriminant analysis, is utilized to describe the extent and direction 

of group differences and to identify those anthropometric variables 

which are most important in distinguishing between the groups being 

compared. Since in the study of human growth we are almost always 

dealing with polygenic traits, multiple-factor environments and inter

actions of a complex and sometimes subtle nature, it is suggested that 

a decidedly multivariate analytical approach v/ill be required in future 

research on human growth and the causes of variability among and within 

human populations with respect to this process. 



CHAPTER 1 

INTRODUCTION 

Physical anthropology in the United States today is a sometimes 

curious mixture involving studies of the genetics, morphology, ecology, 

and behavior of the Order Primates, both human and non-human members, 

living and dead. The common element of most such studies is the 

attempt to learn more about the evolution of man, including the evolu

tionary processes which led up to the present state of man and those 

processes most often referred to as ongoing. Indeed, if physical 

anthropologists as a group fit any description, it has to be as stu

dents of human evolution and human variation. An important aspect of 

the study of man's evolution is most certainly the description of human 

biological variation and the analysis of the interplay between genes 

and environment in causing and maintaining this variability. With re

spect to the human species, study of biological variability must also 

encompass the influences of culture, that set of rules which humans use 

in part to both adjust to and adjust the environments in which they 

live. 

That living members of the human species vary considerably in 

size and shape certainly is evident at all levels of the human life 

cycle. Adult physique is the result of complex processes during growth 

and development, involving the interplay between interacting genes and 

ever-present "friends and enemies" in the environment. Studying these 

1 



processes has been a major concern in American physical anthropology 

chiefly due to the initial efforts of Franz Boas. His studies, span

ning almost fifty years (Boas 1892 to Boas 19̂ 1), "established growth 

and development securely as an item in the practice and teaching of 

physical anthropology" (Tanner 1959:76). According to Tanner (1959) 

it v/as a student of Boas, A. F. Chamberlain, who was granted the first 

Ph.D. in anthropology from an American university for his analysis of 

the height and weight data from the first American longitudinal study 

of physical growth. So studies of physical growth have been a part of 

anthropology in the United States as long as has been the granting of 

the doctoral degree. 

Any study of human physical growth and physique involves the 

measurement of anthropometric traits which have extremely complicated 

modes of inheritance. Such dimensions of the body as height (or 

stature) are commonly referred to as polygenic or multifactorial 

traits, meaning that they are under the control of severed, genes, the 

cumulative effects of which influence the phenotypic expression of the 

trait. Besides being genetically complex, biometric traits are also 

subject to the modifying influences of the environment. This genotypic 

complexity coupled with the dynamics of the phenotypic expression makes 

such traits extremely difficult to study when the problem is the par

titioning of the variability in a population into its genetic and en

vironmental components. The analysis of such problems in humans, where 

controlled breeding experiments are not possible, confronts the in

vestigator with innumerable difficulties. Yet studies like these are 
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basic to our understanding of the morphological variation between and 

within human populations at all age levels. It is fortunate that poly

genic traits include not only characteristics measured by the anthro

pometriĉ  but also characters in which humans have always been keenly 

interested, such as eye, hair, and skin color, as well as behavioral 

traits. This has kept the study of polygenic traits an ongoing con

cern, despite the problems involved. 

The biological branch of anthropology has long been concerned 

with the differences in physique between various racial groupings of 

the human species. Certain of the processes which lead to these popu

lation differences, in other words those probably genetic-dependent 

processes which occur during the growth period, have only recently been 

studied in detail (Hiernaux 1964, 1968a,b, 1970). The International 

Biological Program (V/einer 1965, 1969; Eveleth and Tanner 1971) has 

during the last decade been a major force in instigating such studies 

of interpopulational differences in the patterns of growth. Tanner 

(1966:46) set the stage ten years ago by surmising that observed popu-

lational differences in growth were really the remnants of the process 

by which the populations (here thought of as major racial groupings) 

responded to environmental changes over long periods of time. In other 

words, by studying populational differences in growth, we would be 

studying the results of evolution, more specifically, natural selection. 

To quote Tanner (1966:46): "We must suppose that in each of the major 

populations of the world the growth of its members was gradually 

adjusted, by means of selection, to the environmental conditions in 
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which they evolved. The remnants of this process we should be able to 

see in modern populations. ..." In his statement Tanner has empha

sized long-term evolutionary effects on populational patterns of growth. 

But the major importance of the growth period, really from conception 

to adulthood, in understanding human evolution may be in the fact that 

it is during this period of growth when natural selection probably 

has its greatest effect in terms of differential survival to repro

ductive age. Tanner (1966:̂ 5) and Downs and Bleibtreu (1969:238) have 

stressed the importance of the growth period in terms of ongoing evo

lution and have suggested mechanisms by which selection would operate. 

However, this area for study has not to date received the attention it 

warrants. 

An area of research which has received attention (and rightly 

so) from students of the processes which lead to variability in human 

physique is the area commonly referred to as the study of plasticity 

in response to environment. Hulse (1971:508) defines plasticity as 

"the ability to respond to environmental pressure by phenotypic modi

fications during growth," and used specifically to describe the re

sponses of individuals within a population. Hirsch (1970) labels the 

results of this ability as the norm or range of reaction during the 

development of the individual phenotype. Investigation of human plas

ticity has perhaps as long a tradition as the study of populational 

differences in physique. Evidence for such responses to the environ

ment during the growth period by individuals or groups of individuals 

within the same population extends back at least 100 years before Boas 
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(1912) studied the morphological differences between immigrants and 

their offspring. Villerme (1829) seems to have been the first scholar 

to publish evidence of responses to the environment during growth (see 

Chapter 2). The rationale for such studies today is perhaps best 

stated by Tanner (1966:46). 

If we compare the growth of members of a single population 
under differing social, nutritional, and medical conditions 
we can see to what extent their present environment falls 
short of supplying those stimuli and substrates which are 
necessary if all members of the population are to fulfill 
the potentialities of their gene complex. 

It is important to emphasize at this point that studies of 

human plastic response have produced results which can be of signifi

cant importance in terms of interpopulation variation and evolution. 

In any attempt to study the evolutionary forces operating during the 

growth period, one needs to have some idea what the range of variation 

in the anthropometric characters is and what environmental forces seem 

to operate most extensively in relation to the observed variation. It 

may very well be that those aspects of the environment having the 

greatest influence on producing variability within populations are 

also the ones acting as the most important selective forces in that 

population, the latter leading eventually to differences between this 

population and others. Recently Frisancho et al. (1973) have con

tributed to this interesting possibility by studying the possible 

adaptive significance of small body size in response to extremely poor 

socioeconomic and associated nutritional circumstances. 

Study of within-population variability in physique has usually 

involved comparisons of groups of individuals who are members of the 
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same population, however defined, but spend their growing years under 

different environmental conditions. Two lines of research in this area 

analyze the effects of two different environments, but also at two 

different points in time. The first, as has been mentioned, was 

started by Boas (1912) when he studied the changes in body measurements 

between immigrants who had spent their growing years under late 19th 

century European conditions, and their grown children, who had spent 

all or most of their growth period in the United States under the con

ditions prevalent in New York City at the turn of the century. The 

results of Boas and almost 70 years of research by other investigators 

demonstrated increases in one generation for several body dimensions 

and head measurements on the part of the offspring of the immigrants. 

These increases have been attributed to the easier environmental con

ditions (i.e., improved nutrition, health care) under which the chil

dren of the immigrants grew (Hulse 1968). 

The second line of research, investigation of the secular trend 

in both child and adult body size, differs from the first in that mi

gration is not necessarily involved and usually the results encompass 

a time frame greater than one generation. The secular increase in 

body size during the last 100 years, reported in the literature at 

least since 1876 (Roberts 1876, cited by Tanner 1969) is thought to be 

due in part to environmental changes, i.e., nutritional improvements 

and decreased exposure to the diseases which seriously retarded physi

cal growth in years past (Tanner 1962, 1969) and in part to heterosis 

resulting from the breakdown of breeding isolates, a suggestion by 
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Gunnar Dahlberg according to Tanner (1968). Heterosis was also sug

gested by Dahlberg as the possible explanation for the size increases 

in the offspring of migrants (Hulse i960). Results of Hulse (1957b, 

1968) and Schreider (1967) lend some support to Dahlberg's genetic 

hypothesis. 

The two lines of research just discussed involve comparisons 

of groups of individuals who were born anywhere from a generation to 

a century apart. Analysis of the effects of different environmental 

situations on the physical growth of children growing during the same 

time span is another means of studying within-population variation in 

physique. The literature in this field of endeavor covers well over 

150 years of research into the effects of the environment on growing 

children. This research is reviewed in Chapter 2. Suffice it for 

now to say that children have been grouped according to numerous fac

tors and levels of factors (i.e., social class, size of family) which 

are used as estimators of the nutrition and illness history of the 

groups. Groupings have also been made on the basis of the climatic 

or ecological conditions under which the children grow. In all cases, 

comparisons are then made between the groupings, looking for both dif

ferences in attained size on a given set of anthropometric measurements 

and differences in the rates of growth. Most of these studies have 

been cross-sectional, in that children at all age levels available to 

the researcher are measured on a "one-shot" basis. However, in recent 

years, some longitudinal data have been collected on groups of chil

dren growing in different environments, especially as part of the 
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human adaptability studies (Eveleth and Tanner 1971). This third line 

of research endeavor, study of within-population variation in the 

physical growth of children over the same period of time, is the major 

concern of this dissertation. 

The longitudinal approach to the collection of data on growing 

children, where the same children are measured over some interval of 

time during their growth period, have not been utilized to any great 

extent in the study of population or within-population differences in 

physical growth. Therefore, how the morphological differences among 

the same children vary over time, has not been studied. With this in 

mind, a longitudinal study of the physical growth of Tucson school

children was initiated in November 1961, by a number of graduate stu

dents in the Department of Anthropology (including this writer) under 

the direction of Dr. Hermann Belibtreu, then Associate Professor in 

the Department of Anthropology at The University of Arizona and with 

the permission of Tucson School District Number 1. One thousand forty-

four first-graders of both sexes were measured for 33 anthropometric 

measurements between November 1969 and Spring 1970, as part of the 

pilot phase of the study. Following the initial year, an attempt was 

made to measure twice during each school year as many of the original 

cohort as possible. ihe majority of the children represented in the 

study were of Mexican-American, Anglo, or Bl'ack ethnic background, but 

a few of them are Native-American children. 

Social information, including such items as parental occupation 

and eligibility for various social and health welfare programs, has 
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also been gathered on the children in the study. In addition, status-

at-birth data (i.e., birth weight and length, order of child in sib-

ship) was recorded from copies of the birth records of those children 

born in Pima County. This task was accomplished through the coopera

tion of the Pima County Department of Birth and Death Certification. 

The longitudinal study and anthropometric and non-anthropometric data 

are fully described in Chapter 3. 

The analytical approach to these data can be conceptualized as 

experimental in that the children in the growth study have been sub

jects of life's experiment . A decade ago, Cattell (1966a,b) similarly 

used the word "experimental" to describe both (l) research where the 

variables are deliberately manipulated during an experiment in a labo

ratory setting, and (2) research involving surveys where the subjects 

are observed in natural environments. He characterizes the second 

approach as a particularly strong one, and in doing so calls it the 

"new psychology" (Cooley and Lohnes 1971)• 

Physical anthropologists among others have used this second 

approach in the superficial sense of having actually collected survey 

type data on humans in all sorts of natural settings. V/here we have 

perhaps been somewhat lacking is in or not visualizing the analysis 

of our data in an experimental frame of reference. For instance, there 

have been few studies where the environmental factors influencing 

physique, physical growth patterns, etc., are conceptualized as treat

ment effects in the analysis of variance sense. The socioeconomic 

situation to which a child is subjected during certain periods or all 



10 

of the time during which growth is proceeding can be thought of as a 

treatment. We have not really exploited this approach to date, where 

previous investigators in psychology have taken "life's own manipula

tions, in clinical, social, and physiological data, and by more intri

cate, non-interfering, statistical finesse teased out the causal con

nections among data which could not be manipulated" (Cattell 1966b:8). 

Possibly the most important characteristic of Cattell*s new 

survey psychology is that it is multivariate, i.e., involving analysis 

of multiple measurements made on one or more groups of individuals. 

Having 33 anthropometric measurements on every child and always two or 

more groupings of children for comparison certainly sets the stage for 

utilization of such multivariate statistical analyses. In the model 

for analyses of within-population variability in the patterns of 

physical growth, the anthropometric measurements are considered as 

the dependent variables. Actually two approaches could have been taken 

in the analysis of data on a dependent variable set of such magnitude: 

(1) univariate; and (2) multivariate. To analyze each variable one 

at a time, besides being a horrendous task in light of the number of 

comparisons to be made and tested for significance, would totally 

ignore the importance of the interdependence between the variables. 

The situation with the dependent anthropometric variables is identical 

to one aptly described by Kendall (1957:5). 

The variates are dependent among themselves so that we cannot 
split off one or more from the others and consider it by 
itself. The variates must be considered together. 
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The multivariate analytical approach allows one to consider the 

entire set of dependent variables "in combination, as a system of 

measurement" (Cooley and Lohnes 1971:3)• Howells (1969) has presented 

a brief rationale for the use of multivariate statistical techniques 

in studies of skeletal populations. His remarks apply as well to amy 

biometrical study of living humans. Howells' basic point is that use 

of univariate techniques when comparing populations amounts to great 

loss of information. He would visualize the anthropometric data on 

children in the growth study as follows. 

By measuring a child in 33 measurements, we have a vector of 

measurements representing that child. For a group of children or 

population, we have a vector of measurements for each child and in 

combination a group or population profile. If we then consider each 

measurement one at a time, and calculate the group mean and other sta

tistics for each, we are pulling apart each child's vector and actually 

ending up with statistics for measurement vectors. In doing so, we 

realize "the fundamental limitation of univariate statistics: there 

is no real vector, or profile, representing either individuals or 

populations" (Howells 1969i512). 

Taking heed of the above considerations, the statistical 

approaches to the dependent anthropometric variables in this study are 

decidedly multivariate. In Chapter **, the specific techniques used in 

the analyses are described. Basically a stepwise multiple discriminant 

analysis is utilized to determine which of the anthropometric variables 

make the "best" discrimination between the groupings of children being 
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compared. Once these variables are chosen, a number of additional 

methods are used to test the adequacy of the discriminant technique 

in describing the extent of among group variation. 

This brings us to the point where the questions being asked of 

the data can briefly be described. There is no doubt that the process 

of growth is a complex phenomenon, involving numerous influencing fac

tors as mentioned already. It would be a delight to be in a position 

to determine some of the actual causes of the variation in such charac

ters as body size and shape observed in each ethnic group represented 

in the study. However, as Howells (1969) has remarked, the description 

of the differences between populations or groups as well as the degree 

and significance of such differences must precede any determination 

of the causes of the differences. 

Long involvement with the measuring of the children in this 

study has been a continuously stimulating situation for generating 

list upon list of queries concerning the observed within-ethnic group 

variability. A basic list eventually evolved out of consideration for 

the necessary limits upon a dissertation topic. The list really in

cludes a series of testable hypotheses in the form of questions which 

hopefully do not stray far from the essentially descriptive framework 

discussed in the previous paragraph. The listing is as follows: 

1. Do any of the status-at-birth variables such as size at birth, 

birth order, etc., act as important determinants of within-ethnic 

group biometric variability over the age interval during which the 

longitudinal cohort has been measured? 
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2. Are socioeconomic, familial, and other environmental factors 

important contributors to the anthropometric variation found within 

any of the ethnic groups represented in the study? 

3. Does any one factor or group of factors seem to be more im

portant in determining the within-ethnic group variability? 

k. Does variability with respect to the environmental-related 

factors increase or decrease over the time period during which children 

in the study have been measured? 

5. Do the differences between groupings of children based on the 

environmental factors seem to reflect the probable nutritional, ill

ness, and physical environment histories of the groups, or are there 

possible confounding genetic differences between the groups? 



CHAPTER 2 

WITHIN-POPULATION VARIABILITY 

Studies of within-population variability in physical growth and 

in resulting adult physique have been going on since at least the early 

part of the 19th century. Baldwin (1920:229) and Weisman (1935:52) 

both cite L. Villerme (1829) of France as perhaps the earliest investi

gator of the physical variation between groups of humans subjected to 

different social environments during the period of growth. Villerme 

concluded that both home life and nutrition affected the physical 

development of the French army conscripts v/hose heights and weights he 

had measured. Possibly the first investigation comparing measurements 

of children growing under different environmental conditions was that 

of Stanway (1833t cited by Karn 1937) in Manchester and Stockport, 

England. Stanway found that the 288 non-factory children in his sample 

were physically better developed than the 1062 factory children he had 

investigated (Baldwin 1920:229i 390). In the literature published 

since these early attempts, one finds study of within-population an

thropometric variation at all points in the human life cycle. Investi

gations have been made of the differences between groupings of indi

viduals measured (1) at birth, (2) during the preschool years, and (3) 

during the remaining periods of childhood, adolescence, and adulthood. 

The literature review in this chapter will concentrate on the results 

of studies concerning the physical variability during two of the above 

l*f 
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periods, childhood and early adolescence. These two periods encompass 

the age interval 7-12 years, the one over which the children in the 

Tucson Growth Study have progressed to date. 

The determinants of the within-population variability in physi

cal growth during childhood and adolescence can be found among factors 

operating during two periods of development: prenatal and postnatal. 

These will be the labels for the broadest grouping of factors in

fluencing physical growth during the age interval over which the chil

dren in this study have been measured. The first section of the 

following review will discuss studies which have reported influences 

of both prenatal and at-birth characteristics on later physical growth, 

in some cases to adulthood. The remaining sections will review in

vestigations of the factors operating postnatally, namely those having 

to do with what will be called macro- and microenvironment, as well as 

socioeconomic circumstances and family characteristics. 

Prenatal and At-Birth Factors 

Several prenatal and status-at-birth characteristics of chil-

dren have been studied as to their relationships with the later physi

cal growth of the children. These factors have been singled out as 

relatively important determiners of later attained growth, with the 

influence stretching from just after birth to adulthood. The charac

ters: (1) length of gestation; (2) size at birth; and (3) some rep

resentation of the reproductive performance of the mother (i.e., 

parity, gravidity) are interrelated, but will be discussed separately 

below, pointing out the relationships between them were pertinent 
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with regards to the influence of such relationships on later attained 

growth. 

Studying the relationship between length of gestation and later 

physical growth without considering simultaneously the effect of size 

at birth (usually measured by birth weight) has been shown to be mis

leading, especially in studies involving followup measurements of pre

school children (Douglas and Mogford 1953; Drillien 196k', Clarkson 

et al. 1975)* In a publication which investigates the relationship of 

gestation length and later size in the childhood years, Goldstein 

(1971:101-10*0 shows clearly an interaction between gestation and birth 

weight when considering the effects of those two variables on height 

of English children at the age 7 years. When no adjustment is made 

for birth weight, it is found that a little more than one centimeter 

difference exists between children whose mothers' gestation period 

lasted less than 38 weeks and children whose mothers' gestation period 

went between 38-̂ 2 weeks (the latter group of 7 year olds being taller). 

This is probably due to the greater preponderance of low birth weight 

children in the under 38 weeks gestation group. After adjusting for 

all the other factors considered in his analysis (age, sex, birth-

weight, social class, number of younger siblings, and mother's age, 

stature and parity), Goldstein finds no residual effect of gestation 

length. Wingerd and Schoen (197*0 have also found no independent 

effect of gestation length on stature of V/hite California children at 

age 5 years, but used a slightly different set of covariates. 
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Stature seems to be the only anthropometric measurement which 

has been used in studies of the effect of gestation length on growth 

of children aged five years or more. No one has yet tried to find out 

whether gestation length may affect later attained growth in variables 

like weight and other measurements of body mass for ages over 5 years. 

There is some evidence of such an influence on body mass up to age 

4 years, but as was the case for stature, not independently of birth 

weight (Drillien 1964; Clarkson et al. 1975)• 

The role of birth weight as a determinant of attained physical 

growth during childhood and adolescence has mostly been studied with

out considering simultaneously the effect.of gestation length. Most 

studies have focused on the effects of low birth weight on later 

physical growth and development. Ylppo (1919? cited by Speirs 1956) 

seems to have produced the first major report concerning the influence 

of prematurity, then defined for the most part by low birth weight 

alone, on growth during childhood up to age 8 years. Ylppo's results 

indicated that the attained growth of premature infants on height and 

weight v/as below average for German children at that time up to age 

k-1/2 years, but up to the average thereafter. 

Capper (1928) presented evidence that the effects of low birth 

weight extended to adolescence. Capper found that children who had 

been what he labeled "immature" or less than 2500 grams in weight at 

birth (Capper 1928:265) averaged less than accepted standards for 

height, weight, and head circumference up to age 12 years, and in the 

case of height and v/eight, beyond 12 years. Drillien (19̂ 8) has 
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out some biases in Capper's method of selection of subjects from hospi

tal records. However, most investigations carried out since Ylppo 

(1919) and Capper (1928) have tended to agree with one or the other in

sofar as the relationship between birth weight and later growth lasting 

only a few years after birth or through adolescence. It is interesting 

to note at this point that there are two sources of evidence (Aim 1953i 

cited by Harper and Wiener 1965; Miller, Billewicz and Thompson 1972) 

indicating that groups of individuals of low birth weight, compared to 

higher birth weight groups, are smaller in both height and weight as 

late as 20-22 years of age. 

Most of the research on the relationship betv/een birth weight 

and later growth includes only an assessment of height and/or weight 

during the childhood years (Illingworth 1939» cited in Illingworth, 

Harvey and Gin 19̂ 9; Lubchenco et al. 1963; Goldstein 1971; Miller, 

Billewicz and Thompson 1972; Fitzharding and Steven 1972) and into 

early adolescence (Illingworth, Harvey and Gin 19̂ 9; Miller, Billewicz 

and Thompson 1972). Notable exceptions to the above include the work 

of Illingworth, Harvey and Jowett (1950); Nakashima (1962, cited by 

Harper and Wiener 1965) and Volna (1972). Illingworth and his col

leagues in England not only found differences at constant age or 7 

years in height and weight between the low (51/2 lbs. and less) and high 

(8/2 lbs. and over) birth v/eight groups he had assembled, but also in 

sitting height, pelvic girth and two circumferential measurements, 

chest and calf. These differences were all in favor of the high birth 

weight group. Nakashima compared 150 low birth weight (averaging 2200 
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grams) sixth graders in Nagasaki, Japan, with 302 mature borns (pre

sumably of average birth weight). At age 12 years, the low birth 

weight group was significantly smaller on height, weight, upper arm 

girth, sitting height, leg length, and head and chest circumferences. 

Volna, working in Scechoslovakia, reports significantly smaller values 

at age 10-1/2 years on height, weight, sitting height, :and head and 

chest circumferences for a low birth weight group compared with average 

and high birth weight groups. 

So far, much of the work concerning the possible effects of 

birth weight on growth in childhood and adolescence has been descrip

tive, with little attempt to assess in detail other factors which could 

act differentially on various birth weight groups during the years be

tween birth and assessment of physical growth later.on. In one of the 

few longitudinal studies of low birth weight children, Drillien (196*0 

found the effects on later grov/th of such factors as illness frequency, 

diet and maternal care and height to be most marked in low birth weight 

groups as compared to the higher groups. However, this study reported 

results only up to age 5 years. In light of the results of Drillien 

(196*0, it is most interesting to note that Goldstein (1971)t after 

adjusting for such factors as age, sex, gestation length, social class, 

number of younger siblings, and age, height, smoking habits, and parity 

of mother, still found a residual effect of birth weight on stature at 

age 7 years in English children participating in the National Child 

Development Study. 
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The third and final characteristic to be discussed in this sec

tion on prenatal and status-at-birth factors is that of reproductive 

performance of the mother and its influence on later growth in child

hood and later. The most common approach has been to relate the birth 

order or rank of children to their later attained growth, usually on 

height and weight. There are a number of problems in the use of this 

factor. Howells (19̂ 8:̂ 50-̂ 51) has so aptly pointed out one. 

Order of birth, of course, is a very gross criterion, which 
does not distinguish between such primarily biological factors 
as the changing pre-natal environment (increasing age of the 
mother, and possible progressive exhuastion of her reproduc
tive system, etc.) and such primarily social factors as the 
declining chances for unstinted attention possessed by the 
later children in a family of increasing size. 

As recently emphasized by Goldstein (1971), there is no way to separate 

the effects of birth order and family size, since earlier born chil

dren always enter a smaller family than later born children, unless 

there have been deaths of older sibs in the cases of the later borns. 

Perhaps the major flaw in previous studies investigating birth 

order effects on later growth is the failure of the investigators to 

define precisely what is meant by birth order. If it is assumed that 

most studies have used birth order to describe the rank of a given 

child with regards to the number of previous live births to the mother, 

then indeed we have not even approached the possible effects of the 

prenatal or biological factors described in the above quotation by 

Howells (19̂ 8). 

The effect of birth order on later physical growth during 

childhood has been studied for at least 80 years, Boas (1895) having 
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early borns to be larger in height and weight than later borns. Almost 

all studies of influences during childhood published since Boas (Boas 

1898; Ev/art 1912; and Reiter and Ihlefeldt 1922, cited by Meredith 

1950; Miller, Billewicz and Thompson 1972) have used height and weight 

alone to assess later growth, an exception being Meredith (19̂ 8, cited 

in Meredith 1950)» who found no differences in hip width and chest 

girth between first born and later born Iov/a children at age 5 years. 

All of these works substantially agree with the results of Boas (l895)» 

although there are of course varying degrees of magnitude for the dif

ferences between early and later borns. Less studied has been the in

fluence of birth order on anthropometric assessment during adolescence. 

Boas (1895, I898) and Miller, Billewicz and Thompson (1972) made such 

studies over the adolescent age levels, and found the same trend for 

height and weight as others found during childhood, that is for sizes 

to decrease as birth order rises, at any given age level. 

In two recent publications (Goldstein 1971; Wingerd and 3choen 

197*0 the investigators have attempted to study birth order effects on 

height during childhood while controlling for other factors of in

fluence. Goldstein (1971) actually deviated from previous studies by 

using parity of mother (including still births) instead of number of 

living earlier born children. 'He also had access to data on the number 

of younger siblings of each child, so this became a unique opportunity 

to study, if only somewhat, the effects on later size of total past 

reproductive history of mother, as measured by parity, and increasing 
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family size. It was found that both parity and number of younger sib

lings were significant determinants of height at age 7 years after 

adjusting for such factors as age, sex, birth weight, length of ges

tation, social class, and mother's age, stature, and smoking habits. 

Height decreased with increasing parity and with increasing number of 

younger siblings. Perhaps more than anything these results are indica

tive of the overriding effects of increased family size. Wingerd and 

Schoen (197*0, studying height at age 5 years, found significant dif

ferences between three birth order groupings (1,2-3, and k+) after 

adjusting for sex, length of gestation, ages and education of both 

parents, father's occupation, family income and mother's age at menar-

che and smoking habits during pregnancy. First borns were again taller 

than later bornsi 

In none of the research concerning influences of prenatal and 

status-at-birth characteristics on later growth has there been an 

attempt to evaluate in a comprehensive manner whether the variation 

found during childhood and adolescence with respect to these aforemen

tioned characteristics is related mostly to the characteristics them

selves or mostly to variability in the postnatal environments which is 

correlated with those factors operating as life begins. Drillien 

(19̂ 8:81) has stated this problem nicely with respect to prematurity. 

In interpreting these findings the most important question to 
decide is whether the fact of premature birth alone places 
the child under a permanent handicap, or whether it is rather 
that the unfavorable factors v/hich acted on the mother, 
causing premature delivery, continue to act on the child 
after birth. 

The multivariate analysis in this dissertation of a large number of 
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anthropometric measurements, some of which are as far as we know more 

subject to environmental influences than others, will hopefully be a 

contribution to the evaluation of prenatal and postnatal influences 

and the relative importance of each. 

Kacroenvironmental Factors 

The initial task of this section will be to define what is 

meant by macroenvironmental influences. These are taken to include " 

the effects of those aspects of the environment describing the climate 

(i.e., temperature, humidity) on a macrolevel, a level involving cli-

matological variation over large areas of land. Thus we are consider

ing regional differences in various climatic factors (Odum 1959? 

Boughey 1968). It is questionable, perhaps, whether macroenvironmental 

effects on physical growth can be assessed without concern for the en

vironmental variation on what can be called the microlevel, where the 

effects of variation in local climatic and other environmental factors 

may be of utmost importance (see next section). One must also consider 

the variation in the distribution of technological developments and 

cultural practices within a society as these relate to adjustments to 

climatic stresses. However, there have been numerous studies pur

porting to show the influences of climate on physical growth during 

childhood and adolescence, and these will now be discussed. 

The first investigations of such macroenvironmental factors 

seem to have arisen over concern as to whether as Mills (19̂ 2:1) has 

put it, "... the white race can successfully acclimatize to tropical 

residence. . . .," in other words, to conditions of increased heat and 
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geon in the British Navy, "found that naval cadets on training ships 

had increased rates of growth in stature while in the tropics as com

pared to growth rates while in England's temperate climate. He also 

noticed that weight did not increase during that phase of the cruise 

spent in tropical waters. Kiewiet de Jonge (1911, also cited by Sund

stroem 1926 and 1927) had similar results in Java, where European 

school children grew more rapidly in height than in weight as compared 

to children of the European sedentes. No doubt there are problems 

with respect to the results of these studies, incolving the uncon

trolled effects of nutrition, disease, and migration. Whether reduced 

weights-to-heights indices were produced by adjustment to the tropical 

climate, as the above investigations concluded (Sundstroem 1926), or 

to interactions of this climatological factor with others, at the very 

least, provided an impetus for further study. 

Since these initial attempts, research into the effects of 

climate on physical growth during childhood and adolescence can be 

grouped into three major areas of concern: (1) continued study of 

effects of hot, wet environments; (2) study of geographic variation 

thought to be related to climate; and (3) study of the effects of high 

altitude. I have chosen to ignore the results of research in the 

latter area, since high altitude in not a factor of concern in Tucson. 

The first area is discussed only insofar as: (1) it has perhaps been 

studied more consistently through the years; and (2) heat is most 

definitely a climatological factor operating in Tucson. 
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Investigation of growth in the tropics has had a history of at 

least 100 years, two of the first studies having already been mentioned 

above. Such investigations have been beset by a number of problems, 

which include in various degrees all or some of the following: (l) 

lack of control for other environmental factors operating in the 

tropics, such as nutrition, disease, and effects of migration; and (2) 

failure to use strict controls in comparing children growing under 

tropical conditions with those of a genetically similar population 

growing under temperate zone climatic conditions over roughly the same 

time period. In addition, the results of research to date is incon

clusive as to whether a hot, humid climate has a stimulating or re

tarding effect, or even no effect at all, on the physical growth of 

children. 

Four investigators (Sundstroem 1926, 1927; Mills 1952; Patrick 

1951; Eveleth 1966) have collected and analyzed anthropometric data on 

children and adolescents growing up in the tropics, and compared such 

groups to others growing under temperate climate conditions. The 

Sundstroem study (1926) is the only one so far reporting v/hat was in

terpreted as a stimulating effect of heat on physical growth during 

the adolescent age range. This conclusion resulted from the higher 

heights and weights found over the age range 9-1̂  years in girls from 

tropical Australia (Townsville, North Queensland) than in a racially 

comparable group measured in cooler Tasmania at least ten years pre

viously. Unfortunately this study is lacking in real control over 

some of the other important growth influencing factors, mainly diet 
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and nutrition. And perhaps even more important, the group from Queens

land included girls who had not been born and raised in tropical areas 

(2356 fit this description). V/ith a sample size of 107, and no control 

over the number of years spent in the environment in which measured 

for either group of girls Sundstroem's study could only point toward 

the need for further work. 

The other extreme interpretation of the effects of high heat 

and humidity on growth in humans, that it retards growth, comes from 

the work of Mills (19̂ 2), who compared heights and weights of 

Panamanian-born children of North American parents with those of 

American-born children having lived in the Canal Zone less than one 

year at the time of measurement. The latter were found to be heavier, 

but not necessarily taller, over the age range 6-17 years. As with 

Sundstroem's work above, the study by Mills is lacking in verifiable 

controls over nutritional and health differences between the groups 

compared. 

Patrick (1951) and Eveleth (1966) present results of studies 

where a definite improvement is made with regards to the necessary 

controls on other growth-influencing factors. Patrick (1951) measured 

heights and weights of boys and girls 5-15 years old in four subareas 

of Queensland, Australia: tropical (coastal and inland) and sub

tropical (coastal and inland). These four areas differed on average 

maximum and minimum daily temperatures, and also on such measures as 

average humidity levels and annual rainfall. The only children meas

ured were those who had lived their entire lives in a given area. No 
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large differences in stature and weight were found between the group

ings of children from the four areas. Most likely the climatological 

factors did not vary enough to produce significant effects on growth 

in these children. 

Eveleth (1966) presents results of perhaps the first attempt 

to collect longitudinal data on American children ages 6-l6 years, 

growing up in the tropics (Rio de Janeiro, Brazil). In addition, it 

would seem to be the first investigation where measurements in addi

tion to height and weight were taken. Fairly rigorous controls were 

possible on such factors as population composition (Northwest European 

ancestry, upper-middle class family background), health (verification 

by a physician twice yearly), and diet (as reported, children "had 

American food habits" ̂ veleth 1966:7527)« Unfortunately, data on a 

similar group of children were not collected concomitantly in the 

United States, so comparisons were made with data from three longi

tudinal data sets collected previously bo other investigations (Iowa, 

Brush Foundation, and Berkeley). The Rio children were found to be 

smaller on most of the measurements, over most of the age range studied 

suggested by the author to be the morphological resultant of heat 

stress. The reported slender body build of Rio children in this study 

lends some support to the theories of some of the earlier students of 

growth in a tropical environment, as seen above. 

Studies of geographical variation in physical growth within a 

given major racial group have usually been one of the outcomes of cross 

sectional surveys done on a nationwide basis. Such surveys of attained 
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since the First World War (Woodbury 1921), and in almost every decade 

since then, at least one additional survey has been completed (Palmer 

and Collins 1935; O'Brien, Girshick and Hunt 19̂ 1; Hamill, Johnston and 

Grams 1970; Johnston, Hamill and Leneshow 1972). Two general patterns 

emerge from the results of these surveys. The first, for which there 

is published evidence from the 1920's to the 19̂ 0's (but nothing more 

recent), is that children and adolescents in California tend to be 

larger on most anthropometric measurements than their peers in any 

other section of the country. Woodbury (1921) found this to be the 

case for heights and weights on White children under age 6 years, but 

his comparisons were only between children from California, Iowa, and 

New York City, all three of which contained different proportions of 

various ethnic groups, a probably confounding factor which the author 

nevertheless ignored in favor of migration effects and climate as ex

planations for the results. Lloyd-Jones (19̂ 0) presented some inter

esting results in support of the hypothesis that the California en

vironment is favorable to greater attained physical growth over ages 

ranging from 6-l8 years. His results indicated that the more time 

spent in California by children who were born elsewhere, the less was 

the deviation of their height and weight from California-born subjects 

of the same age. He did not attribute the differences found to cli

mate alone, but felt that greater variety in the average diet of Cali

fornia youngsters contributed to their increased growth. Unfortunately 

Lloyd-Jones did not control for the possible effects of migration at 
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the time (late 1930's) his data were being collected. Most likely the 

group of children in his "1 to 5 years in California" category included 

a great number of children of families who had migrated to California 

under very trying socioeconomic circumstances stemming from the De

pression years, a factor which would no doubt contribute to this 

group's greater deviation from the California-born childrens' means 

than groups of children who had lived in California for a longer time 

span. Nevertheless, it is an interesting footnote in this area to note 

that O'Brien et al. (19̂ 1), using anthropometric data collected on 

almost 150,000 children over the entire United States during roughly 

the same time span as Lloyd-Jones' data were collected, found boys and 

girls measured in California to be consistently larger than children 

in other states on height, weight, and chest circumference at age levela 

6-l̂ f years. Unfortunately, none of the more recent surveys (Hamill, 

Johnston and Grams 1970; Johnston, Hamill and Lemeshow 1972) analyze 

data by states. 

The second general pattern found in these national surveys is 

for northern children and adolescents to be larger than those in the 

southern (and sometimes western) regions. Whether this trend can be 

considered the result of climatic factors, presumably temperature in 

the main, depends on the controls in the surveys for other growth-

influencing factors. Palmer and Collisn (1935) introduced some con

trol in their nationwide anthropometric survey (1922-2*+) on 30,000 

United States-born school children, by measuring on those from (1) 

urban areas, and (2) from families with both native-born parents and 
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grandparents. Over age ranges 6-lk years, children from two regions, 

northeast and north central, were found to be of a more stocky build, 

as determined from greater size in weight, chest breadth and depth, 

chest circumference, and on the weight/height index, than children from 

south-central and western regions. National studies completed since 

19̂ 0 (O'Brien et al. 19̂ 1; Hamill, Johnston and Grams 1970; Johnston, 

Hamill and Lemeshow 1972) have agreed for the most part with the 

Palmer-Collins results. O'Brien et al. (19̂ 1)i as has already been 

mentioned above, did report consistently larger values on five measure

ments for California subjects than for the other lb- states surveyed in 

1937-39» but northern states were heavily represented in the group of 

children having the next largest average measurements, with Alabama and 

Tennessee children ranking consistently lov/er than all other states. 

The most recent surveys (Hamill, Johnston and Grams 1970; Johnston, 

Hamill and Lemeshow 1972) report for age 6-11 years the tendency for 

children to be taller and heavier in Kidwest and Northeastern geo

graphic regions than in the South or Vest regions. The latter also 

report a gradient from high to low in skinfold thickness (based on 

three measurements) from the Northeastern region through the Midwest 

and into the Southern area. Both recent investigations exercise cau

tion in interpreting these results, but it is interesting in itself to 

find that such patterns have existed in general, at least since the 

1920's. It may be that some other factor besides climate, most prob

ably socioeconomic, has remained relatively the same between north and 

south over this same time span. Only more detailed analysis and 
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control over some of the other growth-influencing variables, using 

census data, would allow an assessment of the relative effects of 

climate and socioeconomic conditions on the results of over 60 years 

of survey work. 

Microenvironnental Factors 

It was stated at the beginning of the last section that en

vironmental effects on the macrolevel could probably not be evaluated 

without concern for those factors operating at a microlevel. The con

cept of microenvironment, as compared to its macrolevel counterpart, 

is one used by ecologists in an attempt to delineate "the environment 

of small areas in contrast to large ones" (Odum 1959tl39). Microen

vironment is a relative term (for examples see Odum 1959; Boughey 

1968), and is used here to contrast regional and local environmental 

spaces. At this microlevel, we are looking at aspects of the environ

ment both inside man-made structures as well as immediately outside of 

such structures, in neighborhoods, districts, or wherever humans inter

act in the course of their daily lives. V.'ith respect to the possible 

influence of microenvironmental factors on the physical growth of 

children and adolescents, it will be seen that such factors have only 

been estimated by considering variability in growth patterns in rela

tion to levels of crowding, sanitary conditions, and general conditions 

of housing and neighborhood. 

The investigators who have focused on the microenvironment of 

the home as a producer of variability in physical growth have usually 

been interested in the relationship of growth to two characteristics: 
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(1) amount of crowding; and (2) sanitary conditions. Crowding has been 

measured within a home in a variety of ways, the usual results being 

that attained growth is less in children living under more crowded 

conditions. Using the number of rooms in the house as an index of 

crowding, Mitchell (1932) found 10 year old urban Puerto Rican children 

from houses v/ith a larger number of rooms to have larger measurements 

on stature, hip width, arm circumference, and subcutaneous tissue over 

biceps than children living in houses with fewer rooms. In more recent 

studies, Desai, Standard and Miall (1970) and Kanawati and McLaren 

(1973) have reported the same sort of relationship in preschool chil

dren. As another index of general size of living space, Christiansen, 

Mora and Herrera (1975) used area of dwelling and found that preschool 

Colombian children living in houses of 16 square meters or more were 

taller and heavier than those whose families occupied less space. 

An additional method for studying the effects of crowding has 

been to calculate the average number of persons per room or smaller 

space and group the children being compared according to this criterion. 

Mitchell (1932) reported for the same 10 year old Puerto Rican children 

mentioned above the tendency for decreased attained measurements on 

height, hip width, arm circumference, and biceps subcutaneous tissue 

with increased numbers of persons per room. In additional studies of 

school-age children, a number of investigators have found similar re

lationships between higher values on the number of persons per room 

index and decreased size on height (Craig 1963; Graham 1972) and both 

height and weight (Karn 1936; Samuelson, Grahnen and Arvidsson 1971). 
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A few studies have appeared in the literature regarding pos

sible effects of crowded conditions in one living space where children 

do manage to spend a considerable amount of time, the bedroom. Berry 

and Cowin (195*0 simply compared a group of school age boys who shared 

beds with another group which did not (controlling for a number of 

other factors, including social class, parental care and an assessment 

of their diet), and found those who slept alone to average 2.2 kg. 

heavier. Using number of persons per bed as an index, Graham (1972) 

found that heights of preschool Peruvian children, all of whom were 

from the slums of Lima, tended to be higher in the groups of children 

from houses with more beds. More recently, Christiansen et al. (1975) 

found the same relationship between this index and both height and 

weight in l6k poor Colombian children of preschool ages. 

The relationship between conditions of sanitation and vari

ability in physical growth has been investigated in the course of 

several studies. Stiles and Wheeler (1915) took heights and weights 

of White school children in an unidentified southern city in the United 

States, and made comparisons between two groups: (1) children who 

lived in homes which had privies; and (2) children inhabiting homes 

with a sewer connection and no privy, ĥe latter group averaged higher 

on height and weight for both boys and girls in roughly two-thirds of 

the comparisons at each age level over the range 6-17 years. Unfor

tunately, small sample sizes and lack of control over other growth-

influencing factors prevent one from concluding very much from these 

results. However, more recently, a number of investigators studying 
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preschool children have found interesting relationships between a num

ber of measures of sanitary conditions and level of growth. Kanawati 

and McLaren (1973) have reported lower levels of growth on height, 

weight and head and arm circumferences in Lebanese Moslem Areb children 

between ages 3 months to k years to be associated with a number of 

sanitary conditions, including lack of toilet facilities, unavaila

bility of water in the home, and cooking outside the dwelling or in a 

living room area. These investigators did not relate the sanitary fac

tors to socioeconomic differences they knew existed between families 

of the children in their sample, so the results may be somewhat mis

leading. Christiansen et al. (1975) have made a similar assessment of 

sanitary conditions, showing that reduced levels of growth on height 

and weight for age in Colombia in preschool children were associated 

with lower rating on dwelling cleanliness, lack of bath and shower 

facilities, possession of a latrine rather than sewage system, and 

having a dirt floor versus material floor. Christiansen and his co

workers also developed a scale of sanitary conditions, presumably 

based on the above four measures, though never stated. Using a mul

tiple correlation-regression model, it was found that the positive 

relationship between the sanitation scale and weight for age is no 

longer significant after adjustment is made for the effect of socio

economic status. Variation in the scale does however, continue to 

contribute independently to variability in height for age. 

Moving up to the level of the neighborhood or district, we 

find very few investigations relating variability in physical growth 
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to the variation between environments on that level. Karn (1936) 

attempted to find an environmental explanation for the differences 

between three groups of English schools on the average height and 

weight of the 13 year old boys and girls attending these schools. He 

looked at census data for the wards within each of the three school 

areas, and found that the average density of the population (density 

of population measured by number of persons per acre per ward) dif

fered between the school areas. The higher average heights and weights 

were found for children attending schools located in areas containing 

wards which had lower population densities. Karn felt that the over

crowded conditions were closely associated with poor socioeconomic 

situations, and unfortunately did not control for this effect. Berry 

and Cowin (195*0 did attempt to control for socioeconomic factors v/hen 

they compared two matched samples of 14 year old English schoolboys, 

one of which still lived in a Bristol slum and the other of which were 

members of families who had originally lived in the slum area, but had 

moved early in the boys' lives to the "open surroundings of a modern 

housing estate" (Berry and Cowin 195̂ :850). The latter group was found <, 

to be only slightly heavier (1.̂  kg.). 

Socioeconomic Factors 

Roberts (1876, 1878) in England, and Bowditch (1879) in the 

United States were two of the first investigators to look extensively 

at socioeconomic group differences in the physical growth of children 

and adolescents. Roberts and his assistants measured heights, weights, 

and chest circumferences on thousands of boys and girls aged 8-l*f 
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years and made comparisons between groups of children based on (1) 

whether they were employed in factories or not, (2) where they lived 

(factory district or not), (3) type of school attended (public, middle-

class, elementary, military asylums, or industrial), and (4) occupa

tions of their parents. The results indicated that children from 

higher social strata were both heavier and taller than children of 

like age in the lower social classes. A difference of almost 5 inches 

was reported between the average statures of groups of 11-12 year old 

boys at the two extremes of the social class range. Bowditch's results 

were similar, although not of the magnitude found in England. Working 

in Boston, Bowditch found differences in height and weight between two 

socioeconomic groups, nonlaboring and laboring, based on father's occu

pation. Children were placed in the nonlaboring category if their 

fathers had professional or mercantile occupations, while occupations 

in either skilled or unskilled labor made up the laboring group. Over 

the age range 5-18 years, both boys and girls of nonlaboring fathers 

were found to be larger than those of laboring fathers, regardless of 

whether the ethnic identity of the child was American (i.e., Yankee) 

or Irish. 

The relationship between physical growth and socioeconomic 

situation during childhood has been studied on numerous occasions over 

the 100 years following the pioneering efforts of Roberts and Bowditch. 

All sorts of criteria for forming socioeconomic groups or measuring 

socioeconomic milieu have been utilized ranging from general assess

ments by the investigator, as in wealthy versus poor (Hellman 1923)» 
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to particular aspects of the socioeconomic circumstances, as with 

monthly rent payments of family or value of family property (Mitchell 

1932). A number of studies have used the type of school attended by 

children as indication of socioeconomic group affiliation of their 

parents, comparing, for instance, children attending a university 

school with public school children (Young 1913); private with orphanage 

children (Boas 1923); private with public school children (Boas 1923; 

Mitchell 1932); boys attending three boarding schools with high, 

medium, and low school fees compared with day school boys (Friend and 

Bransby 19̂ 7); and children attending a private school in an urban 

area with those from public schools in a rural area (Bryan and Green-

berg 19̂ 9; Greenberg and Bryan 1951)• The Great Depression provided 

ail impetus in the United States for several investigations of the re

lationship between physical growth and quite specific descriptors of 

the socioeconomic situations at that time. Comparisons were made be

tween children grouped on the basis of parents' employment, whether 

full-time, part-time, or unemployed (Palmer 1933, 193̂ ; Sanders 193̂ ; 

Harcy, Boyle and Newcomb 19̂ 1); welfare status, whether receiving re

lief or not (Palmer 1933, 193̂ 5 Jenss 19̂ 0; Hardy et al. 19̂ 3); and 

eligibility for free lunch at school, whether receiving or not (Palmer 

1933)• All of these studies, of a general or a specific nature with 

regard to estimation of socioeconomic circumstances, are in agreement 

with the results of Roberts and Bowditch; at whatever ages comparisons 

are made, children v/hose families live under better economic conditions 

are larger on the measurements taken than are their less fortunate 
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pometrics involved in these comparisons. However, a number of the 

above studies (Mitchell 1932; Friend and Bransby 19̂ 7; Greenberg and 

Bryan 1951) indicate differences in favor of the upper socioeconomic 

groups on such additional measures as biacromial diameter, hip width, 

chest breadth and depth, circumferences of chest, arm, and calf, and 

subcutaneous tissue over biceps and triceps. 

More frequently studied than the effects on growth of the above 

general and detailed categorizations of socioeconomic conditions has 

been variability in child growth as it relates to what most social 

scientists would label as the major components of any comprehensive 

index of socioeconomic circumstances, namely: (1) occupation of head 

of household; (2) educational background of adult members of family; 

(3) location of residence; and of course (k) family income. These 

components have been studied separately, or in a few cases, tv/o or 

more of them have been utilized to create a scale of socioeconomic 

condition, which in turn allows one to group children for comparison 

on the basis of a scale representing more than one aspect of their 

social and economic existence. 

Parental occupation is the socioeconomic indicator used most 

often in studies relating physical growth to social conditions. The 

usual approach is to group children into several socioeconomic cate

gories on the basis of father's occupation, or in cases where no father 

is present, the occupation of head of household or the principal v/age 

earner or supporter of the family. Such categorizations have been 
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anything but consistent from one location to another v/here socioeco

nomic group comparisons have been made. However, most investigators 

have made every attempt to reflect the occupational structure of the 

locale under consideration. Although results are not always comparable 

from one location to another, the fact that variability in the physical 

growth of children within a population is related in varying degrees 

to the occupational stratification of the population has made investi

gation of this problem a continuing interest among students of the 

interaction between biology and culture. 

Usage of occupation as a single indication of socioeconomic 

strata has been most common in Great Britain. Since 1950, most studies 

have used the then current version of the Registrar General's Classifi

cation of Occupations, which delineates five social classes as deter

mined by the occupation of father or head of household: (1) profes

sionals and employers; (2) salaried workers; and workers in (3) skilled 

(4) semi-skilled; and (5) unskilled occupations. Evidence for a social 

class gradient in stature, a gradual increase at almost any age level 

from 5 to 17 years as one moves from social class 5 above to social 

class 1, is shown in a number of studies (Clements 1953; Craig 1963; 

Topp et al. 1970; Miller, Billewicz and Thomson 1972) for both males 

and females. The latter publication presents some evidence for the 

persistence of this gradient among males as late as age 22 years. 

Goldstein (1971) found a residual effect of social class on height at 

age 7 after adjusting for other factors influencing postnatal growth 

including birthweight, maternal stature, and parity. 



ko 

The evidence for a similar social class gradient in weight is 

not so clearcut. Topp et al. (1970) found weights of males and females 

to increase in each of three age groups (5-8, 9-13i and lh-V? years) 

moving from class 5 to 1 as above. However, Clements (1953) and Miller, 

Billewicz and Thomson (1972) found this trend only for pre-adolescent 

boys and girls, with lower class boys being heavier than upper class 

at age levels 13-15 years in the latter study and lower class boys and 

girls being heavier than or within only one pound of the upper class 

at ages 12-13 years in the former. Recent results by Roberts, Rozner 

and Swan (1971) suggest the influence of onset of menarche overrides 

any residual effects on physique of such environmental factors as 

social class and size of family. That lower class boys may tend toward 

a stockier build and obesity at pre-adolescent ages is suggested by two 

additional investigations. Healy (1952) found lower class Birmingham 

school boys to have greater weight for height than like aged upper 

class boys over the entire age range of this cross-sectional study, 

5-13 years. More recently Whitelaw (1971) showed that lower class Lon

don school boys at age levels 7» 12, and 15 years had higher combined 

skinfold thickness (average for triceps and subscapular skinfolds) 

averages than upper class boys at the same age levels. 

In the United States, few studies have been made using occupa

tion as the sole criterion for socioeconomic group formation. Bow-

ditch' s work has already been mentioned above. His investigations were 

followed by those of KacDonald (l899)» who measured cross-sectionally 

more than 20,000 Washington D.C. school children, age range 6-l8 years. 
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The only analyses of socioeconomic groups completed by MacDonald were 

for boys and girls whose parents both v/ere born in America. Using two 

groupings based on occupation of father, "nonlaboring classes" (mercan

tile and professional occupations) versus "laboring classes" (skilled 

and unskilled laborers), MacDonald found both boys and girls of the 

former group to be larger in not only height and weight, but also in 

sitting height and head circumference. These results were similar to 

those of Bowditch, the differences being of the same small magnitude. 

Two more studies along these lines resulted from the nationwide 

anthropometric survey in the late 1930*s carried out by the United 

States Department of Agriculture and Works Progress Administration 

personnel. O'Brien et al. (19̂ 1), using anthropometric data on the 

entire sample of almost 150,000 children from 15 states, made compari

sons on 19 measurements between two socioeconomic groups based on occu

pation of the principal wage earner or supporter of the family. It 

was found that children in the group whose families were supported by 

an adult engaged in professional or skilled work were consistently 

larger on all 19 measurements over ages 4-18 years than children whose 

families received their prime support from an adult classified as a 

semiskilled or unskilled worker. Differences in favor of the former 

group were found on linear measures (including height), weight, and 

circumferences of chest, waist, upper arm, and calf. Unfortunately 

the results were biased by the inclusion in the semiskilled-unskilled 

worker group of children whose principal supporters had been on relief 

at any time prior to the day of measuring, regardless of present 
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occupation. Whitacre and Grimes (1959) used some of this same 1937-38 

anthropometric survey data, but only that which had been collected in 

Texas. These investigators compared six occupational groupings (pro

fessional, semiprofessional, business, skilled labor, common labor, 

and farmers) and found differences between these groups on height, 

weight, hip girth, and bitrochanteric diameter, for both boys and girls 

ages 7-1̂ • A fairly consistent drop in height and weight at almost 

all age levels was noted as one moves across categories, from profes

sional to laborer, disregarding the farmer category, which at age 

levels produced the largest children. 

Most recently, V/ingerd and Schoen (197*0 studied several fac

tors which were thought to influence stature at age 5 years. Using a 

multiple regression model, it v/as found that father's occupation had 

no residual effect on height after adjusting for factors such as sex 

of child, birth order, gestation length, father's age and education, 

family income, and mother's age at menarche, education, and smoking 
/ 

habits during pregnancy. Only tv/o categories for occupation of father, 

professional and nonprofessional, were used and all subjects were V/hite 

Californians enrolled in a prepaid group medical practice. This fact 

and the statistical adjustment for possibly more important factors 

like education and income may account for the lack of any differences 

between the tv/o occupational groupings. 

It is important to note here that Great Britain and the United 

States are not the only nations in which this relationship between 

parental occupation and growth of children and adolescents has been 
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professional occupations as compared to laboring classes have been re

ported in pre-World War II, Germany (Furst 193̂ > cited by Krogman 19̂ 1) 

for ages l*f-l8 years, Spain (Morros Sarda 193*N cited by Krogman 19̂ 1) 

for ages 6-l4, Australia (Patrick 1951) for ages 5-13, and Czechoslo

vakia (Prokopec 1970) at age levels 7, 12, and Ik years. 

The separate relationship of parental education to physical 

growth of children and adolescents has been studied in detail only 

recently, with varying results. Samuelson et al. (1971) used a mul

tiple regression technique to analyze the effects of several socioeco

nomic, demographic, and nutritional factors on attained anthropometric 

measurements in 8-13 year old Swedish subjects. The only relationship 

between an anthropometric measurement and either mother's or father's 

education was an indirect one between higher educational levels of both 

parents and increased consumption of fruit, the latter in turn being 

positively related to higher body weight. Using the same kind of ana

lytical method, Wingerd and Schoen (197*0 found no relationship between 

father's education and height at age five years, after adjusting for 

sex, birth order, gestation length, parental ages, mother's age at 

menarche, father's occupation, family income, and mother's smoking 

habits. Controlling for the same variables, stature at 5 years was 

found to increase with decreasing levels of mother's education. These 

results suggest that the positive relationship between increasing 

parental education level (maximum level attained by either parent) and 

increasing height and weight in boys and girls aged 6-11 years found 
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in the United States National Health survey data (Hamill, Johnson and 

Lemeshow 1972) may not have shown had these investigators been able to 

control for additional factors. 

The third socioeconomic indicator mentioned above as one of the 

four components of a reasonable index of social conditions was resi

dence. A number of investigators in Great Britain and North America 

have compared groups of children and adolescents with the groupings 

based upon the residential districts or neighborhoods in which they 

lived. Since schools are most often attended on a geographical basis, 

it has been simply a matter of choosing schools located in sections 

which represented concentrations of the particular socioeconomic levels 

to be contrasted. This has been done on three occasions in Glasgow, 

Scotland (Elderton 191̂ ; Tully 192̂ ; Craig 1963). Elderton (191*0 took 

height and weight data collected in 1905-06 in all Glasgow public 

schools (over 60,000 children) and compared four groups of children 

who attended schools in localities ranging from "the poorest districts 

of the city" (Elderton 191̂ :288) to the upper class sections. She 

found increasing average heights and weights in both boys and girls 

at all age levels from 5-1̂  years as one worked from the poorer groups 

to the upper classes. Tully (192*0 measured a cross-sectional sample 

of school children ages 5-13 years attending three schools in separate 

areas of Glasgow. The schools were not chosen originally to reflect 

social conditions, but a later check did detect some difference between 

the schools as to their socioeconomic composition. The school with the 

children from somewhat better-off socioeconomic circumstances did in 
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fact produce higher average heights and weights at all age levels than 

the other two schools; but these results may not be indicative of any 

social class influence since the groups were not as distinguishable 

socioeconomically as had been those of Elderton (191*0 * and the school 

in the poorest locality was mainly attended by children of Irish an

cestry. In a more recent study of Glasgow schoolboys, Craig (1963) 

compared the average heights (measurements taken in the mid-1950's) 

of 9 year old boys from schools in three residential areas of the city 

with the mean height of like-aged boys attending "fee-paying schools" 

(Craig 1963:525) regardless of residence. The latter averaged almost 

2-1/2 inches taller than boys from the poorest district and almost an 

inch more than boys from the school area having the "best" socioeco

nomic conditions. 

Several studies in North American cities have utilized similar 

grouping techniques. Robertson (1916) compared average weights and 

statures of 8 year old boys and girls attending schools in three sepa

rate districts of Oakland, California. Children of both sexes who 

attended a school "in a relatively wealthy residential section" 

(Robertson 1916:552) averaged about 2-1/2 inches more in stature and 

over 6 pounds more in weight than children from a poorer factory area. 

Robertson mentions in a footnote that parents of the children attending 

school in the factory area "included a large proportion of individuals 

of foreign birth" (1916:553), so it may be that his results reflect 

ethnic group differences as much as they do social situation. In a 

later study, Weisman (1935) compared two groups of boys and girls at 
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tending four schools in what Weisman (1935:53) called the "best" sec

tions of Minneapolis, the other attending four schools representing the 

poor sections of the city. The former group had higher median heights 

and weights at almost all age levels, the exception being median 

heights at ages 13 and 1*+ for girls. The small number of girls from 

the "better" district school at these age levels plus the complicating 

factor of onset of menarche may account for this exception. Weisman 

also found the children from the "better" areas to have lower median 

thoracic indixes or flatter chests, which he attributed along with the 

height and weight differences to nutritional and health differences be

tween the groups being compared. Two additional studies, Hopkins (19̂  

in Ottawa and Hundley et al. (1955) in Philadelphia, have results very 

similar to the above. The former found boys and girls from "predomi

nantly better-class residential districts" (Hopkins 19̂ 7:69) both 

taller and heavier at all age levels from 6-12 years than "pupils from 

less prosperous areas." These differences were consistent across all 

three periods (1933-35, 1938-̂ 0, and 19̂ 0-̂ 5) during which Ottawa 

school children had been assessed. Hundley and his associates (1955) 

looked at height and weight data collected on first-graders in Phila

delphia schools at three points in time: 1925-27, 1932-3̂ i and 19̂ 7-

9̂. Boys and girls attending schools which drew from an "area which 

had been consistently underprivileged economically" (Hundley 1955: 

1̂ 55) over the years were larger than those attending schools drawing 

from an "economically favored area." Height differences betv/een such 
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2-3 pounds with no trend. 

The relationship of income per se and childhood-adolescent 

physical growth seems to have been studied in detail only during the 

depression years and very recently. Sanders (193*0 reported correla

tions between wages of father and stature and weight of child of .09 

and .10, respectively, both figures being small but positive. Palmer 

(1935) analyzed weight data for 6-9 year old boys and girls growing up 

during the early depression years in six American cities, comparing 

three income groups in each of the five school years between 1928 and 

1933. The three groupings were formed on the basis of whether a child's 

family income had done one of the following with respect to the figure 

$250 per capita per year: (1) remained above this from 1929-33? (2) 

started above in 1929 but dipped below by 1933; or (3) remained below 

throughout the period. V/eights of 6-9 year old boys and girls in the 

first group were in each year above average, while the third group of 

children were consistently below average. Children of the second 

group averaged almost as high as group one in school year 1928-29, but 

by 1930-311 children in this group had dropped below average, approach

ing the weight levels of the children whose families had been poor 

throughout the period. 

Much more recently, Hamill, Johnston and Lemeshow (1972) have 

reported increasing heights and weights with increasing annual family 

income levels in the National Health Survey sample of boys and girls 

aged 6-11 years. This trend was still found after an attempt to hold 
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educational level constant by just making comparisons between income 

levels of children whose parents were high school graduates with no 

college training. Controlling for a number of other growth influencing 

factors, including sex, birth order, ages of parents, and mothers' age 

at menarche, Wingerd and Schoen (197*0 still found a residual effect 

of family income level on stature at age 7 years in White California 

children. In Sweden, however, where possibly more equitable conditions 

exist with regard to income level, Samuelson, Grahnen and Arvidsson 

(1971) reported no direct relationship between total per capita income 

of families and height, weight, and skinfold measurements of 8 and 13 

year old children. Income per capita did affect directly, though, the 

total frequency of consumption of some foods, including porridge, 

coffee, buns and cakes, and fruit among 8 year olds, and fruit among 

13 year olds. In the particular analyses in this report, frequency of 

consumption for none of these food items related to larger attained 

values on the measurements mentioned above. 

Some attempts have been made to relate physical growth in chil

dren and adolescents to some index of socioeconomic condition, based 

on two or more indicators. Unfortunately the methods for grouping 

children once an index has been developed are not always spelled out 

as precisely as one would wish. An exception in the work of Douglas 

and Simpson (196*0 who define in some detail exactly how they classified 

the children in the English National Survey into four social classes 

based on parental occupation and education. The four classes were: 

(1) upper; and (2) lower middle class (nonmanual workers), upper 
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containing children one or both of whose parents had secondary school 

education; and (3) upper; and (4) lower manual-working class, upper 

again comprised of children with one or both parents having had secon

dary school education. This study is unique in another way, in that 

it is a longitudinal one in which the same group of boys and girls were 

measured albeit for height alone at 7» 11 and 15 years. Comparing 

average heights of the four social classes at each of the three age 

levels after adjusting for the effects of two factors: stage of 

puberty at ages 11 and 15; and number of sibs at age 15, the investiga

tions found variation due to social class at each age level for both 

boys and girls. The differences between adjusted means for classes 1 

and ranged from 0.8 to l.'f inches over the entire age range for boys 

and girls. Thus a social class gradient in England for height during 

childhood and adolescence is evident no matter what the criterion for 

social classification. 

A similar two-indicator socioeconomic index has been used in 

Tunis by Boutourline Young (1970). She stratified her sample of 6-11 

year old Tunisian boys and girls into five social classes based on 

father's occupation and education. The two extremes of the social 

class range, social group 5 ("privileged") and social group 1 ("under

privileged") were separated on height and weight over the entire age 

range by an average of 5 cm. and 3 kg., respectively. Group 5 was also 

consistently larger than the other four groups on such measures as fat 

free arm and calf circumferences and several skinfold thicknesses. 
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A socioeconomic index based on more than two indicators has 

possibly been used only twice in studies relating physical growth to 

social conditions. Chang et al. (1963) stratified their sample of 

almost 8,000 urban Chinese boys and girls from Hong Kong into three 

socioeconomic groups (high, middle, and low) based on four indicators: 

parents' education and occupation, total family income, and dwelling 

conditions. The actual method of "assigning" (Chang et al. 19635̂ 97) 

and "totaling the points" in the socioeconomic score is not given in 

their publication, but Chang and associates do present a description 

of the combination of socioeconomic conditions which comprise each 

group. Comparisons of the three socioeconomic groups produced results 

similar to most other studies, with boys and girls of the high group 

being larger than the other two groups on both height and weight at 

almost all ages between 6-l8 years, the exception at age 18 where the 

middle group (both sexes) is slightly taller than the high. An addi

tional project in Costa Rica (Villajeros et al. 1971) used three char

acteristics to indicate the socioeconomic group affiliation of children 

in a cross-sectional sample. Quality of the housing, dietary habits, 

and family income were used to classify the children broadly into three 

groups: high, middle, low. Unfortunately these investigators have 

confounded microenvironmental and nutritional factors with income level 

in producing this classification, so that it is impossible to separate 

out the individual effects of each factor. Boys and girls of the three 

groups were found to be different on height and weight, and not sur

prisingly in light of the indicators used, the differences between 
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the high and low groups increase in general over the age range k to 18 

years. 

In summary, two overall criticisms can be leveled at most re

search relating physical growth to socioeconomic conditions, namely: 

(1) lack of an experimental framework with respect to the use of socio

economic group membership as an indicator of environmental conditions 

during growth; and (2) the failure to control for and in some cases 

even to appreciate the possibility of a racial or genetic gradient 

running parallel to the socioeconomic scale. By the first I mean the 

categorization of a child in a certain social class or socioeconomic 

group at one instance in time, usually when a parental questionnaire 

is filled out and the child measured, and usage of that categorization 

as an indicator of the social conditions existing for that child over 

the entire range of time up to that point in his or her life. In many 

cases, there may be no reason to assume that social conditions esti

mated from socioeconomic status at one point in time have remained 

constant. As Bloom (196̂ :188) has put it, "The environment of a par

ticular moment is of interest only as one segment in a larger time 

sampling of the environment." Few studies of physical growth have been 

made with this longitudinal experimental approach considered, although 

perhaps in most cases it could be argued that the social conditions 

of the majority of children would not change significantly over short 

periods of time. Within-generation social mobility is a possibility 

though and this has not been considered in any of these studies. 

Rather it has always been consistently neglected or merely ignored. 



The second criticism actually brings us even closer to the 

question regarding causation of the socioeconomic group differences 

found in so many diverse populations, that is whether the differences 

can be attributed primarily to environmental variability or to pos

sible genetic variation within the population. Meredith (19̂ 1, 1951) 

has' pointed out a number of the North American studies mentioned in 

the course of this review where the population in which socioeconomic 

groups were being contrasted may not have been as homogeneous in a 

racial or ethnic sense as the investigator would have us believe. The 

ethnic bias in Robertson's (1916) results has already been mentioned. 

Meredith (19̂ 1) mentions possible sources of bias in two additional 

studies, where the investigators failed to show that the socioeconomic 

groups being compared were "reasonably equivalent in racial composi

tion" (Meredith 19̂ 1:919 concerning Weisman 1935) or comparable in 

"ethnic derivation" (Meredith 19̂ 1:920 converning Boas 1923)• More

over Meredith (1951) points to the possibility of there being in the 

lower socioeconomic group of Bov/ditch (1879) and O'Brien and associ

ates (19̂ 1), larger numbers of children of southern European ancestry, 

and of Hellman (1923) a larger number of Eastern European Jewish chil

dren, than in the respective upper socioeconomic groups in these 

studies. Whether these racial or ethnic factors did in fact influence 

the results of the above studies can only be surmised at this point. 

But the possible existence of genetic differences between socioeconomic 

strata cannot be ignored. 
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Family Characteristics 

In two of the previous sections dealing with the influences of 

postnatal environmental factors on physical growth in childhood and 

adolescence, I made the distinction between macro- and microenviron-

mental factors as two levels of effects of physical environment. 

Socioeconomic factors can be contrasted in the same sense perhaps with 

those influences on physical growth of the characteristics of indi

vidual families within any socioeconomic grouping. Some students of 

within-population variability in physical growth feel that "growth 

differences are more closely related to the home conditions than to 

the strictly economic status of the families" (Tanner 1962:1̂ 0, citing 

Bransby et al. 19̂ 6). Naturally family characteristics such as size 

of family interact v/ith socioeconomic factors and may account for some 

of the variation both between and within socioeconomic groups. 

The term family characteristic will be used here to define 

those attributes of the family which, although related to socioeconomic 

conditions in various degrees, really reflect aspects of behavior at 

another level aside from that of socioeconomic class or strata. To 

Tanner (1962), such family characteristics, which he refers to as 

"home conditions" (1962:140) reflect the behavior of the parents. But 

another characteristic of the family, its size, as it relates to physi

cal growth of the children in a family may indicate behavioral aspects 

of both parents, as they adjust to caring for increasing numbers of 

children for example, and the interactive behavior between younger 

members of the family as they share available resources. With this in 
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mind, two categories of family characteristics can be made, those de

scribing primarily the parents and related to their behavior with 

respect to the rest of the family, and involving the total family. 

A number of publications have appeared, particularly in the 

last ten years, dealing with specific aspects of parental behavior 

patterns and their effects on the physical growth of infants and pre

school children. A number of characteristics have been found to be 

associated with level of growth, including standard of parental care 

(Berry and Cowin 195*0> maternal competence (V/ray and Aguirre 1969)i 

personal hygiene of mother and father (Cravioto et al. 1967)» parental 

attitudes towards religion (Boutourline Young 1970)> parents' occupa

tional and educational aspirations for the children (Boutourline Young 

1970; Christiansen and associates 1975)1 and some measure of family 

instability, usually presence or absence of one or both parents 

(Pollitt and Ricciuti 1969; Chase and Martin 1970; Desai and associ

ates 1970; and Graham 1972). Many of these characteristics involve 

admittedly subjective judgment on the part of the investigators and 

field workers, i.e., level of parental care, and some involve use of 

questionable indexes, such as maternal competence measured via sur

vival rates of siblings (V/ray and Aguirre 1969). However, the effects 

of such behavioral patterns cannot be overlooked and most of the re

search so far only points 'the way toward more detailed study of what 

some (Christiansen and associates 1975) have recently called the 

"social ecology of children's physical growth" (Christiansen et al. 

1975:121). 
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Another pattern of parental behavior studied as to its rela

tionship with childhood physical growth has been smoking habits of 

mother. Recently both Goldstein (1971) and Wingerd and Schoen (197*0 

have shown a residual effect of maternal smoking habits during preg

nancy on height of children at age 5 and 7 years, respectively, after 

adjusting for the effects of such factors as birthweight, gestation, 

some measure of birth order, parental ages, socioeconomic levels, and 

maternal stature and age at menarche. This effect on later growth may 

have as much to do with maternal' behavioral patterns as with any bio

logical effect of smoking during pregnancy. 

More often studied than any of the above characteristics has 

been the relationship between parental age and physical growth of 

children, age usually presumed to be related in some indirect manner 

to level of child care. Mother's age is always considered in such 

studies, but some investigators (Cravioto et al. 19&7; Wray and Aguirre 

1969; Kanawati and McLaren 1973, Wingerd and Schoen 197*0 have seen fit 

to include a look at the possible influences of father's age. The 

maternal age utilized in most investigations has been that age attained 

by mother at the measured child's birth, but some researchers have 

simply recorded age of mother at the time of the interview to collect 

family data on the child being measured as part of a growth study. 

The results of these studies are mixed. No relationship between ma

ternal age and level of growth was detected in studies by Plllitt and 

Riciuti (1969)1 Chase and Martin (1970), Desai et al. (1970), Samuelson 

et al. (1971). and Kanawati and McLaren (1973)• Four of the five 



56 

studies are investigations of preschoolers and infants and examine the 

simple bivariate relationship between maternal age level and grouping 

of children according to high or low attained growth or growth rates. 

Only Samuelson and his coworkers controlled for other factors associ

ated v/ith the attained growth of the k, 8, and 13 year old children 

in their cross-sectional study, and using a multiple regression model 

found no relationship between maternal age and growth in height, weight 

and two skinfold measurements. 

Cravioto et al. (1967) and V/ray and Aguirre (1969) found an 

association between younger maternal age and, in the former study, 

greater infant weight gain, and in the latter study, decreased percent

age of low weight for age preschoolers. Again both are studies at 

preschool level ages and both use simple bivariate sorts of comparisons. 

Three more recent studies have reported greater attained growth levels 

in children of mothers of older age groups. Goldstein (1971) found 

children whose mothers had been 25 years or over in age at child's 

birth averaged 0.6 cm taller than children of mothers aged under 25 

years, the effect of mother's age being significant after adjustment 

for factors mentioned above in previous discussion of this study. Con

trolling for several factors similar to those in Goldstein's study, 

Wingerd and Schoen (197*0 found children at age 5 years to be almost 

1 cm. taller if mothers' age was 35 years or more at the time of the 

child's measurement. Lastly Christiansen et al. (1975) have shown a 

positive association between mother's age and child's height and 

weight at preschool ages after adjusting for socioeconomic status. 
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As mentioned above, severed researchers have examined the re

lationship between fathers' age and physical growth. Cravioto et al., 

(1967)1 Wray and Aguirre (1969) and Kanawati and McLaren (1975) each 

found a negative association between father's age and level of growth 

in preschool age children. Simple bivariate analyses were used in each 

case. Wray and Aguirre naturally found that the average number of 

children per family also increased with increasing age of father. But 

it was also found that although income per month and percentage of 

total income spent on food also increased (not as sharply as number 

of children per family) with increasing paternal age, actual expendi

tures for food per family member per week were less in families of the 

men in the older paternal age groups. The results of wingerd and 

Schoen (197*0 differed from the above in that a positive association 

between paternal age and height at age 5 years was found, after adjust

ing for several factors mentioned previously, including birth order, 

which unfortunately is not only a measure of family size, and several 

socioeconomic factors, i.e., income and education. Children of fathers 

over the age of 35 years averaged 0.7 cm taller than those of fathers 

aged under 25 years and 0.4 cm taller than children of the intermediate 

paternal age group. 

Some studies concerning particular components of the total 

family within this second category of family characteristics have been 

made in recent years, mostly involving growth of preschool children and 

infants. Chase and Martin (1970) reported an association between level 

of growth in infants and number of siblings born just two years prior 



to infants in the study. In preschool age children, Wray and Aguirre 

(1969) showed a positive relationship between attained growth level on 

weight and both the time interval betv/een studied children and succeed

ing sibling, and number of preschool age children in the family. 

Similarly Christiansen et al. (1975) found a positive correlation be

tv/een the mean age differences between children in subjects' families 

and attained growth on height and weight of subjects after an adjust

ment for the effect of several socioeconomic factors. Analyzing data 

on 7 year old English children, Goldstein (1971) found no consistent 

relationship between position in the family and height and weight of 

girls 9-16 years of age, but did report a strong positive association 

of age at menarche with size of family. 

The influence of family size on growth of children and ado

lescents has been examined over a considerably longer period of time 

than the effects of spacing of births and position in sibship. Family 

size has not always been measured in the same manner, but results con

sistently exhibit a negative association betv/een level of physical 

growth and some measure of size of family. Some methods of measuring 

family size have included: (l) number of persons in the house; and 

(2) number of children in the family, including children under study 

(one child, 2, 3, etc.) or number of sibs of children in study (none, 

1, 2, etc.). Mitchell (1932) used number of persons in the house as a 

measure of family size, and calculated correlation coefficients between 

this variable and four measurements (height, hip width, arm circumfer

ence, and subcutaneous biceps tissue) on 10 year old urban Puerto 



Rican children, concluding from the mix of positive and negative corre

lations that there was no relationship. But a closer look at his re

sults reveals that all of the higher positive correlations, ranging 

from .20 to .50, were found among children of parents who were classi

fied as renters, while the mix of small positive and negative coeffi

cients showed up in the group labeled as children of owners. Since 

bivariate sorts of relationships were the only ones studies, no expla

nation for this can be offered. 

A large number of studies have used the number of children in 

the family as the indicator of family size. Yudkin (19̂ *0 reported 

that Cambridge school children from families of one or two children 

were both taller and heavier than those of families with three or more 

children. Similar results for children ranging in age from 6 to 13 

years have been reported from other parts of Great Britain (Scottish 

Council for Research in Education 1953; Scott 1961 cited in Tanner 

1962; Grant 196*0, in France (Tremolieres et al 1950; Benech, Mathieu 

and Schreider i960), and in Sweden (Samuelson et al. 1971), the latter 

finding a negative effect of family size on not only weight at age 8 

years but also on two skinfold measurements (triceps and subcapular) 

after adjusting for the influence of several socioeconomic variables. 

Samuelson and his coworkers did not, however, find any association 

between family size and attained growth at age 13, which lends support 

to the results of Roberts et al. (1971), who found no relationship be

tween body size and size of family in English girls aged 11-16 years 

after controlling for age at onset of menarche. In spite of the latter 



6o 

results for adolescent-age subjects, there is some evidence from a 

longitudinal study (Miller, Billewicz and Thomson 1972) of a negative 

association between body size (height and weight) and family size per

sisting to adulthood (age 22 years in this study). 

Instead of using number of children in the family as the index 

of family size, a few studies have utilized the same index expressed 

as the number of sibs or siblings for each child being studied. Using 

height data from a longitudinal study in which the same cohort of 

English boys and girls was measured at age 7, 11, and 15 years, 

Douglas and Simpson (1964) reported differences betv/een groups based 

on number of sibs each child had at age 15. At each level the means 

for stature, adjusted for the effect of stage of puberty and social 

class, increased in a steady gradient from the group having 3 or more 

sibs to that with no sibs, the differences between these two polar 

groups ranging for girls from 1.4 to 0.5 inches at ages 7 and 15 re

spectively and for boys from 0.6 to 0.9 inches at the same ages. Topp 

et al. (1970) found a similar gradient for height in a cross-sectional 

study, v/ith differences betv/een groups of children with no siblings 

and those with 4 or more increasing steadily with age for both boys 

and girls. These investigators also reported weight to vary in a 

similar manner. Related to this last result is the finding of Whitelaw 

(1971)» who found decreasing mean skinfold thickness (combined means 

for triceps and subscapular skinfolds) with increasing number of sib

lings in family in each of three social classes. This agrees with the 

previously mentioned work of Samuelson et al. (1971) in Sweden. So it 



would seem that there is a tendency for children of large families to 

be shorter, lighter and have less fat than like-aged children in 

smaller families, the results for height being accentuated in the 

lower socioeconomic groups (Tanner 1962) due most likely to an in

creasing burden on the resources available for food the larger the 

family to feed. 

Heredity and Environment 

Within-population variability in the physical growth of chil

dren and adolescents has been discussed in this chapter with attention 

focusing on the variation with respect to five categories of factors. 

The results of previous research have been presented, but most of the 

discussion of the possible causes of the variation found has been pur

posefully avoided until now. It is obvious from the use of the terms 

"macroenvironment" and "microenvironment" that environmental causative 

agents are being studied. But one should always be aware with regards 

to these two levels of environment of the possibility of genotype-

environment interactions. There is no reason to doubt that some indi

viduals or groups of individuals within a population may be genetically 

predisposed to the effects of certain climate elements on physical 

growth patterns. Moreover, what can be called environment by environ

ment interactions in the analysis of variance usage of this terminol

ogy (for example the interplay between climate and nutrition or illness) 

cannot be ignored. The influence of certain family characteristics on 

growth is more likely a reflection of environment as the phrase "social 

ecology of children's physical growth" (Christiansen, Mora and Herrera 
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1975s121) implies. Birth order and length of gestation effects on 

later growth may also reflect primarily the initial influence of mater

nal environment. However, the same sorts of arguments about genotype-

environment interactions may apply as well to the family and prenatal 

influences on physical growth. 

Explanations which are predominantly environmental have been 

applied continuously to observed socioeconomic group differences and 

to variation in postnatal growth relative to size-at-birth. That 

nutritional history and illness experience vary according to social 

class or socioeconomic group certainly cannot be denied, as evidence 

for such variation comes from studies done in various populations 

across time and space (Robertson 1916; Hardy, Boyle and Newcomb 19̂ 1; 

Hardy et al. 19̂ 3; Yudkin 19̂ ; Berry and Cowin 195̂ ; Cornely, Bigman 

and Watts 1963; Wray and Aguirre 1969; Boutourline Young 1970; Zee, 

Walters and Mitchell 1970; Samuelson, Grehnen and Arvidson 1971; Fryer 

et al. 1972; Cook et al. 1973; Kanawati and McLaren 1973; Larson et al. 

197̂ ; and Jacoby et al. 1975). Low birth weight for height and de

creased subcutaneous fat at birth have been linked to nutritional and 

ill-health factors (Naeye et al. 1969; Miller and Hassanein 197*0 and 

low birth weight alone has been found to be strongly related to two 

factors thought to reflect maternal nutrition, namely mothers' weight 

gain during pregnancy and pre-pregnancy weight (Weiss and Jackson 

1969; Niswander and Gordon 1972). It is not difficult to visualize 

the continuance in postnatal life as the same sorts of effects of 

nutrition and illness in the families of low size-at-birth children, 
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producing eventually similar deficits on certain measurements assessed 

at a later point in time. 

Despite the obvious strengths of nutritional and disease-

related explanations for socioeconomic group differences in growth and 

for reduced postnatal growth relative to size at birth, it is still 

important to discuss the evidence supporting a genetic explanation for 

the body size differential between socioeconomic groups and birthweight 

groupings. There are at least three genetic interpretations of social 

class or sicioeconomic group differences in body size, namely that such 

differences are due to: (1) upward social mobility of persons with 

larger body size; (2) selection for small body size in groups of humans 

subjected to nutritional stresses; and (3) Historical factors involved 

in the formation of social strata within the various populations 

studied. Tanner (1962:1̂ 0-1̂ 1) presents an outline of the first ex

planation, which begins with the observation that there is a relation

ship in adults between body size and social class or occupation. Tanner 

cites the results of Clements and Pickett (1952, 1957) in Great Britain 

but others have observed the same phenomenon (Cathcart, Hughes and 

Chambers 1935; McCance, Widdowson and Verdon-Roe 1938; Baird 19̂ 7; 

Moore, Stunkard and Srole 1962; Thomson 1966; Silverstone, Gordon and 

Stunkard 1969; Khosla and Lowe 1972; and Kopczynski 1972). The next 

step in this explanatory scheme involves the tendency for larger per

sons to "have a greater capacity to rise in the social scale" (Tanner 

1962:1̂ 0). The evidence for such a tendency comes entirely from 

studies in England and on the European continent, among which are 



Illsley (1955)i Thomson (1959), Schreider (196*0, and Cliquet (1968). 

The last process in this system would be the likelihood of the large 

socially mobile persons to have larger offspring on average, thus pro

ducing in part the observed socioeconomic group differences between 

children. Tanner (1962:139» 1*KL) cites both findings in support of 

such a genetic explanation of socioeconomic group differences among 

preschool age children (Douglas and Blomfield 1958) and the possible 

originators of the explanation (Paton and Findlay 1926). To what ex

tent such processes occur outside of the European social structure re

mains a subject for further study. 

If there is a difference in the frequencies of genes for tall-

ness and large body mass between social classes or socioeconomic 

groups, one might expect that such classes or groups would exhibit the 

same gradient v/ith regards to height and weight from birth to adult

hood and that the differences between groups would be enhanced by con

comitant nutritional and health-related dissimilarities. In perhaps 

the only longitudinal study of the physical growth from birth to adult

hood of children representing several socioeconomic groups, Miller, 

Billewicz and Thomson (1972) found that the social class gradient for 

height and weight did not correspond at all ages from 3 to 22 years to 

that for birthv/eight. The gradient for weight in females at age 22 

years did match that for weight at birth, but the same result did not 

occur for 22 year old males or for the stature gradient of either sex. 

Unfortunately birth lengths were not part of the data set in this 

study. 
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The second genetic hypothesis mentioned as a possible explana

tion for socioeconomic group differences has only received attention 

in the past ten years. This explanation involves the idea that small 

body size might be an adaptation to the stresses of suboptimal nutri

tion. Such a hypothesis was suggested by Coon, Garn and Birdsell 

(1950) as a possible explanation for racial differences in body size. 

The actual mechanism involves the maintaining during the growth period 

of a slow rate of growth as an adaptive response to malnutrition and 

perhaps even undernutrition. It is postulated that those children who 

genetically to not have this potential are selected against under the 

conditions of nutritional stresses. Recently a number of researchers 

have suggested this as a possible explanation for their results (see 

for instance Malcolm 1970; and Stini 1972), the latter extending the 

argument to explain populational differences in body mass. Frisancho 

et al. (1973) found in a Peruvian population living under "poor socio

economic conditions" (1973:255) that short-statured women had a higher 

mean offspring survival rate than taller women. However, no informa

tion on the physical growth of the children v/as presented and no evi

dence of severe childhood malnutrition was seen in this population. 

So the total process has not been effectively demonstrated and would 

really require a longitudinal approach. Whether the explanation 

accounts in part for socioeconomic group variation is a problem for 

additional research. Further impetus for such research comes from 

investigations which have indicated that tall women in the upper socio

economic strata have higher offspring survival rates than shorter 
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women under the same socio-conditions, while under lower socioeconomic 

conditions, the shorter women have higher rates than the tall (Thomson 

1966). 

The third genetic hypothesis considers historical and cultural 

factors involved in the formation of social strata in populations. 

Throughout historical time, conquering armies have moved into terri

tories inhabited by genetically different peoples. This historical 

fact coupled with cultural factors can and has influenced the distri

bution of genes for various biometric traits in the "new" populations 

formed. As Hulse (1961:193) has explained it, if the conquerors "and 

their offspring remain permanently as aristocracies, instead of going 

home, their genetic impact upon the areas which they hold will be in

creased." The creation of upper classes as a result of the events of 

warfare and the continuing processes v/ithin and among the social strata 

involving selection of mates most certainly has profoundly altered the 

distribution of genetic-dependent biometric traits in populations 

affected by such factors. Hulse (1936, 195̂ , 1961) has shown how these 

processes and related ones*have been partial determinants of among and 

within population variability in the New World. Such processes un

doubtedly account for some of the observed socioeconomic group vari

ation in the heterogeneous population which the Mexican-American chil

dren in the study represent. Similar factors plus sexual selection 

(Hulse 1972) could be invoked to explain some of the variation observed 

between socioeconomic groups of Black children. Doubtlessly the inter

action between such genetic factors and environmental variables is 
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exceedingly complex, but explanations of the observed variability among 

what are thought of as environment-related groupings of children surely 

must take into consideration the possible explanations for the observa

tion differences. 

The relationship between size-at-birth and later growth in body 

size may also have a genetic interpretation. A number of studies have 

shown birth weight and length to be strongly related to both mother's 

height and weight after adjusting for several environmental factors, 

including socioeconomic circumstances, parity, parental age, previous 

pregnancy outcomes, and variables relating to maternal health (see for 

example Abernathy et al. 1966). There are, of course, problems with 

the use of such measurements as maternal height in that there is no way 

of ascertaining to what degree mothers are expressing their full 

genetic potential with respect to the measurement. Hov/ever, the re

lationship between mothers' measurements and those of offspring may be 

indicative in part of maternal genes for larger body size and mass 

having been expressed in the offspring. Given no adverse environmental 

circumstances, one would expect these same children who v/ere larger at 

birth to be larger later due to the maternally inherited genes for 

tallness or heavy body weight. Such a possibility would always have 

to be considered in any explanation of a relation between size at birth 

and later growth. 

I have attempted in this last section to outline rather briefly 

the numerous problems involved in the task of explaining the within-

population variability in physical growth with respect to each of the 



groupings of factors discussed in this chapter. One is left with the 

question of whether there really is a means of dealing in a sensible 

manner with the genetic-environment causative dilemma given the limits 

of data on humans. To actually calculate the relative influences of 

heredity and environment in producing the variability in attained 

physical growth on any anthropometric is not possible within the 

limited design of the Tucson Longitudinal Growth Study, which does not 

so far include family studies, detailed assessments of microenviron-

ments and nutritional status, and collection of data on additional 

longitudinal cohorts as a measure of replicability of results on the 

same populations. However, it is felt that reasonable estimates of 

the relative importance of the five sets of factors in the production 

of within-population variation can be made. To what extent the vari

ation with respect to each of these factors is due to genetic or en

vironmental variability remains a task for the future. 



CHAPTER 3 

THE TUCSON LONGITUDINAL GROWTH STUDY 

In Chapter 1 it was mentioned that the longitudinal method has 

not often been applied to the study of population or within-population 

differences in physical growth, most studies having depended on cross-

sectional data. The Tucson Longitudinal Growth Study was designed in 

part to help fill this gap in our knowledge of how observed population 

and within-population growth patterns vary through time. Tucson is an 

excellent location for such research due to the multi-ethnic composi

tion of its population (see Table 1) and variability in the social and 

residential conditions under which the ethnic groups live. It is also 

an asset that Tucson is a university community. A wealth of informa

tion about the city and its population is readily available and con

stantly being produced (Yancy 1933; Getty 1950; Officer 196̂ ; Univer

sity of Arizona Center for Early Childhood Education 1969; Snow 1971; 

Kay 1972; Pima County Health Department 1973)• The necessity of re

taining over time a reasonably sized sample cohort of children is 

certainly an important factor in determining the relative merit of 

doing a longitudinal study in a given locale. Tucson's having the 

largest school district (School District 1) in Arizona helped in this 

regard in that even with residential mobility of some children within 

the city, chances are high that these children would still be enrolled 

in this same district and therefore accessible for follow-up. 
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Table 1. Ethnic group composition of Tucson, Model Cities neighborhood and longitudinal growth 
study original cohort. 

.. Model Cities , _ 
City of Tucson (1970) Neighborhood (1970) Growth Study (1969-1970) 
No. # No. % No. % 

Total Population 262,933 100.0 21,361 100.0 1,0̂ 5 100.0 

Mexican-American 62,81*1 23.9 15,3̂ 0 71.8 51*8 52.1* 

Anglo 186,̂ 19 70.9 2,959 13.9 285 27.3 

Black 9,203 3.5 1,987 9.3 135 12.9 

American Indian 4,1*70 1.7 1,075 5.0 52 5.0 
and other 

1. From Model Cities and the 1970 Census, City of Tucson, Department of Urban Resource 
Coordination, Evaluation Division Report, December, 1973. 

2. Original pilot year figures. 

o 
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The planning for a longitudinal study of the physical growth of 

school children in Tucson was begun in the summer of 1969. A number of 

initial inquiries by Dr. Hermann K. Bleibtreu (then Associate Professor 

in the Department of Anthropology at the University of Arizona) and 

this writer to Tucson School District Number 1 personnel concerning 

the possibility for such a study in that District's schools were met 

with enthusiasm and interest. In September, eight graduate students 

in the Department of Anthropology, four of whom were also registered 

nurses, enrolled in a course given by Dr. Bleibtreu entitled "Methods 

in Physical Anthropology." This course provided both the opportunity 

to review and discuss prior research and literature in the area of 

human growth and development, and the training in anthropometry neces

sary for the anticipated field work. Also in September of 1969 a 

written proposal for a longitudinal growth study was presented by Dr. 

Bleibtreu to the School District Mo. 1 Department of School Health 

Services and Department of Research and Development. This proposal 

detailed the purpose of the study and the data to be collected, in

cluding the methods involved in the collection of anthropometric 0 

measurements on elementary school children. The proposal was approved 

by the two departments in late October, and final approval by Dr. 

Thomas Lee, Superintendent of School District No. 1, was received in 

early November. 

A preliminary listing of the elementary schools in which first-

graders were to be measured had been presented to the School District 

along with the above mentioned proposal. The list included all of the 
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elementary schools (10 in number) within the boundaries of Tucson's 

Model Cities Neighborhood, a six square mile tract surrounding the 

downtown part of Tucson and designated by the city government in 1968 

as the target area for the Federal Government Model Cities Program 

Funds. These schools were chosen because children of three Tucson 

ethnic groups, Mexican-American, Black and Native American, were 

heavily represented in the Model Cities area (see Table 1). In addi

tion, extensive social and demographic data were available for this 

area in preparation for a Model Cities Program funding. The remaining 

nine schools of the original 19 were chosen from other areas of the 

city, some immediately outside the Model Cities area, others in what 

can be roughly labeled "Middle Class" residential neighborhoods. The 

inclusion of these schools enabled us to obtain a sampling of four 

ethnic groups (the three already mentioned above plus Anglos) and pro

vided socioeconomic and residential groups for comparison to the rela

tively less affluent groups from the Model Cities area. 

The measuring of children began in late November, 19̂ 9» and 

continued during that school year until the Spring of 1970. During 

this initial phase of the study 33 anthropometric measurements were 

taken on each of 1,0M* first-graders of both sexes. Beginning in the 

Fall of 1970, two measurement periods each school year (in the Fall 

and again in the Spring) were initiated with an effort to measure as 

many of the original cohort of children as possible. Three research 

grants from the National Science Foundation (1972, 197̂ 1 and 1975) 

have enabled us to continue the study to date. Three elementary 



schools were added to the original 19, one as a result of our needing 

to increase the sample size for Black children, the other two resulting 

from reassignment of some children to different schools. Only two 

measuring periods have been missed since the Fall of 1970, namely 

Spring and Fall of 1973, when we lacked funding and personnel necessary 

to gather data. Every attempt has been made to keep as many of the 

original children in the sample as possible. This has required us to 

return again and again to the schools for absentees and during the 

197̂ -75 school year, 21 additional elementary and junior high schools 

in District 1 were visited to measure small groups of children who had 

moved out of the districts served by the 22 schools in which we rou

tinely measured or had been moved ahead one grade to Junior High level. 

The method of procedure for visiting schools and collecting 

the data has remained essentially the same since Fall of 1970. This 

method v/ill be outlined briefly in the next section of this chapter. 

The remaining sections describe the anthropometric and non-anthropometric 

data which have been collected as part of the Tucson Longitudinal 

Growth Study and the methods used in processing these data for analysis. 

Methods of Procedure 

The usual procedure each Fall and Spring was to start by meet

ing with Tucson School District No. 1 personnel several weeks before 

the collection of data v/as to begin. This involved meetings with the 

Director of the Department of Research and Development to discuss the 

progress and current status of the project, and with the Nurse Super

visor of the Department of Health Services to discuss the scheduling 
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of elementary schools for visits by Growth Study personnel. During the 

latter, a tentative schedule of schools was always presented to the 

Nurse Supervisor for distribution to the school nurses and principals. 

It was then possible to work out beforehand any conflicts between our 

visit to the school and Health Service Department programs such as im

munizations and physical examinations. After we were certain that the 

tentative schedule had been approved by the Health Services Department 

and received by the principal and nurse of each elementary school par

ticipating in the study, we called each school at least two weeks prior 

to our visit to make sure that the day or days we had set up for meas

uring met with the approval of both principal and nurse. Rescheduling 

of schools had to be made now and then due to conflicts with field 

trips and other important school functions. 

An actual measuring period, the time during which schools were 

visited and children measured, usually lasted 10-11 weeks. The Fall pe

riod was from mid-September to about the end of the third week in 

November, while the Spring period was from mid-March to the end of 

the third week in May. At least two schools and sometimes as many as 

four were visited during a given week, the number of schools per week 

being determined by availability of the subjects. From the Fall of 

1970 through the Spring of 1975, the schedule for remeasurement of 

children measured in the original pilot year (1969-70) remained fairly 

constant, in that any given school was visited at roughly the same time 

during the 9-10 week measuring period each season. This produced 

approximately equal intervals of six months between the two measuring 
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points for any particular child, unless the child had moved to a dif

ferent school or was chronically absent and not measured at the same 

time each season. Residential mobility and absenteeism never signifi

cantly affected group intervals betv/een measuring periods. The meas

uring periods are listed in Table 2. 

As mentioned previously, some non-anthropometric (social) data 

were collected from the health records of the children in the study. 

The health records were kept in the nurse's office in each school and 

the information on these records was made available to the Growth Study 

personnel with the permission of the School District Department of 

Health Services. The data are discussed in this chapter in the section 

on non-anthropometric data. The procedure for collecting this infor

mation was as follows. From the onset of the study a coding form was 

used to record the anthropometric data and other information for later 

data processing and analysis. This form was designed for both ease of 

recording and key punching on IBM data cards (see Appendix 1). Our 

usual procedure was to visit a school to collect the social data some

time prior to the day on which the measuring was to be done. The 

nurse's records for the grades in which the children in our study were 

enrolled were scanned and the information concerning children still 

in attendance at the school was recorded on our forms. This recording 

of social data was completed each season to update the information on 

any given child. Any child found to be no longer in attendance at a 

given school was traced with the cooperation of the school secretary. 



76 

Table 2. Tucson Longitudinal Growth Study measurement periods, 
1969-1975-

Season and Year 
School Grade 
of Cohort 

Period 
Number 

Fall-Spring, 1969-1970 1st Grade 1 

Fall, 1970 2nd Grade 2 

Spring, 1971 2nd Grade 3 

Fall, 1971 3rd Grade k 

Spring, 1972 3rd Grade 5 

Fall, 1972 4th Grade 6 

Spring, 1972* 5th Grade 9* 

Fall, 197̂  6th Grade 10 

Spring, 1975 6th Grade 11 

*Two measuring periods, Spring and Fall of 1973, were missed, so 
there are no periods numbered 7 and 8. 
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If the child's records had been sent to a District 1 school in which 

we would be measuring, the child would remain in the study. 

The collection of anthropometric data during the three periods, 

between Fall 1970, and Fall 1971» was carried out by some of the origi

nal male and female graduate students from the 1969-70 pilot year (see 

above) as well as volunteer recorders enlisted from the Anthropology 

Department. Since the Spring of 1972, the measuring and recording of 

data have been done by a team consisting of two male and two female 

graduate students who hold half-time positions as Research Assistants 

with the Tucson Longitudinal Growth Study in the Department of Anthro

pology. The transition from volunteer study to that of funded status 

was the result of a 1972 research grant from the National Science 

Foundation. This grant has been renewed twice since then, in 197̂  and 

1975, enabling four research assistants to participate in the study 

during any funded year since 1972. This has provided two teams, each 

consisting of a measurer and a recorder, during any measuring session. 

The procedure on a given measuring day was about as follows. 

The Growth Study teams arrived at the school in the morning about one-

half hour before classes began. This provided ample time to: (1) 

find out where we would be measuring, whether in the nurse's office 

or at some other location designated by the principal; and (2) to set 

up the measuring equipment. Locations other than the nurse's office 

included hallways, utility rooms, cafeterias, and auditorium stages. 

After the equipment had been set up, one or two members of the team 

went to the classroom to inform the teacher of our arrival (teachers 



78 

had been previously notified of our scheduling of their classes prior 

to the day of measuring). In the initial year of the study and some

times thereafter, this visit to the classroom also involved telling 

the children who we were, what we were going to be doing, and why we 

wanted to measure them. Once the children had been measured two or 

three times this was no longer necessary. The author and one other 

member of the team were with the study from its inception and were 

readily recognized by the cohort. 

The measuring began when it was convenient for the teacher to 

begin sending children to the appointed site. In the morning this 

occurred about 5-10 minutes after classes started, allowing time for 

such classroom activities as roll-taking and collection of lunch money, 

and in some schools, consumption of the free breakfast provided for the 

children. A group of 3-̂  children came to the measuring area at the 

onset. Each child was asked to remove shoes and any heavy outdoor 

clothing, such as sweaters and jackets. The weight of each child was 

taken and then two children were measured simultaneously, one by each 

measuring team. Upon return of the first two measured children to 

class, tv/o additional children were sent by the teacher. This kept a 

fairly constant flow of children during the course of the day. The 

average time for actual measuring and recording of the 33 anthropo

metrics was about 6 minutes. With 5-10 minutes allowed for waiting 

time, processing the child's record, and weighing, a child spent be

tween 12-15 minutes with the measuring team. The normal complete 
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measuring day consisted of 2-1/2 -3-1/2 hours from about 9s00 A.M. on, 

depending on when the children had lunch, and 1-1/2-2 post-lunch hours. 

Anthropometric Data 

The 33 anthropometric measurements collected in the Longitudi

nal Grov/th Study were chosen to be comparable with those recommended 

by the International Biological Programme's guideline for studies of 

growth and physique (Weiner and Lourie 1969). Not all of the measure

ments suggested by the IBP could be used owing to our not being able 

to measure the children unclothed, as is the usual procedure in almost 

all previoud longitudinal growth studies, where children are enrolled 

in the study and all examinations are completed in a clinical setting. 

However, we were able to take 20 of the 21 measurements on the IBP 

Basic List (Weiner and Lourie 1969s 5)• Subscapular skinfold was not 

measured. The equipment and anthropometric instruments used in col

lecting the 33 measurements are listed in Appendix II. The 33 meas

urements and brief descriptions of how they were taken can be found in 

Appendix III. 

It was mentioned previously that the initial anthropometric 

training was conducted as part of a methods class. This training pro

duced five primary measurers, three of them female registered nurses, 

and two male graduate students. Most of the pilot year measurements 

were taken by this group. During the next three measuring periods, 

most of the measuring was done by one of the three female nurses and 

the two male measurers. Since the Spring of 1972, almost all the male 

children had been measured by the same two male measurers. During 
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this same period (1972-75)i seven additional female measurers were em

ployed. All were extensively trained by the two male measurers, and 

practice measuring sessions were continued prior to the actual measur

ing of children until the measurements of all four measurers were con

sistently close. Every effort has been made to reduce measurement 

error. The measurement technique of the measurers was, as mentioned, 

standardized previous to the measuring period, and in addition, periodi

cally checked during the course of the measuring period. The instru

ments were checked and lubricated both at the beginning of a measure

ment period and checked every day during its course. Moreover, the 

subjects were always measured in a randomized fashion. For example, 

any male subject was equally likely to be measured by either of the 

two male measurers. 

Non-anthropometric Data 

In addition to the anthropometric data discussed above, certain 

non-anthropometric data v/ere routinely collected during each measuring 

period. These non-anthropometric data were recorded on the coding form 

of each child measured during a measuring period (see Appendix I. Data 

recorded at the time a child was measured included: 

1. Initials of the person who measured the child. 

2. Initials of the person who recorded the anthropometric measure

ments. 

3. Date (month-day-year) and time of day when the anthropometric 

measurements were taken. 
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This information gave us the potential for checking differences between 

individual measurers, and examining possible variation in measurements 

correlated with the time of day. 

As mentioned previously, some of the non-anthropometric data 

collected on a routine basis each measuring period included social in

formation. These social data were collected from the health records 

of the children and recorded prior to actual measuring data. The 

following social information was recorded for each child on the coding 

sheet shown in Appendix I. 

1. Matriculation number — a number assigned by the School Dis

trict to each child upon enrollment. 

2. Sex 

3. Name 

k. Date of birth (month-day-year) 

5. Place of birth — city or town, state, and/or country, where 

needed (non-United States birthplaces) 

6. Population or ethnic group affiliation 

7. School — 3-digit numeric code identifying each school in 

School District No. 1. 

8. Address 

9. Name of father 

10. Name of mother 

11. Occupation of father 

12. Occupation of mother 
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The parental names and occupations and the family addresses were veri

fied by checking in the 1968-71 and 197̂  issues of the Tucson City 

Directory (R. L. Polk and Company 1968-71, 197*0 • 

In addition to the above 12 items of information, two other 

indicators of socioeconomic circumstances were recorded. The health 

record indicated whenever the family of any child was eligible for 

welfare, usually Aid to Dependent Children, and/or medical care and 

hospitalization paid for by the Pima County Government. Both of these 

items indicate very low family income, for example $3,000 per year for 

a family of four individuals (husband, wife, and two children). Both 

items were useful in delineating the socioeconomic groups to be com

pared (see Chapter k). 

At-Birth Data 

Previous to the summer of 1972, all of the non-anthropometric 

data which had been gathered came from school records. This informa

tion provided some socioeconomic information regarding any child's 

family circumstances from the time our study began (1969-70) and during 

subsequent measuring periods (1970-75)- No information was available 

on the backgrounds of the children in the study during the early years 

of growth, i.e., birth to entrance into the first grade at roughly 6 

years of age. One way of estimating the socioeconomic conditions 

during those years was to gather information about each child's socio

economic situation and anthropometric status at birth. A large number 

* 

of the children who had been measured through Spring 1972, were desig

nated by the school record as having been born in Tucson. 
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Permission was granted by the Pima County Health Department's 

Birth and Death Certification unit to record social and birth weight 

data from the microfilmed birth records of all the children in our 

sample at that time who had been born in Pima County. During the sum

mer of 1972, two recording assistants (both registered nurses) and the 

author collected information on 900 children. The list of data re

corded on coding sheets (see Appendix IV) for each child included the 

following. 

1. Arizona State File Number (a number which identified the birth 

record in case it had to be retraced at later point in time). 

2. Hospital or other location where child born (3-digit numeric 

code) 

3. Address where mother was living at time of child's birth, in

cluding both street address and number of census tract where address 

located. 

k. Type of birth, whether single or twin (and for twins, which one 

born first). 

5. Number of previous offspring born alive to child's mother and 

still alive. 

6. Number of previous offspring born alive to child's mother, but 

now deceased. 

7. Number of previous offspring born dead to child's mother, in

cluding fetals, miscarriages, and abortions. 

8. Length of gestation in weeks. 

9. Birthweight in pounds and ounces. 



10. Racial designation of both parents. 

11. Ages of both parents at time of child's birth (in years) 

12. Birthplaces of both parents. 

13. Father's full name. 

1*+. Father's occupation at time of child's birth. 

15. Mother's maiden name. 

16. Mother's occupation. 

After the collection of the above data set were completed, I 

asked the Medical Records Departments at the four Tucson hospitals, in 

which over 96% of the Tucson-born children had been born, for permis

sion to record additional birth record information from the hospital 

medical records of the children. Permission was received and all of 

this information was recorded. The medical records at the four hospi

tals provided the following data: 

1. Length at birth (inches) 

2. Head circumference (inches) 

3. Chest circumference (inches) 

k. Abdomen circumference (inches) 

5- Apgar score 

6. Para designation of child's mother, or number of previous 

pregnancies which produced viable offspring. 

7. Gravida designation of child's mother, or number of pregnancies 

including the one of the child under study. 

Not all of the at-birth data collected during the summers of 

1972 and 197̂  could be utilized directly for analysis of 



within-population variability in later physical growth. Some of the 

data, for example the racial designation and birthplaces of parents, 

was used as a cross-check on ethnic group membership information col

lected from school records. The birth length, circumferential, and 

apgar score data unfortunately were not complete enough to provide 

sample sizes suitable for a detailed analysis of the relationship of 

these variables with later attained growth. 

Data Processing 

The data recording forms seen in Appendices I and IV were de

signed in part to facilitate keypunching of the data onto standard 80* 

column IBM cards. Since the first year of our study, when the key

punching was done on a volunteer basis by those participating in the 

measuring and recording aspects of the work, the keypunching had been 

completed by the Data Processing Section of the Department of Anthro

pology. All raw data have been both punched and verivied to eliminate 

keypunching errors. The original data recording sheets have been 

stored in 3-ring binders since the study began. Moreover, the original 

data cards have been saved in a metal file cabinet in the Data Pro

cessing Section. After the raw data from a given measuring period was 

completely punched and verified, the data was transferred to magnetic 

tape for storage in the University of Arizona Computer Center's tape 

vault. 

The next set of steps after each measuring period involved 

checking for obvious measurement and recording errors. This was done 

by making use of the University of Arizona's CDC 6400 computer. The 
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first step was to subject the data to a computer program which provided 

the upper and lower values for each measurement on children measured in 

each school. This allowed us to find obvious errors where the re

corded value for a measurement was out of range. These recording or 

measuring errors were corrected when it was reasonably obvious what 

the value for the measurement should have been. Longitudinal data pro

vided a cross-check, in that any value way out of line with prior or 

subsequent measurement values in a longitudinal series is easily de

tected. A computer program designed and written by one member of the 

Tucson Growth Study Team, David K. Taylor, allowed us to look for 

obvious errors in the data by comparing the value for any measurement 

on a child in a given measuring period with the prior value for that 

measurement. The program, called SHRINK, printed out the measurements 

for each measuring period on each child and asterisked any measurement 

where the value for it was less by 55^ or more (*) or 1C$ or more (**) 

than the value in the period immediately preceding. This aided in 

further correction of obvious errors. 

After the scanninf for and correction of errors was completed, 

the raw data for each child in each measuring period was condensed to 

a two IBM card format for analysis. The first 19 columns of both IBM 

data cards contained the following coded data items: 

1. Card number 

2. Measuring period number 

3. Sex of child 

Ethnic group of child 
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5. Elementary school where child measured (3-digit numeric code) 

6. Metriculation number 

7. Age on date when child measured (calculated to the nearest 

one-thousandth of a year). 

These data items were placed on both cards of the 2-card sets to facili

tate sorting in the computer with respect to any of the seven items. 

The anthropometric data was placed in the remaining 61 columns of each 

IBM card. 

The at-birth data was handled in a similar manner as that de

scribed above for the data collected during the measuring periods. The 

original raw data set collected from birth certificates and hospital 

medical records was condensed to a one IBM card format. For sorting 

purposes, the numerically coded sex, ethnic group, and School District 

No. 1 matriculation number of each child were included in this format. 

In addition the following data were included for each child for whom 

at-birth information had been collected. 

1. Number of the census tract where child's mother lived at time 

of child's birth. 

2. Numeric order of child in sibship of living prior-born sibs. 

3. Para designation of child's mother. 

k. Gravidity of child's mother. 

5. Length of gestation in weeks. 

6. Father's age at time of child's birth. 

7. Mother's age at time of child's birth. 

8. Weight of child at birth, to nearest one-hundredth of a pound. 
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9. Length of child at birth, converted to centimeters (to nearest 

millimeter) as were the following circumferences: 

10. Head circumference of child at birth. 

11. Chest circumference of child at birth 

12. V/aist circumference of child at birth. 

Certain of these data were included in the analyses described in the 

next chapter. 

o 



CHAPTER k 

ANALYTICAL METHODS 

The rationale for the use of multivariate analytical methods 

with the Growth Study data was described briefly in Chapter 1. The 

choice of one particular kind of multivariate technique was based on 

the following methodological requirements: 

1. Need for comparison of two or more populations or groupings 

of individuals. 

2. Fit with "experimental" framework mentioned in Chapter 1. 

3. Evaluation of the anthropometric measurements which contribute 

"most" to the overall differences between two or more "experimental" 

groupings of individuals. 

k. Availability of "canned" library computer programs to do par

ticular multivariate analyses. 

The stepwise multiple discriminant analysis available in the Statisti

cal Package for the Social Sciences (SPSS Version 6.0) and described 

in Nie et al. (1975) met with the requirements stated above. An over

view of discriminant analysis is offered as the first section of this 

chapter. 

In the second section of this chapter the individual discrimi

nant analyses involving different environmental factors are described. 

There are five sets of analyses under the headings originally used in 

Chapter 2, namely: 

89 
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1. Prenatal and At-Birth Factors 

2. Macroenvironment 

3. Microenvironment 

Jf. Socioeconomic Group 

5. Family characteristics 

The results for each of the five sets of analyses are presented in 

Chapter 5. 

Discriminant Analysis 

The investigator using discriminant analysis initially wants to 

make a statistical distinction between two or more populations or 

groups of individuals, where the groupings of individuals are simply 

"defined by the particular research situation" (Klecka 1975s ̂35)• 

Discriminant analysis is a multivariate type of analytical procedure 

in the sense that we are dealing with groups of individuals for each 

of whom there are several variables, in this case the anthropometric 

measurements. The expectation is that the groups will be different on 

all or some of the characteristics measured by these discriminating 

variables. As Tatsuoka (1970) has pointed out so well, discriminant 

analysis can be used wherever a univariate analysis of variance is 

applicable, but where there is more than one dependent, or, as some

times called, criterion variable. This is precisely the circumstance 

with respect to the Growth Study data. 

The following overview of the specific discriminant analysis 

methodology used in this dissertation, namely the stepwise form of 

discriminant analysis, is an attempt to describe the basics of this 
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multivariate technique briefly. A detailed exposition of the mathe

matical theory behind the analytical procedure is beyond the scope of 

this presentation and indeed, in part, beyond the mathematical skills 

of the writer, who readily accepts what would be Tukey's (1962) assign

ment to the role of data analyst rather than statistician (cf. Cooley 

and Lohnes 19715v). 

Stepwise discriminant analysis can perhaps be most easily dis

cussed in three sections. In the first, the reasoning behind and the 

procedures involved in the stepwise method are presented. Secondly, 

a brief section on the calculation of the discriminant function is 

given. And last, the post-computational evaluation of the results of 

the discriminant analysis is outlined. 

Stepwise Method 

With 33 anthropometric variables available on each individual 

child in the groups to be compared by discriminant analysis, there may 

be more variables than are necessary to achieve an adequate discrimi

nation between particular groupings of individuals. So a researcher 

may want to identify the most useful subset of discriminating variables 

by selecting those variables which "best" discriminate between the 

groups being compared. In the SPSS version of discriminant analysis, 

several so-called "stepwise methods" (see below) are available. The 

choice of a specific criterion for controlling the stepwise selection 

procedure in actuality depends heavily on how statistically conserva

tive the data analyst wishes to be. This is discussed further below. 
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Klecka (1975) presents a general outline of the stepwise pro

cedure. In the first step the "best-discriminating" variable (accord

ing to the criterion chosen by the investigator) is selected. A second 

variable is then selected from those remaining. The selection of this 

second variable is based on its ability in combination with the first 

variable to improve the discrimination between the groups as measured 

by the change in the chosen discrimination criterion (see below). Any 

additional variables are selected in a similar manner according to 

their ability in combination with previously selected variables to con

tribute to further discrimination betv/een the groups. It is possible 

in the stepwise procedure for an already selected variable to be re

moved if it is found that this variable contributes a reduction in 

discrimination in combination with variables subsequently added. A 

point in the procedure is eventually reached where either all variables 

have been selected, or addition of a variable from those which remain 

does not contribute to further discrimination. The procedure stops at 

this point and the analysis is completed using only the selected sub

set of variables. 

There aire five criteria currently available in the SPSS dis

criminant analysis program for the control of stepwise selection of 

variables (Klecka 1975). Only two of these, minimum Wilks' Lambda 

and largest increase in Rao's V (discussed below) have readily avail

able tests of statistical significance. Thus it was possible to test 

the contribution of a particular variable to the discrimination be

tween groups by using one or both of these criteria. 
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The first of these criteria, Wilks Lambda, is a measure of 

group discrimination (Klecka 1975)• Its univariate equivalent is the 

analysis of variance F ratio for the test of differences between group 

means for a single variable. We are however in a multivariate situ

ation, requiring a test for the differences between group centroids, 

the central tendencies of each group in multivariate space. In the 

stepv/ise procedure, the variable which maximizes the overall multi

variate analysis of variance (MANOVA) F ratio also minimizes Wilks1 

Lambda (Klecka 1975)« So the "best" variable on any step is that which 

minimizes Wilks* Lambda to the greatest extent. Since this method is 

basically an analysis of variance in the multivariate sense, it con

siders both the differences between all group centroids and as well, 

the cohesion or homogeneity within the groups (Klecka 1975). Wilks' 

Lambda is discussed again in the following sections on calculations 

and evaluation. 

In contrast to Wilks' Lambda, Rao's V is a measure of general

ized distance (Klecka 1975) or the geometric distances between group 

centroids in multivariate space. In Rao's own words (1952:257)i V "is 

2 
a suitable generalization of Mahalanobis' D in its classical form." 

In its use for the stepv/ise procedure, a variable is selected on the 

basis of having contributed to the largest increase in Rao's V when 

added to previously selected variables. This essentially maximizes 

the distances between group centroids. 

It is possible to override the evaluation of discrimination 

via the above two criteria by using statistically conservative tests 
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of the multivariate F ratio. In the stepwise discriminant analysis, 

a partial multivariate F ratio test is completed at each step before 

an evaluation on the basis of a stepwise criterion like V/ilks' Lambda 

is done. This partial F ratio is a measure of the discrimination 

offered by a nev/ly selected variable after taking account of the dis

crimination already achieved by the previously selected variables 

(Klecka 1975). 

To further consider this part of the stepwise procedure, it is 

important to begin at the initial step in the process. In this first 

step the variable for which the mean values in the groups are "most 

different" (Afifi and Azen 1972:253) is identified. The mean differ

ence for each of the variables is measured by a one-way analysis of 

variance F statistic, the variable with the largest F value being the 

one selected. At each succeeding step the conditional distribution of 

each variable not yet selected is considered given those variables 

already chosen. Using again a one-way analysis of variance F test, 

identification is made of that variable which has the "most different" 

(Afifi and Azen 1972:253) mean values in the conditional distributions 

of the groups being compared. Selection of variables stops when no 

additional variables contribute significantly to discrimination between 

the groups. 

It was decided for the purposes of maximizing the number of 

variables in the "best" subset of discriminating variables to disregard 

initially the value of the partial F ratio at each step. In other 

words, the first attempt to compare any groups by stepwise discriminant 
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analysis did not specify a cutoff F value. Thus a variable would be 

considered for selection regardless of whether its F value was larger 

than a statistically conservative (probability <. .05) value. Atten

tion was then paid to the statistical tests of both the Wilks' Lambda 

and Rao's V criteria at each variable step. V/here the F value for a 

variable selected of a particular step in the analysis was below the 

conservative value, but there was still a significant increase in 

discriminatory power as measured by the two stepwise criteria, this 

variable was included in the subset of "best" discriminating variables. 

This is considered further in the second section of this chapter. 

Calculation of the Discriminant Functions 

Any discriminant analysis in mathematical terms has one basic 

objective, v/hich is to form a linear combination of discriminating 

variables and weight these variables in a way that maximizes the sta

tistical distinction between the groups being compared. It is usually 

impossible to find a linear combination of variables (or linear dis

criminant function) which will give a perfect separation between two 

groups, or a set of functions in the case of more than two groups (see 

below). The problem becomes one of choosing a linear function or set 

of functions having the "best" ability to discriminate between or sepa

rate the groups. 

The equation for a linear discriminant function is generally 

written with respect to a particular individual's score on a specified 

discriminant function. The number of possible discriminant functions 

in an analysis is equal to whichever of the following is less: (1) 
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the number of groups minus one, designated here as k-1; or (2) the 

number of variables, n. More often than not the number of variables 

is larger than the number of groups being compared, so the number of 

possible functions is almost always equal to k-1. A discriminant 

function has the following form: 

Y. = b., X, + b._ X_ + ... + b. X , 
1 xl 1 i2 2 xn n 

where Y. is the discriminant score for an individual on the ith cal-
x 

culated discriminant function (i = 1 in case of only two groups); the 

b's are the weighting coefficients on each of the n variables for the 

ith discriminant, and X. are the values on each of the n variables 
J. • • • M 

for this individual. 

The following explanation of calculations deals with the mul

tiple (more than two groups compared) discriminant function situation, 

which fits all of the analyses completed in the pages to follow. The 

criterion used to determine each of the linear functions "best" able 

to separate three or more groups is the maximization of an F ratio of 

among-groups variance to within-groups variance which is calculated on 

the function scores (Y scores in above equation) given different sets 

of weighting coefficients (the b's in above equation). Basically this 

is an attempt to find a set of values for the weighting coefficients 

which maximizes this F ratio. 

The mathematical procedure (after Howells 1973; and Fried-

laender 1975) first involves partitioning the total variances and co-

variances of the anthropometric variables for all the individuals in 



a particular analysis into two matrices: (1) the common or pooled 

within-group variances and covariances, V/; and (2) the among-group 

variances and covariances, A. The next operation produces a third 

matrix, the ratio of variances among groups to within-groups (A/VJ) and 

in the process maximizes the possible discrimination between groups. 

In matrix notation this third matrix is W~^"A, premultiplying A by the 

inverse of W. Further computation involves manipulation of the re

sulting matrix to produce the discriminant function and associated 

weighting coefficients. 

Where there are more than two groups being compared the W~"̂ A 

matrix can be solved for more than one discriminant function, usually 

equal to k-1, as already stated above. Using matrix terminology, the 

discriminant function is actually a vector (the latent or character

istic vector or eigenvector) containing elements (values) which become 

the weighting coefficients of the linear function. Each of these 

latent vectors is associated with a latent or characteristic root or 

eigenvalue. The latent roots and associated eigenvectors are generated 

from the W~"̂ A matrix by solving the equation: 

(vr1A -XI) b = 0 

where the I represents an identity matrix, A the latent roots, and b 

the eigenvector associated with each latent root. 

In geometric terms, the latent vectors produced by the above 

solution act as direction cosines, projecting individuals onto new axes 

of variation (Howells 1973). These new discriminant axes are commonly 



called canonical variates in the statistical literature and have the 

following important properties: (1) they are orthogonal or at right 

angles to each other; and (2) they are uncorrelated, meaning that dis 

criminant scores generated by any one function have zero correlation 

with scores produced by all other possible functions. These two prop 

erties have importance in maximally separating the groups and in 

evaluating the meaning of the separation produced. 

In addition the new axes have a descending order of relative 

importance, the first axis being the most important, as it accounts 

for the greatest amount of variation between the groups as indicated 

by its latent root. The sum of these latent roots or eigenvalues is 

called the "trace" of the A matrix (Howells 1973) • Each root con

tributes some percentage of the total "trace." This percentage corre 

sponds to the percentage contribution of each function to the total 

discrimination between groups. Since each function maximizes the dis 

crimination at that particular stage, succeeding functions make de

creasing contributions to the overall discrimination. 

Evaluation of Discriminant Results 

The two major research objectives of discriminant analysis 

after calculation of the linear functions have been aptly labeled as 

analysis and classification (Klecka 1975). The emphasis in this sec

tion will be on the analysis aspects of the discriminant technique, 

which provide a number of evaluatory tools for interpreting both the 

functions and the data from which they are derived. The analytical 

aspect involves evaluation of the following: (1) the importance of 



each function relative to the others; (2) the results of multivariate 

analysis of variance or MANOVA; and (3) the weighting coefficients in 

the functions as identifiers of "more important" variables in discrimi

nating between the groups. Some mention of the classificatory objec

tive of the discriminant technique is made at the end of the section. 

One measure of the relative values of the discriminant func

tions was described at the end of the previous section. What was re

ferred to as the "trace" of the W~̂ "A matrix (the sum of the eigenvalues) 

is a measure of the total variance which exists in the variables of the 

analysis (Klecka 1975)• If one expresses each eigenvalue as a per

centage of the total eigenvalue sum, we have an index of the relative 

importance of the function associated with each eigenvalue. There is 

no rule-of-thumb for deciding when a relative percentage for an eigen

value is low enough for the analyst to consider ignoring the discrimi

natory value of the associated function. Howells (1973) does mention 

one possible test for the significance of a discriminant function as 

being an associated eigenvalue equal to or greater than 1.0, but this 

is by no means adequately tested. 

Fortunately there are some additional aids in judging the value 

of a function. One such aid is the canonical correlation associated 

v/ith each linear discriminant function. This correlation is a measure 

of the association between the function and a set of (k-1) so-called 

"dummy" (presence-absence) variables used to define the k group member

ships (Klecka 1975)• In measuring the relationship between the func

tion and group-defining variable the correlation also measures the 



100 

ability of the function to discriminate between the groups. Further

more the correlation squared can be interpreted as the proportion of 

variation in the discriminant function accounted for by the k groups. 

A final criterion for assessing the importance of individual 

discriminant functions is an actual test statistic which can be applied 

to each latent root, thereby being a test of the value of the associ

ated function. With the derivation of each function in the discrimi

nant calculations, some of the discriminating pov/er in the variables 

themselves is removed. An inverse measure of the power not yet removed 

by the functions is Wilks1 Lambda criterion (Klecka 1975). The larger 

the value of Lambda is for a function, the less the power of variables 

to discriminate in additional functions. Lambda is transformed into a 

test statistic by a method originally suggested by Bartlett (19̂ 7) and 

presented by Rao (1952:373). The statistic is calculated as follows: 

N - | (n + k) logg (1 + 

where i = l....k-l, N is the total sample size, n the number of vari

ables, and k the number of groups. This statistic has an approximate 

chi-square distribution, with the degrees of freedom for each function 

equal to n + k - 2 (i), where i = 1,..., k - 1. 

Tatsuoka (1970:^8-^9) has suggested a v/ay of evaluating what 

he calls the "total discriminatory power," where the value of->all dis

criminant functions is considered at once. He gives the following 

equation for a measure of the extent of differentiation between the 

groups: 
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-2 _ 1 _ N 

multi " (n - k) (1+ X X )  (1 + X 2 ) . . . .  (1+Xk-1) + 1 

where X̂ »  ̂31,0 the eigenvalues, N the total sample size, 

and k the number of groups. From this one can estimate the percentage 

of variability of all the possible discriminant functions which is 

attributable to differences between the groups. In reverse, the per

centage can be interpreted as the variability in overall discriminant 

space which is related to differences among groups. 

A statistically more sound means of evaluating the significance 

of the overall discrimination is utilization of two multivariate analy

sis of variance (MANOVA) tests involving Wilks1 Lambda criterion. 

These test the null hypotheses ( ) of equality of the group mean 

vectors or centroids versus the alternative hypothesis that not all 

the centroids are equal. Milks' Lambda criterion or_/\_is defined by 

Rao (1952) as the ratio lw|/ 1t|, where W is the pooled within-groups 

variance-covariance matrix and T the total sample variance-covariance 

matrix. With increase in |t| relative to |W|, the size of this ratio 

decreases, thus increasing the chances of rejecting the null hypothesis 

(Cooley and Lohnes 1971:227). 

The first of these two MANOVA tests uses an F distribution, the 

second uses the chi-square distribution. In 1952 Rao derived his F 

ratio approximation tô A. which some investigators (Cooley and Lohnes 

1971) feel to be superior to the chi-square test because the F test is 

fairly precise with small numbers of degrees of freedom. Rao (1952) 

also presents his V statistic, defined as follows: 
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V = -m loge J\., 

where m = N - 1 (n + k) /2 with N,n, and k as previously designated. 

The distribution of Rao's V statistic approximates chi-square v/ith n 

(k-1).degrees of freedom. One or the other of these two approximate 

significance tests firmly establish whether the researcher shoud reject 

the null hypothesis in favor of the alternate (Fryer 1966). The SPSS 

Version 6.0 program also provides pair-wise F tests of group mean vec

tors given the situation where H0 is rejected, i.e., some centroids 

unequal to each other. 

The final aspect of analysis is the evaluation of the weighting 

coefficients in the linear discriminant function. These coefficients 

(the b's in the linear equation given previously) can be used for in

terpreting the effects of the individual variables, more specifically, 

to identify those variables which are contributing most to the dif

ferentiation or discrimination between groups along the associated 

function or a dimension (Klecka 1975). If raw, nonstandardized (mean

ing not standardized in the conventional method for standardizing the 

scale of a variable, i.e., dividing individual values for the variable 

by the standard deviation for that variable) variables are used in the 

analysis, the weighting coefficients produced are in the scale of the 

original variables, which makes interpretation impossible. Removing 

the effect of scale differences between variables is a matter of con

verting the unstandardized coefficients to standardized ones, the 

latter also referred to as scaled vectors in the matrix algebra nota

tion. This standardization is accomplished by multiplying each 
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raw-variable coefficient (the elements from the latent vector or eigen

vector) by the square root of the variance for the particular variable. 

The variances for each variable are usually taken from the estimated 

variances which appear as the diagonal elements in the W matrix, the 

pooled within-group variance-covariance matrix. However the standard 

deviations for each variable over all groups are sometimes used. This 

latter method is used in SPSS Version 6.0. Either method has the 

effect of removing the scale factor. The calculation is as follows: 

* 
b. = b. a., 
a 1 l 

* 
where b. is the standardized coefficient for the ith variable in a par-

l 

ticular discriminant function, b^ the corresponding unstandardized 

coefficient, and cr± the standard deviation for the ith variable, from 

whichever source, as described above. 

Both the sign and magnitude of the coefficients (standardized 

or not) determine the effect of the discriminating variables on the 

discriminant scores of individuals or groups for a particular function 

(Morrison 19&9, 197̂ 0 • Ignoring the sign value of a coefficient and 

considering only its absolute value in comparison with other coeffi

cients in the same discriminant function, one can view the coefficient 

as representing the relative importance or contribution of its associ

ated variable to the corresponding function (Klecka 1975)• Sign values 

simply denote a variable's positive or negative contribution to a par

ticular function. Further interpretation of these sign values de

pends on the pattern of group dispersion in discriminant scores for 

this same function (Tatsuoka 1970). 
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As an example of interpretation of the standardized weighting 

coefficients, let us say that three variables (V^, V^, and V̂ ) in a 

discriminant function have weightings of .6, .3, and .1, respectively. 

is twice as important as and six times as important as in 

discriminating between the groups being compared with respect to this 

function (or along the canonical variate associated with this function). 

Given that another discriminant function is possible in our example, 

i.e., there are three or more groups, the respective weightings in the 

second function may be entirely different, say .1, .3i and .6. Klecka 

(1975ŝ 3) suggests that the weighting coefficients can be utilized to 

"name" a function by identifying the "dominant characteristic s)" in 

that function which separates the groups, or in other words, what the 

function is measuring. This suggestion probably stretches the inter

pretation of the weightings or at the very least, oversimplifies what 

is usually the situation when the variables are numerous and measure 

a diverse array of group characteristics. 

Recently, Howells (1973) and Friedlaender (1975) have been 

critical of the use of the discriminant weighting coefficients. 

Howells (1973s259) states that the scaled vectors "are not really use

ful in interpretation" and Friedlaender (1975:232) describes them as 

"relatively hard to interpret biologically." Both investigators 

recommend the use of what Friedlaender (1975:232) labels "discriminant 

loadings," or correlations, for each variable in a given function, 

between the variables (raw measurements) and the discriminant function 

scores for that function. However, one problem v/ith the discriminant 
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loadings, acknowledged by Friedlaender (1975s150), is that a variable 

making only a small contribution to distinguishing between groups with 

respect to a given function may have a large discriminant loading value 

simply because the variable is highly correlated v/ith another variable 

which is a strong discriminating variable in the same function. Thus 

the discriminant loadings can be problematic in interpreting effects 

of individual variables. Friedlaender (1975) uses these loadings be

cause they are "more directly interpretable" (1975:150). But in the 

process he makes no comparisons with results from the scaled vectors 

(in fact, the scaled vector results are simply not presented). 

Friedlaender (1975) claims that two attributes of the standard

ized coefficients result, in particular, in their being more difficult 

to interpret. The attributes he lists are: (1) the independence of 

coefficient values from one another; and (2) the fact that the values 

"represent only the unique contribution of a variable" (Friedlaender 

1975s150). The weighting coefficients in fact are not independent of 

each other at all. Morrison (1969, 197*0 has pointed out that when 

two variables in a discriminant function are highly correlated, the 

coefficients of these variables will be unstable and therefore diffi

cult to interpret. I'he second attribute seems to this writer to be 

precisely what one is attempting to evaluate and therefore useful in 

interpreting the pattern of differences between groups. Some of the 

above problems can doubtlessly be circumvented by judicious use of the 

stepwise procedure to select only those variables which are giving the 

most information about group differences, insuring to an extent that 
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the selected group of variables will tend to be ones which are fairly-

independent of one another. 

The second research objective of discriminant analysis men

tioned by Klecka (1975) is classification. Classification is not a 

primary objective of the research described in this dissertation, but 

the classification technique should be discussed somewhat in that it 

is another way of appraising the results of discriminant analysis. 

To be more specific, the technique can be used to evaluate the adequacy 

of the discriminant functions derived in the analysis of the groups. 

Klecka (1975) describes this evaluation as a two-fold process: (1) 

classification into groups of the individuals used in the derivation 

of the functions; and (2) comparison of predicted with actual or known 

group membership, i.e., to which group the individuals are assigned by 

the investigator. One measure of discriminatory success or the effec

tiveness of the vsiriables used in the functions is to look at how many 

individuals are classified correctly, in other words, in the group to 

which the investigator says they belong. The larger the proportion of 

misclassifications, the poorer the variables used in"the functions are 

as discriminators betv/een the groups. 

A detailed discussion of the classification procedure is beyond 

the scope of this presentation. Klecka (1975) does provide a brief 

outline of the procedure as follows. Classification functions are 

derived separately for each group. These are similar to discriminant 

functions in that they are linear combinations of variables. The 

usual method of deriving the classification functions makes use of the 
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pooled within-groups variance-covariance matrix and the group cen-

troids. The estimation formulas are given by Afifi and Azen (1972: 

2̂ 7-2̂ 9)• The classification equation so derived for a particular 

group takes the following form: 

d. = a.. X.. + a._X_+ ... + a. X + c., 
l ll 1 i2 2 m n l 

where d^ is the classification score for the ith group, the a's are the 

classification coefficients, c^ the constant for group i, and the X's 

the raw scores for the discriminant variables. 

The calculations with respect to individuals proceed as follows, 

again following Klecka (1975). Since each group has its own classifi

cation equation, an individual is scored on each of the group equations. 

•If there are three groups, for example, each individual in the total 

sample will have three scores. An individual is classified into the 

group which has the highest classification score with the individual's 

variable values in the equation. It is possible to convert these 

scores to probabilities of group membership, making certain statistical 

assumptions, i.e., a multivariate normal distribution. Thus the 

assignment of an individual to the group with the highest score for 

the individual's values is the same as assigning the individual to the 

group for which the individual in question has the highest probability 

of membership. 

Once all individuals have been classified as to group member

ship probabilities the SFS5 Version 6.0 program produces a classifi

cation table. Such a table presents a cross-tabulation of the investi

gator's groups with the grouping done by the classification functions. 
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Morrison (1969, 197*0 has been particularly critical of this byproduct 

of various computer programs for discriminant analysis. However, 

classification is not a primary aim of the following analyses and is 

merely used as one of several evaluatory tools in assessing the pat

terns of group discrimination. If the classification equations were 

being derived to classify individuals of unknown group membership, 

there would doubtlessly be need to take heed of Morrison's suggestions. 

Tables for certain sets of group comparisons are given and evaluated 

in the next chapter. 

The Analyses 

In this section of the chapter, the individual analyses of fac

tors contributing to within-ethnic group variation in physical growth 

are described. These descriptions also present the criteria used in 

the formation of the groups to be compared. The groupings really rep

resent levels within factors in the traditional analysis of variance 

sense. Hence they reflect how a particular growth-influencing factor 

is being measured. Following these descriptions is an outline of the 

steps taken in a typical computer run involving group comparisons. 

Before discussing the analyses for each growth-influencing 

factor, it is important to make some remarks about the ethnic groups 

represented in the following analyses, and the longitudinal nature of 

the analyses. As mentioned earlier, the majority of the children 

represented in the Growth Study are of Mexican-American, Anglo, and 

Black ethnic background, with a small number being children of Native 

American ancestry. The small size of the Native American sample 



precluded any analysis of within-ethnic group variability, especially 

with the sexes analyzed separately and at least three groups compared 

within a sex with respect to one of the environmental factors (see 

Table 1 above for comparison of initial sample sizes). So the analy

ses in the following pages study only the variability within each of 

the three major ethnic groups. 
I 

The analyses described below are not strictly longitudinal in 

nature, in the sense that the groups are not compared at six month or 

one year intervals. However, children who were measured early in the 

study and then again during one of the most recent measurement periods 

in 197̂  or 1975 were included in most of the analyses. To be more 

specific, comparisons on attained growth for each of the measurements 

are made between groups of children assessed at two age levels: (1 ) 

Period 1 or 2 — group average ages about 7.0 years; and (2) Period 

10 or 11 — group average ages about 11.5 years (see Table 2 for ex

planation of periods). This longitudinal approach was taken to see if 

variability within ethnic groups with respect to the environmental 

factors increased or decreased over time, v/hich, it will be remembered, 

is query number k at the end of Chapter 1. 

At-Birth Factors 

In Chapter 2 the relationship of several at-birth factors to 

later physical growth was discussed along with the problems v/hich 

emerge in interpreting the effects of these factors. The effects of 

two at-birth factors have been analyzed by comparing groups of chil

dren within each sex/ethnic population subsample at the early age 
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level described above. Formation of the groups was based on the fol

lowing grouping criteria used to measure the influence of both prenatal 

and status-at-birth characteristics on later growth: (1) an index 

combining information on both birthweight and length of gestation; and 

(2) gravidity of child's mother. These data were only available for 

children in the Growth Study who were born in Pima County, as pre

viously explained in Chapter 3« 

It was decided to investigate the effects of birth weight and 

length of gestation in combination because of the interaction between 

these two factors indicated in the research literature (see Chapter 2). 

In order to maximize group sample sizes, the following sub-categories 

for each of the two factors had to be used: (1) whether child had 

been above or below the average birthweight for the child's sex/ethnic 

group subpopulation; and (2) whether child's mother had had a period 

of gestation for this child of equal to or more than 39 weeks, or less 

than 39 weeks. Since the interest here is in the effects of birth

weight rather than the effects of low or premature birthweight on later 

growth, the use of the average birthweight cutoff point is justified. 

Utilization of a cutoff point other than 39 weeks gestation length 

would have made sample sizes in some of the groups close to or equal 

to zero. The four sub-categories within each sex/ethnic subpopulation 

derived from the above are then as follows: 

1. Birthweight less than the average (the average as explained 

above) and gestation length under 39 weeks. 
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2. Birthweight less than the average and gestation length equal 

to or greater than 39 weeks. 

3. Birthweight more than the average and gestation length less 

than 39 weeks. 

k. Birthweight more than the average and gestation length equal 

to or greater than 39 weeks. 

Table 3 shows the sample sizes in all groupings. Unfortunately the 

sample sizes in certain of the cells dip rather low, especially in the 

category of children whose birthweights were above average for their 

sex/ethnic group and gestation periods were under 39 weeks. Not many 

children were found in this category even with total sample sizes of 

over 200, as with Mexican-American males and females. 

Since the aim in this section of analyses is to investigate 

prenatal influences on later growth, it was decided to use gravidity 

of the child's mother as another (grouping criteria following the work 

of Goldstein (1971) as discussed in Chapter 2. Gravidity in the analy

ses is measured as the number of pregnancies a child's mother has had, 

including the child in the Growth Study sample. Gravidity is used as 

a representation of the reproductive performance of a child's mother 

to be related to the child's post-natal growth. 

Small sample size is again a problem within certain of the 

gravidity groupings v/ithin sex/ethnic groups. For this reason, the 

number of groups compared in the discriminant analyses varies from one 

sex/ethnic group to another. As an example, in order to maximize the 

group sample sizes in the Anglo males, only three gravidity groups are 



Table 3« Sample sizes for groupings by birthweight/gestation length categories. 

Males Females 

Anglo 
(7.25 lbs.) 

Mexican-
American 

(7.̂ 0 lbs.) 
Black 

(7.10 lbs.) 
Anglo 

(6.90 lbs.) 

Mexican-
American 

(7.00 lbs.) 
Black 

(6.50 lbs.) 

Birthwt. LT average"'"/ 
gestation LT 39 wks. 7 27 if 7 26 10 

Birthwt. LT average/ 
gestation GE 39 wks. 19 95 25 22 8if 15 

Birthwt. GT average/ 
gestation LT 39 wks. 

if 10 3 5 5 5 

Birthwt. GT average/ 
gestation GE 39 wks. 

26 106 22 37 110 30 

Total 56 238 54 71 225 60 

1. The average birthweights for each ethnic group (within sex) are indicated in parentheses. 
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compared: (1) those who were first pregnancy for their mothers; (2) 

those who were the second; and (3) those v/ho were the third or more 

pregnancy for their mothers. In contrast, six groups ranging from 

males whose mothers are gravida one to gravida 6+, are compared in the 

case of Mexican-American males. Table k lists the sample size for the 

groupings by mother's gravidity within each sex-ethnic group. 

Macroenvironmental Factors 

The analyses completed under this heading are meant to be ex

ploratory and descriptive rather than part of a formal analysis of the 

effects of macroenvironmental factors like climate, geography, etc. 

To estimate the possible effects of climate and geography on Growth 

Study children during the years before their families migrated to 

Tucson, one would need detailed information on the number of years 

spent in a "non-Tucson" environment, to mention only one variable re

quired. These data are unfortunately not available. The major reason 

for examining whether such macroenvironmental variation exists was to 

see if Tucson-born children could be grouped together with children 

not born in Tucson, given non-existent or minimal variation by birth

place. Such lumping together of children regardless of birthplace 

would allow further maximizing of group sample sizes with respect to 

other environmental factors like socioeconomic status. 
A 

The discriminant analyses in this section simply examine the 

variability between groupings of children based on place of birth, 

this variation presumably related to climatic, geographic variables 

influencing the early (pre-Tucson) growth of children in the Growth 
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Table k. Sample sizes for groupings by gravidity of child's mother. 

Males Females 

Anglos 
Mexican-
Americans Blacks Anglos 

Mexican-
Americans Blacks 

1 23 38 9 23 k2 5 

2 Ik ko 11 17 ko 8 

3 19(3+) k5 10 31(3+) 3k k 

k - 31 24(4+) - 22 Ik 

5 - 26 - - 18 29(3+) 

6+ — 58 68 •• 

Totals '56 238 3k 71 22k 60 
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Study. The variability by birthplace is examined at the earlier of the 

two age levels (Periods 1 and 2, see above), making the assumption that 

no such variation related to place at birth would exist at the later 

age level. In these comparisons, one cannot rule out the effects of 

genetic differences between children of different birthplaces. This 

is evaluated in the next chapter. 

The birthplace groupings are necessarily crude due to the 

sample size problem. It was only possible to delineate three groups 

for Anglo and Black males and females. The groups are as follows: 

1. Born in Tucson 

2. Arizona-born, but not in Tucson 

3. Born in continental United States, but not in Arizona 

In the analyses of children of Mexican ancestry, a fourth group, 

Mexico-born, was added. The sample sizes are presented in Table 5« 

Microenvironmental Factors 

The analyses in this section, as in the previous one, are more 

in the realm of exploration rather than identification of specific 

microenvironmental influences on within-ethnic group variation in 

physical growth. Microenvironments are estimated using available data 

on the neighborhoods in which the children lived. Only detailed in

formation on the microenvironmental conditions of individual children 

would allow estimation of the effects of particular factors, but 

analyses like the ones completed here should at least help establish 

the likelihood of finding such effects. 
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Table 5» Sample sizes for groupings by birthplace. 

Blacks Anglos Mexican-Americans 
M F M F M F 

Tucson 56 62 6l 77 256 237 

Arizona 5 7 13 7 27 27 

Other U.S. 28 22 ll8 9k 25 25 

Mexico 32 28 

Totals 89 91 192 178 3̂ 0 317 
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In the late 1960's, the Department of Community Development in 

Tucson conducted a series of studies in an attempt to identify areas 

of the city where both environmental and social problems were concen

trated. As part of one such evaluation, the 19&0 Census data were 

analyzed and i960 Tucson census tracts were ranked on one microen

vironmental indicator, the percentage of overcrowded (more than 1.0 

persons per room) housing units (Department of Community Development 

1969). For all Growth Study children born in Pima County, the address 

(and associated census tract number) of the individual child1s mother 

is available in the birth record data (see Chapter 3). This place of 

residence is used as an estimator of the microenvironmental conditions 

under which the child grew during the first seven years of life by 

associating each child with a category of census tracts formed on the 

basis of the above percentages of overcrowded housing units. The 

actual ranking of census tracts produced some "natural breaks" in the 

percentages, as can be seen in Table 6. Furthermore the four-category 

census tract scheme assures adequate numbers of children within each 

category for each sex/ethnic group. 

Further inspection of Table 6 will reveal thea the census tract 

categories do not simply reflect conditions of crowding. Two addition

al indices from the i960 Census (U.S. Bureau of the Census 1961) pro

vide additional evidence of the variation between the categories of 

tracts, in both housing and sanitation conditions. A number of more 

recent surveys (Pima County Health Department, Health Planning Council 

and Arizona Regional Medical Program 1971; Pima County Health 



Table 6. Census tract categories: I960 census data. 
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Number of 
Census Overcrowding No. of Tracts (?») 

Category Tracts Range (%Housinĝ  Sanitation 

1 7 3̂ -5̂  7 (100) 5 (71) 

2 8 21-27 5 ( 63) 2 (25) 

3 9 15-19 1 ( 11) 1 (11) 

if 23 0-13 1 ( k) 1 ( k) 

Total **7 0-5̂  lb ( 30) 9 (19) 

1. Range of percentages of overcrowded housing units for census 
tracts within each tract category. 

2.. Number of census tracts v/ithin each tract category which have 
20$ or more housing units classified as deteriorating (in need 
of repair beyond normal maintenance) or dilapidated (having 
defects critical enough to be unsafe). 

3. Number of census tracts within each tract category which have 
10$ or more housing units lacking some or all plumbing facilities. 

4 
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Department 1973; City of Tucson 1973) indicate the persistence into the 

1970's of microenvironmental variation evident in i960. Tables 7-9 

display some of the results of these surveys. It should be pointed out 

that Tables 8 and 9 report figures for selected subsamples of the I960 

census tracts. The numbers of i960 census tracts within each tract 

category are indicated in the tables as the sources for the 1970's 

data. If data on all i960 census tracts were included in Table 9> 

which contains figures for the Model Cities area lone, the discrepan

cies between tract categories would be even larger, since the Model 

Cities area was delineated as such because of the concentration of 

environment-related problems in this area. 

Perhaps the best way to view individual children in the micro-

environment analyses is in probabilistic terms. For example, children 

living in one of the census tracts in tract category 1, as compared to 

2-k, would have a higher probability of having been exposed repeatedly 

to microenvironments which have been shown in prior research to have 

negative effects on physical growth. Thus the probability of exposure 

for an individual child decreases as one moves from category 1 to k. 

The sample sizes of the census tract categories within each sex-ethnic 

group are given in Table 10. 

Socioeconomic Factors 

Numerous studies have demonstrated within-ethnic group differ

ences in physical growth related to the socioeconomic conditions of 

the children. The results of this research were reviewed in Chapter 2. 

In most of the previous investigations, cross-sectional data have been 
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Table 7» I960 census tract categories and 1972-1973 ECHO data. 

Category 

No. of 
Census 
Tracts 

No. of Census Tracts (.%) 
with High Air ̂  

Pollution Levels 
With Rubbishy 
Accumulation 

1 7 5 (71) 6 (86) 

2 8 k (50) 2 (25) 

3 9 5 (56) 2 (22) 

k 23 6 (26) 0 ( 0 )  

Total k7 20 C*3) 10 (21) 

1. Number of census tracts with 5C$ or more of tract blocks judged 
to have marked air pollution. 

2. Number of census tracts with 2̂ fo or more of tract blocks 
exhibiting excessive rubbish accumulation. 

(Pima County Health Department 1973) 



Table 8. 1970-1971 ECHO survey and i960 census tract categories. 

ECHO 
Neighborhood 

No. of i960 
Census Tracts 

Surveyed-*-

Percentage of 
Dwelling Units with 
Exterior Conditions 

Deteriorating 

Percentage of 
Dwelling Units with 
Interior Conditions 

Deteriorating 
Trash Storage 
Problems 

Without 
Heating 

Without 
Cooling 

I 2 (1-2) 60 48 10 8 6 

II 1 (3) 50 7̂ 10 5 5 

III 1-1/2 (k) 12 13 6 1 0 

IV 1/2 W k k 1 0 0 

1. Numbers in parentheses indicate the census tract categories in v/hich these tracts were placed 
on the basis of i960 census data. 

(Pima County Health Department et al. 1971) 



Table 9- 1970 Model Cities units and i960 census tract categories. 

No. of 3 Percentages of Housing Units 

Category 
I960 
C.T'sl 

No. of M.C. 
Unitŝ  

V/ith GT 1.0 
Persons/Room 

V/ithout Sewer 
Connections 

Lacking 
Plumbing Facilities 

1 7 6 17-39 1-14 k-lh 

2 3 3 15-25 3-6 2-8 

3 1 1 11 5 5 

k 2 2 7-8 1-4 2-5 

1. Number of i960 census tracts within each tract category which are heavily represented 
among 1970 Model Cities units, i.e., or more of tract's housing units fall within 
boundaries of one or more of the M.C. units numerated in column 3. 

2. Number of M.C. units to which census tracts enumerated in column 2 contribute the 
largest percentage of housing units. 

3. In the case of a census tract category represented by more than one Model Cities unit, 
the range of percentages for the units in column 3 is given. 

(City of Tucson 1973) 
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Table 10. Sample sizes for groupings by census tract category. 

Category Anglos Americans Blacks Anglos Americans Blacks 

1 5 132 20 if 13/f 2k 

2 8 70 21 k 57 15 

3 12 lb 8 12 17 11 

if 30 19 k k9 15 7 

Total 55 235 53 69 223 57 
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used in the comparison of two or more socioeconomic groupings within an 

ethnic group. Thus socioeconomic situation has usually been treated as 

a static concept, without consideration of the effects on patterns of 

physical growth or changed or changing circumstances. In the following 

analyses, socioeconomic condition is viewed as a treatment effect (in 

the analysis of variance terminology). In other words, the socioeco

nomic assessment of a child's family at a given point in time is con

ceptualized as applying over a specified period of time during the 

child's growth. Socioeconomic group comparisons similar to those dis

cussed in Chapter 2 are made, but the emphasis is placed on use of 

longitudinal data and examination of socioeconomic group variation 

within each of the three major ethnic groups over the same age range. 

Researchers have most often utilized some measure of socio

economic status as a crude indicator of the availability of nutritional 

and health care resources to a child, i.e., the probability of the 

child's family being able to fulfill adequately the child's need for 

such resources with respect to both quantity and quality. Thus socio

economic level has usually been viewed mostly as an indicator of en

vironmental variation. The possibility that genetic variation may also 

exist between socioeconomic strata cannot be ignored. Both sources of 

variation have been examined in Chapter 2 and are evaluated in the 

results of the analysis of socioeconomic group variation in Chapters 

5 and 6. 

Four socioeconomic groupings were formed within each sex/ethnic 

group. These groupings of children represent the socioeconomic 
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situations of the families of the children at specific points in time, 

i.e., at the time of the child's birth, at an early Growth Study age 

level, etc. This is discussed further below. Inclusion of a child in 

a particular socioeconomic group is based on two criteria: (1) occu

pations of the child's parents; and (2) additional social information 

relating to the eligibility of child's family for various social wel

fare programs in Tucson. The scale of occupations is a condensed 

version of one used for New Haven, Connecticut, by Hollingshead and 

Redlich (1958). Their scale v/as actually a modification of the Alba 

Edwards system (Edwards 1938) for the classification of occupations 

into socioeconomic groups used by the U.S. Census Bureau. The 

Hollingshead-Redlich scale distinguished seven positions as follows: 

1. Executives or proprietors of large companies, and the major 

professionals. 

2. Managers or proprietors of middle-size businesses, and lesser 

professionals. 

3. Administrators in large companies, owners of small independent 

businesses, and semiprofessionals. 

k. Owners of smaller businesses than in number 3i and clerical 

and sales workers, and technicians. 

5. Skilled workers. 

6." Semiskilled workers. 

7. Unskilled workers. 

It would not have been possible to obtain adequate sample sizes at each 

of these levels within all sex/ethnic groups, due mostly to differences 
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in the distribution of occupations between ethnic groups in Tucson. 

So it was decided to reduce the scale to three positions by combining 

the Hollingshead-Redlich levels as seen below. 

The second grouping criterion, the social welfare data, con

sisted of the following information: (1) child's family receiving 

welfare, most often ADC (Aid to Dependent Children) payments; or (2) 

child's family eligible for medical care and hospitalization at Pima 

County Hospital. Eligibility for county medical care indicates that 

the family of the child is a public welfare recipient or, in the case 

of there being one employed parent, that the annual family income is 

extremely low (for example, 33»000 a year of less for a family of 

four). The social welfare criterion was used to determine whether a 

child was to be placed in socioeconomic group 3 or ̂  (see below). 

The four socioeconomic groupings based on the occupational/ 

welfare categories of the parents or families of the children are then 

as follows: 

1. Administrative, executive, managerial, professional, or owning 

medium to large business. 

2. Clerical, sales, technical, or skilled work, or owning small 

business. 

3. Semiskilled or unskilled work. 

k. Welfare or work of very low pay. 

It should be emphasized that in no way can the nutritional-health ex

periences of children at the same socioeconomic level in two different 

sex/ethnic groups be thought of as comparable. The analyses here 
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simply examine the variation along the socioeconomic scale for each 

sex/ethnic group. Given the remarkable norms of reaction by genotypes 

to different environments, it would be surprising indeed to find com

plete similarity of socioeconomic group responses across all ethnic 

groups. 

Examination of the sample sizes at each socioeconomic level 

within each sex/ethnic group revealed a paucity of children in the 

following groupings: (1) the lower two levels, 3 and for Anglos; 

and (2) the uppermost level for both Blacks and Mexican-Americans. 

This necessitated further reduction in the number of socioeconomic 

groups to be contrasted. The final decision was to compare three 

socioeconomic groupings within each sex/ethnic group. This was done 

for the Anglo children by combining levels 3 and ̂  into one group 

(lower socioeconomic group) and using the remaining two levels as they 

were. In the analyses of Black and Mexican-American socioeconomic 

group variation, levels 1 and 2 were combined (upper socioeconomic 

group) and as a group compared to 3 and 4. 

Two sets of analyses were completed involving socioeconomic 

group variation. The first set only included children who were born 

in Pima County. Analyses of this subsample were made for the specific 

purpose of investigating the variation at the early age level (roughly 

age 7 years) between socioeconomic groupings based on family socio

economic conditions at the time of children's births. Since socio

economic circumstances are not being considered as unchanging, the same 

children were reanalyzed with new socioeconomic groups determined on 
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the basis of information about socioeconomic circumstances at time of 

entry of the children into school. Comparison of the results allows 

one to evaluate variation at this early age level as it reflects socio

economic conditions early in the lives of the children versus a more 

current assessment of the family situations. To see whether the socio

economic group variability had increased or decreased by the later age 

level (roughly age 12 years), as many children as were still available 

at this later age level v/ere grouped and compared in a manner similar 

to the above. The later age level groupings were made on the basis of 

early age level social information and then regrouped by the socioeco

nomic data available at the later age. Only Mexican-American and Black 

children were regrouped, since significant social mobility had not 

occurred among Anglo children over the period of study (at least as 

determined by the data available). The sample sizes within each sex/ 

ethnic group for all analyses are given in Table 11. 

The additional set of analyses was done using children of all 

birthplaces. The aim here was to make the same sorts of comparisons 

as above, but with larger sample sizes. Socioeconomic groups were com

pared at early and later age levels v/ith assessment of socioeconomic 

conditions at the early level. Groups were reformed at the later age 

level on the basis of more current social data, but again, for the 

same reasons as previously mentioned, only for Mexican-American and 

Black socioeconomic groupings. Table 12 summarizes the sized of the 

groups compared. 
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Table 11. Sample sizes for socioeconomic groups: children of Pima 
County birth. 

Anglos Mexican-American Blacks 
SE SE 
Grp M F Grp M F M F 

1. Early age level/at-birth SE , groups 

1 Ik 28 1-2 80 60 7 7 

2 32 36 3 110 108 21 20 

3-k 10 7 if if8 56 26 33 
56 71 238 224 W W 

2. Early age level/early age SE groups 

1 21 39 1-2 96 88 17 17 

2 27* 28 3 92 85 17 lif 

3-k 8 if if 50 51 20 29 
71 238 22if W W 

3- Later age level/early age SE groups 

1 22 33 1-2 75 78 13 16 

2 lif 18 3 57 61 10 9 

3-k 5 3 if ifO ifl 15 25 
"To- w 172 180 3̂ ~ 50 

k. Later age level/later age SE groups 

Not 1-2 76 86 18 16 
Analyzed 

3 55 55 8 8 

if ifl 39 12 26 
172 180 W 50 

•See footnote on Table 12. 
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Table 12. Sample sizes for socioeconomic groups: children of all 
birthplaces. 

Anglos Mexican-American Blacks 
SE SE 
Grp M F Grp M F M F 

1. Early age level/early age SE groups 

1 ifO 58 1-2 119 108 23 23 

2 39 43 3 116 107 19 23 

3-k 8 6 if 58 58 33 36 
87 107 293 273 75 

2. Later age level/early age SE groups 

1 kl 50 1-2 95 93 19 22 

2 26* 31 3 76 81 12 18 

3-4 5 5 if 47 46 27 29 
72 86 218 220 55" 69 

3. Later age level/later age SE groups 

Not 1-2 94 102 26 24 
Analyzed 

3 70 72 9 15 

if 54 if6 23 30 
218 220 W w 

*A small number (n=3) of SE Grp 1 children were by error included in 
Grp 2 during analyses. This is felt to have not significantly 
altered the overall group dispersions enough to affect the results 
reported in the next chapter. 
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Family Factors 

In this final section of analyses, evaluation is made of the 

effects on physical growth of three family characteristics. Prior re

search (see Chapter 2) has indicated that physical growth is related 

to several aspects of the families of children, including size of 

family and parental age, with the assumption being that such factors 

are indicative, like socioeconomic ones, of the availability and de

livery of growth-influencing resources to children. Data was available 

on a number of family-related variables for children born in Pima 

County (see birth record data in Chapter 3)» Children were grouped 

and compared for three of these: order in the sibship; age of mother; 

and age of father. 

The child's order in the sibship is used as an indicator of 

family size. The actual data recorded on the Pima County birth records 

is the number of previous siblings alive at the time of the child's 

birth. By adding 1 to this value, we obtain the child's order in the 

sibship (1st, 2nd, etc.) at the time of the child's birth. It is 

really an indication of the size of the family into which the child 

enters at birth, for example the value 2 meaning that the child is 

second in the sibship, entering a family of size equal to 1 child. 

As in previous group comparisons, it was not always possible to make 

the same number of groupings within each sex/ethnic group. The groups 

and numbers within each group for the order in the sibship variable 

are shown in Table 13* As can be seen, variation v/ith respect to 

this indicator of family size was assessed at the early age level 
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Table 13. Sample sizes for groupings by order of sibship. 

Males Females 
Anglos Mex-Am Blacks Anglos Mex-Am Blacks 

1. Early age level 

1 25 ifO 10 25 k3 5 

2 12 k5 Ik 16 ko 7 

3 19(3+) k5 9 30(3+) 37 8 

if - 33 21(if+) - 29 16 

5 - 25 - - 20 24(5+) 

6 - 19 - - 2k -

7+ - 31 - - 31 -

Total 56 238 5k 71 224 60 

2. Later age level 

1 15 26 3 15 28 if 

2 9 26 12 12 30 7 

3 16(3+) 35 7 2M3+) 31 6 

if - 21 15(4+) - 28 12 

5 - 20 - - 18 19(5+) 

6 - 12 - - 17 -

7+ - 2k - - 21 -

Total ko l6k 37 51 173 if8 
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and again at the later age level for as many of the children who re

mained in the study. 

Similar comparisons were made between groupings of children 

based on ages of both mother and father at the time of birth of the 

children. Again regroupings of the children into new parental age 

intervals was necessitated on occasion by the small number of children 

in certain of the groupings, particularly at the later age levels with 

loss of children from the study. Every attempt was made to maximize 

all group sizes and still have a full range of age intervals to com

pare. Tables l'f and 15 show the final groupings entered into the dis

criminant analyses of variation by parental ages within each of the 

sex/ethnic groups. 

Steps in Computer Runs 

It is intended in this last section of Chapter if to outline 

briefly the steps taken in each computer run involving a discriminant 

analysis of variability between groups based on any of the factors 

discussed above. A typical set of computer runs comparing 3 more 

groups (on whatever grouping criteria) v/ithin a sex/ethnic division 

went as follows. The first run allowed all variables to be entered 

into the analysis, including age. The mean ages of the groups were 

then examined. If the groups were different in average age, the 

groups v/ith lower mean ages were "aged" to the level of the highest 

group mean. This was accomplished by simply substituting period 2 

measurements for period 1 ones in children whose period 1 ages were 

lowering the average age of the group in question. The extent of 
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Table lb. Sample sizes for groupings by mother's age interval. 

No. 
Ages 

Males Females No. 
Ages Anglos Mex-Am Blacks Anglos Mex-Am Blacks 

1. Early age level 

LE 19 10 38 13 6 32 8 

20-24 16 71 21 18 68 18 

25-29 11 67 13 19 50 19 

30-3̂  8 32 7(30+) 19 31 15(30+) 

35+ 10 30 - 9 3̂ -

Total 55 238 5̂  71 224 60 

2. Later age level 

LE 19 6 25 9 - 21 5 

20-24 9 42 13 11 56 15 

25-29 9 51 11 15 40 13 

30-34 6 22 4(30+) 17 22 15(30+) 

35+ 10 24 - 8(30+) 3b -

Total 4o 164 37 51 173 b8 



135 

Table 15. Sample sizes for groupings by father's age interval. 

Fa. 
Ages 

Males Females Fa. 
Ages Anglos Mex-Am Blacks Anglos Mex-Am Blacks 

1. Early age level 

LE 19 3 12 6 4 Ik -

20-2*1- 19 52 13 11 52 ll(LE2tf) 

25-29 5 75 Ik 16 51 17 

30-3̂  13 kl 7 17 38 18 

35-39 6 28 6 12 32 5 

ko+ 10 25 6 11 30 7 

Total 56 233 52 71 217 58 

2. Later age level 

LE 19 - 9 6 - 8 -

20-2k 13(LE24) 30 7 if(LE2if) 39 1 10CLE2A-) 

25-29 if 52 11 11 kl l*f 

30-3̂  10 27 11(30+) 16 29 13 

35-39 6 21 - 11 26 k 

*+0+ 7 21 - 9 23 6 

Total kO 160 35 51 166 47 
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this "aging" process depended of course on the dispersion between the 

highest and lowest group mean ages. At the later age level (periods 

11 and 12), the process worked in the opposite direction, moving all 

group mean ages toward the lowest group mean age. 

A second computer run was then made with all groups at the 

same mean age. This run included all variables in the discriminant 

analysis. At this point, the stepv/ise inclusion of variables was 

evaluated by criteria already described fully in the first part of 

this chapter. If on the basis of this evaluation, further analyses 

of the groups seemed warranted, one or more additional runs were made. 

These additional runs made use of different stepwise criteris which 

would in turn cause different subsets of anthropometric variables to 

be utilized in the discriminant functions. The results of the analy

ses based on full sets of variables as well as sometimes "experimental" 

subsets of "better" discriminating variables are presented in the next 

chapter. 



CHAPTER 5 

RESULTS 

Before proceeding with the results from the discriminant analy

ses of groups based on the various grouping criteria, a number of 

comments should be made concerning the interpretation of results from 

such multivariate analytical techniques. It is one thing to have com

pleted a series of statistical analyses with the help of that marvelous 

machine, the computer. However, as Blackith and Reyment (1971) have 

pointed out, the real task comes in sorting through the results and 

elucidating the statistical, and even more importantly, the biological 

and anthropological significance of the results of the multivariate 

analyses. 

A number of data analysts who have regularly applied multi

variate techniques in the statistical analysis of their data have also 

made some rather pertinent remarks regarding both presentation and in

terpretation of multivariate results. In particular Blackith and 

Reyment (1971)* zoologist and geologist, respectively, have made sev

eral extremely relevant observations concerning the distinction between 

statistical and biological significance. In referring to the task of 

discerning which of the canonical variates (or discriminant functions) 

"correspond to biologically or geologically meaningful sources of 

variation" (Blackith and Reyment 1971:89), these analysts present the 

basic question: "... how many such variates so order the data that 

137 
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the analyst can learn something of consequence from the way in which 

the data are ordered" (1971s89-90)• This question is asked time and 

again in this chapter and the next as the results of the discriminant 

analyses are interpreted in terms of the genetic and/or environmental 

meaning of the newly-generated axes of variation. 

The question involving the significance of the individual dis

criminant functions was discussed in the previous chapter, but for the 

most part from a purely statistical point of view. The fact that an 

individual eigenvalue or latent root is statistically non-significant 

(as evaluated by Bartlett's Chi-Square approximation, see Chapter k) 

does not preclude the practical utility of the associated function. 

The latent or characteristic vector, used to generate the scaled vec

tors or weighting coefficients and the new axis of variation, the 

canonical variate, although associated with a statistically non

significant root, may still be quite useful for separating groupings 

of individuals. This may be especially so with the third or higher 

discriminant functions. To quote the words of Blackith and Reyment 

again (1971:91)t "» • -it does not follow that because a canonical 

variate has been generated by a root which is not statistically sig

nificant, it is not capable of ordering the material in a meaningful 

way." 

Related to the above is the' utilization of overall tests of 

statistical significance as with the multivariate generalization of 

the analysis of variance F test, or more simply, MANOVA. Overall and 

Klett (1972) have mentioned that several investigators, among them 
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Sao (1952), have not encouraged usage of such tests, realizing that 

they "are not sensitive to group differences which tend to fall along 

a particular dimension or continuum in the multivariate measurement 

space" (Overall and Klett 1972:319). One consequence of this is the 

situation in which one of the latent roots is statistically signifi

cant, but the overall MANOVA F test is not. A problem which plagues 

too much reliance in the following analyses on overall significance 

tests is that generally use of MANOVA is intended to analyses where 

large sample sizes are the rule (Overall and Klett 1972). 

However, even if the samples were more suitable for MANOVA 

testing, the existence of a highly significant Rao's V or F ratio does 

not provide a guarantee that the set of discriminant functions dis

plays a high degree of differentiation between several groupings of 

individuals (Tatsuoka 1970). As Tatsuoka remarks in the same mono

graph, the general rule that high statistical significance does not of 

necessity imply large magnitudes of difference betv/een groups, particu

larly in cases of large sample sizes, applies to discriminant analysis 

just as well as it does to other statistical methods. Tatsuoka's 

2 statistic (see Chapter k) is suggested by him as another way 

of evaluating or measuring the extent of differentiation between groups, 

or v/hat he refers to as the "total discriminatory power" (Tatsuoka 

1970:̂ 8). This statistic has been calculated for each discriminant 

analysis reported in the rollowing results section. 

The emphasis in the presentation of the results in the sections 

below is on extracting the most from the analyses regardless of 
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multivariate statistical significance. Where the results are interpre-

table anthropologically and biologically, but statistical significance 

is not reached at any reasonable level of probability, appropriate dis

cussion and evaluation of this phenomenon are made. The concern here 

is in analyzing the extent of within-ethnic group variation, whether 

this variability be large and significant statistically, or subtle but 

directional in a meaningful bioanthropological sense. 

Groupings by Status-at-Birth 

In this section the results for comparisons of birthweight/ 

gestational age groups, and groupings by gravidity of mother are pre

sented in that order. In both sets of comparisons and all that follow 

the discriminant analysis results are first given in a series of tables 

which summarize pertinent information about the discriminant functions 

formed on the basis of all anthropometric variables. The process of 

forming these tables began with a review of the weighting coefficient 

values for all functions in a given analysis, marking those variables 

which were "most important" contributors to discrimination. As will 

be seen, this procedure provided a list of variables which ranged from 

about a dozen to 25 in total number. These variables are listed in 

the summary tables with the associated weighting coefficients for each. 

It was decided to record thus, for these subsets of variables, the weighting 

coefficients which had the highest values in particular functions are 

given. In addition the coefficients for these same variables in other 

functions are given regardless of whether these coefficients are among 

those with the highest values in the other functions. The latter 
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provided a contrast with coefficients of greater relative importance 

to a function. In addition to the weighting coefficients, the group 

centroids and appropriate statistics for each function are presented. 

Asterisks (*) are used to indicate the "most-contrasting" groups along 

a particular canonical variate. Results from analyses in which the 

stepwise procedure was used to choose the "best" subset of variables 

to enter into the discriminant functions are presented only where these 

proved of some aid beyond the functions which used all variables. It 

was thought best to present the results with all variables first, and 

then to evaluate analyses based on fewer variables. Tables similar to 

those based on analyses with all variables are constructed for the 

stepwise results. 

If one were to look only at the univariate F ratios for the 

comparisons between birthweight/gestational age groupings, a rather 

limited picture emerges than if one proceeds to discriminant analyses. 

For example, in the comparisons of Anglo female and Black male and 

female groups, none of the individual variables have significant F 

ratios at the .05 probability level. The number of significant vari

ables (p <. .05) for Anglo males, Mexican-American males, and Mexican-

American females are 1, 6, and respectively. It should become clear 

as we proceed that stopping at the univariate level of analysis would 

surely have resulted in loss of information. This can perhaps be seen 

best by looking at the values of Tatsuoka's (1970) £, statistic 

found in Tables 16-21 along with the summary of the discriminant 

analyses for each sex/ethnic subgroup. For Anglo and Black males and 



Table 16. Discriminant analysis of Anglo male birthweight/gestation length groupings, age 6.9 years. 

Weighting Coefficients 
Variables I II III 

Weight -2.19 -2.61 2.08 
Height 3.38 .68 .95 
Cristal Height - .13 -1.00 - .55 
Biacromial Diameter - .07 l.ll .04 
Chest Breadth 1.32 - .41 - .47 
Foot Length -1.06 -2.22 - .27 
Total Facial Height 1.37 1.03 -1.24 
Wrist Breadth - .09 -1.10 1.34 
Hand Breadth .38 - .03 -1.60 
Bicondylar Femur Diameter 1.08 1.16 - .34 
Foot Breadth -1.90 .10 .57 
Head Length 1.11 - .48 - .13 
Waist Circumference .13 2.28 - .09 
Calf Circumference .31 - .92 - .91 

Group Centroids 
Birthwt. LT average, gestation LT 39 wks. -1.17 3.00* 1.10 
Birthwt. LT average, gestation GE 39 wks. -1.82* - .48 - .69* 
Birthwt. GT average, gestation LT 39 wks. - .68 -2.99* 2.46* 
Birthwt. GT average, gestation GE 39 wks. 1.75* - .00 - .17 

Function 
I 
II 
III 

Eigenvalue 
2.97 
1.99 
.82 

Canonical 
Correlation 

7S55 
.815 
.670 

% of 
Trace 
51.4 
34.4 
14.2 

V/ilks 
Lambda 
~Toi+5~ 

.184 

.550 

Chi-Square 
Statistic 
116.6 
64.3 
22.7 

Degrees of 
Freedom 
96 
62 
30 

Probability of X 
due to chance 

-073 
.403 
.828 

a 2 
6) multi 

.95 

H 
-P" 
ro 



Table 17. Discriminant analysis of Mexican-American male birthweight/gestation length groupings, 
age 6.9 years. 

Weighting Coefficients 
Variables I II III 

Weight .56 1.29 .18 
Sitting Height .54 - .21 - .26 
Height - .96 .34 - .21 
Arm Length .37 - .81 .32 
Total Facial Height - .52 - .18 - .09 
Wrist Breadth - .25 - .57 .43 
Hand Breadth .46 .55 - .24 
Hand Length - .10 .13 - .74 
Bocondylar Femur Diameter .20 - .63 - .81 
Bimalleolar Diameter .09 .31 .73 
Foot Breadth - .51 - .22 - .46 
Head Length .26 - .85 .67 
Head Circumference - .18 .76 - .45 
Upper Arm Circumference .90 .45 - .42 
Waist Circumference - .70 .33 - .02 
Calf Circumference - .55 - .64 .40 

Group Centroids 
Birthwt. LT average, 
Birthwt. LT average, 
Birthwt. GT average, 
Birthwt. GT average, 

gestation LT 39 wks. 
gestation GE 39 wks. 
gestation LT 39 wks. 
gestation GE 39 wks. 

- .37* 
.12 
.70* 
.17 

.17 

.48* 

.90 

.31 

.16 

.10 
1.36* 

- .26* 

Functions 
I 
II 
III 

Canonical % of Wilks Chi-Square Degrees of Probability of X „2 
Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 61 multi 

I25H 1̂ 53 46.8 .605 110.5 96 .39 
.176 .387 32.0 .761 60.1 62 .551 
.117 .324 21.2 .895 24.4 30 .756 



Table 18. Discriminant analysis of Black male birthweight/gestation length groupings, age 7.3 years. 

Weighting Coefficients 
Variables I II III 

Weight -4.45 - .50 1.78 
Sitting Height 2.84 - .66 .31 
Height -5.74 4.39 - .31 
Cristal Height .88 -1.27 - .47 
Arm Length 1.09 - .59 1.32 
Biacromial Diameter 1.45 - .58 - .35 
Bicristal Diameter -1.63 .56 - .22 
Chest Breadth 2.35 1.65 - .31 
Total Facial Height • 1.74 - .10 .42 
Upper Facial Height -2.57 .13 .04 
Bicondylar Humerus Diameter -1.19 .51 - .84 
Hand Length 1.44 .03 - .36 
Bimalleolar Diameter 1.77 -1.20 .28 
Foot Breadth -1.31 .45 .02 
Head Length -2.66 .62 .8? 
Head Breadth -2.59 .30 1.05 
Bizygomatic Diameter -1.07 1.16 - .48 
Head Circumference 4.86 -1.56 -1.55 
Upper Arm Circumference 2.57 - .35 - .22 
Chest Circumference -2.40 -3.20 .75 
Waist Circumference -1.48 1.45 -1.01 

Group Centroids 
Birthwt. LT average, gestation LT 39 wks, 1.53 1.89 2.02* 
Birthwt. LT average, gestation GE 39 wks, 1.58* .27 - .42 
Birthwt, GT average, gestation LT 39 wks, -5.25* 3.56* - .67* 
Birthwt, GT average, Gestation GE 39 wks, -1.35 -1.14* .21 

Canonical % of Wilks Chi-Square Degrees of Probability of .2 
Functions Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance ** multi 

I 3.89 .892 64.8 .053 106.0 96 .230 .94 
II 1.65 .789 27.5 48.8 62 .886 
III .46 .562 7.7 .684 13.7 30 .995 



Table 19. Discriminant analysis of Anglo female birthweight/gestation length groupings, age 7.0 
years. 

Weighting Coefficients 
Variables I II III 

Weight - .04 .40 2.73 
Height - .13 .89 1.48 
Cristal Height -1.67 1.00 -1.43 
Arm Length .70 - .40 .55 
Biacromial Diameter .33 1.24 .66 
Chest Breadth - .10 -1.70 - .29 
Foot Length 1.55 .24 - .03 
Total Facial Height - .45 - .78 - .47 
Upper Facial Height - .40 .87 - .25 
Bicondylar Humerus Diameter - .62 - .33 - .54 
Wrist Breadth .32 .44 - .59 
Bicondylar Femur Diameter .3̂  - .29 .68 
Bimalleolar Diameter .63 .51 - .01 
Head Length - .82 - .21 .35 
Head Breadth - .84 - .26 - .04 
Bizygomatic Diameter -1.43 - .71 .06 
Head Circumference .32 .29 - .68 
Chest Circumference 2.62 .57 - .52 
Waist Circumference - .99 - .02 - .25 

Group Centroids 
Birthwt. LT average, gestation LT 39 wks. -1.19 2.99* .45 
Birthwt. LT average, gestation GE 39 wks. -1.93* - .65 - .32* 
Birthwt. GT average, gestation LT 39 wks. .19 -1.09* 2.60* 
Birthwt. GT average, gestation GE 39 wks. 1.35* - .03 - .25 

Function 
I 
II 
III 

Eigenvalue 
2T5S 
1.16 
.59 

Canonical 
Correlation 

3*39 
•733 
.609 

% of 
Trace 
57X" 
28.1 
1̂ .3 

Wilks 
Lambda 

.086 

.291 
.628 

Chi-Square 
Statistic 
129.9 
65.4 
2k.e 

Degrees of 
Freedom 

9§ 
62 
30 

Probability of X 2̂ 
due to chance a multi 

.011 .91 

.364 

.744 



Table 20. Discriminant analysis of Mexican-American female birthweight/gestation length groupings, 
age 6.8 years. 

Variables 
Weighting Coefficients 

II III 

Weight 
Sitting Height 
Height 
Cristal Height 
Chest Breadth 
Foot Length 
Nose Length 
Hand Length 
Head Length 
Head Breadth 
Upper Arm Circumference 
Chest Circumference 
Waist Circumference 

1.13 
- .21 

.68 
- .16 
- M 
. .k8 
.52 

- .06 
.79 
.73 

- .97 
.98 

- .71 

.55 

.56 

.3** 

.97 

.58 

.63 
.08 
.51 
.12 
.22 
.25 
.08 
.77 

- .22 
.51 
1.01 
- .91 
.21 
.70 
.13 

- .19 
- .39 
- .35 
- .28 
.31 

- .73 

Group Centroid 
Birthwt. LT average, 
Birthwt. LT average, 
Birthwt. GT average, 
Birthwt. GT average, 

gestation LT 39 wks. 
gestation GE 39 wks. 
gestation LT 39 wks. 
gestation GE 39 wks. 

-1.03* 
- .28 
.56* 

- .68* 
.̂ 3* 

- .32 
- .15 

.01 
- .03 
-2.0k* 
.11* 

Function 
I 
II 
III 

Eigenvalue 
.251 
.138 
.101 

Canonical 
Correlation 
— 

.3̂ 8 

.303 

% of 
Trace 
51.2 
28.2 
20.6 

V/ilks 
Lambda 
"T63B-

.798 

.908 

Chi-Square 
Statistic 

93.1 
US.7 
19.9 

Degrees of 
Freedom 
95 
62 
30 

Probability of X 
due to chance 

.568 

.923 

.919 

.2 
03 multi 

.35 

•t-
CT\ 



Table 21. Discriminant analysis of Black female birthweight/gestation length groupings, age 7.0 
years. 

Weighting Coefficients 
Variables II III 

Weight 
Sitting Height 
Height 
Cristal Height 
Arm Length 
Bicristal Diameter 
Chest Breadth 
Chest Depth 
Foot Length 
Bicondylar Humerus Diameter 
Bicondylar Femur Diameter 
Bimalleolar Diameter 
Foot Breadth 
Head Length 
Head Breadth 
Bizygomatic Diameter 
Upper Arm Circumference 
Chest Circumference 
Waist Circumference 
Calf Circumference 

Group Centroids 
Birthwt. LT average, 
Birthwt. 
Birthwt. 
Birthwt. 

LT 
GT 
GT 

average, 
average, 
average, 

gestation LT 39 wks. 
gestation GE 39 wks. 
gestation LT 39 wks. 
gestation GE 39 wks. 

Function Eigenvalue 
I 
II 
III 

2.05 
1.24 
1.04 

Canonical 
Correlation 

IB20 
.745 
.714 

% of 
Trace 
W7T 
28.7 
24.0 

Wilks 
Lambda 
.071 
.218 
.490 

-2.02 
- .72 
3.53 
-3.33 
-l.Otf 
1.42 
-1.15 
-1.20 
- .51 
1.47 
-1.12 
-1.12 
1.39 
- .36 
.89 

- .7̂  
- .92 
3.11 
.10 
.80 

- .85 
2.31* 
-1.94* 
- .54 

Chi-Square 
Statistic 
110.8 
63.9 
30.0 

2.75 
-1.18 
2.51 
.73 
.18 
.81 
.35 
1.03 
- .09 
- .53 
- .66 
- .27 
-1.01 
- .06 

.62 
- .01 
-1.95 
-1.00 
-1.00 
2.25 

-2.14* 
.18 
2.05* 
.28 

Degrees of 
Freedom 

9? 
62 
30 

-1.87 
- .09 
- .03 
- .48 
.15 
.35 

-1.28 
- .35 
-1.11 
- .17 
.29 
.07 
.49 
1.06 
1.40 
-1.64 
- .23 

.82 
1.58 
- .31 

- .81 
- .43 
-2.30* 
.87* 

Probability of 
due to chance 
7m 
.414 
.466 

.2 
multi 
.92 
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females, the discriminatory power of the functions formed on the basis 

of all variables is at the .91 level or better. 

Taking an overall look at the results summarized in Tables 16-

21, it can be seen that of the 18 discriminant functions, 8 or kb%> make 

the strongest contrast as revealed by the group centroid values (see 

asterisks in Tables 16-21 and Figure 1) between groups which differ 

only on weight at birth. These 8 functions include the only two which 

have statistically significant (p <. .07) ability to discriminate be

tween groups (based on Bartlett̂  test, see Chapter k). It is inter

esting that both of these functions are the first ones calculated for 

Anglo males and females and produce a contrast between children who 

were term babies (length of gestation greater than or equal to 39 

weeks) but different on the weight-at-birth classification. The 

weighting coefficients for the two functions show that trunk and head 

dimensions are important in distinguishing between the groups but 

overall body size is emphasized to a greater extent in the Anglo males. 

The fact that later size differences (age 7 years) are related to size-

at-birth to a more significant degree in the Anglo children than others 

may be indicative of greater homogeneity of the postnatal environment 

among Anglos, i.e., a lower probability of influence on later size from 

intervening postnatal influences. 

Some additional interesting patterns emerge from a look at the 

functions over all six analyses. In each case described here, the 

functions are not significant in statistical terms. In each of the six 

analyses one of the functions derived contrasts groups of children who 
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Figure 1. Discriminant axes with birthweiRht/gestational age group 
centroids in each sex/ethnic division. — The numbers along 
each axis refer to the birthweight/gestational age groups 
as follows: 
1. Birthweight less than average, gestational age less 

than 39 weeks. 
2. Birthweight less than average, gestational age equal 

to or greater than 39 weeks. 
3. Birthweight greater than average, gestational age 

less than 39 weeks. 
*f. Birthweight greater than average, gestational age 

equal to or greater than 39 weeks. 
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were both less than term at birth but differ on weight at birth (see 

Fig. 1). These functions are usually the first or second derived, 

except in the case of Black males, where the third function makes such 

a contrast. From the weighting coefficients it can be seen that the 

functions described here are basically "size" functions, with weight, 

some component of body length, and trunk bulk being the more important 

variables. The contrast between these groups is consistent with recent 

findings by Clarkson et al. (1975) which show the combination of pre

term birth and larger weight at birth to be associated with larger body 

size at later ages (in the case of the New Zealand study, age 4 years). 

Of the nine functions which do not contrast birthweight groups, 

five distinguish groups with birthweight less than average and gesta

tional age greater than or equal to 39 weeks versus groups with birth-

weights greater than average and gestational age less than 39 weeks. 

One of these functions is found in each sex/ethnic subgroup, except 

the Mexican-American females. These functions are mainly "size" ones, 

but put some additional emphasis on limb bulk. 

Perhaps even more revealing than the group separation at the 

extremes with respect to each function are the patterns of group sepa

ration when all groups are considered and the relationships between 

groups along particular axes studied. A further look at Figure 1 shows 

that the pattern of group separation for Anglo males and females is 

quite similar. The ordering of the groups along each axis in males is 

the same as along the like-numbered axes in females. As already men

tioned, the weightings of variables in the first functions for Anglo 
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males and females are quite similar. The other two functions emphasize 

similar variables (see below). In Mexican-American males and females 

the first and third functions are very much the same both in ordering 

of groups and in separation pattern. Although the first function for 

Blacks of both sexes separates the same two groups at the extremes 

(groups 2 and 3 in Fig. 1), the group "alliances" in between these two 

groups are dissimilar. Function 2 in Black males is much the same as 

the female third function, while the third male function resembles the 

second one in the Black females. 

Two patterns of isolation are revealed by group separation 

along the axes. Both patterns crosscut all sex/ethnic divisions. The 

first involves the tendency by a given function to isolate group 1 

(i.e., children of less than average birthweights and gestational ages 

of under 39 weeks), while the second involves isolation of group 3 

(i.e., children of greater than average birthweights and gestational 

ages under 39 weeks). Each of these isolation patterns will now be 

treated individually. 

Isolation of group 1 is accomplished by the second functions 

in Anglo males, Anglo females, and Black females. In the Mexican-

Americans, it is the first function in each sex which does the same 

isolation (to a lesser extent in females though). The third function 

in Black males performs this task. The only heavy variable-weighting 

which crosscuts nearly all sex-ethnic divisions (the exception being 

Anglo females) is the one on weight, the most important variable in 

all but Mexican-American males, in which it has some secondary 
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importance. Male "group 1 isolating" functions also stress waist cir

cumference, while female functions emphasize chest dimensions and 

secondarily overall body height. "Better" patterns of variable empha

sis exist between sexes within each ethnic group. 

Anglo functions of both sexes place primary emphasis on cristal 

height and biacromial diameter, with some secondary stress on face 

measurements. In male and female Mexican-Americans, upper arm circum

ference is v/eighted as the second most important variable, with body 

size (i.e., height and weight) and waist circumference important as 

well. Both functions in Blacks have weight as the single most impor

tant variable, with waist circumference an additional variable of some 

importance. 

In the functions which isolate group 3, no variable is empha

sized heavily in all sex/ethnic divisions. However weight and height 

are heavily emphasized in Anglos of both sexes. No similarities in 

variable emphasis exist between male and female mexican-Americans 

(perhaps a consequence of poor discriminatory power in this ethnic 

group in comparison to the other two), while in Blacks of both sexes 

weight is most important, and additional emphasis is observed on head 

size and dimensions of the chest. The "group 3 isolating" function is 

the third function in all but Black males, in which it is the first. 

A final group separation pattern of interest is the one which 

separates groups 3 and  ̂ at the extremes (or nearly so, as in Anglos). 

In other words the contrast is between the two above average birth-

weight groupings which differ on length of the gestation period and 
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could reveal possible effects of gestational age on later size. The 

functions which make this contrast are the third functions in all but 

Black males, where the second function performs this task. Thus most 

that applies to this function with respect to variable emphasis has 

already been said in the previous paragraph, except for Blacks. Simi

larities in variable stress betv/een the Black male second function and 

female third do exist. Both functions put heavy emphasis on trunk 

bulk (i.e., waist circumference and chest dimensions) and secondary 

stress on dimensions of the head. 

As further evidence of the degree of separation achieved by 

using the discriminant functions based on all variables, the first two 

canonical variates have been drawn for Anglo males and females (Fig. 2) 

and Black males and females (Fig. 3) and the group centroids plotted 

along these dimensions. The first two canonical axes account for most 

of the group dispersion (ranging from in Black females to 92% in 

Black males) in each of these four sex/ethnic subgroups. Inspection 

of the group centroid values in Tables 17 and 20 and group separation 

in Figure 1 will reveal that the group separation among Mexican-

American children is not as conspicuous. Classification tables are 

presented as Table 22 and provide additional support for the discrimi

natory ability of the functions involved in each analysis. 

To complete the presentation of results for birthweight/ 

gestational age group comparisons, it should be mentioned that stepwise 

selection of variables, i.e., choosing only variables for which the F 

value evaluated in the stepwise procedure was equal to or greater than 
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Table 22. Classification table for A.nglo and Black birthweight/gestational age groupings. 

Males 
Anglos-Age 6.9 years Blacks-Age 7«3 years 
No. of Predicted Group No. of Predicted Group 

Actual Group Membership Membership 
Name Code Cases A B c D Cases A B C D 

Birthwt. LT aver., gest. LT 39 wks. A 7 6 1 0 0 if if 0 0 0 
Birthwt. LT aver., gest. GE 39 wks. B 19 0 17 0 2 25 1 23 0 1 
Birthwt. GT aver., gest. LT 39 wks. C 0 0 if 0 3 0 0 3 0 
Birthwt. GT aver., gest. GE 39 wks. D 26 0 0 0 26 22 0 1 0 22 

Percent of known cases correctly classified 9bm6% 

Females 
Anglos-Age 7«0 years Blacks-Age 7«0 years 
No. of Predicted Group No. of Predicted Group 

Actual Group Membership Membership 
Name Code Cases A B C D Cases A B C D 

Birthwt. LT aver., gest. LT 39 wks. A 7 6 1 0 0 10 9 0 0 0 
Birthwt. LT aver., gest. GE 39 wks. B 22 0 21 0 1 15 0 13 1 1 
Birthwt. GT aver., gest. LT 39 wks.• C 5 0 0 5 0 5 0 0 5 0 
Birthwt. GT aver., gest. GE 39 wks. D 37 0 1 1 35 30 2 1 0 27 

Percent of known cases; correctly classified 90.C$ 

vn cr\ 
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2.0 (,50<p< .25) failed to include any more than four variables in the 

functions for any analyses where this was attempted and in each case 

saw a considerable reduction in the discriminatory power of the func

tions derived on the basis of a small subset of variables. In other 

words, better results were attained when the full set of variables was 

utilized. 

Rather than report the means and standard deviations for all 

variables in the birthweight/gestational age group comparisons, it was 

decided to present these statistics for the five "most important" vari

ables of each function, as evaluated by the weighting coefficients. 

With three possible functions and theoretically three different sets 

of important variables, a maximum of 15 variables could be reported 

for any one analysis. This rule is followed in all subsequent sets of 

analyses in order to control the volume of tabular material. The 

tables of means and standard deviations will be found in Appendix V. 

They include the traditional measurements of height and weight regard

less of whether these are in the "top five" variables for any function. 

The results of discriminant analyses for groupings of children 

by mothers' gravidity are most certainly not as encouraging as those 

just discussed. Only in the case of one sex-ethnic group (Mexican-

American females) were any of the univariate F ratios significant at 

the .05 level; and at that, only four variables. However, in all com

parisons, some degree of separation was achieved when all variables 

were used in the discriminant functions (see Tables 23-28). In no 

cases did any of the functions reach a level of statistical 



Table 23. Discriminant analysis of Anglo male gravidity groupings, age 6.9 years. 

Weighting Coefficients 
Variables I-G II 

V/eight .60 .91 
Hitting Height .85 - .08 
Height -1.56 - .66 
Cristal Height .98 1.27 
Arm Length - .92 1.00 
Bicristal Diameter .67 1.01 
Chest Breadth .29 -1.5̂  
Foot Length -1.36 1.66 
Upper Facial Height -1.19 - .33 
Nose Length 1.32 -1.56 
Bicondylar Femur Diameter - .06 -1.11 
Bimalleolar Diameter -1.07 - .68 
Foot Breadth .95 1.21 
Waist Circumference .37 - .81 
Calf Circumference -1M - .79 

Group Centroids 

1 -1.2̂ * - .80* 
2 - .50 1.73* 
3+ 1.88* - .30 

2 
Caronical % of Wilks Chi-Square Degrees of Probability of X „2 

Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 01 multi 
I-G 2.00 TEI7 Ti5S~ 72.0 52 7152 783 
II 1.11 .725 35.6 .4?̂  29.1 30 .51̂  



Table 2k. Discriminant analysis of Mexican-American male gravidity groupings, age 6.8 years. 

Variables 
V/eighting Coefficients 

I-G II III IV V 

Weight 
Sitting Height 
Height 
Cristal Height 
Arm Length 
Biacromial Diameter 
Bicristal Diameter 
Chest Breadth 
Foot Length 
Total Facial Height 
Nose Length 
Hand Length 
Bicondylar Femur Diameter 
Foot Breadth 
Head Length 
Head Breadth 
Head Circumference 
Chest Circumference 
Calf Circumference 

Group Centroids 
1 
2 
3 
k 
5 
6+ 

-1.02 
.11 

- .79 
1.30 

- .02 
-1.02 
.32 
l.l*f 
.19 

- .02 
.09 

- .39 
.29 
.02 
.38 

- .Ik 
- .56 
- .03 
- .lb 

.95* 

.27 

.21 

.01 

.59* 

.38 

.61 
- .50 
l.*K) 
- .25 
-1.00 
.07 

- .10 
.03 

- .28 
.30 
.15 
.73 

- .17 
- .35 
.98 
.79 

-1.67 
- .lif 

M 

.21 
- .3̂  
- .13 
.33 
.85* 

- .35* 

- .12 
- .2k 
-1.68 
.01 

- .61 
- .17 
- .06 
.56 
.70 

- .68 
.7̂  
.16 
.68 

- .22 
- .55 
- .58 

.62 
- .91 
.65 

.26 
- .01 

.02 
- .93* 
,kk* 
.11 

- .12 
-1.02 
2.75 
-1.6k 
.37 
.58 

- .kl 
.05 

- .02 
- .08 

.00 
- .55 
.12 

- .71 
.85 
.13 

- .91 
- .lif 

•37 

.08 
- .00 

.66* 
- .12 
- .07 
- .36* 

.52 

.75 
-1.58 
.15 
.82 
.01 

- .63 
.kl 

- .kk 
- .06 
.23 
.01 
.71 

- .19 
.53 
.31 

- .36 
- .28 
.38 

.18* 
- M* 
.11 
.03 

- .17 
.15 

H 
VJ1 
vO 



Table 2k—Continued 

Caronical % of V/ilks 
Function Eigenvalue Correlation Trace Lambda 

I-G .2kk .kk3 33.7 .512 
II .159 .370 21.9 .637 
III .152 .363 21.0 .738 
IV .122 .329 16.8 .850 
V ,0k9 .215 6.7 .95̂  

2 
Chi-Square Degrees of Probability of X „2 
Statistic Freedom due to chance 61 multi 

1^6.6 
98.8 
66.5 
35.5 
10.^ 

160 
12k 
90 
58 
28 

.770 

.952 

.967 

.991 

.999 

.̂ 7 

H 
CT\ 



Table 25. Discriminant analysis of Black male gravidity groupings, age 7.1 years. 

Weighting Coefficients 
Variables I II-G III 

Weight -1.15 .70 .52 
Height -1.07 .99 • 50 
Cristal Height 1.44 2.35 .35 
Arm Length -1.45 -1.48 - .17 
Biacromial Diameter -2.07 - .96 - .03 
Bicristal Diameter .98 1.39 .11 
Chest Breadth 1.67 - .67 -1.10 
Chest Depth 1.41 .35 - .08 
Foot Length 1.79 1.13 .88 
Total Facial Height - .61 1.35 .36 
Upper Facial Height 1.11 - .00 1.42 
Nose Length .71 - .38 -1.98 
Bicondylar Humerus Diameter -1.21 .32 .74 
Wrist Breadth 1.29 .22 - .32 
Hand Breadth -1.4-7 - .94 .08 
Hand Length 1.72 .47 - .71 
Bicondylar Femur Diameter - .70 -2.86 -1.10 
Head Length .63 -1.30 .46 
Head Circumference -1.00 .48 -1.16 
Waist Circumference -1.39 .56 - .25 
Calf Circumference 1.18 -1.26 .90 

Group Centroids 
1 .38 -2.55* .34 
2 1.06* .06 -1.20* 
3 -3.70* .27 - .08 
4+ .91 .82* .45* 

Caronical % of Wilks Chi-Square Degrees of Probability of .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 01 multi 

I 3.41 .879 63.6 .063 99.5 96 .386 .93 
II-G 1.51 .776 28.2 .277 46.2 62 .931 
III .44 .551 8.1 .696 13.0 30 .997 



Table 26. Discriminant analysis of Anglo female gravidity groupings, age 6.9 years. 

Weighting Coefficients 
Variables I-G II 

Weight -l.Mf 2.53 
Sitting Height 1.26 - .33 
Height 1.3̂  - .7̂  
Cristal Height 1.56 - .88 
Arm Length 1.00 .5̂  
Biacromial Diameter .69 .09 
Foot Length .05 - .67 
Upper Facial Height • 

- .73 .01 
Nose Breadth - .75 .14 
Bicondylar Humerus Diameter - .69 .62 
Hand Breadth 1.33 - .88 
Hand Length - .77 - .01 
Head Breadth .71 - .32 
Head Circumference - .13 - .67 
Upper Arm Circumference .68 .18 
Chest Circumference -1.88 - .13 
Waist Circumference - .23 - .81 
Calf Circumference 2.22 - .10 

Group Centroids 
1 -1.53* .Ik 
2 .̂ 9 -1.28* 

> .87* .59* 

Caronical % of Wilks Chi-Square Degrees of Probability of .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance  ̂multi 

1-G 1.20 .738 67.6 .289 66.4 64 .399 .70 
II .57 ,6ok 32.k .635 24.3 31 .800 



Table 27• Discriminant analysis of Mexican-American female gravidity groupings, age 6.9 years. 

V/eighting Coefficients 
Variables I II III IV V-G 

V/ eight -2.01 - .36 - .31 .20 .82 
Height .68 - .30 - .99 - .12 -1.46 
Cristal Height -1.14 - .38 .92 .44 .36 
Bicondylar Humerus Diameter .25 - .04 - .78 .12 - .05 
V/rist Breadth - .71 - .36 - .65 .01 .15 
Hand Breadth •15 - .47 .25 - .71 .07 
Bimalleolar Diameter .02 .87 .19 .33 - .38 
Head Length .18 .75 - .46 .09 .13 
Bizygomatic Diameter .15 .89 - .16 .70 - .48 
Bigonial Diameter - .02 - .01 .11 - .76 - .09 
Head Circumference - .35 - .69 .30 - .37 - .16 
Upper Arm Circumference .75 - .02 - .55 .39 - .89 
Chest Circumference .14 - .16 .9̂  .73 .67 
Waist Circumference - .18 .02 - .91 .02 - M 
Calf Circumference 1.22 - .88 1.19 - .31 - .00 

Group Centroids 
1 - .69 .28 .14 .36 - .23 
2 .40 - .10 - .21 - .29 - .45* 
3 .67* - .61 .03 .46* .12 

- .41 .02 -1.10* - .05 •31* 
5 - .82* -1.14* i .47* - .44* .16 
6+ .21 .49* t .25 - .15 .20 

Canonical % of Wilks Chi-Square Degrees of Probability of X 2̂ 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance multi 

I .279 .467 31.7 .451 163.4 160 .415 .54 
II .256 .452 29.2 .576 113.0 124 •753 
III .173 .384 19.7 .724 66.2 90 .969 
IV .096 .296 10.9 .849 33.5 58 .996 
V-G .074 .263 8.5 .931 14.7 28 .981 



Table 28. Discriminant analysis of Black female gravidity groupings, age 7.1 years. 

Weighting Coefficients 
Variables I-G II III IV 

Weight -3.21 - .44 -1.67 .14 
Sitting Height - .78 1.23 I.07 1.43 
Height 2.15 - .89 -1.13 -2.36 
Cristal Height -4.11 .20 - .46 .17 
Arm Length .26 1.79 - .02 - .79 
Bicristal Diameter 1.50 - .20 .64 - .04 
Chest Breadth -1.5** .42 - .58 - .56 
Total Facial Height .41 - .33 .97 1.15 
Upper Facial Height .64 .70 .15 -1.49 
Nose Length -1.02 -1.17 - .84 .39 
Wrist Breadth -1.05 .33 .04 - .13 
Hand Length .70 - .75 1.08 .34 
Bicondylar Femur Diameter - .85 -1.11 .35 .26 
Bimalleolar Diameter -1.00 .56 -1.81 .41 
Foot Breadth 1.44 .71 1.58 .87 
Head Length -1.03 - .74 - .22 - .64 
Bizygomatic Diameter -1.01 -1.42 - .22 .67 
Upper Arm Circumference -2.07 - .67 .52 - .01 
Chest Circumference 2.42 .55 - .50 .90 
Calf Circumference 3.67 .75 .20 -1.81 

Group Centroids 
1 1.75 2.47* 1.58* .25 
2 2.23* -1.84* .14 .25 
3 -1.55* - .09 - .08 2.57' 
4 -1.32 - .62 .99 - .48' 
5+ - .07 .39 - .78* - .23 

H as -p-



Table 28—Continued. 

Canonical °/o of Wilks 
Function Eigenvalue Correlation Trace Lambda 

I-G 1.62 .787 38.3 .060 
II 1.23 .7̂ 2 28.9 .157 
III .81 .668 19.0 .3̂ 9 
IV .58 .607 13.8 .631 

2 
Chi-Square Degrees of Probability of X A2 
Statistic Freedom due to chance  ̂multi 

116.9 128 .751 .9̂  
76.9 93 .885 
k3.S 60 ,9kk 
19.1 29 .918 

o\ 
vn 
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significance, but in Anglo males and in Black males and females, dis

criminatory power of 83$ or greater was attained. With regard to the 

groups being contrasted at the extremes, the first discriminant func

tions for male and female Anglos are the same. The same can be said 

for the Blacks. In each case, the emphasis lies on different sets of 

variables, although in general body length or some component of it is 

involved each time. In all sex-ethnic group comparisons except the 

Mexican-American females, one of the derived functions contrasts the 

two ends of the range of gravidity, i.e., children who were the first 

pregnancy for their mothers versus those of the opposite extreme (rang

ing from 3+ to 5+)• This function invariably involves some component 

of body length. 

Some previous studies (see Chapter 2) have indicated a rela

tionship between prenatal factors like gravidity and postnatal physical 

growth. If such effects exist, we should expect to find some evidence 

of this in at least one of the axes associated with the discriminant 

functions describing variation in each sex/ethnic division. This axis 

would be the one which did the "best" job of separating and ordering 

the gravidity groups from low to high values. As it turns out, one 

such axis exists for each sex/ethnic division. The functions on which 

these are based have been labeled with capital "G"'s in Tables 23-28. 

The pattern of group separation along this "G" axis in each sex/ethnic 

division is diagrammed in Figure b. 

If we look at the weighting coefficients for each of these "G" 

functions, we find that an emphasis on overall body height, and 
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ANGLOS 

1 2 ,  3 +  

23* 

MEXICAN AMERICANS 

1 2 kj>6+5 

21 

BLACKS 

23 *++ 

3*f 12 

I - Males 

I - Females 

I - Males 

V - Females 

II - Males 

I - Females 

Figure "G" axes with centroids of gravidity groups for each 
sex/ethnic division. — Roman numerals identify "G" axes 
from functions labeled in Tables 23-28. The numbers 
along each axis refer to the gravidity groups, i.e., the 
pregnancy number a child is for his or her mother, + 
indicating that number pregnancy or higher. 
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especially lower body length (i.e., cristal height, except in Mexican-

American females, in which overall height is dominant) crosscuts all 

sex/ethnic divisions. Weight is absent or of only secondary emphasis 

in all "G" functions. The female "G" functions all stress dimensions 

of the chest as well. 

Patterns of similarity for variable weightings also exist with

in ethnic groups. Among Anglo males and females, calf circumference 

is important, and so are arm length and linearity of the lower body. 

Male and female Mexican-American "G" functions both stress body size 

and chest dimensions. In Blacks of both sexes cristal height is the 

first or second most important variable, and secondarily stresses are 

overall body height, bicristal diameter, and calf circumference. 

As seen in Figure 4, the pattern of group separation along the 

"G" axes is similar in Anglo males and females, at least in the order

ing. The "3+" group tends to be isolated, though, in males, while the 

"G" axis in females isolates the "1" group from the other two. The 

Mexican-American male function provides more of a gradient than in 

females, in which the designated "G" function does at best a marginal 

job of isolating gravidity groups 1 and 2 from all others. In Black 

males, somewhat of a gradient is achieved, but the greater tendency is 

for group 1 to be isolated from the others. The Black female "G" axis 

links groups 1 and 2'and separates them from the other three groups. 

Only in the case of Mexican-American females did the results 

warrant an attempt at stepwise selection of variables. The selection 

criterion of choosing a variable when it made a significant increase 
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Rao's V (see Chapter 4) was used in combination with the stepwise F 

value of 2.00 (.50<p<.15) or larger. This allowed six variables to 

be included in the discriminant functions before additional variables 

were no longer considered. As can be seen in Table 29» the variables 

chosen and weighted as "most important" are similar to those listed in 

Table 27- Although the first two functions are now significant, the 

overall discriminatory power with the set of six variables is reduced 

compared to the analysis including all variables in the functions. 

Tables of means and standard deviations for the analyses which utilized 

all variables can be found in Appendix V. 

Lack of sufficiently large sample sizes in certain of the 

birthweight/gestational age categories (most often the groupings with 

birthweights greater than average, gestational ages less than 39 weeks) 

prevented any further analyses at later age levels. The results for 

groups based on mother's gravidity did not warrant additional analyses 

at age levels beyond the earliest for which anthropometric data were 

collected. 

Groups by Birthplace 

Comparisons of groups of children based on their place of birth 

as described more fully in Chapter 4, are reported in this section. 

The results indicate some variation at the early age levels according 

to birthplace. The results were considered significant enough at the 

time the computer analyses were being made that socioeconomic group 

comparisons were made on Tucson-born children alone and as well on all 

children regardless of place of birth. 



Table 29. Stepwise discriminant analysis of Mexican-American female gravidity groupings, age 6.9 
years. 

Weighting Coefficients 
Variables I II III IV V 

Upper Facial Height - .70 .24 .03 • 35 .30 
Wrist Breadth - .96 .30 .66 - .27 .66 
Bimalleolar Diameter .08 -1.07 - .51 .65 .33 
Bizygomatic Diameter .12 .65 .21 -1.01 - .09 
Waist Circumference - .81 - .10 - .33 .29 -1.30 
Calf Circumference 1.07 1.14 - .80 - .39 .59 

Group Centroids 
1 - .44 - .32* - .20 - .03 - .06 
2 .08 .03 - .11 - .20* .06* 

3 .45* .12 - .06 - .07* 
4 - .67* .02 .55* - .01 .02 
5 - .46 .78* - .29* .20* .04 
6+ .3h - .27 .03 .11 .02 

Canonical % of Wilks Chi-Square Degrees of Probability of ^2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance w multi 

I .168 .380 46.2 .710 74.7 30 .000 .28 
II .127 .336 3̂ .9 .829 ' 40.8 20 .004 
in .050 .219 13.9 .935 14.7 12 .260 
IV .016 .125 .̂3 .982 3.9 6 .687 
V .002 .049 0.7 .998 0.5 2 .771 
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As with the birthweight/gestational age group comparisons, the 

results of the univariate F ratio tests, takei^ alone, might predispose 

some analysts not to proceed any further, except in the case of Mexican-

American females (see further). Taken one at a time, no variables had 

significant F ratios (p _ .05) in Anglo males and Black males and fe

males. Among Mexican-American males and Anglo females, k and 2 vari

ables, respectively, had F values at the .05 level of significance. 

Twenty-four of the 32 variables (75&) had significant F values in the 

Mexican-American females, indicating at least in a univariate way, a 

high degree of variation between birthplace groupings in this six-

ethnic group. 

The results of the discriminant analyses which utilized all 

avriables are summarized in Tables 30-35- Taking an overall look at 

the functions derived in these analyses, we find that one kind of 

function crosscuts all sex/ethnic divisions, namely one that separates 

children born in Arizona (but other than Tucson) from all other birth

place groupings (see axes diagrammed in Fig. 5). In male Anglos, 

Mexican-Americans, and Blacks, the second, third, and second functions, 

respectively, fit this description. For females in the same ethnic 

group order, these functions are the second, third, and first, re

spectively. In each case, this function involves relatively high con

tributions of weight, some component of body length, and for Mexican-

Americans and Blacks, size of the head. Unfortunately, the contrast 

of the Arizona-born group with all others may be a function of sample 

size to an extent, as this group has the smallest or next to smallest 

size in each sex-ethnic group (see Table 5)» 



Table 30. Discriminant analysis of Angle male birthplace groupings, age 7.1 years. 

Variables 
Weighting Coefficients 

II 

Weight 
Sitting Height 
Height 
Arm Length 
Chest Breadth 
Chest Depth 
Foot Length 
Upper Facial Height 
Bicondylar Humerus Diameter 
Wrist Breadth 
Bicondylar Femur Diameter 
Head Breadth 
Bizygomatic Diameter 
Head Circumference 
Upper Arm Circumference 
Chest Circumference 
Calf Circumference 

1.00 
.5̂  

- M 
1.̂ 0 

.88 
.59 

- .55 
- .53 
.08 
.51 
.6̂  

- .05 
.57 

- .6̂  
A7 

-1.69 
- .65 

-1.13 
- .07 
.76 

- .00 
- .05 
.39 
.11 

- .23 
- .66 
.79 

- .11 
.69 

- .58 
- .17 
- .60 
.08 
1.30 

Group Centroids 
Tucson-born 
Arizona-born 
Other U.S.-born 

- M 
-1.27* 
•37* 

- .39* 
.92* 
.10 

Function 
I 
II 

Canonical % of Wilks Chi-Square Degrees of Probability of X ^2 
Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance multi 

Z2&3 70.0 .711 59.̂  55 7553 .28 
.113 .319 30.0 .898 18.7 31 .960 

H 
^3 
t\J 



Table 31• Discriminant analysis of Mexican-American male birthplace groupings, age 7.0 years. 

Weighting Coefficients 
Variables I II III 

Weight • .92 1.37 -1.52 
Sitting Height - .86 -1.57 .62 
Height - .22 2.35 -1.05 
Cristal Height .15 -1.51 • 73 
Arm Length - .06 - .63 - .38 
Biacromial Diameter - .20 .59 .70 
Bicristal Diameter .10 .62 - .11 
Head Length - .22 - .01 - .75 
Head Breadth - .62 - .07 - .59 
Bizygomatic Diameter .59 .17 .21 
Head Circumference .21 .51 
Upper Arm Circumference - .79 - .22 - .32 
Waist Circumference - .78 - .03 .66 
Calf Circumference .72 - .62 .72 

Group Centroids 
Tucson-born .17* .13 - .03 
Arizona-born - ,2k - .33 .79* 
Other U.S.-born .08 -1.16* - .30* 
Mexican-born -1.22* .Ik* - .18 

Canonical % of Wilks Chi-Square Degrees of Probability of *2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance w multi 

I .169 .381 7̂.8 .717 107.1 96 .208 .27 
II .\2h .332 35.0 .838 56.7 62 .670 
III .061 .2̂ 0 17.2 .9̂ 2 19.1 30 .939 



Table 32. Discriminant analysis of Black male birthplace groupings, age 7.1 years. 

Weighting Coefficients 
Variables I II 

Weight .13 3.lh 
Height 2.22 - .83 
Cristal Height .73 .60 
Biacromial Diameter - .77 - .13 
Chest Breadth - .20 .66 
Bicondylar Humerus Diameter - .01 .89 
Wrist Breadth - .31 - .77 
Bicondylar Femur Diameter -1.18 - .30 
Bimalleolar Diameter .31 .7^ 
Foot Breadth .77 - *70 
Head Length - .93 - .97 
Head Breadth - .96 - .65 
Bizygomatic Diameter .90 - .09 
Head Circumference 1.18 1.66 
Upper Arm Circumference 1.06 - .10 
Waist Circumference - ,2k -1.37 
Calf Circumference - .38 - .69 

Group Centroids 
Tucson-born .56* .13 
Arizona-born - .15 -2.59* 
Other U.S.-born -1.10*' .20* 

2 
Canonical % of Wilks Chi-Square Degrees of Probability of X *.2 

Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance w multi 
I Î o1* 7523 59.3 .̂ 1 59.0 752 .590 35 
II .415 .5̂ 2 k0.7 .707 25.0 30 .725 

-o 
-f 



Table 33- Discriminant analysis of Anglo female birthplace groupings, age 7.0 years. 

Weighting Coefficients 
Variables I II 

Weight 2.05 1.32 
Sitting Height .l*f - .92 
Height .06 2.^3 
Cristal Height - .32 - .58 
Biacromial Diameter - .35 -1.73 
Bicristal Diameter .5^ .33 
Chest Breadth - .68 .69 
Nose Breadth .6'+ - ,k3 
Head Length - .52 - .08 
Head Breadth - .55 .32 
Bizygomatic Diameter - .03 - .50 
Upper Arm Circumference - .55 - .59 
Chest Circumference ,6k .33 
Waist Circumference - .59 - .6^ 
Calf Circumference - .99 .11 

Group Centroids 
Tucson-born .70* .07 
Arizona-born - .16 -2.52* 
Other U.S.-born - .56* .13* 

2 
Canonical % of Wilks Chi-Square Degrees of Probability of X „2. 

Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 61 multi 
I 382 75lS 59.0 .572 89.8 W .017 A2 
II .266 .̂ 58 1*1.0 .790 37.8 31 .185 

-o 
VJ1 



Table 3't-« Discriminant analysis of Mexican-American female birthplace groupings, age 7.2 years. 

Weighting Coefficients 
Variables I II III 

Weight 1.93 - .73 1.70 
Sitting Height .31 .61 - .90 
Height -1.78 .02 .3̂  
Cristal Height .71 - .91 
Biacromial Diameter - .35 .56 .01 
Chest Breadth .65 - .07 .06 
Chest Depth .55 .̂ 6 - .28 
Nose Length - .02 .62 .62 
Wrist Breadth .18 .25 - .73 
Foot Breadth - .16 .03 • 52 
Head Circumference .06 .36 - .68 
Chest Circumference -2.12 - .16 .79 
Waist Circumference - M - .05 -1.33 
Calf Circumference - .66 .28 .31 

Group Centroids 
Tucson-born .22* .16 - .02 
Arizona-born - .59 - .kl 1.07* 
Other U.S.-born .20 -1.32* - .1*6 

Mexican-born -1M* .20* - .**9* 

Canonical % of Wilks Chi-Square Degrees of Probability of 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 

I .265 .45a 5̂.7 .590 157.7 96 .000 
II .177 .388 30.5 .7̂ 6 87.̂  62 .016 
III .138 .3̂ 8 23.8 .879 38.7 30 .133 

.2 
multi 
7i0~ 

H 
-o 
ON 



Table 35- Discriminant analysis of Black female birthplace groupings, age 7.1 years. 

Weighting Coefficients 
Variables I II 

Weight 1.21 .22 
Height l.Vf 3.̂ 6 
Biacromial Diameter 1.33 .29 
Total Facial Height - .56 .25 
Upper acial Height - .13 - .51 
Bicondylar Humerus Diameter - .12 - .80 
Hand Length .80 •3̂  
Bocondylar Femur Diameter - .98 .07 
Head Length .57 - .19 
Bizygomatic Diameter - .85 .Oif 
Head Circumference - .50 .07 
Upper Arm Circumference - .55 -1.12 
Chest Circumference - .03 - .91 
Waist Circumference - M 1.01 
Calf Circumference •33 -1.30 

Group Centroids 
Tucson-born .33* - .27 
Arizona-born -2.58* - M' 
Other U.S.-born - .11 .91 

2 
Canonical % of V/ilks Chi-Square Degrees of Probability of X „2 

Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 01 multi 
I TSlO .616 68.9 "TW~ 52.9 6̂  .837 .50 
II .276 .̂ 65 31.1 .78̂  17.9 31 .971 

H 
^3 
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Figure 5. Discriminant axes with birthplace group centroids in each 
sex/ethnic division. — The letters refer to the group
ings of children by birthplace as follows: 

A = Born in Arizona, but not in Tucson 
M = Born in Mexico 
0 = Born in United States, but not in Arizona 
T = Born in Tucson 
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Another type of function crosscuts both Blacks and Mexican-

Americans and to some extent, Anglos. This one can be found as the 

second one in both male and female Mexican-Americans and as the first 

and second in Black males and females respectively. These functions 

essentially separate children born outside of Arizona (and Mexico, in 

the case of Mexican-American children) from all others. In Mexican-

American children, this function places emphasis on weight and sub

components of body length. In Blacks, the major emphasis in on height 

with a secondary importance attached to upper arm circumference. The 

first functions in Anglo males and females perform their separation to 

an extent, but not as well as seen in the other two ethnic groups. In 

Anglos weight and chest circumference are stressed as primary variables 

with calf circumference given a senondary role in separating the birth

place groups. 

Some additional patterns emerge if we look at the similarity 

of the functions derived for each sex within each ethnic group (see 

Fig. 5). Looking first at the Anglos, the second functions are similar 

(as already mentioned above) in that they separate out other (non-

Tucson) Arizona-born children, with important variables being height 

and weight. The first functions are somewhat similar because they 

separate Tucson-born children from children born outside of Arizona 

(separation to a lesser extent in Anglo males). The first functions 

in any case place great importance on weight and bulk of the trunk 

region of the body, as mentioned above. It is interesting to note at 

this point that for the traditional measurements of height and weight, 
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Anglo males and females are exactly opposite with regards to which of 

the birthplace groupings are largest and smallest in value (see Appen

dix V). Tucson-born males are smallest on both height and weight, and 

males born outside of Arizona are the largest. The opposite is true 

in Anglo females. 

The three functions derived in analyses of Mexican-American 

males and females are quite similar. The first function separates 

males and females who were born in Mexico from other birthplace group

ings, although this separation is not as absolute in the females, where 

the Arizona-born group is intermediate in its group centroid value. 

This first function reflects mostly body size. The second function as 

previously mentioned serves to separate out children born elsewhere in 

the United States from the other three groups, although again, this is 

accomplished to a lesser degree in the females, where an intermediate 

group (Arizona-born) emerges. This function puts emphasis on weight 

and the length and breadth of the upper body. The third and final 

function has weight, body length (slight emphasis on leg dimensions), 

and measurements of the head as relatively more important variables in 

separating the Arizona-born group from the others. 

In the Blacks, the first function derived for the males is 

comparable to the second one derived for females. These respective 

functions separate the other-U.S.-born group from Arizona-born (Tucson 

or otherwise) children, stressing height and circumferential measure

ments. The second function for Black males is similar to the first for 

females, both functions separating non-Tucson born Arizonans from the 
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other two groups. Weight and height are emphasized again, and some 

emphasis placed on head dimensions (to a lesser extent in females than 

males). 

Turning now to some of the statistics for the functions, it 

should be noted that values for discriminatory power in these analyses 

never reach above 3Wo» This reflects the extremely low eigenvalues. 

Functions reach statistically significant levels only in the cases of 

(1) Anglo females, where the first does (p<.02);and (2) Mexican-

American females, where both the first and second functions do (p <.02). 

However, the consistencies in the patterns of separation noted above 

serve to indicate at least body size variation according to birthplace 

group. The percentages of known cases correctly classified on the 

basis of the analyses using all variables ranged from a low of k?*6% 

in Mexican-American males to a high of 79-8^ in Black males. Tables 

for the means and standards deviations of the important discriminating 

variables can be found in Appendix V. 

Stepwise analyses with smaller subsets of variables were at

tempted for Anglo females and Mexican-American males and females. As 

in the previous section, the stepwise criterion used was a combination 

of choosing variables for which F values for inclusion were 2.0 or 

above (.50<p< .25) and which made a significant change in Rao's V 

statistic. The results of these stepwise analyses for the three sex-

ethnic groups are presented in Tables 36-38. The variables in these 

analyses are comparable to those of major emphasis in the analyses 

using all variables. As can be seen, at least two of the functions 



Table 36. Stepwise discriminant analysis of Mexican-American male birthplace groupings, age 7.0 
years. 

Weighting Coefficients 
Variables I II III 

Sitting Height 1.57 1.54 - .27 
Height -1.40 -2.59 2.21 
Cristal Height .15 2.30 -1.20 
Bicristal Diameter - .11 - .87 - .01 
Bimalleolar Diameter - .69 - .06 -1.14 
Bigonial Diameter - .44 .25 .57 

Group Centroids 
Tucson-born - .13* - .06 .01 
Arizona-born .32 .20 - .36* 
Other U.S.-born .14 .75* .17* 
Mexican-born .68* - .29* .12 

Canonical % of V.'ilks Chi-Square Degrees of Probability of .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 61 multi 

I .067 .250 48.8 .875 44.5 18 .000 .12 
II .056 .230 40.9 .934 22.9 10 .011 
III .014 .118 10.3 .986 4.7 4 .321 



Table 37- Stepwise discriminant analysis of Anglo female birthplace groupings, age 7.0 years 

Weighting Coefficients 
Variables I II 

Height 
Biacromial Diameter 
Bicristal Diameter 
Chest Breadth 
Nose Breadth 
Head Breadth 
Calf Circumference 

.90 
- .75 
1.01 
- .09 
.41 

- .33 
- .73 

.̂ 9 
-1.91 
.23 
.88 

- .58 
.35 
.21 

Group Centroids 
Tucson-born 
Arizona-born 
Other U.S.-born 

.50* 
- .51* 
- .37 

- .02 
-1.72* 
.15* 

Function Eigenvalue 
Canonical 
Correlation 

% of 
Trace 

Wilks 
Lambda 

Chi-Square 
Statistic 

Degrees of 
Freedom 

Probability of A2 
due to chance a multi 

I .197 
II .131 

.406 
• 3̂ 0 

60.1 
39.9 

.739 

.884 
52.4 
21.3 

14 
6 

.000 .25 

.002 



Table 38. Stepwise discriminant analysis of Mexican-American female birthplace groupings, age 7.2 
years. 

Weighting Coefficients 
Variables I II III 

Weight -1.53 .32 - .60 
Sitting Height - .49 - .23 1.23 
Height 1.90 -1.13 
Chest Depth - .65 - .20 .48 
Foot Length - .18 - .**7 .61 
Upper Facial Height - .42 .3̂  .61 
Nose Length - .14 - .7̂  - .62 
Hand Length .46 - .53 - .20 
Foot Breadth .19 - .13 - .77 
Chest Circumference 2.17 - .53 .17 

Group Centroids 
Tucson-born - .21* - .08 .03 
Arizona-born M .05 - .77* 
Other U.S.-born .22 1.14* .17 
Mexico-born 1.15* - .3b* .30* 

Canonical % of Wilks Chi-Square Degrees of Probability of .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 61 multi 

I .170 .381 48.2 .718 102.3 33 .000 .27 
II .119 .326 33.9 .840 53.8 20 .000 
III .063 .244 17.9 .9kl 18.9 9 .026 

00 -p-
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in each analysis are statistically significant. However, despite this 

new level of significance with a reduced set of variables, discrimi

natory power is substantially reduced. 

Analysis of birthplace group differences at a later age level 

was not attempted for several reasons. It v/as felt that any varia

bility which existed at early age levels (especially variation pos

sibly related to climatological factors) would be reduced or non

existent at later ages. The aim of this set of analyses was simply to 

establish whether such variability existed, and it was thought that if 

it was to be observed at all, the most likely ages to find it would be 

at earlier age levels, when most of the children born outside Tucson 

had been exposed the least amount of time to the Tucson environment. 

The variation found to exist at roughly age 7 years is evaluated in 

the next chapter. 

Census Tract Groups 

The results for discriminant analyses of groupings of children 

by census tract, as described more fully in the previous chapter, are 
o 

summarized in Tables 39-'+'*• The discriminant functions derived for 

comparisons within each sex-ethnic group include all variables. If 

there are microenvironmental effects on the physical growth of children 

in the growth study sample, one would expect at least one of the dis

criminant functions in each sex-ethnic group to separate the groupings 

based on census tract along an axis which reflects the environmental 

differences between tracts (described in Chapter k, see Tables 6-9). 

In other words, this axis should order the groupings from category 1 



Table 39- Discriminant analysis of Anglo male census tract groupings, age 7-2 years. 

Weighting Coefficients 
Variables I II III-C 

Weight -2.85 1.10 - .76 
Sitting Height .58 1.23 -1.18 
Height -3.18 -3.28 3.73 
Cristal Height -1.56 2.72 -1.05 
Arm Length 2.76 .62 .57 
Biacromial Diameter .82 -1.69 
Chest Breadth .36 1.22 - .36 
Foot Length -1.63 .68 - .12 
Bocondylar Humerus Diameter -2.00 .06 - .61 
Bicondylar Femur Diameter 1.01 - .78 .20 
Bimalleolar Diameter .95 - .b9 .17 
Foot Breadth - .5*+ - .96 - .23 
Head Length -1.55 .12 - .05 
Bizygomatic Diameter -1.27 .05 .56 
Bigonial Diameter .̂ 9 - .92 .12 
Head Circumference 1.63 .̂ 2 .56 
Upper Arm Circumference 1.37 .30 - A7 
Chest Circumference 1.7̂  - .09 1.71 
Waist Circumference - .82 -1.01 - .72 
Calf Circumference 1.36 - A3 1.05 

Group Centroids 
Category 1 -1.72 -3.70* .98 
Category 2 1.76* 1.21* 1.79* 
Category 3 -3.̂ 6* 1.06 - .11 
Category 1.20 - .13 - .60* 

2 
Canonical c,'o of Wilks Chi-Square Degrees of Probability of X A2 

Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance multi 
I .90*+ 62.5 .036 123.̂  96 .029 .96 
II 1.85 .806 26.1 .19̂  60.7 62 .529 
III-C .81 .669 11.k .553 21.9 30 .857 



Table 40. Discriminant analysis of Mexican-American male census tract groupings, age 7.0 years. 

Weighting Coefficients 
Variables I II-C III 

Weight .74 .98 .28 
Height -3.00 -1.18 .55 
Cristal Height .86 I.65 -1.09 
Arm Length - .12 - .61 .15 
Total Facial Height .08 .73 .59 
Upper Facial Height .01 .05 - .?4 
Wrist Breadth .65 - .13 - .26 
Hand Breadth - .64 - .17 - .08 
Hand Length .96 .45 .82 
Bimalleolar Diameter - .35 .06 - .64 
Foot Breadth .71 - .23 .01 • 
Head Length - .02 - .06 1.31 
Head Breadth .31 - .16 1.29 
Bigonial Diameter - .73 .09 - .09 
Head Circumference - .06 - .35 -I.76 
Chest Circumference .35 - .69 .76 
Waist Circumference -1.14 .60 - .22 
Calf Circumference .21 - .81 - .19 

Group Centroids 
Category 1 .29* 
Category 2 - .19 
Category 3 -1.71* 
Category 4 - .06 

Canonical % of Wilks 
Function Eigenvalue Correlation Trace Lambda 

I .239 *̂+39 41.8 .593 
II-C .179 .390 31.3 .734 
III .155 .366 27.0 .866 

.11 .23 

.13 - .56* 

.18* .69* 
-1.41* - .01 

2 
Chi-Square Degrees of Probability of X ^2 
Statistic Freedom due to chance multi 
113.5 95 305 rifO-

67.0 62 .315 
31.2 30 .405 



Table 41. Discriminant analysis of Black male census tract groupings, age 7-1 years. 

Weighting Coefficients 
Variables I II-C III 

Weight 1.38 -4.4o -1.13 
Sitting Height - .18 l.lk - .03 
Height .50 3.15 3.05 
Cristal Height 2.26 - .30 .05 
Biacromial Diameter .96 .31 - .18 
Bicristal Diameter -1.26 - .91 - .54 
Chest Breadth 1.47 -1.03 - .70 
Chest Depth .94 .54 .36 
Foot Length - .69 -1.15 1.55 
Nose Length 1.66 - .13 - .19 
Hand Length 1.68 .12 .32 
Bimalleolar Diameter .40 1.86 - .80 
Foot Breadth .92 - .18 .32 
Head Length - .54 .61 1.89 
Head Breadth - .62 1.48 .90 
Head Circumference 1.4-2 -1.68 -2.56 
Upper Arm Circumference 1.78 - .18 .19 
Chest Circumference -1.89 1.75 .11 
Waist Circumference -1.11 1.27 .78 
Calf Circumference -1.08 1.59 1.00 

Group Centroids 
Category 1 .70 1.28* - .68 
Category 2 .87* - .70 .98* 
Category 3 -3.93* .26 .33 
Category 4 - .23 -3.26* -2.40* 

Canonical % of Wilks Chi-Square Degrees of Probability of X .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance a multi 

I 3.05 .868 51.7 .043 110.3 96 .151 .95 
II-C 1.76 .799 29.9 .173 61.3 62 .505 
III 1.09 .722 18.4 .479 25.8 30 .686 



Table k2. Discriminant analysis of Anglo female census tract groupings, age 7.0 years. 

Weighting Coefficients 
Variables I II-C III 

Weight A5 -1.97 1.89 
Sitting Height -1.31* .79 -30 
Height 2.02 - .50 ,6k 
Cristal Height 2.89 .61* 1.30 
Foot Length - .87 .51 - .36 
Upper Facial Height .'fO - .l*f -1.59 
Nose Length .20 .26 1.^2 
Bicondylar Humerus Diameter .17 .59 .87 
Wrist Breadth - .01 - .70 - .55 
Hand Length 1.26 .07 - .39 
Bizygomatic Diameter - .3^ .12 - .95 
Head Circumference 1.^9 - .18 .88 
Upper Arm Circumference .58 2.62 - .98 
Chest Circumference 1.2k - ,2k - .23 
Waist Circumference - .90 .21 .09 
Calf Circumference - ,7b - .^7 - .78 

Group Centroids 
Category 1 -1.67 2.7^ -2.2V 
Category 2 - .02 2.65 2.57* 
Category 3 -2.bk+ - .90 .36 
Category k .73* - .22 - .12 

2 
Canonical % of V/ilks Chi-Square Degrees of Probability of X „2 

Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance " multi 
I 1757 .791 7̂.8 .103 116.1 95 I07S 759 
II-C 1.08 .721 30.9 .27̂  65.9 62 .3̂ 7 
III .75 .65̂  21. ̂ .572 28.5 30 .5̂ 3 



Table 43- Discriminant analysis of Mexican-American female census tract groupings, age 6.9 years. 

Weighting Coefficients 
Variables I-C II III 

Weight - .53 - .90 .60 
Sitting Height - .16 - .96 .40 
Height .25 2.21 - .56 
Arm Length .14 .09 - .50 
Biacromial Diameter - .60 - .47 .02 
Chest Breadth .18 .58 .24 
Foot Length - .59 - .15 .00 
Upper Facial Height .14 .9*+ .03 
Hand Length - .59 - .52 .43 
Bicondylar Femur Diameter .15 .43 .55 
Bizygomatic Diameter - .85 - .02 - .35 
Bigonial Diameter - .n6 - .11 - .74 
Chest Circumference 1.10 - .09 .00 
Calf Circumference .65 - .06 - .13 

Group Centroids 
Category 1 - .21* - .11 - .25 
Category 2 - .15 .51* .43 
Category 3 .4o -1.17* .75* 
Category 4 1.97* .33 - .28* 

Canonical of Wilks Chi-Square Degrees of Probability of *2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance w multi 

I-C .310 .486 48.7 .565 117.1 96 .069 .43 
II .190 .4oo 29.9 .739 61.8 62 .489 
III .136 .346 21.4 .880 26.1 30 .669 

H 
\o 
o 



Table 44. Discriminant analysis of Black female census tract groupings, age 7.1 years. 

Weighting Coefficients 
Variables I-C II III 

Weight .05 -1.01 - .45 
Sitting Height - .01 - .79 .66 
Height 2.25 .59 2.38 
Cristal Height - .18 - .67 .83 
Arm Length - .80 - .01 .31 
Biacromial Diameter -1.40 -1.01 - .08 
Bicristal Diameter 1.19 .44 .28 
Chest Depth - .94 - .67 -1.35 
Total Facial Height .35 -1.04 .14 
Upper Facial Height -I.87 2.10 .16 
Nose Length 1.16 -1.73 - .24 
Wrist Breadth .04 1.54 - .17 
Hand Breadth - .04 - .97 .18 
Hand Length 2.25 .77 - .42 
Bicondylar Femur Diameter - .70 - .60 1.08 
Bimalleolar Diameter - .80 .77 .45 
Bigonial Diameter .04 .52 - .84 
Head Circumference - .86 .08 - .42 
Upper Arm Circumference .24 - .56 .83 
Chest Circumference 2.23 I.63 - .40 
Waist Circumference -1.78 1.11 1.62 
Calf Circumference .17 .26 -1.55 

Group Centroids 
Category 1 .03 .40 -1.00* 
Category 2 -2.54* - .17 .73 
Category 3 2.24* 1.29* 1.07* 
Category 4 1.80 -3.05* .18 



Table 44—Continued. 

Canonical % of Wilks Chi-Square Degrees of Probability of X^ .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 0 multi 

I-C 3.29 .876 56.8 .047 118.8 76 .055 .95 
II 1.66 .790 28.6 .204 62.1 62 .480 
III .85 .677 14.6 .541 23.9 30 .774 

H 
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to category k. Such separation is accomplished by at least one func

tion in each case. These functions are labeled v/ith a capital "C" in 

Tables 39-̂ • 

Figure 6 shows the patterns of group separation along these 

"C" axes. If we look at the weighting coefficients for the functions 

from which these axes are derived, one variable, chest circumference, 

is consistently important in sill sex/ethnic divisions but Anglo females. 

It is felt that this might be significant in terms of differences in 

air pollution levels (see Table 7) between the areas delineated by 

these census tract groupings. This is further evaluated in the next 

chapter. 

In male "C" functions, height is invariably the first or second 

most important variable, with weight (except in Black males) and calf 

circumference of secondary emphasis. No such consistency in variable 

weightings exists across female "C" functions. Within ethnic group 

similarities in variable weighting also exist. Anglo male and female 

"C" functions place primary emphasis on linear dimensions (sitting 

height and cristal height) with secondary importance to weight (less 

the case in females). Calf circumference is emphasized in both male 

and female functions in Mexican-Americans. In Blacks, height is the 

first (as in females) or second (as in males) most important variable. 

Secondary stress is given to waist circumference. 

As with previous results, the univariate F ratios would not 

have indicated any ability to discriminate between the census tract 

groupings. In only two sex-ethnic groups, female Blacks and 
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Figure 6. "C" axes with centroids of census tract groups for each 
sex/ethnic division. — Roman numerals identify "C" axes 
from functions labeled in Tables 39-^ • The numbers 
along each axis refer to the census tract categories 
described in Chapter k (see Tables 6-10). 
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Mexican-Americans, are as many as two variables significant (p <. .05) 

for their individual F ratios. 

Stepwise analyses were performed in the cases of Mexican-

American and Black females, using the same criterion for choosing 

variables at a particular step as indicated in the previous sections. 

A summary of these stepwise analyses is presented in Tables ^5 and b6 

and may be compared with Tables Variables emphasized in the 

new functions based on fewer variables are quite similar to those found 

when all variables are considered. Discrimination between census tract 

groupings among Black females based on ten variables is sufficient to 

classify over 77& of the children correctly (see Table *t7). 

No further analyses of census tract groupings at later age 

levels were attempted as a result of small sample sizes in certain 

categories (cf. Table 10). To make meaningful further analyses, con

trol for mobility within Tucson, especially in the later years of the 

study, would have to be made. It is hoped that future studies will be 

able to assess the growth of children in terms of changing microen-

vironments in Tucson. The results herein are suggestive of variability 

in attained growth related to microenvironment, but quite obviously 

more detailed investigation is required. 

Socioeconomic Groups 

In the following section, the results for comparisons of socio

economic groups are presented. As previously discussed in Chapter k, 

there are also two sets of socioeconomic group analyses: (1) one set 

comparing groups of Tucson-born children only; and (2) the second set 



Table 45. Stepv/ise discriminant analysis of Mexican-American female census tract groupings, age 
6.9 years. 

Weighting Coefficients 
Variables I II III 

Upper Facial Height .08 .91 - .41 
Bizygomatic Diameter .96 - .15 1.00 
Bigonial Diameter .15 - .63 -1.13 
Chest Circumference -1.14 .12 .32 

Group Centroids 
Category 1 .18* - .17* - .03 
Category 2 .10 .43* .02 
Category 3 - .65 - .14 .43* 
Category 4 -1.27* .00 - .28* 

Canonical % of Wilks Chi-Square Degrees of Probability of -2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance a multi 

I .166 .377 65.4 .787 52.4 12 .000 .21 
II .068 .252 26.6 .918 18.7 6 .005 
III .020 .141 8.0 .980 4.4 2 .110 

H 
vO 
ON 



Table 46. Stepwise discriminant analysis of Black female census tract groupings, age 7*1 years. 

Weighting Coefficients 
Variables I II III 

Biacromial Diameter 1.21 .41 .47 
Chest Breadth -1.35 .17 - .14 
Chest Depth 1.05 - .11 - .79 
Upper Facial Height •63 - .97 .96 
Nose Length - .28 1.23 -1.00 
Bicondylar Humerus Diameter - .70 .80 .69 
Hand Length -1.51 - .69 .21 
Head Breadth .50 .16 .21 
Chest Circumference -1.40 - .29 - .08 
Waist Circumference .96 - .59 .70 

Group Centroids 
Category 1 - .05 - .30 - .53* 
Category 2 1.73* .02 .41 
Category 3 -1.68* - .61* .60* 
Category 4 - .89 1.96* .00 

Canonical % of Wilks Chi-Square Degrees of Probability of „2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance multi 

I 1.54 .778 63.7 .194 81.1 33 .000 .79 
II .62 .620 25.9 .̂ 92 35.1 20 .020 
III .25 .447 10.4 .800 11.0 9 .273 

vO 
-n3 
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Table V7. Classification table for Black female census tract 
groupings 

Actual Group No. of Predicted Group Membership 
Name Cases 1 2 3 k 

Category 1 2k 16 2 if 2 

Category 2 15 2 13 0 0 

Category 3 11 2 0 9 0 

Category k 7 0 0 1 6 

Percent of knovm cases correctly classified: 77.2Si 
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in which all children, regardless of birthplace, are included. The 

first set of analyses was completed in order to control for possible 

variation between children according to birthplace, and the second in 

order to increase the size of samples, particularly at later age 

levels, and to study the socioeconomic group variation in Tucson the 

way it appears in reality, with a mix of indigenous peoples and old 

and new migrants. The results are discussed in the above order. 

Tucson-Born Groupings 

In the comparisons of socioeconomic groups of children who were 

born in Tucson, four subsets of analyses, one of each sex/ethnic group, 

were made (see Chapter 4, especially Table 11). These four subsets of 

socioeconomic group comparisons are as follows, considering both the 

age level at which the anthropometric measurements were taken and the 

time in the child's life for which the socioeconomic group was assessed: 

(1) early age level (i.e., 7 years), socioeconomic assessment at time 

of child's birth; (2) same age level as number 1, socioeconomic assess

ment of child's family at the time this age level had been reaches; 

(3) later age level (i.e., 11-1/2 years), socioeconomic assessment at 

the earlier age level; and (k) same age level as number 3i but socio

economic assessment made of child's family at the time this later age 

level had been reached. The results for each of these subsets are 

discussed in the order given. 

In the first subset of analyses, no more than three univariate 

F rarios are significant (p <. .05) in any one sex/ethnic group. How

ever, the results of discriminant analyses summarized in Tables 48-53 



Table 48. Discriminant analysis of Tucson-born Anglo male at-birth socioeconomic groups, age 7.0 
years. 

Weighting Coefficients 
Variables I-S II 

Weight 
Sitting Height 
Height 
Cristal Height 
Arm Length 
Chest Breadth 
Total Facial Height 
Upper Facial Height 
Nose Length 
Bicondylar Humerus Diameter 
Wrist Breadth 
Hand Length 
Bicondylar Femur Diameter 
Bimalleolar Diameter 
Head Length 
Bizygomatic Diameter 
Bigonial Diameter 
Chest Circumference 
Waist Circumference 
Calf Circumference 

Group Centroids 
SE Group 1 
SE Group 2 
SE Groups 3-4 

Function 
I-S 
II 

Eigenvalue 
—' 4.48 

1.44 

Canonical 
Correlation 

190? 
.768 

% of 
Trace 
75.7 
24.3 

-3.81 
1.47 

-2.55 
.32 

1.49 
-1.08 
1.00 
- .91 

.56 
- .98 
-1.42 

.94 
1.07 

.99 
- .96 
-1.15 
- .08 
4.19 

-2.68 
2.76 

2.3 7* 
.21 

-3.97* 

Wilks 
Lambda 

.075 

.410 

- .71 
.73 

1.33 
1.01 

.92 

.46 

.36 
.67 

-1.29 
.06 

- .26 
-1.88 
1.39 

- .51 
.51 
.29 

- .96 
- .81 

.30 
- .60 

1.51* 
-1.00* 
1.10 

Chi-Square 
Statistic 

99.8 
34.3 

Degrees of 
Freedom 

31 

Probability of X 2̂ 
due to chance multi 

.002 .92 

.311 



Table ^9. Discriminant analysis of Tucson-born Mexican-American male at-birth socioeconomic groups, 
age 6.8 years. 

Weighting Coefficients 
Variables I II-S 

Weight .62 -1.10 
Height - .58 - .93 
Cristal Height .77 - .75 
Bicristal Diameter - .29 .69 
Chest Breadth .^9 - .57 
Total Facial Height .63 - .20 
Upper Facial Height - .61 - .32 
Nose Breadth - .59 - .19 
Wrist Breadth .07 - .55 
Hand Length .9^ .22 
Head Length .51 - .81 
Head Breadth .31 - .66 
Head Circumference - .63 1.16 
Chest Circumference -1.53 .29 
Waist Circumference .63 - .07 
Calf Circumference - .21 .76 

Group Centroids 
SE Groups 1-2 ' .11 .55' 
SE Group 3 .32* - .33' 
SE Group 4 - .92* - .15 

2 Canonical % of Wilks Chi-Square Degrees of Probability of X 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance M multi 

I .225 TIf2B 58.3 .70^ 77.5 §5 .119 .29 
II-S .160 .372 ifl.7 .862 32.8 31 .378 



Table 50. Discriminant analysis of Tucson-born Black male at-birth socioeconomic groups, age 7-0 
years. 

Weighting Coefficients 
Variables I II-S 

Weight 1.19 - .39 
Height - .26 3.87 
Cristal Height 3.73 .48 
Arm Length -1.28 - .53 
Biacromial Diameter - M .87 
Foot Length 1.16 .04 
Total Facial Height .3̂  -1.13 
Nose Length .26 1.04 
Bicondylar Humerus Diameter 1.33 .̂ 7 
Hand Breadth - .95 .07 
Bicondylar Femur Diameter -2.35 .51 
Bimalleolar Diameter 1.24 - ,3b 
Head Length -2. 43 .01 
Head Breadth -2.86 - .32 
Head Circumference 3.98 .03 
Upper Arm Circumference -1.27 1.84 
Waist Circumference .92 -1.26 

Group Centroids 
SE Groups 1-2 2.03* 2.43' 
SE Group 3 -1.69 .39 
SE Group 4 .82 - .97' 

2 
Canonical % of Wilks Chi-Square Degrees of Probability of X „2 

Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance  ̂multi 
I 2.07 1821 60.4 .13a 72.3 55 .225 .85 
II-S 1.36 .759 39.6 .424 31.3 31 .̂ 50 



Table 51. Discriminant analysis of Tucson-born Anglo female at-birth socioeconomic groups, age 
7.0 years. 

Weighting Coefficients 
Variable I II-S 

Weight -2.19 2.92 
Height -1.91 -1.60 
Cristal Height 1.20 - .49 
Biacromial Diameter 1.54 - -57 
Chest Breadth -1.38 - .66 
Upper Facial Height - .80 .21 
Bicondylar Humerus Diameter .01 - .80 
Hand Breadth - .79 .16 
Hand Length .89 .19 
Foot Breadth .89 .16 
Head Breadth .04 .89 
Head Circumference - .38 -1.12 
Upper Arm Circumference .68 - .01 
Chest Circumference 1.15 .22 
Waist Circumference - .43 -1.42 

Group Centroids 
SE Group 1 .97* - .27* 
SE Group 2 - .81* - .14 
SE Groups 3-4 .27 1.80* 

Probability of A2 
due to chance multi 

^7 36~ 
.981 

Canonical % of Wilks Chi-Square Degrees of 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom 

I Tfio 7552 66.4 .418 46.6 Ui 
II-S .374 .522 33.6 .728 17.0 31 



Table 52. Discriminant analysis of Tucson-born Mexican-American female at-birth socioeconomic 
groups, age 6.8 years. 

Weighting Coefficients 
Variables I-S II 

Weight - .99 -1.08 
Sitting Height .91 A3 
Height - A8 -1A6 
Cristal Height .60 - .17 
Chest Breadth .7̂  - .02 
Chest Depth - .39 - .55 
Bicondylar Humerus Diameter - .67 .23 
Bicondylar Femur Diameter .15 - .56 
Bimalleolar Diameter - AO .61 
Head Length .51 .37 
Head Breadth - .26 .62 
Upper Arm Circumference .62 .77 
Chest Circumference - .29 - .51 
Waist Circumference - .05 .63 
Calf Circumference .55 .27 

Group Centroids 
SE Groups 1-2 .83* .09 
SE Group 3 - .39* .19* 
SE Group b - .l4 - .̂ 6* 

p 
Canonical % of Wilks Chi-Square Degrees of Probability of X A2 

Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 03 multi 
I-S 7256 7558 78.2 .735 63.5 55 .501 725 
II .07̂  .262 21.8 .931 1̂ .7 31 .99̂  



Table 53. Discriminant analysis of Tucson-born Black female at-birth socioeconomic groups, age 
7.0 years. 

Variables 
Weighting Coefficients 
I-S II 

Weight 
Sitting Height 
Height 
Arm Length 
Biacromial Diameter 
Chest Depth 
Nose Length 
Bocondylar Femur Diameter 
Head Length 
Head Breadth 
Bizygomatic Diameter 
Head Circumference 
Chest Circumference 
Waist Circumference 
Calf Circumference 

1.12 
-1.31 
2.73 
- .01 
.14 

-1.07 
- .89 
-1.43 
.59 

- .82 
.03 
•31 
1.30 
-1.47 
.87 

2.16 
-1.20 
.34 
1.16 
-1.34 
1.17 
.33 

-1.12 
- .76 
.85 
.95 

-1.02 
-1.32 

.^0 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group 4 

Function 
I-S 
II 

Eigenvalue 
1.92 
1.29 

Canonical 
Correlation 

TSll 
.751 

% of 
Trace 
593T 
40.2 

3.71* 
- .48 
- .49* 

Wilks 
Lambda 
.150 
• 437 

Chi-Square 
Statistic 

EoTp 
35.2 

.00 
-1.51* 
.92* 

Degrees of 
Freedom 

—55 
31 

Probability of X 2̂ 
due to chance 61 multi 

^076 TS5 
.276 

fu 
o 
VJl 
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reveal discriminatory power for functions based on gill variables, 

especially in Anglo males and Blacks. If there is an effect of socio

economic circumstances on the physical growth of Tucson children, one 

would expect at least some similarity with the effects observed in 

previous studies (see Chapter 2). At least one function for each sex/ 

ethnic group provides such comparability with other research with 

regards to the direction of group separation. These functions are 

labeled with a capital "S" in Tables ̂ 8-53. Note that the pattern of 

separation is not the same for each sex/ethnic group, but the gradients 

have similarities with prior studies of socioeconomic differences in 

that the separation in each case is in a direction one would have pre

dicted. All of these functions place heavy emphasis on body size and 

especially, circumferential measurements. 

Looking now at patterns of group separation within each ethnic 

group (see Fig. 7) we note first that the "socioeconomic" functions 

for each sex within an ethnic group are opposite numbers. However, 

the pattern of group separation for both sexes v/ithin any ethnic group 

is roughly the same along the "socioeconomic" axis, and as well along 

the "other" axis. In Anglos, the "socioeconomic" function mainly sepa

rates socioeconomic group 3-k (combined group as indicated in Chapter 

k) from the other two groups. The "S" axis in Mexican-Americans sepa

rates docioeconomic group 1-2 from groups 3 and b-, with a similar type 

of separation in Blacks (a slight deviation from Black males, in which 

group 3 takes a more intermediate position along this function's axis. 



207 

ANGLOS 

Males 

i-s 24 £ 

II 
Females 

I 

II-S 

BLACKS 

1 

II-S 

I-S 

II 

3-^1 
I 

3-4 1 

12 >4 

MEXICAN-AMERICANS 

I 

II-S 

I-S 

II 

Males 
k 1-23 

i 

3^ 1-2 
i 

34 1-2 

if 123 

Males 
3 4 1-2 

i 

4 3 1-2 
i 

3̂ 1-2 

Females 
i 

3 1-2 4 • 

Figure 7» Discriminant axes with at-birth socioeconomic group cen-
troids in each sex/ethnic division of Tucson-born children, 
Period 1,2 anthropometrics. — The numbers along each axis 
refer to socioeconomic groups described in Chapter 4. 
Letter S designates each "socioeconomic" axis from func
tions in Tables 48-53-
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The "other" function varies in its task for each ethnic group. 

In Anglos, this function (II in males, I in females) essentially sepa

rates socioeconomic group 2 from the others. This separation is accom

plished with heavy emphasis on linear dimensions in males, whereas in 

females there is more emphasis on body bulk. For Mexican-Americans, 

the "other" function (I in males, II in females) serves to separate 

socioeconomic group k from the others, but again the variable emphases 

differ by sex. The non-"S" axis in Blacks functions to separate group 

3 from the other two, the emphasis in males being on length of the 

lower body, joint dimensions, and head size. In females this separa

tion is accomplished through heavy weighting of variables which reflect 

trunk bulk. * 

Stepwise analyses were performed using stepping criteria which 

have been described earlier. In the cases of three sex/ethnic groups, 

Anglo males and Blacks of both sexes, the discriminatory power of func

tions based on fewer than the full set of variables remained at 30& or 

above (see Tables 5̂ -56)• The results for the remaining three groups 

are not reported, as values for discriminatory power fell to 17# or 

less in these. The results in Tables 5̂ -56 indicate similar variable 

weightings and group separation to that achieved when the full set of 

variables is used. Correct classification based on the smaller subset 

of variables is quite high, as can be seen in Tables 57-58. 

The second subset of comparisons of socioeconomic groups among 

Tucson-born children yields an increase in the number of significant 

(p <. .05) univariate F ratios for two sex/ethnic groups, 



Table 5^. Stepwise discriminant analysis of Tucson-born Angle male at-birth socioeconomic groups, 
age 7.0 years. 

V/eighting Coefficients 
Variables I-S II 

Arm Length 
Chest Depth 
Nose Breadth 
Hand Length 
Bicondylar Femur Diameter 
Head Breadth 
Bigonial Diameter 
Head Circumference 

. M 
- .̂ 9 
- .82 
.70 

- .97 
- M 
.79 
.08 

- .71 
.32 
.02 
1.16 
- .48 
- .2k 
.65 

- ,6k 

Group Centroids 
SE Group I 
SE Group 2 
SE Groups 3-k 

-1.56* 
.27 
1.31* 

- M 
.55* 

-1.13* 

Function Eigenvalue 
Canonical 
Correlation 

% of 
Trace 

Wilks 
Lambda 

Chi-Square 
Statistic 

Degrees of 
Freedom 

Probability of 
due to chance 

.2 
multi 

I-S 1.01 
II ,k8 

.710 

.570 
67.8 
32.2 

.335 

.675 
55.2 
19.9 

16 
7 

.000 

.006 
.65 



Table 55. Stepv/ise discriminant analysis of Tucson-born Black male at-birth socioeconomic groups, 
age 7.0 years. 

Weighting Coefficients 
Variables I II-S 

Wrist Breadth 
Head Rreadth 
Head Circumference 
Upper Arm Circumference 

- .82 
.77 

-1.00 
.87 

.01 

.11 
- .63 
- .77 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group 4 

- .89* 
.80* 

- .41 

— .66* 
- .09 
.25* 

Function Eigenvalue 
Canonical 
Correlation 

% of Wilks 
Trace Lambda 

Chi-Square 
Statistic 

Degrees of 
Freedom 

Probability of 
due to chance 

.2 
w multi 

I .459 
II-S .094 

.561 

.294 
82.9 .627 
17.1 .914 

23.6 
4.5 

oc
 

.003 

.208 
.34 

ro 
H 
o 



Table 56. Stepwise discriminant analysis of Tucson-born Black female at-birth socioeconomic groups, 
age 7.0 years. 

Weighting Coefficients 
Variables I-S II 

Height 
Bicristal Diameter 
Chest Depth 
Nose Length 
Nose Breadth 
Foot Breadth 
Head Length 
Head Breadth 

- .84 
- .46 
.81 
.84 
.59 

- .3̂  
- .71 
.50 

.38 

.71 
- .24 
- .20 
- .27 
-1.07 
- .21 
.59 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group k 

-1.9̂ * 
- .50 
.71* 

-1.09* 
.83* 

- .28 

Function Eigenvalue 
Canonical 
Correlation 

% of 
Trace 

Wilks 
Lambda 

Chi-Square 
Statistic 

Degrees of 
Freedom 

Probability of A2 
due to chance 40 multi 

I-S .842 
II .434 

.676 

.550 
66.0 
34.0 

.379 

.697 
52.9 
16.4 

16 
7 

.000 .60 

.006 
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Table 57. Classification table for Tucson-born Anglo male at-birth 
socioeconomic groupings. 

Actual Group No. of Predicted Group Membership 
Name Cases 1 2 3-̂  

SE Group 1 l*f 12 2 0 

SE Group 2 32 3 25 k 

SE Groups 3-̂  10 0 3 7 

Percent of knov/n cases correctly classified: 78.6% 

Table 58. Classification table for Tucson-born Black male and female 
at-birth socioeconomic groupings. 

Actual Group No. of Males No. of Females 
Name Cases 1-2 3 Cases 1-2 3  ̂ . 

SE Groups 1-2 7 6 0 1 7 6 1 0 

SE Group 3 21 2 Ik 5 20 3 15 2 

SE Group 26 7 7 12 33 2 8 23 

Percent of knov/n 
cases correctly 
classified: 59«39̂  73-3?o 



Mexican-American males and Black females (see Table 59)• In the other 

four groups, one or no variables are significant. Yet the results of 

discriminant analyses using all variables show ability to discriminate 

well at levels of 65S& or better in all but the Mexican-American chil

dren (see Tables 60-65). As with the first subset of analyses, there 

is one "socioeconomic" function for each sex/ethnic group (labeled with 

capital "S" as in previous tables). Figure 8 shows the pattern of 

group separation for each function within each sex/ethnic group. 

If we now look closely at the patterns, it may be seen that 

group separation is similar in both sexes within an ethnic group. 

Among Anglos of both sexes, the "S" function separates socioeconomic 

group 1 from the other groups, while the "other" function isolates 

group 3-̂  children, more so in females than males. The "socioeconomic" 

axis in Mexican-Americans isolates group 1-2 from groups 3 and k, to a 

lesser degree in males. The "other" axis basically places at the ex

tremes groups 3 and if, placing group 1-2 in an intermediate position 

in females and with group k in males. The "S" function in Blacks, as 

with Mexican-Americans, isolates the group 1-2 children. The "other" 

axes in the Blacks separate groups 3 and at the extremes, placing 

1-2 intermediate in females or closer to group k in males. The "S" 

axes in all sex/ethnic groups tend to weight heavily variables having 

to do with body size (i.e., weight, components of linearity) and the 

circumferential measurements. 

It is useful at this point to compare the results of the analy

ses in which at-birth socioeconomic assessment is used with those where 
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Table 59 • Univariate F ratios for Tucson-born Mexican-American male 
and Black female socioeconomic group comparisons, period 
1-2. 

Variables F* 
Significance 
Level (p <) 

Mexican-American males, age 6.8 years 

Weight 3-73 .05 
Height •̂55 .05 
Acromial Height 5-91 .01 
Cristal Height k.8k .02 
Arm Length 3.72 .05 
Biacromial Diameter 3.87 .05 
Bicristal Diameter •̂59 .05 
Foot Length 3.81 .05 
Bicondylar Humerus Diameter 6.59 .01 
Head Length 3.97 .05 
Head Circumference 6.61 .01 

Black females, age 6.9 years 

Weight bA9 .05 
Height k.07 .05 
Biacromial Diameter 5.k2 .02 
Chest Breadth k.22 .05 
Total Facial Height k.56 .05 
Upper Facial Height 6.75 .01 
Bigonial Diameter i*.08 .05 
Chest Circumference k.92 .05 

•Mexican-American males, F ratio with 2 and 235 d.f.'s. 
Black females, F ratio with 2 and 57 d.f.'s. 



Table 60. Discriminant analysis of Tucson-born Anglo male period 1-2 socioeconomic groups, age 
7.3 years. 

Weighting Coefficients 
Variables I II-S 

Weight -1.92 -3.44 
Sitting Height 1.48 .90 
Height 3-95 - .93 
Cristal Height 1.24 .42 
Arm Length - .88 3.11 
Chest Breadth 1.28 - .72 
Chest Depth 1.59 .03 
Foot Length 1.46 - .54 
Total Facial Height 1.48 .56 
Bicondylar Humerus Diameter .9^ -1.11 
Wrist Breadth -1.28 - .54 
Bimalleolar Diameter - .62 1.06 
Foot Breadth - .48 -l.ll 
Head Length 1.4o - .83 
Bizygomatic Diameter 1.65 -1.14 
Head Circumference - .30 1.77 
Upper Arm Circumference -1.34 .04 
Chest Circumference -1.33 3.45 
Waist Circumference .48 -1.36 
Calf Circumference .76 2.93 

Group Centroids 
SE Group 1 1.12 2.03* 
SE Group 2 —1.86* - .66 
SE Groups 3-k 3.̂ 5* -2.85* 

Canonical % of V/ilks Chi-Square Degrees of Probability of .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance w multi 

I 4.11 .897 57.3 .048 113.7 64 .000 .95 
II-S 3.06 .868 42.7 .246 52.5 31 .009 



Table 6l. Discriminant analysis of Tucson-born Mexican-American male period 1-2 socioeconomic 
groups, age 6.8 years. 

Weighting Coefficients 
Variables I-S II 

Weight .13 .80 
Height .61 -1.13 
Cristal Height .73 .52 
Arm Length - .13 - .83 
Biacromial Diameter .03 .77 
Bicristal Diameter - .61 - .11 
Chest Breadth .89 .0*+ 
Upper Facial Height .09 .56 
Head Length .6if - .02 
Head Circumference -1.27 - .J>b 
Waist Circumference - .67 - .23 

Group Centroids 
SE Groups 1-2 - .58* - .20 
SE Group 3 .16 .̂ 5* 
SE Group .82* - M* 

Canonical % of Wilks Chi-Square Degrees of Probability of 2̂ 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance  ̂multi 

I-S .289 68.1 .683 84.3 62 .029 .31 
II .136 .3̂ 6 31.9 .881 28.1 30 .'565 



Table 62. Discriminant analysis of Tucson-born Black male period 1-2 socioeconomic groups, age 
7.0 years. 

Variables 
Weighting Coefficients 
I II-S 

Sitting Height .67 -1.75 
Height 1.63 3.97 
Cristal Height 1.92 - .19 
Bicristal Diameter - .74 - .08 
Chest Breadth .91 - .68 
Chest Depth .73 - .76 
Foot Length .44 .93 
Total Facial Height -1.30 .30 
Upper Facial Height .73 - .24 
Nose Breadth - .12 -1.02 
Bicondylar Humerus Diameter .84 I.85 
Wrist Breadth - .94 - .42 
Hand Length -1.34 - .79 
Bicondylar Femur Diameter .49 - .91 
Head Length .81 .28 
Bizygomatic Diameter 1.65 .16 
Head Circumference -1.37 - .43 
Upper Arm Circumference 1.18 .70 
Chest Circumference -1.07 - .04 
Calf Circumference - .63 1.20 

Group Centroids 
SE Groups 1-2 - .44 1.48* 
SE Group 3 1.62* - .32 
SE Group 4 -1.00* - .99* 

Canonical % of V/ilks Chi-Square Degrees of Probability of X .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance a multi 

I 1.33 .756 
II-S 1.15 .731 

53.7 .200 
46.3 .466 

58.8 
27.9 

64 
31 

.665 

.627 
.79 



Table 63. Discriminant analysis of Tucson-born Anglo female period 1-2 socioeconomic groups, age 
7.3 years. 

Weighting Coefficients 
Variables I II-S 

Weight .34 - .70 
Sitting Height -1.21 .07 
Height 2.hk 2.11 
Cristal Height -1.32 1.71 
Biacromial Diameter -1.82 .32 
Bicristal Diameter 1.09 .69 
Chest Breadth .60 .50 
Foot Length 1.20 .62 
Nose Length - .64 - .03 
Wrist Breadth - .72 .65 
Hand Breadth .57 .81 
Bicondylar Femur Diameter .61 - .27 
Head Length .48 - .67 
Bizygomatic Diameter - .55 - .63 
Head Circumference - .36 1.53 
Chest Circumference .03 - .66 
Waist Circumference -1.3'+ .49 

Group Centroids 
SE Group 1 - .05 .70* 
SE Group 2 - .44* - .88* 
SE Groups 3-4 3»57* - .66 

.2 
w multi 
.65 

2 
Canonical % of V/ilks Chi-Square Degrees of Probability of X 

Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 
I 3̂1 375 5579" .335 59.0 52 359 
ii-s .630 .622 43.1 .613 26.4 30 .655 



Table 64. Discriminant analysis of Tucson-born Mexican-American female period 1-2 socioeconomic 
groups, age 6.8 years. 

Weighting Coefficients 
Variables I-S II 

Weight 1.14 1.11 
Height - .22 - .88 
Cristal Height •38 1.34 
Biacromial Diameter - .3̂  - .58 
Chest Depth - .72 .05 
Wrist Breadth .02 .64 
Hand Length .24 - .56 
Foot Breadth - .50 - .61 
Head Length .67 - .58 
Head Circumference - .41 .84 
Chest Circumference .09 -1.96 

Group Centroids 
SE Groups 1-2 .63* - .06 
SE Group 3 - .35 .48* 
SE Group 4 - .50* - .70* 

Canonical % of Wilks Chi-Square Degrees of Probability of 2̂ 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 61 multi 

I-S .263 .457 56.2 .657 86.8 6̂  .028 .33 
II .205 .413 43.8 .830 38.5 31 .166 
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Table 65. Discriminant analysis of Tucson-born Black female 
6.9 years. 

period 1-2 socioeconomic groups, age 

Variables 
Weighting Coefficients 
I II-S 

Sitting Height 
Height 
Cristal Height 
Arm Length 
Biacromial Diameter 
Chest Breadth 
Chest Depth 
Foot Length 
Upper Facial Height 
Nose Length 
Wrist Breadth 
Hand Breadth 
Hand Length 
Bimalleolar Diameter 
Foot Breadth 
Bizygomatic Diameter 
Bigonial Diameter 
Upper Arm Circumference 
Chest Circumference 
Calf Circumference 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group 4 

Function 
I 
II-S 

Eigenvalue 
1.50 
.83 

Canonical 
Correlation 

.775 
.674 

% of 
Trace 

35.7 

.24 
1.05 
1.06 
.01 
.68 

- .83 
- .69 
.11 
.26 

- .06 
- .28 
.70 

- .75 
- .30 
.82 
.03 

- .08 
1.42 
.73 

-1.25 

.60 
1.69* 
-1.17* 

V/ilks 
Lambda 
.218 
.546 

Chi-Square 
Statistic 

25.7 

1.64 
-1.00 

.22 
.72 
.46 

- .31 
.52 
.68 

-1.69 
.82 

- .90 
- .05 
.50 

-1.08 
.20 
.74 

- .87 
.96 

- .28 
- .05 

-1.34* 
1.01* 
.30 

Degrees of 
Freedom 

55 
31 

Probability of X „2 
due to chance 61 multi 

T55S .77 
.734 ro 

ro 
o 
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Figure 8. Discriminant axes with Period 1,2 socioeconomic group cen-
troids in each sex/ethnic division of Tucson-born children, 
Period 1,2 anthropometrics. — The numbers along axes refer 
to socioeconomic groups (see Chapter if). Letter S desig
nates "socioeconomic" axis from functions in Tables 60-65. 
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the assessment is made of each child's family closer to the time of 

measurement (periods 1-2, or roughly age 7 years). This can be done 

perhaps most easily by simply comparing the patterns of socioeconomic 

group separation in both subsets of analyses for each sex/ethnic group 

(compare Fig. 7 and Fig. 8). Note that in all cases except with fe

male Blacks socioeconomic group 1 or group 1-2 (depending on ethnic 

group) is further isolated from other groups in the second subset of 

analyses than in the first. This may well be a direct consequence of 

the pattern of upward social mobility found in all three ethnic groups 

between the time of birth of most children in the sample (circa 1963) 

and the early 1970's when the Tucson Growth Study began. This is 

further evaluated in the next chapter. 

For sill sex/ethnic groups but Black males, where the pattern 

of inclusion of variables did not warrant it, stepwise analyses were 

completed. Only among Anglo males and Black females did the discrimi

natory power of the reduced-variable functions remain at a level higher 

than the lowest values achieved with full set of variables (> 31%)• 

Stepwise results are presented for these sex/ethnic groups in Tables 

66-69. The classification tables (68-69) in particular indicate 

reasonable discrimination based on subsets of variables similar to 

those emphasized in analyses based on full variable sets. 

In the third subset of analyses reported in this section, com

parisons were made between socioeconomic groups at the later age 

(roughly 11-1/2 years) with assessment of socioeconomic circumstances 

based on social data for the earlier age. Four of the six sex-ethnic 



Table 66. Stepwise discriminant analysis of Tucson-born Anglo male period 1-2 socioeconomic 
groups, age 7.3 years. 

Weighting Coefficients 
Variables I II-S 

Chest Depth 
Total Facial Height 
Wrist Breadth 
Hand Length 
Head Length 
Bizygomatic Diameter 
Calf Circumference 

- .28 
- .80 
1.09 
- .09 
- .**7 
- .81 
.6k 

- .65 
- .62 
.32 
.89 

- .63 
.50 

- .38 

Group Centroids 
SE Group 1 
SE Group 2 
SE Groups 3-k 

- .12 
.6k* 

-1.85* 

-1.00* 
.52 
.76* 

Function Eigenvalue 
Canonical 
Correlation 

1t> of 
Trace 

V/ilks 
Lambda 

Chi-Square 
Statistic 

Degrees of 
Freedom 

Probability of X 
due to chance 

.2 
w multi 

I .7̂ 2 
II-S .612 

.653 

.616 
5k.8 
b5.2 

.356 

.620 
51.6 
23.9 

Ik 
6 

.000 

.001 
.63 



Table 67. Stepwise discriminant analysis of Tucson-born Black female period 1-2 socioeconomic 
groups, age 6.9 years. 

Weighting Coefficients 
Variables I II 

Age 
Weight 
Acromial Height 
Cristal Height 
Upper Facial Height 

- .68 
1.06 
-1.8l 
1.11 
1.21 

.56 

.kk 
-1.82 
.2k 
.21 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group 4 

.77* 

.7k 
- .81* 

- .51* 
.63* 

- .01 

Function Eigenvalue 
Canonical 
Correlation 

% of 
Trace 

V/ilks 
Lambda 

Chi-Square 
Statistic 

Degrees of 
Freedom 

Probability of 2̂ 
due to chance w multi 

I .6̂ 9 
II .173 

.62? 

.384 
79.0 
21.0 

.517 

.853 
36.9 
8.9 

10 
k 

.000 ,k6 

.063 
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Table 68. Classification table for Tucson-born Anglo male, period 
1-2 socioeconomic groupings. 

Actual Group No. of Predicted Group Membership 
Name Cases 1 2 3-̂  

SE Group 1 20 15 k 1 

SE Group 2 27 5 22 0 

SE Groups 3-k 8 1 1 6 

Percent of known cases correctly classified: 78.2?4 

Table 69. Classification table for Tucson-born Black female, period 
1-2 socioeconomic groupings. 

Actual Group No. of Predicted Group Membership 
Name Cases 1-2 3 

SE Groups 1-2 17 7 7 3 

SE Group 3 1̂  if 8 2 

SE Group k 29 3 5 21 
o 

Percent of known cases correctly classified: 60.0% 
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groups had no significant univariate F ratios, the exceptions being 

Mexican-American males and Black females, as shown in Table 70. Dis

criminant analyses using all variables provided levels of discrimina

tory power of 82# or above in all but Mexican-Americans. The results 

of these analyses are summarized in Tables 71-76. A "socioeconomic" 

function can be identified for each sex-ethnic group (note capital "S" 

in Tables). Height and/or various components of body linearity are 

invariably included among the most important variables in these "S" 

functions. 

Figure 9 gives the patterns of socioeconomic group separation 

along both canonical axes within each sex-ethnic group. As in previous 

results, the patterns along the "S" axes are similar between males and 

females within a given ethnic group. In the Anglos, the "S" axis 

functions to separate the socioeconomic group 3-̂  from the other two. 

The pattern is somewhat similar in Mexican-Americans except that the 

group being isolated contains socioeconomic group k children only, and 

the groups which come closest to each other are groups 1-2 and 3» The 

pattern for Blacks shows group 1-2 being isolated from the other two, 

although this is not as strong in the males, where group 3 is in an 

intermediate position along the "S" axis. 

The pattern of group separation along the "other" axis differs 

between Anglo males and females. In males socioeconomic groups 1 and 

2 are separated at the extremes, with group 3-k intermediate. The 

"other" axis in Anglo females puts groups 2 and 3-k at the extremes, 

with group 1 intermediate. In both sexes, this function reflects body 
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Table 70. Univariate F ratios for Tucson-born Mexican-American male 
and Black female, period 1-2 socioeconomic group compari
sons, period 11 anthropometrics. 

Significance 
Variables (2,169) Level (p ) 

Mexican-American Males, age 11.8 years 

Weight 6.15 .01 
Sitting Height 8.11 .002 
Height 9.77 .002 
Acromial Height 9.49 .002 
Cristal Height 6.86 .01 
Tibial Length 7.64 .002 
Arm Length 6.55 .01 
Biacromial Diameter 6.13 .01 
Bicristal Diameter 5.7̂  .01 
Chest Breadth 4.14 •05 
Foot Length 4.94 .02 
Upper Facial Height 4.19 .05 
Bicondylar Humerus Diameter 7.81 .002 
Wrist Breadth 5.33 .02 
Hand Breadth 6.17 .01 
Bicondylar Femur Diameter 5.32 .02 
Bimalleolar Diameter 7.24 .002 
Foot Breadth 4.86 .02 
Upper Arm Circumference 4.87 .02 
Calf Circumference 6.20 .01 

Black Females, age 11.8 years F(2,47) 

Cristal Height 6.45 .01 
Tibial Length 5.72 .02 
Arm Length 7.62 .01 
Biacromial Breadth 6.48 .01 



Table 71. Discriminant analysis of Tucson-born Anglo male period 1-2 socioeconomic groups, age 
11.8 years. 

V/eighting Coefficients 
Variables I-S II 

V/ eight 
Height 
Tibial Length 
Arm Length 
Bicristal Diameter 
Chest Breadth 
Chest Depth 
Foot Length 
Total Facial Height 
Upper Facial Height 
Wrist Breadth 
Hand Breadth 
Hand Length 
Bicondylar Femur Diameter 
Bimalleolar Diameter 
Foot Breadth 
Head Length 
Head Breadth 
Head Circumference 
Chest Circumference 
V/aist Circumference 
Calf Circumference 

Group Centroids 
SE Group 1 
SE Group 2 
SE Group 3 

Function 
I-S 
II 

Eigenvalue 
6.6? 
3.86 

Canonical % of 
Correlation Trace 

ZJJT .933 
.891 36.6 

-6.6^ 
2.62 
-k.05 
- .79 
3.69 

-2.50 
-1.1b 
- .92 
- .15 
.Iff 
3-32 
- .06 
1.75 
-2.13 
-1.1b 
-l.i* 
2.38 
1.97 
-3.13 
5.15 
- .10 
5.76 

.58 
l.bb* 
-6.59* 

V/ilks 
Lambda 
.027 
.206 

Chi-Square 
Statistic 

8572 
36. 

18.10 
- 8.39 
2.7̂  
4.90 
2.69 
1.88 
2.18 

- 3.00 
- 4.19 

6.67 
- 2.58 
- 3.36 
- .65 
- 1.39 
2.92 
2.28 

- .99 
1.13 

- 2.10 
- 7.16 
- 6.65 
- 5.73 

1.70* 
- 2.39* 
- .81 

Degrees of 
Freedom 

55 
32 

Probability of X 
due to chance 

.073 

.273 

J. 
01 multi 
.97 



Table 72. Discriminant analysis of Tucson-born Mexican-American male, period 1-2 socioeconomic 
groups, age 11.8 years. 

Weighting Coefficients 
Variables I-S II 

Weight - .05 1.15 
Height -1.30 - .04 
Cristal Height 1.40 - .46 
Tibial Length .15 1.15 
Arm Length - .75 - .49 
Chest Breadth .21 .68 
Upper Facial Height .14 1.25 
Hand Length .87 - .22 
Bizygomatic Diameter .69 - .16 
Upper Arm Circumference .18 1.62 
Waist Circumference .39 - .61 
Calf Circumference -1.10 -1.22 
Triceps Skinfold Thickness - .35 - .64 

Group Centroids 
SE Groups 1-2 - .45* - .39* 
SE Group 3 - .12 .66* 
SE Group 4 1.02* - .21 

Canonical % of Wilks Chi-Square Degrees of Probability of „2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 61 multi 

I-S .339 -503 60.2 .610 75.8 68 .243 .38 
II .224 .428 39.8 .817 31.0 33 .565 



Table 73. Discriminant analysis of Tucson-born Black male period 1-2 socioeconomic groups, age 
11.8 years. 

V/eighting Coefficients 
Variables II-S 

Weight 
Sitting Height 
Height 
Cristal Height 
Tibial Length 
Arm Length 
Chest Breadth 
Chest Depth 
Foot Length 
Bicondylar Humerus Diameter 
Wrist Breadth 
Hand Breadth 
Hand Length 
Bicondylar Femur Diameter 
Bizygomatic Diameter 
Head Circumference 
Upper Arm Circumference 
Chest Circumference 
Waist Circumference 
Calf Circumference 

Group Centroids 
SE Group 2 
SE Group 3 
SE Group 

10.93 
7.01 

- 1.89 
-10.28 
20.81 
k.kl 

-10. if 6 
7.36 

-10.72 
- 6.76 
10.69 
- 1.93 
- 1.1+8 

- 3.92 
8.07 

- 7.Jf2 
.80 
5.25 

- 2.60 
- 5.50 

- 3.28* 
8.11* 

- 2.56 

Function 
I 
II-S 

Eigenvalue 
25.58 
8.88 

Canonical 
Correlation 

79̂ 1 
.9̂ 8 

% of 
Trace 
7̂ .2 
25.8 

Wilks 
Lambda 
.OOlf 
.101 

Chi-Square 
Statistic 
108.6 

bk.7 

- ,6b 
5.85 

-20.20 
b.83 
.55 
2.87 

- 1.82 
- k.&Z 
- .05 
3.29 

- b.57 
k.66 

- 5.33 
3.75 
5.00 

- 2.08 
- 3.78 

7.22 
- 5.36 
2.65 

3.̂ 6* 
.31 

- 3.20* 

Degrees of 
Freedom 
—53 

33 

Probability of X 
due to chance 

.001 
.085 

.2 
01 multi 
.99 



Table 7̂ . Discriminant analysis of Tucson-born Anglo female period 1-2 socioeconomic groups, age 
11.7 years. 

Weighting Coefficients 
Variables I II-S 

Weight 3.0*f - M 
Sitting Height -2.98 .Ok 
Height 5.93 1.01 
Cristal Height -1A3 - .66 
Tibial Length -1.30 .15 
Arm Length - .10 1.26 
Biacromial Diameter 1.30 -1.32 
Chest Breadth -1.81 - A5 
Chest Depth 1.32 .51 
Foot Length 1.39 1.98 
Total Facial Height .99 -1.20 
Upper Facial Height .36 1.̂ 7 
Nose Length -1.52 .30 
Bicondylar Humerus Diameter -1.46 - .65 
Bicondylar Femur Diameter - .31 1.15 
Bimalleolar Diameter 1.22 - .66 
Bizygomatic Diameter -1.33 1.18 
Head Circumference -1.19 - .37 
Upper Arm Circumference l.b2 - .06 
Chest Circumference 1.12 I.81 
Waist Circumference -3.52 -1.66 

Group Centroids 
SE Group 1 .87 - .̂ 7* 
SE Group 2 -1.98* .29 
SE Groups 3-̂  2.31* 3.̂ 1* 

Canonical % of Wilks 
2 

Chi-Square Degrees of Probability of X „2 
Function 

I 
II-S 

Eigenvalue 
2.18 
.85 

Correlation Trace Lambda 
To2o 
.678 

71.9 
28.1 

.170 

.5k0 

Statistic 
6>279 
21.9 

Freedom 
53 
33 

due to chance 
TS55 
.930 

° multi 
.82 



Table 75- Discriminant analysis of Tucson-born Mexican-American female period 1-2 socioeconomic 
groups, age 11.8 years. 

Weighting Coefficients 
Variables I-S II 

Weight - .43 .57 
Sitting Height -1.32 - .04 
Height 2.42 .23 
Cristal Height - .5̂  .58 
Tibial Length - .9̂  - .16 
Arm Length 1.20 .33 
Chest Depth .67 .56 
Nose Length - .55 .k7 
Wrist Breadth .11 - .70 
Hand Length -1.18 .50 
Bicondylar Femur Diameter - .60 .22 
Bimalleolar Dimeter .23 .51 
Head Length .53 - .25 
Head Breadth .24 - .52 
Bizygomatic Diameter .06 .78 
Head Circumference - .76 - .05 
Chest Circumference - .61 - .37 
Waist Circumference .11 - .61 
Calf Circumference .26 - .93 

Group Centroids 
SE Groups 1-2 - .19 - .44* 
SE Group 3 - .34* .49* 
SE Group if .85* .11 

2 
Canonical % of Wilks Chi-Square Degrees of Probability of X 2̂ 

Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance  ̂multi 
i-s .223 7̂ 27 57.0 .700 57̂  THi2 • .29 
II .168 .379 43.0 .856 25.1 33 .837 



Table 76. Discriminant analysis of Tucson-born Black female period 1-2 socioeconomic groups, age 
11.8 years. 

Variables 
Weighting Coefficients 
I-S II 

Weight 
Sitting Height 
Height 
Cristal Height 
Tibial Length 
Arm Length 
Chest Breadth 
Upper Facial Height 
Nose Length 
Bicondylar Humerus Diameter 
Wrist Breadth 
Hand Breadth 
Hand Length 
Bicondylar Femur Diameter 
Foot Breadth 
Head Length 
Head Breadth 
Head Circumference 
Upper Arm Circumference 
Chest Circumference 
Calf Circumference 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group If 

.17 
1.51 
-2.̂ 1 

3-27 
-2.18 
- .llf 
.76 

-1.15 
- A6 
1.93 
-1.9̂  
1.92 
-1.51 
1.92 
1A5 
1.35 
-1.7̂  
- .05 
- M 
-1.20 

-2.52* 
.58 
i.ki* 

Function 
I-S 
II 

Eigenvalue 
3.28 
l.'fl 

Canonical 
Correlation 
787? 
.765 

% of 
Trace 
70.0 
30.0 

Wilks 
Lambda 
.097 
Al5 

Chi-Square 
Statistic 

73.5 
27.7 

1.68 
-1.66 
-1.26 
- .15 
-1.19 
-1.31 
-1.36 
-1.80 
1.60 
1.25 
- .71 
- .08 
1.12 
- .95 
- .76 
.83 
.57 

- .57 
2.53 
-1.60 
- .̂ 9 

.29 
-2.'+3* 
.69* 

Degrees of 
Freedom 
—gs 

33 

Probability of X 2̂ 
due to chance 61 multi 
3o5 .90 
.729 
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Figure 9. Discriminant axes with Period 1,2 socioeconomic group 
centroids in each sex/ethnic division of Tucson-born 
children, Period 11 anthropometrics. — The numbers along 
axes refer to socioeconomic groups (see Chapter 4). 
Letter S designates each "socioeconomic" axis from func
tions in Tables 71-76. 
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size to a great extent. The "other" axis in Mexican-Americans places 

groups 1-2 and 3 at the extreme positions, with group k linked closely 

with 1-2 in males, but in an intermediate placement in females. In 

both sexes, the emphasis among variables is on body size, particularly 

of the legs. As with Mexican-American males, the other axis in Blacks 

links socioeconomic groups 1-2 and k in isolation from group 3« This 

is another body size function in both sexes, but in males the emphasis 

is on the lower part of the body while in females on the upper com

ponents. 

The stepwise inclusion sequence in the analyses using all vari

ables indicated that in Anglo and Mexican-American males and in Black 

females use of subsets of variables would be justified. The results 

of these stepwise analyses are summarized in Tables 77-82. The 

greatest difference between the stepwise and full variable set analy

ses appears in Anglo males, where the second rather than the first 

function appears as the predictable socioeconomic group separator seen 

in previous analyses. The emphasis on variables in the reduced vari

able set "S" function (stepwise) is similar to that in the full set 

function. Stepwise results are similar to full variable set results 

in Mexican-American males and Black females. 

The fourth and final subset of analyses for Tucson-born chil

dren produced results similar to the first three. As explained in 

Chapter only Mexican-American and Black socioeconomic groups were 

compared using assessment of socioeconomic situations at the later 

time period (Period 11). Whether grouped by early or later period 



Table 77• Stepwise discriminant analysis of Tucson-born Anglo male period 1, 2 socioeconomic 
groupings, age 11.8 years. 

Weighting Coefficients 
Variables I II-S 

Age .07 - .71 
V/eight -1.25 - .79 
Bicristal Diameter - .09 2.lb 
Foot Length -1.02 -1.30 
Nose Length .81 - .36 
Head Length .55 - .17 
Bizygomatic Diameter .36 - .69 
Calf Circumference 1.33 1.37 

Group Centroids 
SE Group 1 .93* .37* 
SE Group 2 -1.50* .31 
SE Groups 3-k .08 -2.51* 

Canonical % of Wilks Chi-Square Degrees of Probability of A2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 01 multi 

I 1.33 .756 58.5 .220 53.7 16 .000 .76 
II-S .9̂  .697 Jfl.5 .51̂  23.6 7 .001 



Table 78. Stepwise discriminant analysis of Tucson-born Mexican-American male period 1, 2 socio
economic groupings, age 11.8 years. 

Weighting Coefficients 
Variables I-S II 

Height 
Upper Facial Height 
Bizygomatic Diameter 
Upper Arm Circumference 

.95 

.11 
- .68 
.̂ 9 

.85 
-1.07 
- .16 
- .63 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group k 

.20 

.25* 
- .73* 

.25* 
- .31* 
- .03 

Function Eigenvalue 
Canonical 
Correlation 

% of Wilks 
Trace Lambda 

Chi-Square Degrees of 
Statistic Freedom 

2 
Probability of X 
due to chance 

.2 
w multi 

I .166 
II .061 

.377 

.2'tO 
73.0 .808 
27.0 .9̂ 2 

35.9 8 
10.0 3 

.000 

.018 
.18 
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Table 79- Stepwise discriminant analysis of Tucson-born Black female period 1, 2 socioeconomic 
groupings, age 11.8 years. 

Weighting Coefficients 
Variables I-S II 

Acromial Height 
Arm Length 
Chest Breadth 
Bicondylar Humerus Diameter 
Hand Length 

l.hO 
-2.69 
- .28 
- .52 
1.15 

1.3̂  
- .30 
-1.18 
.67 

- .39 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group 4 

-1.19* 
- .08 
.79* 

.23* 
- .93* 
.19 

Function Eigenvalue 
Canonical 
Correlation 

% of 
Trace 

Wilks 
Lambda 

Chi-Square 
Statistic 

Degrees of 
Freedom 

Probability of 
due to chance 

.2 
01 multi 

I .818 
II .203 

.671 

.'fll 
80.1 
19.9 

.̂ 57 
.832 

36.0 
8.5 

10 
if 

.000 

.075 
.52 
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Table 80. Classification table for Tucson-born Anglo male period 1-2 
socioeconomic groupings, period 11 anthropometrics. 

Actual Group No. of Predicted Group Membership 
Name Cases 1 2 3-̂  

SE Group 1 22 18 3 1 

SE Group 2 Ik 1 12 1 

SE Groups 3-k 5 0 0 5 

Percent of known cases correctly classified: 85.̂  

Table 8l. Classification table for Tucson-born Mexican-American male 
period 1-2 socioeconomic groupings, period 11 anthropo
metrics. 

Actual Group No. of Predicted Group Membership 
Name Cases 1-2 3  ̂

SE Groups 1-2 75 3̂  2*f 17 

SE Group 3 57 15 26 16 

SE Group if kO 8 8 2b 

Percent of known cases correctly classified: *f8.8?j 

Table 82. Classification table for Tucson-born black female period 
1-2 socioeconomic groupings, period 11 anthropometrics. 

Actual Group No. of Predicted Group Membership 
Name Cases 1-2 3 k 

SE Groups 1-2 16 10 3 3 

SE Group 3 9 1 5 3 

SE Group k 25 1 k 20 

Percent of known cases correctly classified: 70.C% 
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socioeconomic circumstances, no univariate F ratios are significant in 

Black males and Mexican-American females. There is a slight increase 

in the number of significant F ratios when later period socioeconomic 

information is used to regroup Mexican-American males and Black females 

as shown in Table 83 (cf. Table 70). Results of discriminant analyses 

are presented in Tables 8̂ -87. Discriminatory power remains high in 

Black males and females (99% and 92respectively), and at about the 

same level as in previous analyses in the Mexican-Americans. "Socio

economic" functions for each sex-ethnic group are identified as in pre

vious tables. In these "S" functions more emphasis is placed on body 

bulk in the males, while in females linear dimensions are relatively 

more important. This could reflect the degree of closeness of the fe

males to their adolescent period of accelerated linear growth. 

Group separation patterns are given in Figure 10. There is 

again similarity between the sexes within each ethnic group in group 

separation along the "S" axis. In Mexican-Americans, there is a gradi

ent from socioenonomic group 1-2 to group k, group 3 being roughly 

intermediate. The "S" function in Blacks isolates group ̂  from the 

other two, but to a lesser extent in the females. There is some over

lap between the sexes in the variables of importance in this function. 

Linear components of the legs and upper arm circumference weigh heavily. 

The Black non-"S" axis functions to separate group 3 from groups 1-2 

and 't, but to.a lesser degree in males where group k is more inter

mediate along this dimension. Body linearity is emphasized in these 

functions for both sexes, but body bulk to a greater extent in males. 
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Table 83. Univariate F ratios for Tucson-born Mexican-American male 
and Black female period 11 socioeconomic group comparisons. 

Significance 
Variables (2,169) Level (p <) 

Mexican-American males, age 11.8 years 

Weight 6.82 .01 
Sitting Height 8.49 .002 
Height 8.11 .002 
Acromial Height 7.89 .002 
Cristal Height 6.25 .01 
Tibial Length 5.97 .01 
Arm Length 6.48 .01 
Biacromial Diameter 5.24 .02 
Bicristal Diameter 5.97 .01 
Chest Breadth 4.19 .05 
Foot Length 4.4o • 05 
Bicondylar Humerus Diameter 6.28 .01 
Wrist Breadth 4.70 .05 
Hand Breadth 7.32 .002 
Bicondylar Femur Diameter 6.06 .01 
Bimalleolar Diameter 5.86 .01 
Foot Breadth 5.39 .02 
Head Length 3.76 .05 
Head Circumference 4.32 .05 
Upper Arm Circumference 5.85 .01 
Chest Circumference 4.10 .05 
Calf Circumference 7.88 .002 
Triceps Skinfold Thickness 3.84 .05 

Black females, age 11.8 years F(2,47) 

Cristal Height 4.44 .05 
Tibial Length 5.16 .02 
Arm Length 7.13 .01 
Biacromial Diameter 8.53 .002 
Chest Breadth 5.63 .01 
Foot Length 7.28 .002 
Bimalleolar Diameter 4.65 •05 



Table 8̂ . Discriminant analysis of Tucson-born Mexican-American male period 11 socioeconomic 
groups, age 11.8 years. 

Weighting Coefficients 
Variables I-S II 

Cristal Height .59 - .11 
Tibial Length .67 .82 
Arm Length - .63 .92 
Foot Length - .23 - .79 
Wrist Breadth .79 .kl 
Hand Breadth - .78 - .03 
Hand Length .31 - .88 
Bimalleolar Diameter - .62 - .00 
Upper Arm Circumference .90 I.09 
Waist Circumference .3̂  -1.50 
Calf Circumference -1.57 .12 
Triceps Skinfold Thickness - .69 - .01 

Group Centroids 
SE Groups 1-2 - .53* - .26 
SE Group 3 .09 .65 
SE Group k .87* - .39* 

Canonical % of Wilks Chi-Square Degrees of Probability of 2̂ 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance w multi 

I-S .310 ,«f 86 60.2 .63̂  70.3 66 .3̂ 1 .36 
II .205 .̂ 12 39.8 .830 28.7 32 .635 



Table 85. Discriminant analysis of Tucson-born Black male period 11 socioeconomic groups, age 11.8 
years. 

Variables 
Weighting Coefficients 
I II-S 

Weight -39.̂ 0 -1.13 
Sitting Height 12.87 - .27 
Height -11. 51* if.89 
Cristal Height 7.W 1.57 
Tibial Length -ik.ko - .02 
Chest Breadth 15.70 3.68 
Chest Depth -12.37 .26 
Foot Length 8.1*f 1.2̂  
Upper Facial Height - 8.02 -1.60 
Nose Length 10.90 2.30 
Bicondylar Humerus Diameter 11.1*8 2.7̂  
Wrist Breadth -16.28 - .78 
Hand Breadth 7.05 - .lh 
Bicondylar Femur Diameter 8.57 - .05 
Head Length - 8.07 -2.56 
Head Breadth -10.15 -2.37 
Hear Circumference 9.37 1.81 
Chest Circumference - 2.0*t -3.75 
Waist Circumference - 8.'tO -1.86 
Calf Circumference lk.72 -2.03 
Triceps Skinfold Thickness 17.3̂  .̂33 

Group Centroids 
*t.8r» -1.16 SE Groups 1-2 *t.8r» -1.16 

SE Group 3 -9.55* -1.70* 
SE Group k - .85 2.88* 

Canonical % of Wilks Chi-Square Degrees of Probability of 2̂ 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 61 multi 

I 
II-S 

33.00 
k.ZL 

8̂5 
.899 11.3 .192 

100.9 
32.6 33 

.005 

.508 
.99 



Table 86. Discriminant analysis of Tucson-born Mexican-American female period 11 socioeconomic 
groups, age 11.8 years. 

Variables 
Weighting Coefficients 

I-S II 

V/eight 
Sitting Height 
Height 
Cristal Height 
Tibial Length 
Arm Length 
Chest Depth 
Foot Length 
Wrist Breadth 
Hand Breadth 
Hand Length 
Bizygomatic Diameter 
Upper Arm Circumference 
Chest Circumference 
Waist Circumference 

.09 
- .21 
-1.21 
.89 

- .79 
- .78 
1.11 
.63 

- .18 
- .10 
- .55 
- .13 
.71 
.18 

.55 
- .89 
.96 

-1.20 
- .07 
.5̂  

- .13 
- .51 
.37 
.57 

-1.06 
- M 
-1.21 
.88 

- .51 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group k 

Function 
I-S 
II 

Eigenvalue 
.252 
.158 

Canonical 
Correlation 
—M 

.370 

% of 
Trace 
61. 
38.6 

A 9* 
- .27 
- .71* 

Wilks 
Lambda 

.690 
.863 

Chi-Square 
Statistic 
60.1 
23.8 

.13 
- .56* 
.50* 

Degrees of 
Freedom 
U 
32 

Probability of X „2 
due to chance a multi 

.30 
.852 

rv> 
-p-
-p-



Table 87. Discriminant analysis of Tucson-born Black female period 11 socioeconomic groups, age 
11.8 years. 

Weighting Coefficients 
Variables I-S 11 

Weight -1.56 - .23 
Sitting Height .93 -2.17 
Height -5.85 .̂79 
Cristal Height - .77 2.19 
Tibial Length .62 -2.58 
Arm Length -3.16 -1.35 
Chest Breadth -1.78 - .Ik 
Chest Depth 1.7̂  .05 
Foot Length -2.06 - .11 
Upper Facial Height -1.45 -1.31 
Nose Breadth 1.16 -1.02 
Hand Length 1.90 .32 
Head Length .10 2.71 
Head Circumference -1.70 -1.96 
Chest Circumference 1.27 - .87 
Calf Circumference -1.60 1.11 

Group Centroids 
SE Groups 1-2 -2.71* .83* 
SE Group 3 -l.6*f -2.1*** 
SE Group k 2.18* .l'f 

2 
Canonical % of V/ilks Chi-Square Degrees of Probability of X 

Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance w multi 
I-S 538 .921 8̂ .5 .075 8T75 68 325 .92 
II 1.03 .712 15.5 22.2 33 .922 



2k6 

MEXICAN-AMERICANS 

Males 

iUJ— i-s 

ii Females 
k 3 1-2 
T 

3 l-2*f 
II 

BLACKS 

I 

II-S 

I-S 

II 

Males 
3  ̂ 1-2 

3 1-2 

\ 

k 

1-2 3 

i 

k 

3 k 1-2 

Figure 10. Discriminant axes with Period 11 socioeconomic group cen-
troids in each sex/ethnic division of Tucson-born children, 
Period 11 anthropometrics. — The numbers along axes refer 
to socioeconomic groups (see Chapter k). Letter S desig
nates each "socioeconomic" axis from functions in Tables 
8̂ -87. 
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Stepwise analysis was indicated for Black females only, on the 

basis of previously discussed criteria. The results of this analysis 

are found in Tables 88-89. The first function (the "S" function in 

this case) does almost all of the separation (8*$ of trace) and is 

statistically significant. The important variables are similar to 

those found of importance when the full set of variables is utilized 

(cf. Table 87). 

If we compare the results of the third and fourth subsets (see 

Figs. 9 and 10), we find some interesting group separation patterns 

within the sex-ethnic groups analyzed. In Mexican-American males and 

females, socioeconomic group 1-2 is further isolated from the other two 

groups along the "S" axis when socioeconomic assessment is based on 

Period 11 (later period) social information. The trend in Black males 

and females is for socioeconomic group 3 to "move" closer to group 1-2 

along the "S" axis. The trends for both ethnic groups can be explained 

by the pattern of social mobility within these groups. This is further 

evaluated in Chapter 6. 

As in previous sections, the means and standard deviations for 

the important variables (as assessed by discriminant analyses based on 

all variables) are reported in Appendix V. There are two tables (one 

for each sex) for each of the four subsets of analyses reported above. 

Groupings with All Birthplaces 

For the comparisons of socioeconomic groups of children from 

all birthplaces represented in the Tucson Grov/th Study sample, three 

subsets of analyses were made, as explained more fully in Chapter k 



Table 88. Stepwise discriminant analysis of Tucson-born Black female period 11 socioeconomic 
groupings, age 11.8 years. 

Weighting Coefficients 
Variables I-S II 

Weight -1.97 - .17 
Sitting Height .Ok - .38 
Acromial Height . 2.93 
Cristal Height - .88 1.11 
Arm Length -1.21 - .90 
Biacromial Diameter - .k9 .30 
Chest Depth 1.95 .28 
Foot Length -1.16 .05 
Nose Breadth .83 - .52 
Head Length - .25 1.76 
Head Circumference - .87 -1.78 

Group Centroids 
SE Groups 1-2 1.67* M* 
SE Group 3 - .92 -1.32* 
SE Group 4 1.31* .10 

Canonical % of Vilks Chi-Square Degrees of Probability of A2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance a multi 

i-s 2.03 .819 84.1 .238 61.7 22 .000 .75 
II .39 •527 15.9 .722 1̂ .0 10 .172 

rvj 
-F-
03 
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Table 89. Classification table for Tucson-born Black female period 
11 socioeconomic groupings, period 11 anthropometrics. 

Actual Group No. of Predicted Group Membershr 
Name Cases 1-2 3 V" 

SE Groups 1-2 16 12 3 1 

SE Group 3 8 1 6 1 

SE Group k 26 0 2 Zh 

Percent of known cases correctly classified: Sk.ofo 
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(see especially Table 12). The three subsets of socioeconomic group 

comparisons, including each sex/ethnic group, are as follows: (1) 

early age level (Period 1,2, approximately 7 years old), socioeconomic 

assessment at this same period; (2) later age level (Period 11, about 

11-1/2 years), socioeconomic assessment based on social information 

for the earlier age level; and (3) same age level as 2, but socioeco

nomic assessment at this later age level (Period 11). The results for 

the three subsets are discussed in this order. 

In the first subset of analyses in this section, only Mexican-

American males have more than two significant (p <. .05) univariate F 

ratios (see Table 90). The results of discriminant analyses utilizing 

the full set of variables indicate discriminatory power of 65$ or 

greater in three of the six sex/ethnic groups. The results of these 

analyses are found in Tables 91-96, where the "socioeconomic" functions 

introduced in the previous section are indicated as before. The "S" 

axis places heavy emphasis on height in both Anglos and Blacks. This 

is not the case for Mexican-Americans, where there is an emphasis com

mon to both males and females on chest dimensions alone. 

As in the analyses of socioeconomic groupings of Tucson-born 

children, similarities in the patterns of group separation exist be

tween the sexes within each ethnic group. Group separation for both 

canonicsil axes vdthin each sex/ethnic group is diagrammed in Figure 11. 

In Anglos, the "S" axis isolates socioeconomic group 3-̂  from the other 

two groups. There is more of a gradient from group 1-2 to group k in 

the Mexican-Americans although in the females the "S" function tends 
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Table 90. Univariate F ratios for Mexican-American males of all 
birthplaces, period 1, 2 socioeconomic group comparisons, 
age 6.9 years. 

Significance 
Variables (2,290) Level (p <) 

Weight 6.06 .01 
Height 6.82 .01 
Acromial Height 8.29 .002 
Cristal Height 7.30 .01 
Arm Length 5.60 .01 
Biacromial Diameter 5.00 .02 
Bicristal Diameter 5.95 .01 
Foot Length 5.44 .02 
Bicondylar Humerus Diameter 9.17 .002 
Hand Breadth 5.00 .02 
Hand Length 3.77 .05 
Bicondylar Femur Diameter 4.06 .05 
Bimalleolar Diameter 4.33 .05 
Head Circumference 6.84 .01 
Upper Arm Circumference 4.57 .05 
Waist Circumference 3.76 .05 
Calf Circumference 5.60 .01 



Table 91- Discriminant analysis of Anglo male period 1-2 socioeconomic groups, age 7.3 years. 

Variables 
Weighting Coefficients 
I-S II 

V/eight 
Sitting Height 
Height 
Cristal Height 
Arm Length 
Chest Breadth 
Foot Length 
Total Facial Height 
Bicondylar Humerus Diameter 
Wrist Breadth 
Hand Breadth 
Hand Length 
Head Length 
Bizygomatic Diameter 
Head Circumference 
Upper Arm Circumference 
Chest Circumference 
Calf Circumference 

.59 
- .75 
-2.31 
-1.23 
l.to 
- .50 
- .69 
- .73 
- .16 
.92 

- .21 
- .09 
-1.04 
-1.50 

.86 
.27 
.83 
.79 

-1.23 
.68 

-1.28 
.20 
.70 
.72 

- .67 
.6if 

- .68 
- .31 

.66 
- .70 
•77 

- .36 
- .29 
.96 

- .38 
.33 

Group Centroids 
SE Group 1 
SE Group 2 
SE Groups 3-4 

.10 

.65* 
-3.67* 

.93* 
- .83* 
- .58 

Function 
I-S 
II 

Eigenvalue 
TTf9 
.76 

Canonical 
Correlation 

.773 
.658 

% of 
Trace 

33.9 

V/ilks 
Lambda 

.228 

.568 

Chi-Square 
Statistic 
102.6 
39.3 

Degrees of 
Freedom 
64 
31 

Probability of X 
due to chance 

.001 

.145 

A.2 
ft* multi 

.76 



Table 92. Discriminant analysis of Mexican-American male period 1-2 socioeconomic groups, age 6.9 
years. 

Weighting Coefficients 
Variables I-S II 

Weight .23 .75 
Sitting Height .30 - .i*8 
Height - .19 -1.73 
Arm Length .01 -1.73 
Chest Breadth .82 ,1k 
Bicondylar Humerus Diameter - .50 •31 
Foot Breadth M - .13 
Head Length .6k - .06 
Bizygomatic Diameter .56 - .12 
Head Circumference -1.17 - .3b 
Upper Arm Circumference .11 - .̂ 9 
Waist Circumference - .6k ,2k 

Group Centroids 
SE Groups 1-2 - .57* - .16 
SE Group 3 .20 .39* 
SE Group h .78* - .45* 

Canonical % of Wilks Chi-Square Degrees of Probability of .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 61 multi 

I-S .272 .̂ 63 70.7 .707 95.7 6k .005 .29 
II .113 .318 29.3 .899 29.4 31 • 5̂ 9 



Table 93. Discriminant analysis of Black male period 1-2 socioeconomic groups, age 7.0 years. 

Variables 
Weighting Coefficients 
I-S II 

Weight 
Sitting Height 
Height 
Cristal Height 
Arm Length 
Foot Length 
Total Facial Height 
Hand Length 
Bicondylar Femur Diameter 
Head Length 
Head Breadth 
Head Circumference 
Upper Arm Circumference 
Waist Circumference 
Calf Circumference 

-1.5*f 
-1.90 
3.08 

-2.07 
- .03 
- .53 
.9̂  
.if 2 
.11 
.02 
.52 

- .11 
.60 

- .ko 
1.24 

1.59 
.02 
1.25 
.58 
.70 
.73 
.03 

- .71 
- .73 
.71 
.70 

- .95 
1.22 
-1.57 
- .26 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group 4 

Function 
I-S 
II 

Eigenvalue 
6̂9 

.583 

Canonical 
Correlation 

8̂2 
.607 

% of 
Trace 
59.9 
ko.l 

1.36* 
- .80* 
- M 

Wilks 
Lambda 
.338 
.632 

Chi-Square 
Statistic 
SO 
26. 4 

.16 
1.10* 
- .7*f* 

Degrees of 
Freedom 

55 
31 

Probability of X „2 
due to chance multi 

.5̂ 0 .65 

.702 

tu 
VJI 
•fr 



Table 94. Discriminant analysis of Anglo female period 1-2 socioeconomic groups, age 7-3 years. 

Weighting Coefficients 
Variables I II-S 

Weight - .92 .08 
Height .48 1.74 
Cristal Height 1.66 .47 
Arm Length - .58 - .79 
Bicristal Diameter .74 - .59 
Chest Breadth - .01 .81 
Chest Depth - .55 .11 
Foot Length .92 - .83 
Nose Length .29 .69 
Wrist Breadth .55 .39 
Hand Breadth .67 - .74 
Foot Breadth - .25 .59 
Head Length - .56 - .08 
Head Breadth - .63 .21 
Head Circumference 1.52 - .17 
Chest Circumference .52 - .68 
V/aist Circumference - .13 .56 

Group Centroids 
SE Group 1 .58* .14* 
SE Group 2 - .79* .10 
SE Groups 3-4 .10 -2.06* 

Canonical % of Wilks Chi-Square Degrees of Probability of 2̂ 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 03 multi 

I .4̂ 7 .556 3̂.3 .549 53.7 64 .817 .44 
II-S .259 .454 36.7 .794 20.7 31 .921 



Table 95• Discriminant analysis of Mexican-American female period 1-2 socioeconomic groups, age 
6.9 years. 

Variables 
Weighting Coefficients 

I-S II 

Weight 
Height 
Cristal Height 
Biacromial Diameter 
Chest Breadth 
Chest Depth 
V/rist Breadth 
Foot Breadth 
Head Length 
Head Breadth 
Bizygomatic Diameter 
Head Circumference 
Chest Circumference 
Waist Circumference 

-1.14 
.09 

- .75 
.34 

- .57 
.83 
.14 
.62 

- .53 
- .29 
.31 
.25 
.07 

- .28 

.66 
-1.03 
1.17 
- .67 

.06 
- .15 
.50 

- .38 
- .52 
- .55 

.66 
.70 

-1.46 
.84 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group 4 

.60* 
.32 
.53* 

- .08 
.44* 

- .66* 

Function 
I-S 
II 

Eigenvalue 

.171 

Canonical 
Correlation 

.382 

% of 
Trace 
59.1 
40.9 

Wilks 
Lambda 

.685 
.854 

Chi-Square 
Statistic 

97.0 
40.4 

Degrees of 
Freedom 

So 
29 

Probability of X 2̂ 
due to chance 03 multi 

.002 .31 

.077 

ru 
vn 
o\ 



Table 96. Discriminant analysis of Black female period 1-2 socioeconomic groups, age 6.9 years. 

Variables 
Weighting Coefficients 
e ii-s 

Weight 
Sitting Height 
Height 
Cristal Height 
Arm Length 
Chest Breadth 
Chest Depth 
Foot Length 
Total Facial Height 
Upper Facial Height 
Nose Length 
Bicondylar Femur Diameter 
Bimalleolar Diameter 
Foot Breadth 
Bizygomatic Diameter 
Head Circumference 
Upper Arm Circumference 
Chest Circumference 
Waist Circumference 
Calf Circumference 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group 4 

Function Eigenvalue 
i 
ii-s 

.807 

.702 

Canonical 
Correlation 

.668 

.642 

-1.56 
.95 

-1.74 
.05 
.23 

- .91 
- .69 
- .09 

.62 
- .01 
- .90 
.78 

- .60 
1.28 
.76 
.89 
1.12 
1.05 
.49 

- .69 

-1.01* 
1.30* 
- .19 

% of 
Trace 

.12 

.55 
-3.15 
- .50 
- .50 
- .18 
1.06 
.65 
.13 

- .87 
.08 
.40 
.26 

- .14 
.42 
.01 
.44 

- .44 
- .57 
- .54 

- .92* 
- .51 
.91* 

53.5 
46.5 

Wilks 
Lambda 
•325 
.588 

Chi-Square 
Statistic 

72.4 
34.3 

Degrees of 
Freedom 

64 
31 

Probability of X „2 
due to chance 01 multi 

.221 .66 

.313 
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Figure 11. Discriminant axes with Period 1,2 socioeconomic group cen-
troids in each sex/ethnic division of children from all 
birthplaces, Period 1,2 anthropometrics. — The numbers 
along axes refer to socioeconomic groups (see Chapter *0. 
Letter S designates each "socioeconomic" axis from func
tions in Tables 91-96. 
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to isolate groups 1-2 to a greater extent than in the males. The pat

tern of group separation along the designated "S" axis differs in Black 

males and females. In the males the "S" axis isolates group 1-2, but 

in females socioeconomic group b is separated from the other groups. 

Similarities between the sexes within each ethnic group exist 

as well along the non-"S" axes. In Anglos this axis separates socio

economic groups 1 and 2 at the extremes, with group 3-̂  in a more inter

mediate position in females than in males, where this group links 

closely with group 2. The non-"S" axis in Anglos is another body size 

axis, with head circumference an additional important variable. The 

non-MS" functions in Mexican-American males and females are essentially 

the same, separating groups 3 and k at the extreme positions with group 

1-2 intermediate. In both sexes this function places great emphasis 

on height, with an added heavy weighting of body bulk measurements 

(i.e., chest and waist circumferences) in the females. The pattern of 

separation along the non-"S" axis differs between the sexes in the 

Blacks. In males, groups 3 and k are separated at the extremes, while 

group 1-2 takes an intermediate position approximately equidistant from 

the two extreme groups. Groups 1-2 and 3 are separated at the extremes 

in the females, group k being slightly more linked with group 1-2 

along the axis. Axes for both sexes emphasize weight and body bulk 

(i.e., circumferential measurements), but in males the linear emphasis 

is on the lower body (cristal height), while in the females upper body 

linearity (sitting height) is weighted more heavily. 
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Discriminatory power dropped to the lowest level (approximately 

30&) reported for analyses using full variable sets in all cases where 

stepwise analyses were attempted. For this reason none of the stepwise 

results are reported for this subset of analyses. 

The second subset of analyses showed two sex/ethnic groups, 

Mexican-American males and Black females having more than two signifi

cant univariate F ratios. The variables for both these groups are 

reported in Table 97. Discriminant analyses with the full set of vari

ables yielded values for discriminatory power of or above in three 

of the six/ethnic groups, the exceptions being Mexican-Americans of 

both sexes and Anglo females (see Tables 98-103). The "S" functions 

in males place heavy emphasis on body size, especially of some com

ponent of the lower part of the body (i.e., cristal height or tibial 

length). Calf circumference is another variable heavily weighted in 

all three male "S" axes. In females there is also an emphasis on 

linearity of the lower part of the body. Weight is emphasized only 

in the Anglos. While in Anglo and Mexican-American females, bulk of 

the trunk is weighted heavily, in Blacks the stress is placed on 

breadths of the limbs. 

Figure 12 shows the patterns of socioeconomic group separation 

for each sex/ethnic group. It is again found that similarities exist 

between the sexes in each ethnic group. The "S" axis in Anglos func

tions to isolate group 3-̂  from the other two groups. This is similar 

to the pattern in Blacks where group 1-2 is isolated from groups 3 and 

b by the "S" function. In Mexican-American males and females the "S" 
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Table 97. Univariate F ratios for Mexican-American males and Black 
females of all birthplaces, period 1, 2 socioeconomic 
group comparisons, period 11 anthropometrics. 

V Significance 
Variables (2,215) Level (p <) 

Mexican-American males, age 11.8 years 

Weight 7.̂ 1 .002 
Sitting Height 7.27 .01 
Height 11.68 .002 
Acromial Height 10.95 .002 
Cristal Height 10.03 .002 
Tibial Length 10. if 7 .002 
Arm Length 9.70 .002 
Biacromial Diameter 7.5'1 .002 
Bicristal Diameter 5.86 .01 
Chest Breadth k.?6 .05 
Chest Depth 3.93 .05 
Foot Length 5.17 .02 
Upper Facial Height 6.67 .01 
Nose Length 5.76 .01 
Bicondylar Humerus Diameter 9.57 .002 
Wrist Breadth 7.99 .002 
Hand Breadth 8.35 .002 
Hand Length *f.25 .05 
Bicondylar Femur Diameter 6.35 .01 
Bimalleolar Diameter 8.3̂  .002 
Foot Breadth 6.65 .01 
Upper Arm Circumference 5.55 .01 
Chest Circumference 10 .05 
Calf Circumference 8.31 .002 

Black females, age 11.8 years F(2,66) 

Height 4.27 .05 
Acromial Height 4.12 .05 
Cristal Height 7.88 .002 
Tibial Length 7.32 .01 
Arm Length 6.91 .01 
Biacromial Diameter 5.20 .02 



Table 98. Discriminant analysis of Anglo male period 1-2 socioeconomic groups, age 11.8 years. 

Weighting Coefficients 
Variables I-S II 

Weight -1.5k .75 
Height -1.30 - .25 
Cristal Height .55 2.71 
Tibial Length -1.43 -1.43 
Arm Length - .71 - .18 
Biacromial Diameter .78 - .21 
Bicristal Diameter 1.15 .16 
Chest Depth .15 - .90 
Foot Length -1.09 -1.52 
Nose Length - .81 .17 
Bicondylar Diameter -1.39 .48 
Hand Length 1.45 .27 
Foot Breadth - .75 .71 
Bizygomatic Diameter - .88 - .20 
Head Circumference -1.2k .31 
Upper Arm Circumference - .07 1.53 
V.'aist Circumference .98 .06 
Calf Circumference l.6i - .63 

Group Centroids 
SE Group 1 .29 .75* 
SE Group 2 .46* -1.14* 
SE Group 3 -4.80* - .20 

Function 
I-S 
II 

Eigenvalue 
TTSo 
.83 

Canonical 
Correlation 

7B02 
.674 

% of 
Trace 
ror 
31.6 

Wilks 
Lambda 
.195 
.546 

Chi-Square 
Statistic 

32.3 

Degrees of 
Freedom 

55 
33 

Probability of X A2 
due to chance 03 multi 

.055 .80 

.500 



Table 99. Discriminant analysis of Mexican-American male period 1-2 socioeconomic groups, age 11.8 
years. 

Weighting Coefficients 
Variables I-S II 

V/eight .03 1.04 
Sitting Height .65 - .69 
Height -1.93 .78 
Cristal Height 1.27 - .24 
Tibial Length .01 .68 
Arm Length - .83 - .22 
Biacromial Diameter - .25 - .58 
Chest Breadth .48 .60 
Foot Length .16 - .56 
Upper Hacial Height .23 .75 
Hand Length .65 .03 
Foot Breadth .55 .53 
Bizygomatic Diameter .88 .04 
Upper Arm Circumference .5̂  .93 
Chest Circumference .56 .09 
Waist Circumference - .12 -1.04 
Calf Circumference -1.72 - .57 

Group Centroids 
SE Groups 1-2 - .50* - .3̂ ' 
SE Group 3 - .02 .62 
SE Group 4 l.o4» - .31 

2 Canonical % of Wilks Chi-Square Degrees of Probability of X A2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 01 multi 

i-s 3I+9 .509 62.4 .612 97̂ 5 68 .009 .38 
II .211 .417 37.6 .826 38.I 33 .248 



Table 100. Discriminant analysis of Black male period 1-2 socioeconomic groups, age 11.7 years. 

Weighting Coefficients 
Variables I II-S 

V/eight .37 2.60 
Sitting Height 1.65 1.64 
Height -3.42 - .82 
Cristal Height 2.88 - .05 
Tibial Length -1.65 1.72 
Biacromial Diameter -1.33 -1.02 
Chest Breadth .26 1.06 
Upper Facial Height 1.19 .56 
Nose Length - .96 - .45 
Nose Breadth .99 .48 
Bicondylar Humerus Diameter 1.08 - .45 
Bimalleolar Diameter -1.46 1.05 
Bizygomatic Diameter -1.18 .49 
Bigonial Diameter 1.19 .52 
Upper Arm Circumference -1.04 .32 
Chest Circumference -3.09 -1.86 
Waist Circumference 1.88 1.28 
Calf Circumference - .34 -2.61 
Triceps Skinfold Thickness - .09 - .92 

Group Centroids 
SE Groups 1-2 - .24 -1.35' 
SE Group 3 -2.59* .85' 
SE Group 4 1.32* .57 

.2 
w multi 

.84 

2 
Canonical % of Wilks Chi-Square Degrees of Probability of X 

Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 
I 235 7837 71.1 .154 70 63 .292 
II-S .95 .698 28.9 .513 26.4 33 .785 



Table 101. Discriminant analysis of Anglo female period 1-2 socioeconomic groups, age 11.8 years. 

Weighting Coefficients 
Variables I-S II 

weight 
Sitting Height 
Height 
Cristal Height 
Tibial Length 
Arm Length 
Chest Breadth 
Foot Length 
Upper Facial Height 
Bicondylar Humerus Diameter 
Hand Breadth 
Hand Length 
Bizygomatic Diameter 
Bigonial Diameter 
Upper Arm Circumference 
Chest Circumference 
Waist Circumference 
Calf Circumference 

1.63 
- .50 

- .96 
.25 
.97 

- .71 
.7̂  
.00 

- .18 
.96 

- .81 
1.00 
- .99 
.25 
.73 

-1.86 
- .63 

1.28 
-1.33 
1.21 
- .71 
- .93 
- .5̂  
.23 
.ho 
.73 

-1.07 
.05 
,2b 

- .88 
.27 
1.̂ 3 
1.16 
-1.15 
-1.7̂  

Group Centroids 
SE Group 1 
SE Group 2 
SE Groups 3-b 

Function 
I-S 
II 

Eigenvalue 
.735 
.klk 

Canonical 
Correlation 
351 
.5̂ 1 

% of 
Trace 
Pi~0~ 
36.0 

- .11 
- .37* 
3.35* 

VJilks 
Lambda 
"T5oB~ 

Chi-Square 
Statistic 

60. 
.707 23 

IT 
A 

.53* 
- .80* 
- .38 

Degrees of 
Freedom 

s3 
33 

Probability of X£ 

due to chance 
.730 
.892 

.2 
multi 
.58 



Table 102. Discriminant analysis of Mexican-American female period 1-2 socioeconomic groups, age 
11.8 years. 

Weighting Coefficients 
Variables I II-S 

Weight - .73 .16 
Sitting Height .01 .66 
Height M -1.22 
Tibial Length .17 .88 
Arm Length .01 -1.07 
Chest Breadth - .36 - .57 
Chest Depth .55 -1.12 
Wrist Breadth - .66 .21 
Hand Breadth - .82 - .36 
Hand Length .80 .91 
Bimalleolar Diameter .53 - .39 
Head Length - .86 - .29 
Head Breadth - .61 - .25 
Bizygomatic Diameter .62 .00 
Head Circumference .69 .67 
Upper Arm Circumference 1.03 .ho 
Chest Circumference .bo 1.10 
Calf Circumference - .53 .20 
Triceps Skinfold Thickness - .19 - .59 

Group Centroids 
SE Groups 1-2 - .ko* .27* 
SE Group 3 .55* .11 
SE Group 4 - .15 - .73* 

Canonical % of Wilks Chi-Square Degrees of Probability of 2̂ 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance  ̂multi 

I .lift .395 55.3 .735 62.1 68 .684 .26 
II-S .149 .360 M+.7 .870 28.0 33 .717 



Table 103. Discriminant analysis of Black female period 1-2 socioeconomic groups, age 11.8 years. 

Weighting Coefficients 
Variables I-S II 

Weight 
Sitting Height 
Height 
Cristal Height 
Tibial Length 
Arm Length 
Foot Length 
Upper Facial Height 
Nose Length 
Wrist Breadth 
Hand Breadth 
Hand Length 
Foot Breadth 
Bizygomatic Diameter 
Bigonial Diameter 
Head Circumference 
Upper Arm Circumference 
Calf Circumference 
Triceps Skinfold Thickness 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group 4 

.10 
- .10 

.08 
3.50 
-1.49 
1.04 
- .08 

.06 

.14 
- .85 
.97 

- .69 
-1.00 
- .03 
.23 
.95 

- .91 
1.58 
- .20 

1.63* 
- .56 
- .89* 

1.77 
-1.39 
- .96 
- .70 
- .63 
-1.46 
- .98 
-1.26 
1.15 
- .68 
.53 
1.49 
-1.04 
- .95 
.85 
.46 

2.68 
- .87 
-1.61 

.16 
-1.47* 
.79* 

Function Eigenvalue 
I-S 
II 

1.32 
.87 

Canonical 
Correlation 

1755 
.682 

% of 
Trace 
60.3 
39.7 

Wilks 
Lambda 

.230 
.535 

Chi-Square 
Statistic 
753 
31.6 

Degrees of 
Freedom 
—68 

33 

Probability of X 
due to chance 

.290 
.536 

.2 
multi 
.76 
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II 
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1-2 
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43 
Females ' 
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II 
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Figure 12. Discriminant axes with Period 1,2 socioeconomic group 
centroids in each sex/ethnic division of children from 
all birthplaces, Period 11 anthropometrics. — The 
numbers along axes refer to socioeconomic groups (see 
Chapter 4). Letter S designates each "socioeconomic" 
axis from functions in Tables 98-103. 
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axis separates socioeconomic group 4 from the other two. As can be 

seen in the same figure similarities exist between males and females 

in each ethnic group when the non-"S" axes are evaluated. The patterns 

for each ethnic group are as follows: (1) Anglos groups 1 and 2 at the 

extreme with group 3-k intermediate (emphasis on body size, with upper 

arm circumference very important in both sexes); (2) Mexican-Americans 

group 3 isolated from groups 1-2 and (heavy emphasis on weight and 

as in Anglos, on upper arm circumference); and (3) Blacks similar to 

Mexican-Americans in that group 3 is isolated from groups 1-2 and A-, 

but more of the lower body in males, upper in females). 

In four of the sex/ethnic groups (exceptions being Anglo and 

Mexican-American females) the pattern of stepwise inclusion of vari

ables indicated that discrimination based on a smaller subset of vari

ables would be useful for comparisons with full variable set analyses. 

In three of these four, levels of discriminatory power remained above 

the lowest levels (approximately 25%) found when the full set of vari

ables was utilized. The stepwise analyses are reported in Tables 10**-

111. The variables included in these stepwise analyses are among those 

heavily emphasized in analyses including all variables, an exception 

to this occurring for the most part in the second function in each 

case. Variables which do not receive much emphasis in the analyses 

with the full set of variables may sometimes weight more heavily in the 

reduced-set situation. But the stepwise results are in essential 
\ 

agreement with the analyses in which all variables were entered into 

the discriminant functions. 



Table 10̂ . Stepv/ise discriminant analysis of Anglo males from all birthplaces, period 1, 2 socio
economic groups, age 11.8 years. 

VJeighting Coefficients 
Variables I-S II 

Bicristal Diameter 
Foot Length 
Nose Length 
Bicondylar Humerus Diameter 
Wrist Breadth 
Hand Length 
Head Length 
Bizygomatic Diameter 
Calf Circumference 

.72 
-1.3k 
- .36 
-l.l*f 
.67 
1.23 
- .32 
- .61 
.82 

.mf 
1.10 
- -55 
- .13 
- .06 
- .59 
- .72 
- .Ik 
- .35 

Group Centroids 
SE Group 1 
SE Group 2 
SE Groups 30k 

.21 

.29* 
-3.27* 

- .k&* 
.7 k* 
.09 

Function Eigenvalue 
Canonical 
Correlation 

% of 
Trace 

Wilks 
Lambda 

Chi-Square 
Statistic 

Degrees of 
Freedom 

Probability of 
due to chance 

.2 
w multi 

I-S .832 
II .339 

.67 k 

.503 
71.0 
29.0 

.408 

.7k7 
59.2 
19.3 

18 
8 

.000 

.013 
.58 



Table 105. Stepwise discriminant analysis of Mexican-American males from all birthplaces, period 
1, 2 socioeconomic groups, age 11.8 years. 

Weighting Coefficients 
Variables I-S II 

Height - .98 .27 
Foot Length .30 - .78 
Upper Facial Height .48 .69 
Nose Length - .62 .03 
Foot Breadth •38 .81 
Bizygomatic Diameter .62 .12 
Head Circumference - .15 - .60 
Chest Circumference .84 .51 
Calf Circumference -1.53 - .33 

Group Centroids 
SE Groups 1-2 - .41* - .28* 
SE Group 3 - .03 .49* 
SE Group if .87* - .23 

Canonical % of Wilks Chi-Square Degrees of Probability of 2̂ 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 03 multi 

i-s .238 .438 64.5 .71̂  71.3 18 .000 .28 
II .131 .340 35.5 .884 26.1 8 .001 



Table 106. Stepwise discriminant analysis of Black males from all birthplaces, period 1, 2 socio
economic groups, age 11.7 years. 

Weighting Coefficients 
Variables I II-S 

Acromial Height .82 - .70 
Nose Breadth ,k7 .93 
Bicondylar Femur Diameter .9̂  .22 
Bimalleolar Diameter - .81 .̂ 9 
Bizygomatic Diameter - .90 .10 
Bigonial Diameter .5̂  .92 
Chest Circumference -2.71 - .93 
Waist Circumference .57 2.12 
Calf Circumference .93 -2.00 

Group Centroids 
SE Groups 1-2 .23 - •95* 
SE Group 3 -1.78* .25 
SE Group b .63* .56* 

2 Canonical % of Wilks Chi-Square Degrees of Probability of X A2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance W multi 

I .909 7590 65.7 .355 53.8 lS .000 .63 
II-S .475 .568 3̂ -3 .678 20.2 8 .010 

ro 
ro 



Table 107. Stepv/ise discriminant analysis of Black females of all birthplaces, period 1, 2 socio
economic groups, age 11.8 years. 

Weighting Coefficients 
Variables I-S II 

Acromial Height 
Cristal Height 
Biacromial Diameter 
Foot Breadth 

-1.52 
2.11 
.70 

- .62 

1.54 
- .67 
- .60 
- .70 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group 4 

.95* 
- .20 
- .60* 

.13 
- .62* 
.28* 

Function Eigenvalue 
Canonical 
Correlation 

% of 
Trace 

Wilks 
Lambda 

Chi-Square 
Statistic 

Degrees of 
Freedom 

Probability of „2 
due to chance 03 multi 

I-S .469 
II .144 

.565 

.355 
76.5 
23.5 

.595 

.87̂  
34.0 
8.8 

8 
3 

.000 .38 

.032 
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Table 108. Classification table for Anglo males from all birthplaces, 
period 1-2 socioeconomic groupings, period 11 anthro
pometrics. 

Actual Group No. of Predicted Group Membership 
Name Cases 1 2 3-̂  

SE Group 1 *fl 29 11 1 

SE Group 2 26 7 19 0 

SE Groups 3-k 5 0 0 5 

Percent of known cases correctly classified: 73«6?£ 

Table 109. Classification table for Mexican-American males from all 
birthplaces, period 1-2 socioeconomic groupings, period 
11 anthropometrics. 

Actual Group No. of Predicted Group Membership 
Name Cases 1-2 3 if 

SE Groups 1-2 95 50 22 23 

SE Group 3 76 15 k2 19 

SE Group k k7 9 10 28 

Percent of knovm cases correctly classified: 55.00 
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Table 110. Classification table for Black males from all birthplaces, 
period 1-2 socioeconomic groupings, period 11 anthro
pometrics. 

Actual Group No. of Predicted Group Membershl 
Name Cases 1-2 3 f-

SE Groups 1-2 19 . 13 2 k 

SE Group 3 12 2 10 0 

SE Group k 27 3 2 22 

Percent of known cases correctly classified: 77. 6!% 

Table 111. Classification table for Black females from all birth
places, period 1-2 socioeconomic groupings, period 11 
anthropometrics. 

Actual Group 
Name 

No. of 
Cases 

Predicted Group Membership 
1-2 3 * 

SE Groups 1-2 22 Ik k if 

SE Group 3 18 1 11 6 

SE Group U 29 7 6 16 

Percent of known cases correctly classified: 59.̂  
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For the final subset of analyses comparing socioeconomic groups 

of children from all birthplaces, the children compared in the second 

subset were regrouped according to the socioeconomic assessment for the 

later period (Period 11). As explained in Chapter 4, only Mexican-

Americans and Blacks were reanalyzed by Period 11 socioeconomic group

ings. As with the second subset, only Mexican-American males and 

Black females have more than one significant univariate F ratio. The 

number of significant F's remained about the same in each of these two 

groups, as seen in Table 112. Discriminatory power of 80$ or better 

is reached for the Blacks only in the analyses using all variables (see 

Tables 113-116). The "S" functions in all four sex/ethnic groups place 

stress on linearity of some component of the lower body. Chest dimen

sions are weighted heavily in Mexican-Americans of both sexes, while 

in Blacks circumferences of the chest and calf are more important vari

ables in separating groups along the "S" axis. 

As in the other socioeconomic group results, the group separa

tion is similar for males and females within each of the two ethnic 

groups in this subset of analyses. In Figure 13 it can be seen that 

in Mexican-Americans the "S" axis functions to separate socioeconomic 

group 1-2 from groups 3 and b, to a lesser extent in males where this 

function is more of a gradient (group 3 intermediate between 1-2 and 

k). This same type of gradient is seen in both male and female Blacks. 

The "other" functions in Mexican-Americans separate groups 3 and 4 at 

the extremes, with group 1-2 intermediate in females but closely linked 

with group k in males. There is a common emphasis on upper arm 
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Table 112. Univariate F ratios for Mexican-American males and Black 
females of all birthplaces, period 11 socioeconomic group 
comparisons. 

„ Significance 
Variables (2,215) Level (p <) 

Mexican-American males, age 11.8 years 

Weight 8.85 .002 
Sitting Height 9.52 .002 
Height 11.14 .002 
Acromial Height 11.14 .002 
Cristal Height 9.65 .002 
Tibial Length 9.04 .002 
Arm Length 9.05 .002 
Biacromial Diameter 6.90 .01 
Bicristal Diameter 6.65 .01 
Chest Breadth 6.18 .01 
Chest Depth 5.52 .02 
Foot Length 4.71 .05 
Bicondylar Humerus Diameter 9.66 .002 
Wrist Breadth 8.43 .002 
Hand Breadth 9.97 .002 
Hand Length 5.07 .02 
Bicondylar Femur Diameter 7.72 .002 
Bimalleolar Diameter 7.59 .002 
Foot Breadth 7.84 .002 
Bizygomatic Diameter 4.43 .05 
Head Circumference 6.97 .01 
Upper Arm Circumference 7.91 .002 
Chest Circumference 5.72 .01 
Waist Circumference 4.67 • 05 
Calf Circumference 9.64 .002 
Triceps Skinfold Thickness 4.51 .05 

Black females, age 11.8 years F(2,66) 

Tibial Length 4.67 .05 
Arm Length 4.70 .05 
Biacromial Diameter 7.19 .01 
Chest Breadth 4.22 • 05 
Foot Length 4.30 .05 



Table 113. Discriminant analysis of Mexican-American male period 11 socioeconomic groups, age 11.8 
years. 

Variables 
Weighting Coefficients 
I-S II 

V/eight 
Tibial Length 
Arm Length 
Foot Length 
Upper Facial Height 
Wrist Breadth 
Hand Breadth 
Upper Arm Circumference 
Chest Circumference 
Waist Circumference 
Calf Circumference 

•05 
.55 

- .19 
.16 
.56 
.̂ 9 

- .57 
.70 
.71 

- .27 
-l.kO 

- .82 
.91 
.63 

- .81 
.17 
.56 

- .02 
1.15 
•̂ 7 

-1.27 
.18 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group 4 

- .52* 
.12 
.76* 

- ,2k 
.65* 

- ,k2* 

Function 
I-S 
II 

Eigenvalue 

.208 

Canonical 
Correlation 

TO 
.̂ 15 

S of 
Trace 
557t 

Wilks 
Lambda 
T£53~ 

k3.7 .828 

Chi-Square 
Statistic 

85t7 
38.0 

Degrees of 
Freedom 

62 
30 

Probability of X 
due to chance 

.023 

.150 

*2 
a multi 
.3̂  

ro 
-a 
00 



Table ll'f. Discriminant analysis of Black male period 11 socioeconomic groups, age 11.8 years. 

Weighting Coefficients 
Variables I-S II 

Weight 
Height 
Cristal Height 
Arm Length 
Biacromial Diameter 
Chest Breadth 
Chest Depth 
Upper Facial Height 
Nose Length 
Nose Breadth 
Bicondylar Humerus Diameter 
Wrist Breadth 
Hand Breadth 
Hand Length 
Bicondylar Femur Diameter 
Bimalleolar Diameter 
Bigonial Diameter 
Upper Arm Circumference 
Chest Circumference 
Waist Circumference 
Calf Circumference 
Triceps Skinfold Thickness 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group k 

1.66 
2.09 
1.10 
- .56 
-1.11 
.79 
.53 
.58 

- .5b 
.93 
.52 

- .0,7 
- .15 
1.09 
.50 
.00 

1.03 
.27 

-2.1b 
.93 

-3.29 
.31 

-1.17* 
- .26 
l.k2* 

Function 
I-S 
II 

Eigenvalue 
1.50 
1.13 

Canonical 
Correlation 

.775 
.728 

% of 
Trace 
57.1 
2̂.9 

Vilks 
Lambda 

Ml 

Chi-Square 
Statistic 

67.6 
30.5 

- .jk 
-1.83 
1.51 
- .ito 
- .60 

.31 
-1.1^ 

.Off 

.52 
.89 

- .67 
.62 
.mf 

- .06 
- .72 
- .25 
- .81 
- .26 
- .59 
1.22 

.Gk 

,5b* 
-2 AO* 
.33 

Degrees 
Freedom 
—ur~ 

31 

of Probability of X „2 
due to chance  ̂multi 

.359 .80 
.̂ 90 



Table 115* Discriminant analysis of Mexican-American female period 11 socioeconomic groups, age 
11.8 years. 

Weighting Coefficients 
Variables I-S II 

Weight 1.4l .40 
Height - .14 - .75 
Cristal Height - .73 .32 
Tibial Length .78 - .46 
Chest Depth - .97 .46 
Foot Length .68 - .60 
Wrist Breadth .71 .06 
Hand Breadth .16 1.01 
Hand Length - .63 -1.03 
Upper Arm Circumference - .62 -1.37 
Triceps Skinfold Thickness - .18 .64 

Group Centroids 
SE Groups 1-2 .51* .02 
SE Group 3 - .41 - .43* 
SE Group 4 - .48* .63* 

Canonical °/o of V/ilks Chi-Square Degrees of Probability of 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance w multi 

I-S .225 .429 60.7 .713 68.2 68 .476 .28 
II .145 .356 39.3 .873 27.3 33 .745 



Table 116. Discriminant analysis of Black female period 11 socioeconomic group, age 11.8 years. 

Weighting Coefficients 
Variables I-S II 

Sitting Height -1.̂ 5 .23 
Height 7.52 1.63 
Cristal Height 1.42 -1.03 
Tibial Length -1.17 .62 
Arm Length 1.81 .92 
Chest Breadth 1.93 .18 
Foot Length 1.42 .85 
Total Facial Height - .75 - .58 
Upper Facial Height 1.29 .88 
Nose Length -1.16 - .01 
Nose Breadth -1.27 .10 
Bicondylar Humerus Diameter - .76 - .25 
Hand Length - .92 - .42 
Bimalleolar Diameter - .81 - .5b 
Foot Breadth - .77 1.05 
Head Circumference 1.30 .10 
Upper Arm Circumference -1.61 -1.23 
Chest Circumference -1.36 .03 
Calf Circumference 3.17 .51 
Triceps Skinfold Thickness - .01 .91 

Group Centroids 
SE Groups 1-2 2.1b* - .if5* 
SE Group 3 .11 1.49* 
SE Group 4 -1.76* - .39 

Canonical % of Wilks Chi-Square Degrees of Probability of 2̂ 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance  ̂multi 

I-S 3.07 .869 82.7 .149 97.0 66 .007 .84 
II .6** .626 17.3 .608 25.3 32 .792 
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Figure 13• Discriminant axes with Period 11 socioeconomic group cen-
troids in each sex/ethnic division of children from all 
birthplaces, Period 11 anthropometrics. -- The numbers 
along axes refer to socioeconomic groups (see Chapter if). 
Letter S designates each "socioeconomic" axis from func
tions in Tables 113-118. 
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circumference. In Blacks the "other" functions isolate group 3 from 

the other two groups, which are closely linked along this axis. In 

both sexes these functions stress lower body linearity (i.e., cristal 

height) and upper arm circumference as more important variables. 

Stepwise analyses were done in three of the four sex/ethnic 

groups analyzed in this subset, the exception being Mexican-American 

females, in which the stepwise inclusion of variables did not indicate 

that a smaller set of variables would be useful. In Mexican-American 

males, the level of discriminatory power fell below the lowest (28̂ ) 

achieved in analyses utilizing all variables. Thus the stepwise analy

ses are reported for Blacks alone (see Tables 117-120). In males the 

variables included in the smaller set are similar to those weighted 

heavily in all-variables analyses. However, in females, the smaller 

set of variables includes some which have not been emphasized pre

viously. This is most likely due to the small size of the stepwise 

variables set and fairly high correlations between variables emphasized 

in the all-variables analyses. For example, biacromial diameter has 

correlations of .68, 172 and .52, with height, chest breadth, and calf 

circumference, respectively (variables weighted heavily in all-variable 

analysis), and is almost twice as important as wither of the other two 

important variables (nose breadth and head length) in the "S" function 

for the stepwise analysis. 

If we now compare (see Figs. 12 and 13) the results of the 

second and third subsets of analyses in this section to see v/hat the 

effects of socioeconomic regrouping are, it can be seen that in 



Table 117. Stepwise discriminant analysis of Black males from all birthplaces, period 11 socio
economic groupings, age 11.8 years. 

Weighting Coefficients 
Variables I-S II 

Weight 
Acromial Height 
Cristal Height 
Nose Breadth 
Bigonial Diameter 
Chest Circumference 
Calf Circumference 

-3.̂ 8 
2.13 
- .89 
- .83 
- .56 
1.1k 
2.72 

-1.80 
- .01 
1.05 
.55 

- .20 
- .86 
1.42 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group 4 

.80* 

.23 
- .99* 

.32* 
-1.38* 
.17 

Function Eigenvalue 
Canonical 
Correlation 

% of 
Trace 

Wilks 
Lambda 

Chi-Square 
Statistic 

Degrees of 
Freedom 

Probability of 
due to chance 

.2 
61 multi 

I-S .724 
II .37̂  

.648 

.522 
66.0 
3̂ .0 

.422 

.728 
45.7 
16.8 

14 
6 

.000 

.010 
.56 

ro oo 
-r 



Table 118. Stepwise discriminant analysis of Black females from all birthplaces, period 11 socio
economic groupings, age 11.8 years. 

Weighting Coefficients 
Variables I-S II 

Biacromial Diameter 
Nose Breadth 
Wrist Breadth 
Foot Breadth 
Head Length 

1.16 
- .64 
.05 

- .49 
.63 

.42 
- .13 
- .97 
1.08 
- .49 

Group Centroids 
SE Groups 1-2 
SE Group 3 
SE Group 4 

.90* 
- .26 
- .59* 

- .11 
.78* 

- .30* 

Function Eigenvalue 
Canonical 
Correlation 

% of 
Trace 

Wilks 
Lambda 

Chi-Square 
Statistic 

Degrees of 
Freedom 

Probability of X A2 
due to chance  ̂multi 

I-S .471 
II .182 

.566 

.393 
72.1 
27.9 

.575 

.846 
36.0 
10.9 

10 
4 

.000 .40 

.028 



286 

1 
Table 119. Classification table for Black males from all birthplaces, 

period 11 socioeconomic groupings. 

Actual Group No. of Predicted Group Membership 
Name Cases 1-2 3  ̂

SE Groups 1-2 26 21 2 3 

SE Group 3 9 k k 1 

SE Group k 23 3 1 19 

Percent of known cases correctly classified: 75.9% 

Table 120. Classification table for Black females from all birth
places, period 11 socioeconomic groupings. 

Actual Group No. of Predicted Grout) Membership 
Name Cases 1-2 3  ̂

SE Groups 1-2 2k 18 1 5 

SE Group 3 15 2 8 5 

SE Group k 30 5 7 18 

Percent of known cases correctly classified: 63.8% 
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Mexican-American males and females the trend along the MS" axes is for 

socioeconomic group 3 to "migrate" away from group 1-2 and move toward 

group In females this migration results in a close linkage with 

group k. The pattern in Blacks is for group 3 to "move away" from 

group 4 in the direction of group 1-2. Once again this is viewed as a 

reflection of social mobility patterns in these sex/ethnic groups and 

further evaluation of this phenomenon is made in the next chapter. 

For direct comparisons of means and standard deviations for the 

more important variables indicated by discriminant analyses in this 

section, the reader is referred to Appendix V. Socioeconomic group 

statistics are presented for each sex/ethnic group considered in the 

three subsets of analyses reported in this section of the results. 

Groups Based on Family Characteristics 

In this final section results are reported for comparisons 

between groupings of children based on the family characteristics de

scribed previously in Chapter k (see Tables 13-15)• The characteris

tics are: (1) family size; (2) maternal age; and (3) paternal age. 

Results are given for each of the three grouping criteria in the order 

just presented. 

Family Size 

In the comparisons of groupings by family size, two subsets of 

analyses were completed. The first subset compared family size groups 

at the earliest age level of the Growth Study, roughly age 7 years 

(Period 1-2 anthropometric data). In the second subset as many of 
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these same children were compared as groups at the later age level of 

about 11-1/2 years (Period 11). In both subsets each of the six sex/ 

ethnic divisions were analyzed separately. 

The comparisons of family size groupings at the early age level 

produced a paucity of significant univariate F ratios. In all but 

Mexican-American females one or no F ratios were significant at the 

.05 probability level. The significant F ratios for individual vari

ables in the female Mexican-Americans are presented in Table 121. The 

discriminant analyses of family-size group differences produced levels 

of discriminatory power of 59$ or above in all sex-ethnic groups when 

all variables were utilized in the functions. The results of these 

analyses are summarized in Tables 122-127• 

Previous studies of the relationship between physical growth 

and family size (see Chapter 2) have indicated a tendency for children 

of smaller families to be larger on most anthropometric measurements 

investigated (usually height and weight). On the basis of these find

ings we should expect at least one of the functions derived in each 

analysis of family size groups within a sex/ethnic division to reflect 

a similar gradient from small family size to large. We find such a 

family-size function in each sex/ethnic division, although rather 

weakly in the Mexican-Americans as explained below. These functions 

have been labeled with capital "F,Ms in Tables 122-127. 

If we examine the weighting coefficients for these "F" func

tions, the only body dimension weighted heavily and consistently 

across all sex/ethnic divisions is length of the body or some component 
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Table 121. Univariate F ratios for Mexican-American female family-size 
group comparisons, age 7.0 years. 

TP Significance 
Variables (6,217) Level (< p) 

Weight 3-30 .01 
Bicristal Diameter 2.85 .05 
Chest Breadth 2.6k • 05 • 
Bicondylar Humerus Diameter 2.78 .05 
Wrist Breadth 3.33 .01 
Bicondylar Femur Diameter 2.5̂  .05 
Bimalleolar Diameter 2.82 .05 
Chest Circumference 3.06 .02 
Waist Circumference 3.93 .01 



Table 122. Discriminant analysis of Anglo male family-size groupings, age 7.0 years. 

Weighting Coefficients 
Variables I-F II 

Weight 
Height 
Cristal Height 
Arm Length 
Biacromial Diameter 
Bicristal Diameter 
Chest Breadth 
Foot Length 
Total Facial Height 
Upper Facial Height 
Nose Length 
Wrist Breadth 
Hand Breadth 
Bicondylar Femur Diameter 
Bimalleolar Diameter 
Foot Breadth 
Head Breadth 
Head Circumference 
Upper Arm Circumference 
Chest Circumference 
Waist Circumference 
Calf Circumference 

Group Centroids 
1 
2 

Function 
I-F 
II 

Eigenvalue 
2.55 
.73 

Canonical 
Correlation 

.6̂ 9 

% of 
Trace 
T7~3~ 
22.2 

- .56 
.68 

- ,2k 
1.55 
.57 

- .21 
- .88 
1.35 
- .12 
1.08 
-l.Vf 
- .71 
.76 

- .Ik 
.62 

- .58 
.85 

- .57 
- .58 
.72 

-1.08 
1.57 

1.07 
1.21* 
-2.17* 

Wilks 
Lambda 
.163 
.579 

-1.94 
1.21 
-1.41 
-1.37 
- -34 
- .82 
.67 
.06 

-1.19 
.05 
1.10 
.07 
.12 
.75 
1.12 
-1 18 
.23 

• .03 
. .4o 
.37 
.50 
1.33 

.73* 
-1.4-5* 
- .oh 

Chi-Square 
Statistic 
69.9 
21.0 

Degrees of 
Freedom 

55 
31 

Probability of X 2̂ 
due to chance 03 multi 

.291 rs3~ 
.911 



Table 123. Discriminant analysis of Mexican-American male family-size groupings, age 6.8 years. 

Variables 
Weighting Coefficients 

Variables I-F II III IV V VI 

Weight - .47 1.32 - .95 - .33 .99 - .57 
Sitting Height - .04 .01 1.23 - .51 - .15 - .84 
Height - .13 1.31 -3.07 - .17 -1.07 2.30 
Cristal Height .49 -2.2k 1.38 - .37 1.04 .61 
Arm Length .64 .88 .00 .14 .10 - .27 
Biacromial Diameter - .91 Ah - .10 A? - .62 .05 
Bicristal Diameter .11 .15 .7k - .72 - .05 .28 
Chest Breadth 1.07 - .55 - .31 .19 .48 - .07 
Chest Depth .59 .16 - A5 .53 - .03 .44 
Foot Length .34 .09 - .32 AO .60 .14 
Bicondylar Humerus Diameter .25 - .58 - .27 - .25 - .33 - .61 
Wrist Breadth - .39 .22 .07 .71 .14 .32 
Hand Length - .84 - .59 .26 - .36 .15 - .34 
Bicondylar Femur Diameter .75 .18 - .52 .41 .30 - .56 
Bimalleolar Diameter - .18 - .55 • - .14 .10 .06 - .15 
Foot Breadth .23 .28 .36 - .66 .47 - .28 
Head Length - .57 - .56 - .94 - .6k - .62 .17 
Head Breadth - .71 - .20 - .68 - .65 - .31 - .22 
Head Circumference .86 .88 1.33 .93 .82 .02 
Upper Arm Circumference - .09 .17 - .58 - .92 .38 .85 
Chest Circumference - .21 - .09 1.19 - .12 - .92 .04 
Waist Circumference - .58 - .62 - .28 .40 .20 - .33 
Calf Circumference - .43 - .33 .67 .46 - .69 - .25 

Group Centroids 
.26 1 - .93* .31 - .09 .15 .26 - .23 

2 - .00 .3k* .28 - .02 .09 .47' 
3 .26 .11 - .36* .41* - .46* - .01 
4 - .12 - .02 - .05 - .80* - .36 - .10 
5 - .22 -1.18* - .28 .05 .23 .20 
6 .22 - A2 1.12* .27 - .19 - .32' 
7+ .99* .17 - .17 - .11 .51* - .21 



Table 123—Continued 

Canonical % of Wilks Chi-Square Degrees of Probability of X̂  .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 01 multi 

I-F .307 .485 30.7 .401 199.9 192 .336 .59 
II .209 .4l6 20.9 .524 141.3 155 .779 
III .159 •370 15.8 .633 99.7 120 .909 
IV .137 .3̂ 8 13-7 .73̂  67.5 87 .937 
V .116 .323 11.6 .835 39.̂  56 .955 
VI .073 .260 7.2 .932 15.3 27 .965 



Table 124. Discriminant analysis of Black male family-size groupings, age 7.3 years. 

Weighting Coefficients 
Variables I II-F III 

Weight - .70 - .20 - .75 
Sitting Height - .28 -1.05 .75 
Height .08 1.10 -4.44 
Cristal Height -1.67 -2.48 -1.34 
Arm Length -1.03 1.68 .38 
Biacromial Diameter - .72 .93 - .04 
Bicristal Diameter .15 - .85 .13 
Chest Breadth .16 - .47 .95 
Foot Length - .05 - .74 - .25 
Total Facial Height - .86 - .17 .11 
Upper Facial Height .97 - .43 .01 
Bicondylar Humerus Diameter - .49 - .18 -1.16 
Wrist Breadth .36 .02 1.05 
Bicondylar Femur Diameter 1.39 .38 .12 
Bimalleolar Diameter -2.17 .10 .84 
Head Length 1.12 .20 .50 
Head Breadth 1.13 - .21 .77 
Bizygomatic Diameter - .̂ 5 - .03 -1.61 
Head Circumference - .95 .39 - .13 
Upper Arm Circumference - .87 .08 - .41 
Chest Circumference 1.17 .80 - .67 
Waist Circumference -1.46 .26 .10 
Calf Circumference l.8o .26 .34 

Group Centroids 
1 2.23* 1.38* - .44 
2 .03 - .02 1.26' 
3 -2.92* 1.03 - .41 
4+ .16 -1.09* - .45' 



Table 12^—Continued 

Canonical % of VJilks 
Function Eigenvalue Correlation Trace Lambda 

I 2.5̂  J&7 60.it .085 
II-F 1.07 .719 25.̂  .303 
III .60 .612 l'f.2 .626 

2 Chi-Square Detrees of Probability of X .2 
Statistic Freedom due to chance multi 
8S3 9S  ̂ .91 
3̂.0 62 .965 
16.9 30 .97̂  

r\j 
vO 
-r 



Table 125. Discriminant analysis of Anglo female family-size groupings, age 6.9 years. 

• 

Weighting Coefficients 
I-F II Variables 

Weight 2.10 2.15 
Sitting Height -1.12 - .05 
Height -2.18 -1.78 
Cristal Height -1.12 - .71 
Biacromial Diameter - .93 .̂ 6 
Upper Facial Height .89 - .15 
Nose Breadth .86 .18 
Hand Breadth -1.37 - .70 
Bicondylar Femur Diameter - .72 - M 
Bimalleolar Diameter .88 .36 
Head Breadth -1.06 - .19 
Bizygomatic Diameter .86 .Mf 
Bigonial Diameter - .09 - .71 
Head Circumference .2k - .69 
Upper Arm Circumference -I.09 .39 
Chest Circumference 1.8k - .26 
Waist Circumference - .35 -1.25 
Calf Circumference -1.68 .k6 

Group Centroids 
1 1.35* - .06 
2 - .83* -1.31* 
3+ - .68 .75* 

2 
Canonical % of V/ilks Chi-Square Degrees of Probability of X 

Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 03 multi 
I-F 1̂ 05 171̂  61.6 .297 55̂ 0 65 .̂ 9 .69 
II .65 .627 38.̂  .607 26.8 31 .685 



Table 126. Discriminant analysis of Mexican-American female family-size groupings, age 7*0 years. 

Weighting Coefficients 
Variables I-F II III IV V VI 

Weight -2.1k .57 .17 - .07 .95 - .97 
Sitting Height .01 - .37 .73 .18 .30 .47 
Height .18 - .82 .16 -1.02 - .86 .49 
Cristal Height - .49 .42 - .05 1.12 - .28 - .26 
Biacromial Diameter - .17 .19 .32 - .72 .68 .12 
Chest Breadth .27 - .68 - .91 .21 .Ob .68 
Upper Facial Height - .56 .06 .21 .01 .3b .57 
Nose Length - .15 - .15 - .03 .09 .17 - .7b 
Bicondylar Humerus Diameter - .15 .01 .34 -1.06 - .29 - .06 
Wrist Breadth - .to .72 .22 - .17 - .22 - .27 
Hand Breadth .33 .30 .13 .17 .88 .08 
Hand Length .28 .68 - .04 .20 - .25 - .57 
Bimalleolar Diameter - M - .41 - .53 .17 - .50 - .21 
Head Length - .44 - .52 - .00 - .79 - .30 - .bl 
Head Breadth - .10 - .07 .11 - .82 - .12 - .57 
Bizygomatic Diameter - .35 - .76 - .05 - .11 - .76 M 
Head Circumference .51 .78 - .b2 .73 .41 .30 
Upper Arm Circumference 1.08 .66 - ,6b .32 - .80 .2b 
Chest Circumference .20 - .83 1.39 .87 - .62 - .20 
Waist Circumference - .19 1.20 - .5b - .17 - .36 .20 
Calf Circumference 1.31 - M .19 - .03 .01 .31 

Group Centroids 
- .?4* .08 1 - .?4* .08 - .19 .32 - .33* .19 

2 .45 .06 - .19 - .54 .04 .3b* 
3 .66* .06 .65* .2b - .29 - .05 
b - .55 .46 .12 - .61* - .06 - .40* 
5 .05 1.02* - .02 .51* .72* .02 
6 - .51 -1.14* .42 - .02 .46 .03 
7+ .53 - .47 - .68* .22 - .02 - .30 



Table 126—Continued 

Canonical % of V/ilks 
Function Eigenvalue Correlation Trace Lambda 

I-F .329 .m 28.9 .360 
II .303 .482 26.6 .̂ 78 
III .173 .384 15.2 .623 
IV .163 .374 14.3 .731 
V .107 .311 9.4 .850 
VI .063 .243 5.5 .941 

2 Chi-Square Degrees of Probability of X „2 
Statistic Freedom due to chance w multi 
209.1 192 339 3̂~ 
150.9 155 .581 
96.8 120 .938 
64.2 87 .966 
33.3 56 .993 
12.5 27 .992 



Table 127. Discriminant analysis of Black female family-size groupings, age 7.2 years. 

Variables 
Weighting Coefficients 

Variables I II III-F IV 

Weight 1.37 5.23 - .49 1.07 
Sitting Height 1.18 -1.16 1.30 - .78 
Height -3.25 1.51 - .51 -3.70 
Cristal Height 2.31 .90 1.56 - .20 
Arm Length .52 -2.48 .01 .77 
Biacromial Diameter -1.10 1.35 .06 .35 
Bicristal Diameter -1.18 .15 - - .43 - .07 
Chest Breadth 1.59 - .93 .17 - .13 
Chest Depth - .93 - .01 - .69 - .73 
Foot Length .92 .43 1.80 - .74 
Total Facial Height - .62 .59 1.07 -1.39 
Upper Facial Height 1.24 - .90 - .26 .67 
Hand Length -1.50 - .21 - .88 - .44 
Bicondylar Femur Diameter - .59 - M 1.34 - .56 
Bimalleolar Diameter .81 .̂ 5 - .74 .32 
Head Length - .08 1.44 - .05 1.21 
Head Breadth - .16 - .59 - .58 - .27 
Head Circumference - .41 - .41 .22 - .73 
Chest Circumference - .06 1.20 -1.03 - .66 
Waist Circumference .87 -2.92 .43 .72 
Calf Circumference -1.22 -2.33 - .75 .00 

Group Centroids 
1 - .37 -3.22* 1.00* - .50 
2 .67 1.19* .98 -1.88* 
3 -3.46* .27 - .79 - .30 
4 - .14 .51 .91 1.02* 
5<- 1.13* - .11 - .84* .07 

ro 
\£> 
00 



Table 127—Continued 

Canonical % of V/ilks 
Function Eigenvalue Correlation Trace Lambda 

I 2.38 .839 5̂.̂  .040 
II 1.21 .7̂ 1 23.2 .136 
III-F .85 .678 16.3 .302 
IV .79 .665 15.1 .558 

Chi-Square Degrees of Probability of X 
Statistic Freedom due to chance w multi 
133.2 125 3§1 TW~~ 
82.7 93 .770 
49.7 60 .825 
2̂ .2 29 .719 

ro 
vO 
\o 
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thereof (for example cristal height). Cristal height is of primary 

or secondary importance in all "F" functions except that for Anglo 

males, where height is of secondary importance. An emphasis on chest 

dimensions and secondary or no importance for weight is characteristic 

of all the "F" functions for males. In contrast weight is an impor

tant variable in these functions for females and in addition, calf 

circumference. 

Similarities in variable weightings for these "F" functions 

exist as well between males and females within each ethnic group. 

Heavy emphasis is placed on circumferential measurements among Anglo 

males and females, especially so in females where weight tends to be 

a more important variable than with males. In both male and female 

Mexican-Americans, lower body linearity (i.e., cristal height) is 

stressed. Weight is another important variable, but again more so in 

females. In Blacks cristal height and chest circumference stand out 

as important variables in the "F" functions of both sexes, with weight 

de-emphasized. 

The patterns of group separation along each of the "F" axes is 

diagrammed in Figure 1*U Groups are separated differently along this 

axis in Anglo males and females. In the males groups of children who 

are the third-born or higher in their families are isolated from those 

who are second-born or first-born. The pattern in females is to iso

late the first-borns. As mentioned above, the MF" axes in Mexican-

Americans are at best rather weak separators of family-size groupings 

in terms of agreement with prior research. First-born and those born 



ANGLOS 

3+ 12 
I - Males 

23+ I - Females 

301 

MEXICAN-AMERICANS 2 

! . Malee , 1 5",63 7+ 

I - Females- 146 5 273 

BLACKS 

k+ 2 31 II - Males 

421 
-2̂  1 III - Females 

Figure 14. "F" axes with centroids of family size groups for each 
sex/ethnic division, Period 1,2 anthropometrics. — 
Roman numerals identify "F" axes from functions labeled 
in Tables 122-127• The numbers along each axis refer 
to family size groupings as follows: 
1 = No living sibs at time of birth; 2=1 live sib at 
time of birth; 3=2 live sibs at time of birth, etc. 
(a + with a number means that group includes children 
within that category plus all higher categories). 
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seventh or higher in their families are separated at the extremes along 

the "F" axis in males, and almost so in females. But the pattern in 

between these two groups does not fit anything one would predict. In 

Black males and females, the "F" axes separate first-born and either 

the fourth-born or higher (in males) -or the fifth-born or higher (in 

females) groups at the extremes, but no hierarchical gradient exists 

between these two groupings. 

Certain of the non-"F" axes are of interest. The first function 

in Black males (see Table 12*0, which accounts for over 6($> of the total 

variability, acts to separate first-borns from those born third in 

their families, with second-borns and those born fourth or higher in 

an intermediate position. Heavy emphasis in this function is placed 

on lengths and breadths of the limbs in contrast to the "F" function 

which stresses total body length and bulk. No function like this 

exists in the Black females, although the "F" function in the females 

comes closest in terms of both group separation and variable emphasis. 

In the Black females, the first two functions (see Table 127), whcih 

together account for over 65̂  of the total variability, isolate third-

borns and first-borns, respectively, from the other family-size group

ings. Greater stress is placed on body linearity in the first function 

while body bulk is emphasized in the second. Small sample sizes, par

ticularly in Black females, may account for some of these patterns. 

It is of some interest, though, that in the two cases where birst-borns 

are isolated from other groups ("F" function in Anglo females and 
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second function in Black females), body size and especially bulk are 

of outstanding importance. 

The only sex/ethnic division for which stepwise analysis seemed 

possibly useful was the Mexican-American females. The stepwise analy

sis for this group resulted in a reduction of discriminatory power 

(with six variables in the functions) to 27% and a situation where 

classification of known cases on the basis of the functions placed only 

29»5?o of the total sample into the correct family-size groups. 

Further comparisons of family-size groupings at the later age 

level again produced few significant univariate F ratios (two or less 

variables significant in any sex/ethnic division). However, discrimi

natory power of 7or above was reached in all comparisons using the 

full set of variables to generate linear functions (see Tables 128-

133)• As in the subset of analyses done for the early age level, so-

called "F" functions are indicated in the tables. Looking at the 

weighting coefficients for these "F" functions we find that emphasis 

on overall body size crosscuts all sex/ethnic divisions. Height or a 

component of height like cristal height (as in Anglo females) is of 

primary importance in all "F" functions. Weight is stressed to a 

lesser degree in Blacks, but is of primary emphasis in Anglos and 

Mexican-Americans. Dimensions of the chest are important in all male 

"F" functions, as in the earlier period results. 

Within ethnic groups there is much overlap between the sexes 

in terms of variable emphasis. Anglo male and female "F" functions 

weight cristal height and chest circumference heavily along with body 



Table 128. Discriminant analysis of Anglo male family-size groupings, age 11.7 years. 

Weighting Coefficients 
Variables I II-F 

Weight 6.02 -8.78 
Sitting Height .26 -4.69 
Height -14.39 9.96 
Cristal Height -22.63 4.61 
Tibial Length 17.12 -6.49 
Arm Length 11.93 -1.34 
Biacromial Diameter 4.70 - .52 
Bicristal Diameter 5.64 .69 
Foot Length 6.25 -1.27 
Upper Facial Height 3-02 -3.63 
Bicondylar Humerus Diameter - 3«35 .77 
Wrist Breadth 3*50 3.14 
Hand Length -14.37 4.22 
Bimalleolar Diameter - 3«l4 .11 
Head Length - 7.07 1.56 
Bizygomatic Diameter - 3.68 2.09 
Bigonial Diameter 3«25 - .52 
Hear Circumference 5«l6 .31 
Upper Arm Circumference .25 -3.71 
Chest Circumference - 6.47 4.36 
Calf Circumference 4.30 8.27 
Triceps Skinfold Thickness - 6.05 2.55 

Group Centroids 
1 -1.36 2.66* 
2 6.62* - .53 
3+ -2.44* -2.20* 

VjJ 
o -p-



Table 128—Continued 

Canonical % of Wilks 
Function Eigenvalue Correlation Trace Lambda 

I 14.01 T95S 73.6 .011 
II-F 5.02 .913 26 A .166 

? 
Chi-Square Degrees of Probability of X 2̂ 
Statistic Freedom due to chance 61 multi 
90 68 .011 .99 
38.6 33 .232 

VjJ 
O 
VJl 



Table 129. Discriminant analysis of Mexican-American male family-size groupings, age 11.7 years. 

Weighting Coefficients 
Variables I-F II III IV V VI 

Weight 3.34 .30 2.92 - .64 - .98 2.67 
Sitting Height - .29 .86 .21 1.51 - .82 - .46 
Height -2.13 -4.15 -2.35 -3.00 - .13 - .65 
Cristal Height - .40 1.14 .40 -1.33 .72 .57 
Tibial Length .29 .26 - .40 1.69 .18 -1.00 
Arm Length .07 - .82 .99 .07 - .42 .3̂  
Chest Breadth -1.26 - .21 - .46 .78 - .98 -1.23 
Chest Depth - .5fv - .55 - .59 .91 - .01 .17 
Foot Length 1.01 .57 .03 .73 - .13 .20 
Upper Facial Height .63 .10 - .77 - .34 .54 - .37 
Nose Length - .08 - .3̂  .72 .08 .20 .08 
Hand Breadth - .16 .30 - .39 .77 .48 .27 
Hand Length - .59 .77 - .15 - .64 .09 - .36 
Foot Breadth .30 - .75 .98 - .43 .22 .19 
Head Breadth - .19 .10 .05 .52 - .80 .38 
Bizygomatic Diameter .24 .56 .36 .12 .79 - .37 
Bigonial Diameter - .12 - .33 .32 - .54 - .72 .29 
Upper Arm Circumference - .62 - .96 -1.72 .32 -1.78 
Chest Circumference 2.48 .35 - .72 .02 .76 .66 
Waist Circumference -1.11 .01 -1.76 - .30 .24 .22 
Calf Circumference -2.36 .06 .09 .62 - .35 .77 
Triceps Skinfold Thickness - .88 .31 1.13 .06 - .96 

Group Centroids 
1 -1.28* .29 A7 - .19 - .30 .17 
2 .33 - .89* .46 - .43 .39 .06 
3 - .19 - .40 - .79* .30 - .04 .20 
if - .21 - .13 .36 .69* .07 - .5̂ ' 
5 - .05 .80 - .62 - .58 .39 - .30 
6 .87 1.06* .52* .58 .56* .49' 
7+ 1.10* .15 .08 - .17 - .70* - .05 



Table 129—Continued 

Canonical % of Wilks 
Function Eigenvalue Correlation Trace Lambda 

I-F .5̂ 6 .59̂  33.̂  .2*f5 
II .356 .513 21.8 .379 
III .298 .̂ 79 18.2 .515 
IV .192 Ml 11.7 .668 
V .160 .371 9.8 .796 
VI .083 .277 5.1 .923 

2 Chi-Square Degrees of Probability of X 
Statistic Freedom due to chance  ̂multi 
201.5 205 .539 .7̂  
139.0 165 .929 
95.2 128 .985 
57.8 93 .998 
32.7 60 .998 
11.̂  29 .999 



Table 130. Discriminant analysis of Black male family-size groupings, age 11.7 years. 

Variables I-F 
Weighting Coefficients 

II III 

Weight -123.19 11.23 - 3.63 
Sitting Height kSk.29 -35.8̂  - .k2 
Height -57̂ .65 65.19 - ̂ .90 
Cristal Height 62.65 -12.67 3.73 
Tibial Length 153.76 .65 - 1.86 
Arm Length 2̂ 7.31 -11.08 - 7.to 
Chest Breadth -102.03 3.59 2.16 
Chest Depth - 50.97 - .09 2.k2 
Total Facial Height - 6.77 - 5.89 1.97 
Upper Facial Height - 88.89 11.67 - 1.95 
Wrist Breadth - 17.79 .79 2.Mf 
Hand Breadth - 98.97 - 1.1+8 1.28 
Hand Length - 16.32 8.29 - .99 
Bicondylar Femur Diameter 66.39 *f.83 - if.00 
Bimalleolar Diameter - ̂ 7.73 .57 2.13 
Foot Breadth 12̂ .62 - k.72 - 2.31 
Head Breadth - 61.53 8.6k - .83 
Bizygomatic Diameter 82.21 -11.85 .01 
Head Circumference - 27.65 - 8.28 5.20 
Chest Circumference 152.̂ 7 - 6.80 - if.6l 
Triceps Skinfold Thickness 9̂ .13 - 7.̂ 3 - .08 

Group Centroids 
1 137.53* - 4.58* .9̂  
2 11.07 5.64* - .21 
3 - 8.31 - 3.62 - 2.21* 
k+ - 32.̂ 8* - 1.91 1.01* 

Canonical % of Wilks Chi=Square Degrees of Probability of X2 A2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 60 multi 

I-F 
II 
III 

2258.18 
17-91 
1.59 

.999 99.1 
.8 
.1 

.000 
.020 
.386 

215.9 
72.0 
17.6 31 

.000 

:§8 
.99 



Table 131. Discriminant analysis of Anglo female family-size groupings, age 11.7 years 

Variables 
Weighting Coefficients 

I-F II 

Weight 

Height 
Cristal Height 
Tibial Length 
Arm Length 
Biacromial Diameter 
Total Facial Height 
Upper Facial Height 
Bicondylar Humerus Diameter 
Hand Length 
Bicondylar Femur Diameter 
Bimalleolar Diameter 
Head Length 
Head Circumference 
Chest Circumference 
Waist Circumference 
Calf Circumference 
Triceps Skinfold Thickness 

Group Centroids 

1 
2 

11.36 
.95 

- M7 
1.28 
5.3̂  
1.01 
2.27 

- .93 
1.99 

- l.kS 
- 3.09 
2.87 

- 2.09 
- .3̂  
- k.kl 
- 5.56 
- .17 
2.30 

- 1.91 
- 3.37* 
2.87 

-1.21 
5.83 
-6.21 
2.28 
1.65 
-2.00 
3.05 
-2.6if 
1.51 
-3.19 
- .06 
-1.6k 

M 
-1.93 
-1.4o 
-1.60 
3.32 
2.0̂  

1.63* 
-1.56* 
- ,2k 

Function 
I-F 
II 

Eigenvalue 
Oo 
1.̂ 6 

Canonical 
Correlation 

1̂ 3 
.771 

% of 
Trace 

W7T 
15.3 

Wilks 
Lambda 

.C+5 

Chi-Square 
Statistic 
101.0 
29.3 

Degrees of 
Freedom 
58 
33 

Probability of X ^2 
due to chance ^ multi 

.005 .95 

.653 



Table 132. Discriminant analysis of Mexican-American female family-size groupings, age 11.7 years. 

Weighting Coefficients 
Variables I II-F III IV V VI 

Weight - .39 -1.65 .41 - .12 -2.76 .78 
Sitting Height .20 -1.15 .if 8 .31 .70 1.07 
Height .03 2.22 -2.27 .95 .76 -2.13 
Cristal Height - A3 - .40 2.07 - .14 - .34 .70 
Tibial Length 1.48 - AO - .48 .36 - .14 .48 
Chest Breadth .16 .52 - .00 1.05 .26 - .52 
Chest Depth - .16 - .72 .21 - .66 .35 -1.22 
Bicondylar Humerus Diameter - .28 - .29 - .40 - .85 - .27 .51 
Bicondylar Femur Diameter -1.08 - A3 .74 .01 .47 - .38 
Foot Breadth .78 - .06 - .55 .28 .16 - .25 
Head Circumference .61 .11 .55 - .13 1.15 .70 
Upper Arm Circumference 1.14 .66 - .12 - .45 1.48 -1.35 
Chest Circumference .60 - .90 .44 1.33 -2.21 .71 
Waist Circumference .09 - .17 - .76 - .64 2.49 1.00 
Calf Circumference .05 1.56 - .36 .22 - .46 - .08 
Triceps Skinfold Thickness - .37 .80 - .06 - .07 - .18 .24 

1 • .07 - .89* .55* .21 - .44* .20 
2 1.09* .37 - .23 .49 .13 .19 
3 - .35 .25 - .61 - .53* - .33 .24* 
4 - .15 - .10 .40 - .46 .72* .13 
5 .86 - .21 .04 - .52 - .21 .71* 
6 - .89* - .70 - .75* .64* .35 .32 
7+ - .76 1.18* .54 .34 - .18 .21 

Canonical % of Wilks Chi-Square 2 Degrees of Probability of X 2̂ 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance multi 

I .474 .567 29.4 .247 213.1 204 • 319 .74 
II-F .403 .536 25.0 .364 154.0 165 .722 
III .250 .447 15.5 .511 102.3 128 .952 
IV .223 .427 13.8 .639 68.3 93 .972 
V .166 .378 10.3 .782 37.6 60 .990 
VI .097 .297 6.0 .912 14.1 29 .991 

h 
o 



Table 133« Discriminant analysis of Black female family-size groupings, age 11.7 years. 

Weighting Coefficients 
Variables I II-F III IV 

Weight .02 - .99 4.30 -1.64 
Sitting Height 3.53 3.04 3.17 - .07 
Height 14.24 -2.90 -8.65 - .91 
Cristal Height - 2.84 2.83 -1.89 - .31 
Tibial Length - 4.18 - .43 2.77 -1.04 
Arm Length - .86 .93 3.64 1.67 
Biacromial Diameter - .60 -1.44 -2.17 - .78 
Bicristal Diameter - .59 .00 -2.26 .37 
Foot Length 4.49 - .24 .44 - .69 
Upper Facial Height 3.04 .85 2.07 .31 
Nose Length - 2.06 -2.55 -1.54 - .33 
Bicondylar Humerus Diameter - .20 2.44 -1.15 - .41 
Wrist Breadth 3.44 - .62 2.10 - .73 
Hand Breadth - 3.63 -2.23 -1.04 .63 
Hand Length - 3-0? 1.38 .05 - .14 
Bicondylar Femur Diameter - 1.70 -2.49 .91 - .26 
Bimalleolar Diameter 2.58 1.49 -1.19 .91 
Head Breadth - 2.46 .62 .57 - .26 
Bizygomatic Diameter 2.51 - .84 -1.08 .29 
Bigonial Diameter - 5.17 - .22 .91 .07 
Upper Arm Circumference - .96 -1.80 -3.09 .33 
Chest Circumference - 3.75 - .99 -1.18 1.51 
Waist Circumference 6.59 .45 - .56 .35 
Calf Circumference - 2.22 .85 - .51 1.02 
Triceps Skinfold Thickness 3.53 .67 .93 -1.50 

Group Centroids 
1.84* 1 - .07 7.51* 1.84* - .16 

2 - 5.73* .23 -1.59 1.14* 
3 5.66* .80 -3.07* .18 
if - 2.23 - .72 - .63 -1.15* 
5* 1.43 -1.46* 1.57 .28 



Table 133—Continued 

Canonical % of Wilks Chi-Square Degrees of Probability of X̂  *2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance w multi 

I 13.81 .966 57.3 .001 188.9 136 .001 .99 
II-F 6.44 .930 26.7 .020 112.1 99 .175 
III 3.24 .874 13.4 .146 54.9 64 .786 
IV .62 .618 2.6 .618 13.7 31 .997 
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weight. In Mexican-Americans, height, weight, and calf circumference 

are of primary importance. Black male and female "F" functions de-

emphasize weight in comparison to body linearity, especially linearity 

of the upper part of the body. The de-emphasis on weight matches the 

"F" function results for the earlier period comparisons of family-size 

groupings. 

Figure 15 shows the group separation patterns along the six 

sex/ethnic "F" axes. A gradient from first-borns to those born third 

or higher to their families is achieved in the Anglo males, while in 

Anglo females the "3+" group is isolated from those born first or 

second in their families. The "F" functions for Mexican-Americans 

separate first-borns and group "7+" at the extremes, but no hierarchi

cal pattern exists along this dimension between the two outermost 

groups. Among Black male and females the "F" functions offer a limited 

gradient from first-borns to the extreme opposite family size grouping 

(*f+ in males, 5+ in females). However these functions do more to 

really isolate first-borns from the other groups, so the gradient is 

actually from second-borns to the highest-born. 

A number of interesting "other" axes exist. In Anglo males 

for instance, the first function (see Table 128) isolates second-borns 

from the other two family-size groups. This function, which accounts 

for almost 7*$ of the total variation, places very"heavy emphasis on 

linear dimensions of the body, especially leg length. The first func

tion in Black females (see Table 133) accounts for over 57of the 

variability between groupings, separating second-borns and third-borns 



33A 

ANGLOS 

3+ 2 1 
— II - Males 

5+ 
I - Females 

MEXICAN-AMERICANS 

, .. , . 1 435 2 67+ 
I - Males !— 

,, „ - 16 5̂ 32 7+ 
II - Females 1 

BLACKS 

, k+ 3 2 1 I - Males* 

3—2 — xx _ Females 

Figure 15. "F" axes with centroids of family size groups for each 
sex/ethnic division, Period 11 anthropometrics. — 
Roman numeral identify "F" axes from functions labeled 
in Tables 128-133• See Figure Ik legend for explanation 
of numbers along each axis. Îndicates that group cen-
troid values along this axis have been scaled down to 
fit with other axes values. 
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at the extremes, with first-borns intermediate. This separation is 

accomplished with heavy weighting of body linearity and circumferential 

measurements. Again small sample sizes make such differentiation dif

ficult to interpret. 

The possible usefulness of stepwise analysis was indicated in 

the cases of Anglo and Black males and Mexican-American females. In 

the latter, use of three variables rediced the discriminatory power 

considerably below what it had been with the full set of variables 

(from 7̂  to 20$). Only in the two male groups did the level of dis

criminatory power remain reasonably high. The stepwise results for 

Anglo and Black males are presented in Tables 13̂ -137. In the Anglo 

males, the first function now provides the "F" axis separation seen in 

previous results. Variables like height, upper arm and calf circum

ference, and triceps skinfold thickness are weighted heavily in this 

"new" family group function as they were in the "F" function which 

used all variables. Sitting height remains the most important variable 

in the reduced variable "F" function for Black males, as it was in the 

all-variable "F" function. 

In Appendix V the reader will find the means and standard 

deviations for the most important variables indicated in all-variable 

discriminant analyses of family-size groupings. The statistics are 

given by sex-ethnic division for each of the two time periods from 

which the anthropometric data came. 



Table 131*. Stepwise discriminant analysis of Anglo males, comparison of family-size groupings, age 
11.7 years. 

Weighting Coefficients 
Variables I-F II 

Height 1.09 1.08 
Arm Length - .78 -1.45 
Biacromial Diameter - .57 - ,k2 
Chest Depth 1.1k 
Bimalleolar Diameter - .3̂  1.23 
Foot Breadth .97 - .59 
Upper Arm Circumference 3.̂ 7 -1.80 
Calf Circumference -2.88 - .50 
Triceps Skinfold Thickness -1.55 

O
O

 00 •
 

Group Centroids 
1 -1.13* .87* 
2 - .65 -1.78* 
3* l.k2* i .19 

Canonical % of Wilks Chi-Square Degrees of Probability of .2 

Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance a multi 
I-F 1A9 .773 57.7 .193 56.0 1« .000 .79 
II 1.09 .722 2̂.3 .**79 25.0 8 .002 



Table 135• Stepwise discriminant analysis of Black males, comparisons of family-size groupings, age 
11.7 years. 

Weighting Coefficients 
Variables I-F II III 

Sitting Height 1.37 .07 - M 
Bicristal Diameter -1.00 - .87 - .67 
Hand Breadth - .91 .98 1.05 
Bigonial Diameter - M .72 - .87 
Head Circumference 1.16 - .15 .57 

Group Centroids 
2.87* 1 2.87* M .27 

2 - .13 — .81* .19 
3 - .82* .81* .46* 

- .09 .18 - .k2* 

Canonical % of Wilks Chi-Square Degrees of Probability of „2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 03 multi 

I-F .898 .688 62.0 .328 36.3 15 .002 .63 
II .*K)7 .538 28.1 .622 15.b 8 .051 
III •1^3 .353 9.9 .875 4.3 3 .228 
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Table 136. Classification table for Anglo male family-size groupings, 
age 11.7 years. 

Actual Group No. of Predicted Group Membership 
Name Cases 12 3+ 

1 15 12 1 2 

2 9 17 1 

3+ 16 0 1 15 

Percent of known cases correctly classified: 85.(̂ 0 

Table 137. Classification table for Black male family-size groupings, 
age 11.7 years. 

Actual Group No. of Predicted Group Membership 
Name Cases I 2 3 

1 

2 

3 

3 

12 

7 

15 

2 

0 

0 

0 

1 

8 

0 

if 

0 

2 

6 

3 

0 

2 

1 

8 

Percent of known cases correctly classified: 6k.9)t> 
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Groupings by Maternal Age 

As in the family-size group comparisons, two subsets of analy

ses, one for the early age level and one for the later age level, were 

completed for groupings of children by mothers' age categories. In 

each subset the sex/ethnic divisions were considered individually. 

Somparisons of groupings by mothers' age category using the 

earlier period anthropometric data yielded two or less significant 

univariate F values for each sex/ethnic division. V/hen all variables 

were used to generate discriminant functions, levels of discrimination 

of 9096 or more were reached in all but the analyses of Mexican-American 

groupings where discriminatory power was in males and kjf& in the 

females. The results of these analyses for sex/ethnic division are 

found in Tables 138-1̂ 3. 

There is some evidence from prior research for children of 

older mothers (age usually assessed at birth of child) to have larger 

anthropometric measurements during the early childhood years (see re

view of literature in Chapter 2). From these findings we might expect 

to have at lease one of the discriminant functions derived in the 

analyses to manifest this relationship between maternal age and child

hood anthropometrics. As it turns out, an "M" function (see Tables 

138-1̂ 3) can be designated in each sex/ethnic division, although a 

reasonable gradient from the lowest maternal age group to the highest 

is achieved in Black females only. 

Looking now at the weighting coefficients in these "M" func

tions, we find that height or a component of height (i.e., sitting 



Table 133. Discriminant analysis of Anglo male maternal age groupings, age 7.1 years. 

Weighting Coefficients 
Variables I-M II III IV 

Weight -3.96 .03 -2.83 1.94 
Sitting Height -1.36 -1.43 -1.62 .39 
Height 1.30 2.67 4.09 -3-37 
Arm Length 1.35 -2.00 .29 - .45 
Biacromial Diameter 1.73 .34 - .84 -1.13 
Chest Breadth -2.38 .74 - .17 .02 
Chest Depth -1.77 1.94 .51 - .29 
Foot Length 1.59 1.69 . 50 .39 
Upper Facial Height 1.35 1.10 .34 .29 
Nose Length -3.66 - .78 - .16 .95 
Nose Breadth -1.39 .61 .15 .50 
Bicondylar Humerus Diameter - .18 1.75 1.22 - .85 
Hand Length .81 -1.10 - .65 - .14 
Bicondylar Femur Diameter 1.25 - .85 .78 - .79 
Head Length -1.32 1.16 -1.11 - .33 
Bizygomatic Diameter -1.56 .55 - .29 - .32 
Bigonial Diameter 1.27 .43 .17 .19 
Head Circumference 1.60 -1.66 1.59 .42 
Upper Arm Circumference - .50 .35 -1.07 - .49 
Chest Circumference 3.29 -3*59 I.38 .69 
Waist Circumference -1.93 - .06 -1.11 - .43 
Calf Circumference 2.51 -1.06 1.68 .94 

Group Centroids 
LE 19 yrs. .52 2.25* - .28 1.25* 
20-24 yrs. 2.36* - .19 - .67 - .85 
25-29 yrs. .72 - .88 1.97* .30 
30-34 yrs. -3.85* 1.17 .32 -1.30* 
35+ yrs. -2.01 -1.92* -1.06* .83 



Table 138—continued 

Canonical % of Wilks Chi-Square Degrees of Probability of X .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance multi 

I-M 5.13 .915 5̂ .0 .012 162.it 128 .020 .99 
II 2.15 .826 22.6 .072 96.2 93 .393 
III 1.25 .7̂ 6 13.2 .225 5̂  60 .680 
IV .97 .702 10.2 .508 2h .7 29 .692 

V>4 
rv> 
h 



Table 139. Discriminant analysis of Mexican-American male maternal age groupings, age 7.0 years. 

Weighting Coefficients 

Variables I II III-M IV 

Weight •5̂  - .52 -1.13 .57 
Height - .̂ 9 1.49 1.89 -2.04 
Cristal Height .06 .19 -1.40 .64 
Arm Length - .40 .73 - .69 .̂ 9 
Biacromial Diameter .13 .21 .71 - .38 
Chest Breadth - .36 - .66 .04 .85 
Foot Length - .27 - .93 - .39 - .05 
Upper Facial Height - .04 - .15 - .14 - .5̂  
Bimalleolar Diameter - .31 - .53 .29 - .09 
Foot Breadth .52 - .05 - .20 - .04 
Head Length 1.10 .58 - .24 - .01 
Head Breadth 1.23 .20 - .36 
Bizygomatic Diameter - .46 - .21 - .21 .79' 
Head Circumference -1.59 - .67 - .08 .08 
Upper Arm Circumference i.07 - .70 .19 - .04 
Waist Circumference .08 .52 .69 - .50 
Calf Circumference - .84 1.01 .67 .37 

Group Centroids 
LE 19 yrs. - .63 - .26 .50* - .42* 
20-24 yrs. .20 .57* - .19 - .19 
25-29 yrs. .59* - .33 .25 .15 
30-34 yrs. - .66* .32 .12 .64* 
33+ yrs. - .28 - .64* - .87* - .02 

Canonical % of V/ilks Chi-Square Degrees of Probability of .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance w multi 

I .247 .445 33.8 .514 146.1 12tt .130 .4a 
II .210 .417 28.8 .641 97.8 93 .352 
III-M .170 .381 23.3 .775 55.9 60 .626 
IV .103 .305 14.1 .907 21.5 29 .841 



Table l*t0. Discriminant analysis of Black male maternal age groupings, age 7.2 years. 

Weighting Coefficients 
Variables I II III-M 

Weight - .19 1.̂ 5 .82 
Sitting Height -2.09 .99 - .96 
Height 6.17 -1.93 -1.67 
Cristal Height 1.25 .26 - .81 
Arm Length -1.57 .69 .97 
Biacromial Diameter .19 1.57 - M 
Chest Breadth -1.77 .20 .16 
Chest Depth -1M .31 - .51 
Foot Length 1.56 .22 - .82 
Nose Length - .62 1.1k - .23 
Bicondylar Humerus Diameter 2.75 .k7 1.02 
Wrist Breadth - .87 1.17 - .83 
Hand Breadth - .kk -1.25 1.01 
Bicondylar Femur Diameter -3.08 - .23 .08 
Bimalleolar Diameter - .22 -1.03 .52 
Head Length -3.26 .31 - .86 
Head Breadth -1.30 -1.̂ 5 - .22 
Head Circumference 2.95 .63 .87 
Upper Arm Circumference - .61 - .5̂  -1.51* 
Chest Circumference 2.60 - .9̂  l.Mf 
Waist Circumference .37 - .68 - .99 
Calf Circumference 2.kh .65 .55 

Group Centroids 
LE 19 yrs. - .88 1.79* .̂ 9 
20-24 yrs. - .20 -1.01* .75' 
25-29 yrs. 3.16* .09 - .81 
30+ yrs. 3.65* - .if8 -1.65' 

V>! 



Table 140—Continued 

Canonical % of Wilks Chi-Square Degrees of Probability of X̂  .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance w multi 

I 4.6b .908 68.6 .041 114.7 96 .093 .96 
II 1.29 .751 18.9 .235 52.1 62 .811 
III-M .85 .679 12.5 .539 22.2 30 .846 

-p-



Table l4l. Discriminant analysis of Anglo female maternal age groupings, age 7.2 years. 

Variables I 

Weight -1.62 
Sitting Height .19 
Height 2.62 
Cristal Height - .44 
Arm Length - .75 
Biacromial Diameter .42 
Chest Breadth 2.04 
Chest Depth .95 
Foot Length -1.14 
Total Facial Height .72 
Upper Facial Height -1.28 
Hand Breadth 1.22 
Hand Length .03 
Foot Breadth .53 
Head Breadth . 1.01 
Bizygomatic Diameter -1.07 
Bigonial Diameter 1.68 
Head Circumference -2.21 
Upper Arm Circumference 1.28 
Chest Circumference -1.22 
Waist Circumference - .93 

Group Centroids 
LE 19 yrs. 2.24» 
20-24 yrs. -1.06 
25-29 yrs. .19 
30-34 yrs. 1.04 
35+ yrs. -1.98* 

Weighting Coefficients 
II III IV-M 

-1.84 I.52 .29 
- .20 1.81 1.09 
2.28 - .45 - .28 
2.31 1.60 .21 
- .38 .58 .98 
.58 .04 .89 
.63 - .54 -1.09 
.38 - .65 - .28 

- .64 1.02 - .16 
-1.16 - .47 - .09 
.14 - .72 .01 
.10 1.33 .76 
.90 .21 - .26 
.14 - .34 - .87 

- .63 - .68 - .05 
.11 - .68 .34 

- .18 - .23 .19 
1.91 1.74 - .05 
.03 -1.41 -1.36 

-2.09 .11 1.43 
1.31 .53 - .32 

-1.33 -2.18* - .57 
.39 .05 -1.04* 
1.38* - .43 .66 

- .52 1.26* .08 
-1.72* - .38 .90* 



Table l'fl—Continued 

Canonical % of Wilks Chi-Square Degrees of Probability of .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance multi 

I 1.62 .786 37.0 .056 151.2 128 .078 .96 
II 1.23 •7^3 28.2 .1^7 100.7 93 .277 
III .96 .700 22.0 .328 58.6 60 .527 
IV-M .56 •598 12.8 .642 23.2 29 .765 

vj4 
ro 
on 



Table 1^2. Discriminant analysis of Mexican-American female maternal age groupings, age 6.9 years. 

Weighting Coefficients 
Variables I II III IV-M 

Weight - .15 1.07 2.13 .57 
Height 1.33 .99 .52 - .69 
Cristal Height - .73 .10 - .12 - .18 
Chest Breadth - .33 .81 .12 - .6k 
Foot Length - .79 - .97 .06 - .26 
Upper Facial Height .38 .61 - .02 - .26 
Bicondylar Humerus Diameter - .63 .k6 .03 .51 
Wrist Breadth .19 .18 - .6k .22 
Bimalleolar Diameter .6if - .31 - .26 .06 
Head Length - .71 - .06 - .28 .23 
Head Breadth - .6«f - .l̂ t .13 .06 
Bizygomatic Diameter - .0̂  .07 - .01 .6k 
Bigonial Diameter .15 - .06 - .ko - .62 
Head Circumference 1.12 - .02 .01 - .38 
Upper Arm Circumference .27 - .50 - .71 .3k 
Chest Circumference .57 -1.81 - .31 - .51 
Waist Circumference - .2k 1.22 - .72 .6k 

Group Centroids 
LE 19 yrs. .37 - .18 - ,i»6* .55* 
20-2̂  yrs. - .11 .3̂  .38* .16 
25-29 yrs. - .25 .35* - .k2 - .29* 
30-3'f yrs. - .86* - .72* .09 - .05 
35+ yrs. .82* - .29 .16 - .29* 

Canonical of V/ilks Chi-Square Degrees of Probability of X 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 03 multi 

I .275 .̂ 64 k2.6 .55̂  121.5 128 .6k9 •̂ 3 
II .160 .371 2k.8 .706 71.6 93 .9k9 
III .122 .329 18.9 .819 kl.l 60 .970 
IV-M .089 .286 13.8 .918 17.5 29 .95̂  



Table 1^3 • Discriminant analysis of Black female maternal age groupings, age 7-3 years. 

Weighting Coefficients 
Variables I II-M III 

Weight - .83 - .10 1.69 
Sitting Height 1.22 - .07 .25 
Height ,2k 2.7̂  1.̂ 9 
Cristal Height - .52 - .45 -1.17 
Arm Length .51 .12 1.09 
Bicristal Diameter .05 - .82 - .28 
Chest Breadth -1.09 .19 - .59 
Total Facial Height .87 .95 - .15 
Upper Facial Height .32 -1.98 - .05 
Bicondylar Humerus Diameter - .98 1.06 .55 
Wrist Breadth -l.6o - .46 .22 
Hand Breadth .76 - .57 - .82 
Bicondylar Femur Diameter - .13 - .71 
Bimalleolar Diameter - M - .38 - .90 
Head Length .39 - .35 .l,k2 
Bizygomatic Diameter - .13 1.̂ 2 - .01 
Bigonial Diameter .35 -1.0k - .01 
Head Circumference -1.72 .21 -1.55 
Upper Arm Circumference .53 - .30 -2.09 
Chest Circumference -1.05 - .05 .19 
Waist Circumference 1.39 - .79 - A? 
Calf Circumference M .28 2.60 

Group Centroids 
1.88* .86 LE 19 yrs. 1.92* 1.88* .86 

20-2*f yrs. -1.57* .80 - .39 
25-29 yrs. 1.00 - .69 - .91' 
30+ yrs. - .1+1 -1.09* 1.16' 



Table 1^3—Continued 

Canonical % of Wilks Chi-Square Degrees of Probability of X2 .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance  ̂multi 

i 1.70 .794 46.1 .094 99.2 96 • 395 .90 
ii-m 1.19 .737 32.3 .25̂  57.5 62 .643 
iii .80 .666 21.6 .557 24.6 30 .7̂ 5 
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height in Anglo females) are the only variables weighted heavily in 

each sex/ethnic division. Crosscutting all male "M" functions is an 

emphasis on bulk of the trunk region (i.e., chest and waist measure

ments) and length of the arms. V/eight is of primary importance in all 

but the Black males (in general weight is not important or of secondary 

importance in both "M" functions for Blacks, see below). In female 

"M" functions weight is always at a secondary level or not important 

at all (as in Blacks and Anglos). 

Considerable overlap in variable emphasis exists as well be

tween the sexes within each ethnic group. Dimensions of the chest are 

stressed in Anglo male and female "M" functions. The emphasis on the 

chest also shows in Mexican-Americans of both sexes. As mentioned pre

viously both "M" functions for Blacks de-emphasize v/eight. Another 

common element in Blacks is some stress on diameters of the joints. 

Figure 16 reveals the patterns of group separation along the 

"M" axes. In Anglos of either sex we have no gradient from low to high 

maternal age categories. However, the "M" axis in Anglo males in 

general separates children whose mothers were 29 years or younger at 

childrens* births from those whose mothers were 30 years or older. 

The second function in Anglo males could also be interpreted as an 

"M" axis in that it separates at the extremes maternal age groups 

"LE 19 years" and 35+ years." But the closeness of the "30-3̂  years" 

group to the group of mothers in the "LE 19 years" group diminishes 

this second function's appropriateness as an "M" axis. In females the 

designated "M" axis forms two groups: (1) children whose mothers were 
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ANGLOS 

A 5 13 2 
1 

2 1 k 35 

-'I - Males 

IV - Females 

MEXICAN-AMERICANS 

5 2 31 
III - Males 

IV - Females 53̂ 21 

BLACKS 

k 3 12 III - Males 

-̂ -5 , f= 1 II - Females 

Figure 16. "M" axes with centroids of maternal-age groups for each 
sex/ethnic division, Period 1,2 anthropometrics. — 
Roman numerals identify "M" axes from functions labeled 
in Tables 138-1̂ 3• The numbers along each axis refer 
to maternal age groupings as follows (mother's age at 
time of child's birth): • 
1 = Age equal to or less than 19 years. 
2 = Age between 20-24 years. 
3 = Age between 25-29 years. 
4 = Age between 30-3̂  years or age 30 years or more. 
5 = Age 35 years or more. 
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less than 2b years old at childrens' births; and (2) children whose 

mothers were greater than 25 years of age at the birth of these chil

dren. As in the males another function (the 1st) acts somewhat to 

separate out age groups along a mother's age gradient. Of interest is 

the fact that this first Anglo female function (accounting for 37% of 

the total variability and almost significant at .05 probability level) 

is very similar in group separation pattern to the second male func

tion already mentioned above as another possible "M" function. Both 

these functions stress body linearity, chest bulk and head circumfer

ence. 

The Mexican-American "M" functions of both sexes act merely to 

separate the higfr and low maternal age categories at the extremes (very 

poorly in females). Placement of groups between the extremes is not in 

any sort of gradient from low to high. The Black male and female "M" 

functions are very similar to each other in that two groups separated 

are out: (1) children whose mothers were 25 years or older at their 

births (childrens1); and (2) children whose mothers were 2b years or 

• less at childrens' births. 

In terms of group separation patterns, one other interesting 

non-"M" function emerges in all sex/ethnic divisions except Anglo 

males. This type of function tends to separate out two groupings: 

(1) children whose mothers were in the age range 20-29 at the time of 

the childrens' births; and (2) children whose mothers were age 19 

years or under, or over age 30 years at the time of childrens' births. 

It is found as the first function in male Mexican-Americans and Blacks, 
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although not as well-developed in the latter group. In female Anglos 

and Mexican-Americans this function is found as the second one derived. 

For Black females it is seen as the third function. In all five func

tions circumferential measurements weight heavily (in all but Mexican-

American females, head circumference is one of the most important). 

The possible relationship of this sort of group separation to both at-

birth factors and socioeconomic circumstances is explored in the next 

chapter. 

Stepwise analysis was attempted in three of the sex/ethnic 

divisions, namely male Mexican-Americans and Black males and females. 

Discriminatory power with these reduced sets of variables dropped con

siderably (to 38# or less). Moreover classification on the basis of 

reduced variables discriminant functions gave percentages of correct 

classifications of or less in each of the three cases. 

Additional comparisons of maternal-age groupings at the later 

age level again produced only very small numbers of significant uni

variate F's (two or less in any sex/ethnic division in which groups 

were compared). Discriminatory power of 5% or greater was reached in 

all sex/ethnic groups when functions were derived on the basis of the 

full set of variables. In Anglos and Blacks of both sexes levels of 

discrimination were 96̂  or above, as can be seen in the summary tables 

(Tables lMf-1̂ 9)• So-called "M" functions have again been designated 

and are labeled in the tables. 

A review of the weighting coefficients in the "M" functions 

reveals that linearity of the lower body (i.e., crista! height) 



Table 144. Discriminant analysis of Anglo male maternal age groupings, age 11.6 years. 

Variables 
Weighting Coefficients 

II III IV-M 

Weight 
Sitting Height 
Height 
Cristal Height 
Tibial Length 
Arm Length 
Bicristal Diameter 
Chest Depth 
Foot Length 
Total Facial Height 
Upper Facial Height 
Nose Length 
Wrist Breadth 
Hand Breadth 
Hand Length 
Bicondylar Femur Diameter 
Bimalleolar Diameter 
Head Length 
Head Circumference 
Upper Arm Circumference 
Chest Circumference 
Waist Circumference 
Calf Circumference 
Triceps Skinfold Thickness 

Group Centroids 
LE 19 yrs. 
20-24 yrs. 
25-29 yrs. 
30-34 yrs. 
35+ yrs. 

-62.44 
- 7.37 

8.26 
- .10 
-10.69 
- 5.74 
10.18 
4.07 
1.56 
13.74 
-17.36 
- .68 
13.97 
13.58 
.53 

- 9.12 
-11.03 
3.55 
1.05 

-12.08 
10.88 
3.80 
39.96 
6.15 

- .82 
12.59* 
- 1.79 
-16.21* 

.51 

32.69 
10.05 
-15.23 
6o.4o 
-32.95 
- .68 
- I.67 
1.08 

-14.67 
- 2.92 
- 2.23 
- .29 
- 3.17 
- 9.̂ 8 
19.7̂  
-11.19 

.86 
17.63 
-19.71 
- 7.59 
27.44 
-34.44 
-14.67 
5.97 

6.47* 
4.31 

- 8.75* 
5.97 

- 3.46 

4.65 
1.00 

-14.30 
1.57 
2.22 
4.50 
6.39 
3.22 
.15 

- 2.02 
5.35 

- 2.30 
- 2.17 

.64 
- 3.88 
- 1.74 
- .75 
- 4.05 
2.03 

- .80 
- .06 
- 8.23 
- 2.97 
3.03 

- 1.72 
1.74 
2.25* 
1.56 
-3.49* 

7.31 
-3.37 
8.31 

-12.45 
4.10 
1.58 
1.54 
1.98 
1.99 
.46 
2.96 

-3.16 
2.97 
-4.53 
-2.01 
.44 
.83 

-1.82 
1.15 
-4.28 
.04 

-5.23 
1.89 

-1.08 

3.44* 
- .96 
I.07 
-1.54* 
-1.24 



Table 144—Continued 

Camonical % of Wilks 
Function Eigenvalue Correlation Trace Lambda 

I 86.82 .994 63.0 .000 
II 41.17 .988 29.9 .001 
III 6.48 .931 4.7 .030 
IV-M 3.40 .879 2.5 .227 

2 Chi-Square Degrees of Probability of X 2̂ 
Statistic Freedom due to chance 40 multi 
240.1 13& .000 .99 
148.3 99 .001 
71.6 6** .242 
30.4 31 .497 



Table 1^5• Discriminant analysis of Mexican-American male maternal age groupings, age 11.7 years 

Weighting Coefficients 
Variables I-M II III IV 

Weight -1.30 -1.26 3.05 - .k3 
Sitting Height .89 -1.23 - .14 - A3 
Height .66 3.25 1.21 1.6k 
Cristal Height 1.34 -1.01 1.20 .k? 
Tibial Length - .46 - .04 -1.02 -2.01 
Arm Length .10 - .57 .27 .73 
Chest Breadth 1.39 1.16 - .15 - M 
Foot Length -1.24 - .70 .41 - .38 
Total Facial Height 1.02 - .00 - .22 - ,1k 
Upper Facial Height -1.31 .60 .10 - .09 
Hand Length .15 .99 - .39 - .07 
Bicondylar Femur Diameter - .16 - .34 .08 -1.20 
Head Circumference -1.15 - .48 .83 .39 
Upper Arm Circumference - .35 - .47 -1.40 .31 
Chest Circumference -1.28 -2.57 •34 1.12 
Waist Circumference - .86 1.82 -1.84 .56 
Calf Circumference 1.58 1.33 .10 1.13 
Triceps Skinfold Thickness .34 - .11 .64 -1.04 

Group Centroids 
LE 19 yrs. .92* - .24 .56 .k3 
20-24 yrs. .21 .84* - .32 .Ok 
25-29 yrs. .13 - .62* - .33* - .23 
30-34 yrs. - .46 .28 .72* - .60* 
33* yrs. -1.18* - .17 .02 .52* 

Canonical % of Wilks Chi-Square 
d 

Degrees of Probability of X A2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 01 multi 

I-M .387 .528 37.3 .403 131.4 136 .599 .59 
II .330 .498 31.8 .559 84.1 99 .856 
III .183 .393 17.6 .743 42.9 64 .977 
iv .138 .348 13.3 .879 18.7 31 .960 



Table 146. Discriminant analysis of Black male maternal age groupings, age 11.7 years. 

Variables I-M 
Weighting Coefficients 

II III 

Weight 
Sitting Height 
Height 
Cristal Height 
Tibial Length 
Arm Length 
Chest Breadth 
Foot Length 
Upper Facial Height 
Nose Length 
Wrist Breadth 
Hand Breadth 
Hand Length 
Bicondylar Femur Diameter 
Bimalleolar Diameter 
Foot Breadth 
Head Breadth 
Bizygomatic Diameter 
Bigonial Diameter 
Head Circumference 
Upper Arm Circumference 
Chest Circumference 
Waist Circumference 
Calf Circumference 
Triceps Skinfold Thickness 

Group Centroids 
LE 19 yrs. 
20-24 yrs. 
25-29 yrs. 
304- yrs. 

10.26 
30.1*3 
-11.21 
-72.91 
59.23 
43.45 
-3k.9k 
-27.45 
- 3.10 
- 3.07 
14.27 
-17.32 
17.14 
15.60 
- 7.32 
9.37 

-13.02 
4.00 
4.65 

.81 
-11.**8 
18.25 
2.69 

- 9.13 
1.67 

20.04* 
- 5.36 
- 5.16 
-13.48* 

22.65 
1.07 

- 2.10 
- 2.06 
4.24 
3.78 
.33 

- 3.5̂  
-4.65 
1.84 

- 7.73 
- 4.26 
1.10 
.76 
.66 

6.04 
- 4.26 
7.12 

- .34 
- 4.35 
- 8.37 
3.32 

- 9.75 
- 3.19 
1.63 

.95 
- 2.13* 
- .68 

6.65* 

1.87 
-2.00 
7.84 
-7.90 
1.45 
1.46 
-1.95 
-1.55 
1.74 
-2.00 
1.98 
- .48 
1.03 
2.41 
-3.05 
3.01 
-1.43 
1.97 
2.99 
-2.00 
-3.96 
- .95 
1.86 

-2.90 
3.80 

- .18 
-1.83* 
2.71* 

-I.09 



Table l't6—Continued 

Canonical % of Wilks Chi-Square Degrees of Probability of X̂  .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance w multi 

I-M 151.73 .997 93.0 .000 162.2 99 .000 .99 
II 7.55 .9̂ 0 k.6 .02̂  69.2 6k .311 
III 3.92 .893 2.k .203 29.5 31 .5̂ 5 

00 



Table 147. Discriminant analysis of Anglo female maternal age groupings, age 11.8 years 

Variables I-M 
Weighting Coefficients 

II III 

Weight 
Sitting Height 
Height 
Cristal Height 
Tibial Length 
Arm Length 
Bicristal Diameter 
Chest Breadth 
Foot Length 
Bicondylar Humerus Diameter 
Hand Length 
Bicondylar Femur Diameter 
Bimalleolar Diameter 
Head Breadth 
Bizygomatic Diameter 
Head Circumference 
Upper Arm Circumference 
Chest Circumference 
Waist Circumference 
Calf Circumference 
Triceps Skinfold Thickness 

Group Centroids 
LE 24 yrs. 
25-29 yrs. 
30-34 yrs. 
35+ yrs. 

7.53 
- 3.28 

8.82 
-11.82 

2.60 
3.72 

- 1.79 
- .45 

.82 
- 1.12 
- 3.46 
- .17 
2.46 
.5̂  

- 1.24 
- 2.09 
- .89 

.9k 
- 2.19 
- .k9 
1.3k 

- 1.7̂ * 
- 1.35 

.52 
3.83* 

3.88 
-1.90 
.93 

-3.21 
3.51 
- .71 
- .85 
1.96 
-4.00 
.18 
1.38 
-1.79 
2.05 
1.98 
-3.52 
- .39 
.21 

-1.78 
- .66 
-1.35 

.22 

-1.89* 
.71 
1.08* 
-1.03 

Function 
I-M 
II 
III 

Eigenvalue 
3tbb 
1.60 
l.kk 

Canonical 
Correlation 

1592 
.785 
.769 

% of 
Trace 
56.0 
23.1 
20.8 

Wilks 
Lambda 
.032 
.157 
.409 

Chi-Square 
Statistic 
109.9 
59.2 
28.6 

Degrees of 
Freedom 
102 

66 
32 

.94 
2.68 
-4.33 
1.55 
.57 

1.26 
.44 
.18 

-1.19 
-1.35 
-1.73 
1.29 
1.04 
.90 

- .18 
- .41 
1.44 
.84 

- .28 
-2.51 
-1.29 

- .70 
1.43* 
-1.26* 

.87 

Probability of Xc 

due to chance 
t28l 
.714 
.640 

.2 
01 multi 
.99 



Table 148. Discriminant analysis of Mexican-American female maternal age groupings, age 11.8 years. 

Weighting Coefficients 
Variables II III-M IV 

V/eight 
Sitting Height 
Height 
Cristal Height 
Tibial Length 
Bicristal Diameter 
Chest Breadth 
Foot Length 
Upper Facial Height 
Nose Length 
Bicondylar Femur Diameter 
Head Length 
Bigonial Diameter 
Head Circumference 
Upper Arm Circumference 
Chest Circumference 
Waist Circumference 
Calf Circumference 

Group Centroids 
LE 19 yrs. 
20-24 yrs. 
25-29 yrs. 
30-31* yrs. 
35+ yrs. 

1.49 
-2.22 
2.81 

-1.26 
- .95 
- .05 

.26 
.9̂  
.28 

- .34 
.28 
.87 
.26 

- .88 
.67 
.33 

-2.33 
- .29 

.27 
- -73* 
- .09 
.57 
.78* 

1.97 
- .42 
.62 

- .27 
.38 

-l.o8 
.38 
.06 

- .00 
- .44 
- .52 
- .00 
.29 
.01 

- .02 
.64 

- .81 
- .98 

l.o8* 
- .02 
- .32 
- .54* 
.72 

-2.22 
- .33 
3.13 
- .90 
- .05 
.72 
.01 

- .29 
.18 

- .63 
•30 

- .64 
.76 
.85 
.78 

-1.39 
1.54 
.35 

- .64* 
.24 

- .32 
- .54 
.72* 

- .85 
.61 

- .25 
- .06 
- .27 
.35 
.83 

- .57 
- .65 

.80 
I.03 
.94 

- .11 
-1.01 
- .55 
-l.io 
.17 
.30 

- .24 
- .21 

.65* 
- .53* 

.07 

Canonical % of Wilks Chi-Square Degrees of Probability of *2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance multi 

I .357 .513 35.6 .412 13b. 2 13b .482 .5» 
II .248 .446 24.8 .559 89.4 99 .747 
III-M .239 .439 23.8 .697 55.3 64 .773 
IV .158 .369 15.8 .864 22.5 31 .867 



Table 1^9- Discriminant analysis of Black female maternal age groupings, age 11.7 years. 

Weighting Coefficients 
Variables I II-M III 

Weight -2.05 -1.69 -2.13 
Sitting Height -2.71 -1.88 -3.90 
Height 8.15 6.73 9.83 
Cristal Height -1.15 -3.97 1.05 
Tibial Length -1.67 1.3̂  -3.36 
Arm Length -1.92 - .77 -1.80 
Chest Depth - .65 -1.03 1.89 
Upper Facial Height -2.26 - .67 .̂ 9 
Wrist Breadth -1.92 1.0*f - ,2k 
Bicondylar Femur Diameter 2.80 1.22 .2k 
Foot Breadth - .30 - .19 -1.82 
Head Breadth .99 - .35 -2.06 
Upper Arm Circumference .72 3*13 .03 
Waist Circumference -3.16 - .̂ 1 2.11 
Calf Circumference - .83 - .30 2.3̂  

Group Centroids 
LE 19 yrs. ,2k -5.19* .23 
20-2*t yrs. .69 .79* 1.67* 
25-29 yrs. 2.52* .56 -1.33* 
30+ yrs. -2.95* .̂ 6 - .59 

2 
Canonical % of Wilks Chi-Square Degrees of Probability of X „2 

Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance  ̂multi 
I 5.02 .913 *+9.9 .01k 123.0 102 .075 .97 
II-M 3.̂ 3 .880 3̂ .1 .087 70.9 66 .321 
III 1.61 .785 16.0 .38̂  27.8 32 .681 

£ 
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receives a special emphasis across all sex/ethnic divisions (somewhat 

less in female Mexican-Americans). The male "M" functions invariably 

have cristal height as the first or second most important variable. 

Weight also receives primary importance in males, somewhat less so in 

Blacks (also the case with female Blacks compared to the other two 

ethnic groups, which is a similar result to that found in the earlier 

period). The "M" functions in females all place considerable emphasis 

on overall body height and secondarily on cristal height. 

In both Anglo males and females, cristal height, height and 

weight are of primary importance in the "M" functions. Tibial length 

and waist circumference also receive stress of a more secondary nature. 

Weight and chest dimensions are of primary emphasis in Mexican-American 

males and females v/hile in both sexes head circumference is weighted 

somev/hat less heavily. Weight, as mentioned above, is de-emphasized 

(but not as much as in the earlier period) in Blacks. Cristal height 

is of primary importance, with sitting height and tibial length (as in 

Anglos) also receiving heavy weighting. 

The patterns of group separation along the "M" axes are re

vealed in Figure 1?. Reasonable gradients from low age categories 

high are achieved in Mexican-American males and Anglo females and al

most so in male Anglos and Blacks. The "M" axes in the latter two 

groups function mainly to isolate children whose mothers were 19 years 

or less at the childrens' births from children of the other maternal 

age groups. This isolation of the MLE 19 years" group is also quite 

accentuated along the Black female "M" axis. In Anglo females the 
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ANGLOS 

^52 3 1 • 
1 IV - Males 

12 3 , „ n 1 I - Females 

MEXICAN-AMERICANS 

• 5 ^ 32 1 I - Males 

III - Females ^ • 2 5 

BLACKS 

k 23 1 
I - Males* 

-r^ II - Females 

Figure 17 • "M" axes with centroids of maternal-age groups for each 
sex/ethnic division, Period 11 anthropometrics. — 
Roman numerals identify "M" axes from functions labeled 
in Tables lVf-1^9. See Figure 16 legend for explanation 
of numbers along each axis. ^Indicates that group cen-
troid values along this axis have been scaled down to 
fit with values of other axes. 
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"M" axis isolates the "30+ years" group from the other maternal age 

groupings. The Mexican-American "M" functions separate the "LE 19 

years" and "35+ years" groups at the extremes, but only in the males 

is there a gradient from low to high age categories. The female "M" 

function is a marginal one at best. 

As in the results for the earlier age period, some interesting 

non-"M" functions are revealed. The function which tends to separate 

children from mothers who gave birth to the children during age in

ternal 20-29 years, from children whose mothers* ages were 19 years 

or under, or 30+- at childrens' births, now shows up in all six sex/ 

ethnic divisions (see Fig. 18, in which the numbers of these functions 

for each sex/ethnic division are given). These functions are mainly 

body size functions, but another important set of measurements are 

those of the head (circumference, length, or breadth), which are highly 

weighted (even if only secondarily in some) in all sex/ethnic func

tions. This group separation phenomenon is evaluated in the next 

chapter. 

The possible utility of stepwise analysis was indicated only 

for Black female maternal-age group comparisons. The results for this 

stepwise analysis are presented in Tables 150-151. The results with 

the reduced set of variables differs somewhat from that using the full 

set, but this is the sort of result which can take place when such 

small subsets of variables are used. In any case, discriminatory 

power is reduced in the stepwise results from that attained when all 

variables are used. Statistics (means and standard deviations) are 
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ANGLOS 

5 1 *»2 3 

1 ^ . 23 

•III - Males 

II - Females 

MEXICAN-AMERICANS 

32 p Ik III - Males 

2 3 lif5 
I - Females ? 

BLACKS 

• 2 3 i II - Males 

1 ?  ̂
-l I - Females 

Figure 18. Non-"M" axes with centroids of maternal-age groups for 
each sex/ethnic division, Period 11 anthropometrics. — 
Roman numerals identify axes generated from functions 
labeled in Tables lUk-lU9, See Figure 16 for explana
tion of numbers along axes. 



Table 150. Stepwise discriminant analysis of Black females, comparison of maternal age groupings, 
age 11.7 years. 

Weighting Coefficients 
Variables I-M II III 

Biacromial Diameter .0*f - .97 - .ifO 
Nose Breadth .58 .50 - .08 
Bicondylar Humerus Diameter -1.20 .91 .71 
Wrist Breadth .78 - .07 - .07 
Head Length .63 - M .86 
Head Breadth - .75 - .19 .56 
Upper Arm Circumference 1.06 .^7 - ,6k 

Group Centroids 
1.28* - .65* LE 19 yrs. -1.93* 1.28* - .65* 

20-2^ yrs. - .08 .27 .71* 
25-29 yrs. - .69 -1.01* - .17 
30+ yrs. 1.32* .18 - .35 

Canonical % of V/ilks Chi-Square Degrees of Probability of .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance w multi 

I-M 1.15 .732 59.3 .2̂ 0 60.7 21 .000 .74 
II .52 .586 26.8 .517 28.1 12 .005 
III .2? A62 13.9 .787 10.2 5 .070 

-p-
ar\ 
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Table 151• Classification table for Black female maternal age 
groupings, age 11.7 years. 

Actual Group 
Name 

No. of 
Cases LE 19 20-24 25-29 30+ 

LE 19 years 5 5 0 0 0 

20-24 years 15 1 8 2 k 

25-29 years 13 1 1 11 0 

30+ years 15 0 2 1 12 

Percent of known cases correctly classified: 75.056 
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given in Appendix V for the more important variables pointed out by 

discriminant analyses with full variable sets. 

Groupings by Paternal Age 

Paternal age is the third and final family characteristic with 

which we will deal in this last section of the results. Tv/o subsets 

of analyses are again reported, one covering paternal age group com

parisons at the early age level and the second dealing with as many 

of the same children reevaluated anthropometrically at the later age 

level (Period 11). Results for the sex/ethnic divisions are reported 

individually. 

Paternal age group comparisons at the early age level produced 

no significant univariate F valiaes in each of the sex/ethnic divisions. 

Discriminant functions based on all variables generated discriminatory 

power values of 51$ or higher in all six divisions (96$ or above in 

Anglos and Blacks). Discriminant analyses results are given in Tables 

152-157. 

Previous studies of the relationship between fathers' age and 

physical growth of children do not agree in suggesting any definite 

trend. Both positive and negative associations have been reported in 

the literature (see Chapter 2). If any effect is seen in the results 

of the discriminant analyses reported here, one should be able to pick 

out at least one function in each analysis which reflects to some de

gree a relationship between paternal age and biometry during childhood. 

Such a "P" function can be specified for each sex/ethnic division. 

Appropriate labeling is seen in Tables 152-157. 



Table 152. Discriminant analysis of Anglo male paternal age groupings, age 7.0 years. 

V/eighting Coefficients 
Variables I-P II III IV V 

Weight .30 - .60 1.38 - .86 -1.44 
Sitting Height - .41 1.90 - .45 1.12 .08 
Height 2.82 .63 -2.13 -5.94 - .85 
Cristal Height - .44 .17 - .50 1.91 1.37 
Arm Length .70 .54 - .03 .85 .62 
Bicristal Diameter - .64 - .71 -1.45 - .50 .73 
Chest Breadth .80 .17 - .08 -1.61 - .59 
Chest Depth - .13 -1.42 - .70 - .40 - .06 
Total Facial Height .57 - .00 -1.08 .68 .78 
Upper Facial Height .99 - .95 .12 .44 -1.02 
Nose Length -1.69 1.14 - .14 -2.03 - .74 
Hand Breadth .84 - .09 .30 .04 .04 
Hand Length - .44 .63 .69 .76 .99 
Bicondylar Femur Diameter - .85 - .44 .08 .47 - .66 
Foot Breadth - .84 - .54 - .31 1.08 .79 
Head Length .18 .73 - .19 .68 -1.10 
Head Breadth - .00 .58 .80 .42 -1.02 
Head Circumference - .41 - .83 - .27 - .30 1.23 
Chest Circumference - .43 2.36 - .90 1.59 1.36 
Waist Circumference - .81 - .63 1.36 - .45 - .90 
Calf Circumference - .15 1.59 - .74 - .82 1.05 

Group Centroids 
LE 19 yrs. 3.08* -1.96* - .22 -2.69* .33 
20-24 yrs. 1.12 - .48 .47 .76* - .25 
25-29 yrs. - .40 2.08 - .86 - .76 -1.61* 
30-34 yrs. -1.71* -1.4l - .89 .03 .10 
35-39 yrs. .95 2.21* -1.58 .33 1.07* 
40+ yrs. -1.19 .97 1.71 - .49 .41 



Table 152—Continued 

Canonical % of Wilks 
Function Eigenvalue Correlation Trace Lambda 

•I-P 2.21 .830 32.8 .017 
II 2.04 .819 30.2 .056 
III 1.25 .746 18.6 .171 
IV .77 .661 11.5 .386 
V .46 .562 6.8 .684 

2 Chi-Square Degrees of Probability of X A2 
Statistic Freedom due to chance multi 

149.6 T5o .713 7W~ 
106.4 124 .870 
65.3 90 .975 
35.3 58 .992 
14.0 28 .987 



Table 153• Discriminant analysis of Mexican-American male paternal age groupings, age 6.9 years. 

Weighting Coefficients 
Variables I II III IV V-P 

Weight -1.82 - .28 1.41 • 52 -1.30 
Sitting Height .51 .**7 .82 .36 .55 
Height - .71 .68 - .62 -1.20 -2.89 
Cristal Height -1.57 1.22 - .01 .50 1.17 
Arm Length - .35 - .82 - .14 .09 .24 
Chest Breadth - .17 - .15 .22 .93 .32 
Foot Length .34 - .60 .78 - .14 .60 
Bicondylar Femur Diameter .11 - .80 - .20 .27 .13 
Bizygomatic Diameter .22 .08 - .02 I.03 - .04 
Head Circumference - .44 - .20 .53 - .30 .84 
Upper Arm Circumference 1.22 - .01 - .17 .37 .15 
Chest Circumference - .30 - .71 - .74 - .97 .66 
Waist Circumference .14 1.36 - .13 .23 - .20 
Calf Circumference .69 - .25 - .32 - .72 - .00 

Group Centroids 
- .28* LE 19 yrs. 1.74* - .40 .82* - .01 - .28* 

20-24 yrs. - .56* .32 .19 - .04 - .26 
25-29 yrs. .10 - .08 - .17 - .40* .10 
30-3'+ yrs. .42 .5̂ * - .42* .39* .01 
35-39 yrs. - .31 -1.17* - .20 .34 - .05 
40* yrs. - .31 .17 .63 .26 .41* 

Canonical % of Wilks Chi-Square Degrees of Probability of «2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance w multi 

I .290 .474 35.0 *73 160.4 160 .480 .51 
II .259 .454 31.3 610 105.9 124 .877 
III .134 .344 16.2 768 56.6 90 .997 
IV .102 .304 12.3 871 29.6 58 .999 
V-P .043 .202 5.2 959 8.9 28 1.000 



Table 154. Discriminant analysis of Black male paternal age groupings, age 7.2 yrs. 

Weighting Coefficients 
Variables I II III IV-P V 

V/eight 3.81 -1.44 -2.77 4.58 - .04 
Sitting Height 4.75 -1.55 -1.42 .35 .57 
Height -9.17 8.56 3.04 -3.55 1.18 
Cristal Height 5.98 - .09 .35 .47 .35 
Chest Breadth 1.57 .80 -1.09 - .91 1.33 
Foot Length 3.84 2.38 .03 - .21 1.06 
Nose Breadth -1.63 - .92 .78 - .97 .23 
Bicondylar Humerus Diameter -2.22 .50 .62 .99 .52 
Wrist Breadth 1.47 - .02 -1.60 - .76 - .84 
Hand Breadth -1.77 -1.16 .33 1.01 .99 
Hand Length 1.88 - .09 - .31 -1.01 -1.30 
Bimalleolar Diameter -3.31 - .90 - .04 - .75 - .12 
Foot Breadth .30 1.59 - .09 - .19 - .27 
Head Length 1-57 2.17 -2.08 -1.35 .15 
Head Circumference -1.51 -3.14 2.69 1.97 .95 
Upper Arm Circumference .70 2.48 1.09 -1.44 .44 
Chest Circumference -1.41 -1.99 1.23 1.17 -1.02 
Calf Circumference -1.79 .50 1.12 - .36 - .64 

Group Centroids 
LE 19 yrs. 5.18* -1.01 -1.18 1.72* .07 
20-24 yrs. -2.96* .28 -1.47* .47 .55 
25-29 yrs. .33 2.06' .73 .01 - .84 
30-34 yrs. - .93 -1.39 2.93* .63 .93 
35-39 yrs. -1.03 -3.08* - .35 -1.03 -1.60' 
40+ yrs. 2.58 .30 - .41 -2.45* 1.22' 

vh vjl 
ro 



Table 15*+—Continued 

Canonical % of Wilks Chi-Square Degrees of Probability of X *2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance multi 

I 7.14 .937 48.2 .002 205.5 160 .008 .99 
II 2.99 .866 20.2 .016 136.3 124 •213 
III 2.29 .834 15.5 .064 90.7 90 .464 
IV-P 1.43 .767 9.6 .210 51.4 58 .716 
V .96 .699 6.5 .511 22.2 28 .774 

vjj 
ml 
VjJ 



Table 155• Discriminant analysis of Anglo female paternal age groupings, age 7.2 years 

Variables ii 
Weighting Coefficients 

iii IV V-P 

Weight 2.19 
Sitting Height 1.47 
Height -5-07 
Cristal Height .13 
Biacromial Diameter .17 
Bicristal Diameter .77 
Chest Breadth -1.44 
Chest Depth -1.31 
Foot Length ' .53 
Upper Facial Height -1.13 
Nose Length .13 
Bicondylar Humerus Diameter - .40 
Hand Breadth - .31 
Bimalleolar Diameter .83 
Foot Breadth -1.44 
Head Breadth - .35 
Upper Arm Circumference -1.51 
Chest Circumference 2.57 
Waist Circumference - .77 
Calf Circumference .13 

.99 
1.42 
- .97 
1.98 
1.67 
- .34 
-2.32 
- .18 
- .83 
- .83 
.01 

- .50 
1.54 

- .65 
-1.11 
.43 

-1.09 
1.78 

-1.03 
.84 

-I.03 
1.39 

-3.86 
- .76 
.70 

-1.06 
.33 
.01 

-1.58 
.56 

- .23 
-1.11 
- .45 

.03 

.66 
1.02 
1.60 

.27 

.05 
-1.08 

.95 

.39 
-3.87 
.97 
.47 

1.06 
.54 
.96 

- .52 
-1.17 
1.02 
- .49 
.61 
.13 

- .11 
.14 

- .27 
-2.30 
- .21 
- .29 

.9̂  
.20 

-2.50 
.36 

- .83 
.65 
.66 

- .19 
- .79 
- .42 
.49 
.67 

- .16 
.92 
.89 

- .36 
- .40 
- .06 
- .09 
-1.18 

Group Centroids 
LE 19 yrs. 
20-24 yrs. 
25-29 yrs. 
30-34 yrs. 
35-39 yrs. 
40+ yrs. 

1.39 
-1.13 
-1.55* 
- .09 
.30 
2.69* 

-.66 
- .74* 
- .22 
- .47 
2.50* 
- .71 

1.44* 
- .53 
1.13 
-1.24* 
- .11 
.40 

.43 
-1.43* 
.38 
.79* 

- .17 
- .30 

1.88* 
.22 

- .34 
.05 
.06 

- .55* 



Table 155—Continued 

Canonical % of Wilks 
Function Eigenvalue Correlation Trace Lambda 

I 2.17 .827 0̂.2 .033 
II 1.̂ 3 .767 26.4 .10lf 
III .92 .693 17.1 .253 
IV .57 .6(A 10.6 .W6 
V-P .31 .m 5.7 .766 

2 Chi-Square Degrees of Probability of X 2̂ 
Statistic Freedom due to chance  ̂multi 
177.6 I5o 7T55 
117-6 12k .6k9 
71A 90 .923 
37.5 58 .983 
13.9 28 .988 



Table 156. Discriminant analysis of Mexican-American female paternal age groupings, age 6.9 years 

Weighting Coefficients 
Variables I II III-P IV V 

Weight - .24 - .96 -1.7̂  2.02 .88 
Sitting Height •?k .38 .5̂  .12 .25 
Height -2.79 I.09 - .56 .78 - .09 
Cristal Height .68 .23 1.14 .16 - .3k 
Arm Length .60 .67 .25 .43 .12 
Biacromial Diameter .81 - .53 - .57 - .51 .60 
Bicristal Diameter .01 - .38 .59 • .58 .11 
Chest Breadth - .21 I.03 .96 .2k - .37 
Foot Length - .21 - .40 .96 • .11 - .60 
Total Facial Height .01 - .22 - .13 .56 .47 
Upper Facial Height - .13 1.03 - .14 - .01 - .07 
Nose Length .36 - .84 .08 - .05 - .56 
Bicondylar Humerus Diameter .82 - .26 - .08 - .29 - .01 
Wrist Breadth .00 .27 - ,2k .43 - .64 
Hand Breadth .05 - .43 .18 .65 .01 
Bimalleolar Diameter - .53 .20 .36 .04 - .58 
Foot Breadth - .32 .36 - .61 - .36 .53 
Head Breadth .20 - .01 .19 .56 - .35 
Bizygomatic Diameter .11 .08 - .60 - .69 .17 
Head Circumference - .33 - .31 .55 • .06 .53 
Upper Arm Circumference - .60 1.25 .36 - .08 - .19 
Chest Circumference - .31 - .80 .35 • .11 .45 
Calf Circumference .60 - .30 - .30 - .2k - .59 

Group Centroids 
LE 19 yrs. - .49 .24 - .84* . .48* - .69' 
20-24 yrs. - .06 .32 - .20 - .32 .32 
25-29 yrs. .52 ,2k - .17 .54* - .04 
30-34 yrs. .57* - .88* .01 • .18 - .01 
35-39 yrs. .11 .36* .83* - .21 - .20 
40+ yrs. -1.39' - .34 .12 •33 .04 



Table 156—Continued 

Canonical % of Wilks Chi-Square Degrees of Probability of X .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance & multi 

I .417 .542 41.4 .409 176.9 160 .171 .58 
II .216 .422 21.5 .580 107.9 124 .847 
III-P .171 .382 17.0 .705 69.2 90 .947 
IV .138 .3^9 13.7 .826 37.9 58 .981 
V .064 .245 6.4 .940 12.3 28 • 996 

vjj 
vjl 
~*3 



Table 157. Discriminant analysis of Black female paternal age groupings, age 7.1 years. 

Weighting Coefficients 
Variables I II-P III IV 

Weight -1.53 3.07 -1.88 .05 
Sitting Height - .59 - .62 -2.12 -1.11 
Height - .03 1.88 5.89 2.27 
Cristal Height •70 .67 -3.^0 - .79 
Arm Length - .16 1.37 - .13 .37 
Biacromial Diameter - .63 - .26 .21 - .97 
Bicristal Diameter - .11 1.02 1.27 l.̂ l 
Chest Breadth 1.28 .59 -1.8^ .11 
Chest Depth - .97 - .59 .78 .57 
Total Facial Height - .35 - .96 - .6k .33 
Upper Facial Height 1.56 .08 1.50 - .18 
Bicondylar Humerus Diameter .17 - M - .81 .01 
Wrist Breadth .18 .87 - .83 .07 
Bicondylar Femur Diameter - .27 - .83 .7^ - .69 
Bimalleolar Diameter 2.05 .18 -1.0k - .56 
Bigonial Diameter .95 - .56 .kl .91 
Upper Arm Circumference 2.29 -1.10 - .82 - .43 
Chest Circumference .1^ - .11 1.6k .22 
Waist Circumference - .52 - .12 - .81 - .87 
Calf Circumference -1.92 - .37 2.25 

Group Centroids 
LE 2k yrs. -1.87 -2.02* - .28 .07 
25-29 yrs. 1.36* .03 - .51* - .83" 
30-3^ yrs. .79 .k? - .32 .91' 
35-39 yrs. -3.7^ 2.62* - .28 - M 
k0+ yrs. .28 .02 2.71* - .13 



Table 157—Continued 

Canonical % of Wilks 
Function Eigenvalue Correlation Trace Lambda 

i 2.86 Mi 47.2 .031 
ii-p 1.57 .781 25.9 .121 
iii l.ll .725 18.3 .312 
iv .52 .585 8.6 .657 

0 

Chi-Square Degrees of Probability of X *2. 
Statistic Freedom due to chance u multi 
136.7 12s 2̂87 .97 
83.3 93 .757 
46.0 60 .908 
16.6 29 .968 

VJ1 
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An examination of the weighting coefficients in these "P" 

functions shows primary emphasis on overall body height in all sex/ 

ethnic divisions except female Mexican-Americans, where cristal height 

is roughly twice as important as overall height. A primary weighting 

for body height and some secondary emphasis on chest dimensions cross

cuts all male "P" functions. In females primary importance is seen 

for weight and for body height in Anglos and Blacks. Both sexes in 

Anglos have height as a variable of great importance and a de-emphasis 

on weight (as in females) or little importance for weight (as in males). 

Foot breadth is a common variable of secondary importance in the Anglo 

"P" functions. In Mexican-American MP" functions there is considerable 

overlap between the sexes, as both weight and cristal height are 

weighted heavily, with some dimensions of the chest and foot length 

given secondary emphasis. The Black "P" functions of both sexes give 

primary weighting to both height and weight, with upper arm circumfer

ence emphasized to a lesser degree. 

Group separation along the "P" axes is diagrammed in Figure 19. 

The pattern is quite similar in Anglo males and females. The female 

"P" axis generates more of a gradient from low paternal age categories 

to high, but the male axis provides separation to a greater extent. 

Both axes tend to isolate somev/hat the "LE 19 years" group. The 

Mexican-American "P" axes can only be described as rather marginal 

ones. Their being the fifth functions derived in each group probably 

accounts for much of this marginality. The "P" axis for Black males 

comes closer to being a gradient from low to high age groupings than 
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ANGLOS 

k 6 3 52 1 

6 3*+52 

I - Males 

V - Females 

MEXICAN-AMERICANS 

. 125̂ 36 
V - Males 

w „ , 1 23̂ 6 5 
III - Females * 

BLACKS 

6 5 3 2*f 1 
-,IV - Males 

5_ II - Females 

Figure 19. "P" axes with centroids of paternal-age groups for each 
sex/ethnic division, Period 1,2 anthropometrics. — 
Roman numerals identify "P" axes from functions labeled 
in Tables 152-157. The numbers along each axis refer to 
paternal age groupings as follows (fathers age at time 
of child's birth): 
1 = Age equal to or less than 19 years. 
2 = Age between 20-2*f years, or equal to or less than 

2k years. 
3 = Age between 25-29 years. 
k = Age between 30-3^ years, or equal to or greater than 

30 years. 
5 = Age between 35-39 years. 
6 = Age equal to or greater than kO years. 
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its female counterpart, which separates the next highest paternal age 

category (35-39 years) from the lowest (LE 2k years), leaving the 

,,it0+ years" group in the closest position to the "LE 2k years" group

ing. None of the Black female discriminant functions separate the 

"40+ years" and "LE 2k years" groups at the extremes, although the 

third function isolates the "40 years" group from the remaining age 

categories, which are very tightly linked along this axis. 

The only kind of non-"P" axis common in all sex/ethnic divi

sions has a tendency to isolate one or both of the paternal age groups 

at either end of the age group range (the "LE 19 years" and "40* years" 

groups). As already mentioned above, the "P" axes in Anglo males and 

females tend to isolate the "LE 19 years" group. In the males, the 

"40+" group is isolated to some extent by the third function (mostly 

a body size function) and the "LE 19 years" group again by the fourth 

function, which emphasizes body bulk, head size, and lower body 

linearity. The first function in Anglo females isolates these same two 

groupings in combination, weighting heavily overall body height and 

bulk (especially of the chest region). The first function in Mexican-

American males isolates the "LE 19 years" group, as does the "P" func

tion in the female Mexican-Americans (but not to as great an extent 

as in the males). Both these functions place major emphasis on weight 

and cristal height. In the males the third function isolates the two 

ends of the age range together, with major stress on weight. To some 
• 

extent the first Mexican-American female function isolates the "40+" 

group, height being three times as important as the next most heavily 
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weighted variable in aiding this separation. In Black males the "'+0+" 

group and "LE 19 years" group are isolated together along the axis 

generated by the first function. This function places heavy stress 

on body size, as was seen in the other two functions which performed 

the same task (i.e., similar functions in Anglo females and Mexican-

American males as previously described). The third function in Black 

females very strongly isolates the "k0+" group from all other group

ings. This function stresses very heavily body bulk and lower body 

linearity, as was seen in previous functions (see above for Anglo males 

and Mexican-Americans) which separate the groups in the same manner. 

In the second subset of analyses, comparisons of paternal-age 

groupings at the later age level failed to generate many significant 

univariate F's (two or fewer in each sex/ethnic division). But, as can 

be seen in Tables 158-163? discriminatory power of 69& or better was 

reached in all discriminant analyses attempted (levels of better than 

99# in Anglos and Blacks). "P" functions have been designated in each 

sex/ethnic division and these are labeled in the tables. The emphasis 

on these "P" functions has shifted from the early period stress on 

overall height to heavy weighting of lower body linearity (much as in 

the results for maternal-age group comparisons). V/eight receives only 

secondary importance or no importance at all in five of the sex/ethnic 

divisions (the exception being Anglo males). Chest dimensions are 

stressed across all sex/ethnic divisions, but somewhat less so in the 

males. Male "P" functions invariably place cristal height as one of 

the three most important variables within these functions. Calf 



Table 158. Discriminant analysis of Anglo male paternal age groupings, age 11.8 years. 

Weighting Coefficients 
Variables I II-P III IV 

Weight -180.67 28.87 - .40 -2.69 
Sitting Height -227.68 - 3.37 - .11 1.77 
Height 612.56 14.11 4.55 -4.92 
Cristal Height 1*66.30 -34.69 -2.34 -6.92 
Tibial Length -465.46 26.43 3.07 3.50 
Arm Length -126.03 4.47 -1.43 1.56 
Chest Breadth - 93.50 -13.46 -7.13 - .07 
Foot Length -112.68 12.19 .48 2.74 
Total Facial Height 143.52 - 1.54 .19 - .32 
Upper Facial Height -195.27 2.61 - .15 .61 
Bicondylar Humerus Diameter 21.11 -12.22 2.25 .06 
Hand Breadth - 77.65 1.57 -2.04 1.76 
Hand Length 347.49 -19.40 -1.57 - .82 
Head Length 140.86 9.22 1.00 - .52 
Head Breadth - 83.66 - 1.88 -1.13 2.10 
Bizygomatic Diameter 125.18 3.16 .93 .37 
Bigonial Diameter - 37.02 - .15 -2.15 -2.10 
Upper Arm Circumference - 59.55 3.31 5.07 -1.36 
Chest Circumference 409.21 - 8.67 8.03 1.30 
Waist Circumference -118.33 21.98 2.47 -1.58 
Calf Circumference 6.90 -12.42 -3.68 2.30 
Triceps Skinfold Thickness 69.15 -16.78 -4.57 1.86 

Group Centroids 
LE 24 yrs. 87.17* - 5.43 -2.23 - .34 
25-29 yrs. -150.41* -20.58* 1.66 .90 
30-34 yrs. 7̂.01 4.21 4.41* .34 
35-39 yrs. - 94.69 6.77 - .59 -3.12* 
40+ yrs. - 61.93 10.04* -2.60* 2.31* 



Table 158—Continued 

Canonical % of Wilks Chi-Square Degrees of Probability of *2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance a multi 

i 83̂ 3.6 .999 98.8 .000 353.5 136 .000 .99 
II-P 92A .995 1.1 .000 168. if 99 .000 
III 9.1 .9̂ 9 .1 .025 75.̂  6if .156 
IV 2.9 .863 .0 .256 27.9 31 .62̂  

v>i 
ON 
vj1 



Table 159. Discriminant analysis of Mexican-American male paternal age groupings, age 11.7 years. 

Weighting Coefficients 
Variables I II III-P IV V 

Weight .60 -3.90 - .06 .61 2.32 
Sitting Height -1.18 .41 - .06 .91 - .77 
Height 2.94 1.07 -1.66 -2.19 3.20 
Cristal Height -2.03 - .52 -1.28 1.56 -1.29 
Tibial Length .68 .41 1.07 .02 - .62 
Bicristal Diameter .31 .06 .24 - .92 - .61 
Chest Breadth - .26 1.81 - .38 .24 .68 
Chest Depth - .28 2.01 .87 - .17 - .47 
Foot Length - .84 - .35 - .29 M 
Total Facial Height .36 1.01 - .jM .51 - .07 
Upper Facial Height - .09 - .90 .62 - .78 .03 
Bicondylar Humerus Diameter .35 .06 .07 .94 - .35 
Hand Length .58 .09 .07 - .01 - .82 
Bicondylar Femur Diameter .18 .26 .29 .88 - .22 
Foot Breadth .85 .25 .17 - .16 .03 
Head Circumference - .14 -1.02 .07 - .19 -1.00 
Upper Arm Circumference .14 - .00 - .81 - .64 - .07 
Chest Circumference 2.02 -2.97 .18 .23 .03 
Calf Circumference -1.36 1.27 -1.16 - .37 - .86 
Triceps Skinfold Thickness - .63 .92 1.29 - .04 .16 

Group Centroids 
LE 19 yrs. -1.97* .49* - .62* .40 .64' 
20-24 yrs. .91* .06 - .61 - .09 .31 
25-29 yrs. - .12 .27 - .27 .07 - .38' 
30-34 yrs. .03 .73 .89* - .32 .13 
35-39 yrs. .27 - .68 .61 .78* .06 
40+ yrs. - .46 -1.23* .05 - .58* .00 



Table 159—Continued 

Canonical % of Wilks 
Function Eigenvalue Correlation Trace Lambda 

I .̂ 33 .550 31.0 .300 
II .401 .535 28.7 .430 
III-P .309 .486 22.1 .602 
IV .158 .370 11.3 .789 
V .095 .294 6.8 .913 

Chi-Square Degrees of Probability of X 
Statistic Freedom due to chance 61 multi 
ISO 170 .520 759 
118.2 132 .800 
71.0 96 .972 
33-3 62 .998 
12.7 30 .998 

Cf\ 



Table l60. Discriminant analysis of Black male paternal age groupings, age 11.8 years. 

Weighting Coefficients 
Variables I-P ii iii 

Weight -208.25 1.96 6.57 
Height 60.73 - 6.86 3.15 
Cristal Height -277.23 - 1.27 1.25 
Arm Length 109.59 - 9.48 -2.13 
Biacromial Diameter -281.88 - 2.67 .14 
Bicristal Diameter 268.55 - 3.32 .45 
Chest Breadth -178.29 11.87 3.82 
Chest Depth -129.28 .23 1.89 
Foot Length - 67.05 - 5.43 3.05 
Total Facial Height - 26.20 12.7̂  1.14 
Upper Facial Height 51.83 -19.23 -4.10 
Nose Length -104.12 1.97 1.30 
Bicondylar Humerus Diameter 7.92 - 7.28 -4.04 
Wrist Breadth -114.22 - 5.98 - .06 
Hand Length 160.89 14.42 1.60 
Foot Breadth 205.99 - 6.62 -1.44 
Head Length - 92.12 15.29 1.22 
Head Breadth - 82.6*1 5.03 -2.35 
Bigonial Diameter 144.31 - 4.12 -1.01 
Chest Circumference 568.01 - 4.36 -1.35 
Waist Circumference - 36.33 13.65 -3.50 
Calf Circumference -317.22 10.98 -1.65 
Triceps Skinfold Thickness 123.3*+ -19.39 - .22 

Group Centroids 
LE 19 yrs. -213.56* - .52 2.57' 
20-24 yrs. 5.71 18.66* -1.22 
25-29 yrs. - 31-21 - 8.79* -2.25' 
30+ yrs. 144.07 - 2.80 1.62 



Table 160—Continued 

Canonical % of Wilks 
Function Eigenvalue Correlation Trace Lambda 

i-p 16546.10 .999 99.3 .000 
ii 108.92 .995 .7 .002 
iii b.3h .902 .0 .187 

2 Chi-Square Degrees of Probability of X 2̂ 
Statistic Freedom due to chance multi 

281.6 93 .000 .99 
111.6 60 .000 
29.3 29 .mf9 

<j\ 
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Table l6l. Discriminant analysis of Anglo female paternal age groupings, age 11.5 years. 

Weighting Coefficients 
Variables I-P II III IV 

Weight 3.10 6.5k -3.43 2.74 
Sitting Height 1.01 3.07 3.17 -4.4l 
Height -10.12 -15.46 -3.91 7.23 
Cristal Height 2.91 4.27 - .81 -1.32 
Tibial Length - 3.62 .88 3.78 -1.35 
Arm Length .80 - .22 - .77 
Bicristal Diameter - 3.63 .02 2.12 .59 
Foot Length 3.39 1.77 - .39 -1.23 
Nose Length 1.27 2.83 .51 .43 
Bicondylar Humerus Diameter - 1.91 - 1.90 •52 - .19 
Hand Length - 2.27 1.52 .02 .80 
Bicondylar Femur Diameter 1.90 2.57 1.65 -1.34 
Foot Breadth - .76 .73 1.86 .17 
Head Length - 2.28 - .67 1.03 .75 
Chest Circumference 5.06 2.00 .44 -3.24 
Waist Circumference 1.29 - if.36 .44 .90 
Calf Circumference - 3.70 - 3.30 2.45 1.00 
Triceps Skinfold Thickness - .18 - 2.57 .83 .21 

Group Centroids 
LE 2'+ yrs. - 2.81* .71 2.00* -2.27* 
25-29 yrs. - 2.07 - 2.01* .79 .81* 
30-3̂  yrs. .63 2.21* .44 .̂ 9 
35-39 yrs. - .99 - .03 -2.39* - .33 
40+ yrs. 3.87* - 1.74 .29 - .45 

Canonical % of Wilks Chi-Square Degrees of Probability of .2 
Function Eigenvalue Correlation Trace Lambda Statistic Freedom due to chance 03 multi 

I-P 5.02 .913 5̂.5 .007 154.3 136 .134 .99 
II 3.30 .876 29.9 .0*f5 97.8 99 .520 
III 1.95 .813 17.7 .193 51.8 64 .862 
IV .76 .656 6.9 .569 17.8 31 .973 



Table 162. Discriminant analysis of Mexican-American female paternal age groupings, age 11.5 years. 

Weighting Coefficients 
Variables I II III-P IV V 

Weight 2.54 .14 .27 - .kl -1.31 
Sitting Height .97 - .82 .33 .29 .82 
Height -4.01 1.17 - .73 -1.06 - .28 
Cristal Height 1.81 1.96 1.31 .66 - .81 
Tibial Length - .11 -1.31 - .09 - .37 .80 
Bicristal Diameter -1.08 .53 - .29 - .39 .53 
Chest Depth .18 .2k - .42 - .25 .81 
Foot Length .44 .89 - .03 - .65 - .k7 
Total Facial Height - .11 .2k - .3k .62 - .88 
Hand Breadth .24 .37 - .91 .25 - .75 
Hand Length .43 - .19 - .16 .70 .29 
Bicondylar Femur Diameter .18 .10 - .97 - .37 - .09 
Head Length .74 .84 - .01 .53 .41 
Head Breadth 1.04 .26 - .27 .17 .7k 
Bizygomatic Diameter - .43 - .33 .98 - .45 - .60 
Head Circumference -1.4-5 - .62 .01 - .87 - .6k 
Upper Arm Circumference - .51 - .56 .79 - .27 1.70 
Chest Circumference - .98 1.22 1.64 .25 -1.21 
Waist Circumference -1.01 - .81 -1.10 .61 - .06 

Group Centroids 
i.o4* 1.65* LE 19 yrs. i.o4* 1.13 1.65* .73* .51" 

20-24 yrs. - .77* - .34 .45 .18 - .28 
25-29 yrs. .47 - .59* - .k7 .39 .13 
30-34 yrs. .85 .26 .02 - .48 - .ky 
35-39 yrs. - .32 - .26 .15 - .71* .k9 
kO+ yrs. - .61 1.21* - .70* .15 .05 

v>j 
3 



Table 162—Continued 

Canonical % of V/ilks 
Function Eigenvalue Correlation Trace Lambda 

I .455 .559 30.4 .277 
II .416 .5^2 27.8 .403 
III-P .317 .490 21.1 .570 
IV .200 .409 13.4 .750 
V .110 .315 7.3 .901 

0 

2 
Chi-Square Degrees of Probability of X „2 
Statistic Freedom due to chance 03 multi 
187.6 170 .170 .71 
132.8 132 .467 
82.1 96 .844 
41.9 62 .973 
15.2 30 .988 

vrt 
-o 
tv> 



Table 163. Discriminant analysis of Black female paternal age groupings, age 11.6 years. 

Variables 
Weighting Coefficients 

Variables I II III-P IV 

Weight 6.42 -5.26 - .61 1.19 
Sitting Height 9.64 .37 -<+.35 .42 
Height -26.80 -3.04 8.33 3.58 
Cristal Height 2.42 2.90 -2.02 3.08 
Tibial Length 3.85 2.29 -1.84 -2.59 
Arm Length 2.72 -1.01 .18 -1.19 
Bicristal Diameter 1.36 1.98 -1.04 -1.08 
Chest Breadth - 3.55 -2.32 2.01 2.76 
Chest Depth - .13 1.44 2.00 -1.20 
Foot Length - 3.52 -2.00 .72 1.92 
Bicondylar Humerus Diameter 3.30 .10 2.01 .57 
Bicondylar Femur Diameter - 4.73 -4.52 -1.21 l.6l 
Head Length - 1.35 -2.09 1.19 .08 
Head Breadth 2.02 -1.33 .36 -1.21 
Bizygomatic Diameter - 2.64 2.06 .48 1.32 
Head Circumference 2.68 1.78 -1.26 .12 . 
Upper Arm Circumference - 2.59 -5.74 .87 1.44 
Chest Circumference 4.76 4.8l .74 -3.12 
V/aist Circumference - 2.49 .87 - .86 .09 
Calf Circumference - 1.76 5.26 - .67 - .61 

Group Centroids 
LE 24 yrs. 1.55 3.42* .79* .87* 
25-29 yrs. - 2.62* -2.33 .69 .60 
30-34 yrs. - .75 .63 .18 -1.52* 
35-39 yrs. 9.89* -3.24* - .30 - .05 
40*- yrs. - 1.45 .52 -3.12* .49 

-o 
vjj 



Table 163—Continued 

Canonical % of V/ilks 
Function Eigenvalue Correlation Trace Lambda 

I 12.65 .963 59.7 .002 
II 5.77 .923 27.2 .027 
III-P 1.72 .795 8.1 .180 
IV 1.05 .715 4.9 .488 

2 Chi-Square Degrees of Probability of X ^2 
Statistic Freedom due to chance 61 multi 
171.6 I3S .019 .99 
99.8 99 .^65 
v7.2 64 .9̂ 0 
19.7 31 .9^2 

v>4 
-r 
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circumference and triceps skinfold thickness are very important in all 

the male "P" functions, and as mentioned, chest dimensions are stressed 

but not to the extent that they are in females. Female "P" functions 

also place somewhat less stress on cristal height (especially in 

Anglos). The female emphasis on the chest extends to the lower part 

of the trunk as well, with measurements like bicristal diameter and 

waist circumference receiving some secondary emphasis. 

Similarity in variable weightings exist as well between males 

and females within each ethnic group. Smaller linear components of 

the body are heavily stressed in Anglos of both sexes (i.e., hand and 

foot lengths). Cristal height is stressed more heavily in males than 

females, but in both sexes it is the lower part of the legs (i.e., 

tibial length) which is the most important contributor. Weight is 

more heavily stressed in Anglos than in the other two ethnic groups. 

For this reason calf circumference (always highly correlated with 

weight) and chest dimensions are emphasized as well. In Mexican-

Americans, cristal height is the second most important variable in 

both sexes. Additional emphasis is placed on the chest (less so in 

the males). Upper arm circumference receives some secondary stress in 

both sexes. Black "P" functions of both sexes weight cristal height 

very heavily. In addition, trunk bulk and breadths of the joints are 

especially important variables. 

Figure 20 shows the patterns of group separation along the 

various "PM axes. The pattern of separation is similar in Anglo males 

and females, although placement of individual paternal-age groups « 
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ANGLOS 

3 2 4 5 6 tt „ , . — 1 II - Males* 

§ 1—- I - Females 

MEXICAN-AMERICANS 

12 36 5*+ 
III - Males — 

III - Females 63 l^2 — 

BLACKS 

, 1 3 2 k, 
I - Males* 

•5 if 32 * 
I III - Females 

Figure 20. "PM axes with centroids for paternal-age groups for each 
sex/ethnic division, Period 11 anthropometrics. — 
Roman numerals identify "P" axes from functions labeled 
in Tables 158-163. See Figure 19 for explantion of 
numbers along axes. *Indicates that group centroid 
values along this axis have been scaled down to fit with 
values of other axes. 
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differs. The Anglo male "P" function tends to separate the groupings 

into two sections along the axis: (l) children whose fathers were 29 

years or less when their children were born; versus (2) children whose 

fathers were 30 years and over. The female "P" axis tends to isolate 

somewhat the "^0+ years" group from the other four groupings. The 

"best" functions in Mexican-Americans do separate paternal-age group

ings in a somewhat directional manner. In the males, this function 

places children of fathers who were 29 years or younger at time of 

childrens' births to one side with children whose fathers were 30+ 

years to the other side. The "*f0+" group is intermediate. The female 

"P" axis does somewhat "better," placing the "LE 19 years" and "k0+ 

years" groups at the extremes along the axis, with the other groups 

somewhat scrambled in between. The "P" function in Black males does 

the same separation of "LE 19" and Mif0+" at the extremes, but does not 

provide a gradient in between these two groups as does the Black female 

"P" axis with a "LE 2k years" group at one end and an isolated "^0+" 

group at the other. 

As in the results for the earlier period comparisons, therfe 

are some other rather interesting non-"P" functions. The first func

tion in Anglo males, which accounts for almost 99$ of the total vari

ation, does some extensive group separation while emphasizing body 

linearity, especially of the lower body. The "30-3^ years" and "LE 2k 

years" groups are placed on one side of the axis, while the remaining 

groups are placed on the other side, the "25-29 years" group isolated 

further from the two groups of children whose fathers were 35 years or 
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older at childrens' births (see group centroids in Table 158). Due to 

its high level of statistical significance this function is evaluated 

more closely in the next chapter. 

A number of other non-"P" functions have a tendency to isolate 

one or more age groups along the associated axes. For instance the 

first function in Mexican-American males isolates the "LE 19 years" 

group from the others, stressing body height and to a lesser extent 

body bulk. The "P" axis in Mexican-American females performs much the 

same isolation with similar variables emphasized (see especially the 

chest circumference weighting coefficients in Tables 159 and 162). The 

second function in female Mexican-Americans (see Table 162) links the 

two most different paternal age groups and isolates them from the other 

groups. Stress in this function is on length of lower body, plus a 

secondary emphasis on weight and head size. 

In Anglo males the "35-39" year group is isolated by the fourth 

function (see Table 158). This is another body size function, but 

special stress is found on both linearity and bulk of the lower body. 

The "P" function in Anglo females isolates the Mlt0+" group, emphasizing 

variables as already described above. The fourth Anglo female function 

also isolates a paternal age group, the "LE 2k years" group being 

singled out by special weighting of upper body linearity, weight, and 

chest circumference (see Table l6l). 

As can be seen in Table 160, the "P" function in Black males 

is highly significant, accounting for over 99/6 of the total variability. 

However the other two functions are interesting in terms of group 
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separation and/or isolation. Children of one of the paternal-age 

groups ("LE 19 years") are isolated from other groupings by the second 

function, which is also statistically significant. Although body 

height is stressed in this function, rather interestingly high weight

ings occur for face and head dimensions as well as the highest weight

ing for triceps skinfold thickness. Even the third function, although 

not significant statistically, makes an interesting separation betv/een 

children whose fathers were between 20-29 years at childrens' births, 

and the "30+ years" and "LE 19 years" groups. This function places 

emphasis on weight, chest bulk, and face measurements, and only secon

darily body linearity. In Black females, the first function (see 

Table 163) is statistically significant (p <.02) and accounts for 

almost 6C$ of the total variability. This function acts to isolate 

the "35-39 years" group from all others. The "P" axis in Black fe

males, as already mentioned, functions to isolate the "b0+ year" 

group from the remaining ones, which form a gradient from high to low 

age categories (see Fig. 20). 

Potential use of smaller sets of variables via stepwise dis

criminant analysis was not indicated for either of the two subsets 

of analyses in this section of the results. The means and standard 

deviations for important variables singled out by full-variable set 

discriminant analyses are given in Appendix V. Evaluation of the 

results of all discriminant analyses reported above and in previous 

sections is presented in the next chapter. 



CHAPTER 6 

EVALUATION OF RESULTS 

At the end of Chapter 1 five queries were listed as the cen

tral framework of hypotheses about which the analyses of within-

population variability in physical growth would be built. The results 

of the analyses presented in Chapter 5 are evaluated below in terms of 

these questions. However, before proceeding to the initial questions, 

it is important to present a brief section dealing with the sorts of 

environmental and genetic factors one might expect to find as causal 

elements for the v/ithin-population variability observed. The first 

section below consists of a discussion of both sets of factors, with 

special consideration of some evidence of environmental and genetic 

influences on growth gathered as part of additional aspects of the 

Growth Study, i.e., the identification of children with "abnormal" 

growth. 

The second section consists of evaluations of the results in 

the individual analyses presented under the five headings in Chapter 5. 

The first two of the five questions in Chapter 1 are covered in this 

second part of the chapter. The next two sections take us through the 

third and fourth questions of Chapter 1, namely: (1) whether one (or 

more) of the factors considered in Chapter 5 has greater relative im

portance in determining within-ethnic group variation than the others; 

and (2) whether variability with respect to certain of the factors 

380 
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(i.e., socioeconomic and family) is increasing or decreasing over the 

time span of the Growth Study. In the final section an attempt is made 

to assess the contribution of genetic and environmental influences on 

the variation between the groupings of children based on the various 

criteria. This assessment can only be regarded as preliminary and sug

gestive without detailed studies of the environments and family studies 

which would provide estimates of heritability within these populations. 

However, evaluation of available data most certainly provides a base

line and direction for what it is hoped will be a continuing study of 

child growth in Tucson. 

Environmental and Genetic Influences 
of Child Growth in Tucson 

The role of nutrition as sin environmental factor of primary 

significance during the physical growth of children has been increas

ingly emphasized in recent years (Roche and Faulkner 197^; Stini 1975)• 

In describing the influences of both hereditary and environmental fac

tors on physical growth, we find Jelliffe (197*0 and other experienced 

field researchers like Malcolm (1975) stressing the importance of nu

trition. The impact of nutritional considerations in physical anthro

pology has been relatively slight until very recently (Newman 1975; 

Garn 1976), although the importance of nutritional factors has been 

emphasized by some (Brozek 1953; Garn 1966) for many years. The re

newed interest and research in nutrition are sure to have an important 

effect on the field for some years to come. With these events in mind 

and a consideration of our observations of "abnormal" growth in some 

of the Growth Study children over the years (see below), it was felt 
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essential to include at the beginning of this evaluation of the results 

a brief review of recent nutritional anthropometry and how it relates 

to our observations. 

It should be remembered, of course, that within-population 

variation in the physical growth of children can never be the result 

of environmental factors like nutrition alone, or of environmental fac

tors alone. This has been stressed already in Chapter 2. With respect 

to the role of nutrition in child growth perhaps Goldstein (197*0 has 

phrased the problem best: "Although nutritional differences between 

individuals or populations may lead to anthropometric differences, the 

existence of anthropometric differences between individuals or popula

tions does not necessarily imply the existence of nutritional differ

ences" (Goldstein 197^:221). In the study of within-population vari

ability in physical growth, genetic factors must always be considered 

as well, although this has not always been satisfactorily done (see 

Chapter 2). In the second part of this first section the special role 

of genetic (i.e., racial) influences on within-population variation in 

Tucson is examined. 

"Abnormal" Growth Patterns 

In recent years there has been a general acceptance of the im

portance of circumferential anthropometric measurements and measure

ments of body skinfold thickness in assessing the nutritional status 

of individuals and populations (Jelliffe 1966; Dugdale, Chen and 

Hewitt 1970; Gurney and Neill 1972; Jelliffe 197*0. There is still 

considerable debate as to which (if any) of these measurements are the 
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"best" under all situations (cf. Gurney and Neill 1972; Ashcroft 1972). 

But, in general, upper arm circumference and triceps skinfold thickness 

have been used most frequently (Boutourline Young 1969; Loewenstein and 

Phillips 1973) and suggested as the most important indicators of nutri

tional problems (Bradfield, Jelliffe and Jelliffe 1972; Gurney and 

Jelliffe 1973? Brozek 197^5 Buzina and Uemura 197*0 • One interesting 

outcome of the discussions on "best" measurements has been some re

search in which multivariate evaluation is made, i.e., asking the ques

tion as to which of the assessed variables are most important in de

scribing the differences between groups receiving differential nutri

tional "treatments" (El Lozy 1972; Guthrie 1973; Talwar 1975)• It is 

hoped that certain of the results of this study will contribute to 

this ongoing effort. 

If nutritional differences exist in Tucson between various 

populations or groups of individuals within populations, some of this 

should be reflected in the observed anthropometric variation in the 

Growth Study children. Given the above evidence for the importance of 

circumferential measurements, we would expect to find these overrepre-

sented among the most important variables emphasized in discriminant 

analyses. This is the case, as v/ill be seen further. However, another 

source of evidence for nutritional influences comes from the study of 

children with "abnormal" growth patterns, as assessed during the first 

six measuring periods (see Table 2) of the Growth Study. 

The impetus to study the growth patterns of individual children 

came long before the actual assessment was completed. A pattern of 
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"over-the-summer" weight losses had been subjectively (and in part, 

objectively, from the school nursing records for weights, which are 

taken in the Fall and again in Spring) reported to us by School Dis

trict No. 1 school nurses. The weight loss was felt to be especially 

prevalent in the schools with high enrollments of children from low-

income families. With these initial observations on hand and an addi

tional desire to make direct application of our data to School District 

1 health assessment by supplying information on children who exhibited 

what we thought to be "abnormal" patterns of growth, a study was under

taken after enough measuring periods had been completed. The study 

was done between measuring periods 10-11, so that as many as three sum

mer growing periods (1971» 1972 and 197*0 could be assessed as well as 

two school year growing periods (1970-71 and 1971-72, see Table 2). 

About 800 children were evaluated over most of this time range. 

The anthropometric records of these 800 children were scanned 

by using the computer printout from the program called "SHRINK" 

(written by David K. Taylor 1970, a research assistant with the Growth 

Study — see Chapter 3). One hundred twelve of these children ex

hibited patterns of growth showing one or more (at various time 

periods) of the following: (1) very little weight gain; (2) loss of 

weight; or (3) loss of subcutaneous tissue, i.e., decreases in circum

ferential measurements. As an aid to the School District No. 1 Depart

ment of Health, the 112 children were grouped into three categories 

based on our subjective judgment of the degree of severity of the 

"abnormal" growth patterns observed in these children (this writer 

acknowledges the primary role of David K. Taylor in the development 
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of these three categories and in the report which went to School 

District No. 1). The groupings of children were as follows: 

1. Category One includes children with acute and/or chronic pat

terns of weight loss and an accompanying loss of subcutaneous tissue, 

as evaluated against overall body size. 

2. Category Two includes children whose losses or low gains are 

not as severe as in Category One. Certain of the children in this 

category are included not so much for the seriousness of weight and/or 

subcutaneous tissue loss as for the losses in relation to already low 

percentile ratings for height and weight. 

3. Category Three consists of children who have "normal" growth 

patterns, but who also exhibit a recent loss of weight and/or subcu

taneous tissue. Some of this recent loss is thought to result pri

marily from dieting or athletic activity. 

The categories as reported to the School District No. 1 included 22, 

44, and 46 children, respectively. 

Further analysis of the three categories by sex, ethnic group, 

and socioeconomic group has revealed some interesting findings. Of 

the 112 children in the original list, 91 had both of the following 

characteristics: (l) complete socioeconomic information; and (2) 

membership in one of the three ethnic groups considered in this study. 

The gap between Category 2 and 3, although derived in a fairly subjec

tive manner, is large with respect to the severity of "abnormality" in 

the growth patterns of children in these respective groupings. For 

this reason, Categories One and Two are lumped together as the more 
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serious examples of growth "abnormalities" in the tabulations. Tables 

164 and 165 show the cross-tabulations of growth pattern categories by 

sex and ethnic group, respectively. Although more than twice as many 

males are included in the total group of "abnormally" growing children, 

the distributions of the two categories (combined One-Two versus Three) 

within each sex are similar. Likewise the distributions of growth-

pattern categories within each ethnic group are roughly the same. Chi-

square statistics for both cross-tabulations were non-significant. 

The pattern is quite different when we consider the socioeco

nomic information. The same two growth-pattern categories as described 

above were cross-tabulated with a socioeconomic variable which con

sidered whether the child had ever been categorized in socioeconomic 

group k (see Chapter k) during the period over which the children were 

assessed (Period 1 to Period 10). The two categories for this variable 

were: (1) never in SE Group and (2) in SE Group b at least once. 

2 
Table 166 presents the cross-tabulation which resulted — (X = 3«97» 

p <.025)• Children having had an association with socioeconomic group 

(i.e., circumstances of extremely low income) are more likely to be 

found in the "more critical" growth-pattern categories. 

Much of this weight and subcutaneous tissue loss occurred 

during the summer periods, so undoubtedly climate would play some role 

in the decreases in such measurements. However, it is clear that very 

low income children are over-represented among the two "severe" cate

gories of growth patterns. It is over the summer months when these 

low income children would be most likely to experience a change in 
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Table 16^. Cross-tabulation of growth pattern category by sex. 

No. of No. of 
Category Males (%) Females (,%) 

1,2 3^ (56) 21 (70) 

3 27 (MO 9 (30) 

Total 61 30 

Table 165. Cross-tabulation of growth pattern category by ethnic 
group. 

No. of No. of Mexican- No. of 
Category Anglos Americans (%) Blacks (%) 

1.2 10 (56) kl (62) k (57) 

3 8 (MO 25 (38 3 Ctf) 

Total 18 66 7 

Table 166. Cross-tabulation of growth pattern category by socio
economic grouping. 

No. Never in No. in SE Group it-
Category SE Group k (,%) At Least Once (%) 

1,2 32 (52) 23 (77) 

3 29 

C
O
 -3

" 

7 (23) 

Total 61 30 
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nutritional intake as well, as school is no longer in session and 

breakfast supplement and lunch are not supplied. Both the quantity and 

quality of nutritional intake doubtlessly changes dramatically for some 

of these socioeconomic group k children over the summer and results in 

sometimes severe loss of both weight and subcutaneous tissue. Some 

children were observed who not only lost weight, but had losses on all 

five circumferential measurements (including head circumference) and 

triceps skinfold thickness. 

Some of the over-the-summer loss unquestionably is regained 

during the school year. Evidence for this comes from a reassessment 

of growth patterns following measurement period 11. The number of 

children who appeared on this second listing was reduced to 80, which 

included 12 in a new Category Four (includes children whose growth 

appears "normal" but who are very small for their age, i.e., less than 

the third percentiles on height and weight). The numbers in the orig

inal three categories were as follows: none in Category One, 22 in 

Category Two, and k6 in Category Three. Just the raw numbers point to 

a reduction in the overall severity of these patterns of "abnormal" 

physical growth. 

However, the marked chronicity of weight and subcutaneous 

tissue losses in certain of the children, particularly in those from 

socioeconomic group k, most certainly is indicative of chronic under

nutrition and in some cases malnutrition. The incidence of malnutri

tion cannot be reported with any degree of certainty, but the personal 

involvement of this writer as a staff member of the El Rio Santa Cruz 
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Neighborhood Health Center (a clinic serving the original Model Cities 

Neighborhood of Tucson, the area inhabited by a majority of the Growth 

Study children) has revealed that low levels of malnutrition exist 

among the lowest income families in Tucson. Moreover, follow-up ex

aminations of the 112 children originally identified for the School 

District No. 1 Department of Health has uncovered several cases of 

medically diagnosed malnutrition (Tucson School District No. 1, per

sonal communication ). The combination of chronic undernutrition 

and some malnutrition undoubtedly results in some effect on attained 

growth at particular age levels. Both the frequency of inclusion of 

circumferential measurements in the discriminant analyses and the high 

relative importance of these variables in the derived functions are 

reflections of the above nutrition pattern, especially in the variation 

between socioeconomic and family-size groupings (see below). 

Genetic-Racial Influences 

As already emphasized in the section on socioeconomic factors 

in Chapter 2, one cannot ignore the fact that the socioeconomic scale 

not only reflects different environments but the influence of genetic 

or racial factors as well. The possibility of genetic differences be

tween socioeconomic strata (or other environment-related groupings, 

such as the census tract groups in this study) must always be taken 

into consideration. However this has all too often been ignored or 

brushed over lightly by researchers studying socioeconomic group dif

ferences (see Chapter 2 discussion). Goldstein (197*0 touches upon 

this issue in a discussion of the application of growth standards based 
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on children from more affluent socioeconomic groups to those of lesser 

economic means. He makes the point that more information is needed in 

such situations as to whether genetic homogeneity can be assumed. 

Such factors may be of particular importance when one is deal

ing with hybrid populations like those represented in the Growth Study. 

Most certainly the Black and Mexican-American children in the study are 

from genetically heterogeneous populations, and those who are called 

"Anglos" have ancestors from all parts of Europe. Thus all three of 

the populations represented among these children are considered hybrid. 

It is interesting that recent estimates of the minimum amount of Native 

American ancestry in an Oakland Mexican-American population have run as 

high as one-third (Heed 197*0. Although using admittedly much cruder 

methods, Paschal and Sullivan (1925) estimated that only 13$ of the 

genetic makeup of 1920 Tucson Mexican-Americans originated from Native-

American populations. Perhaps of more credence is the finding by these 

same two investigators that "social status varies almost directly with 

the amount of White blood" (Paschal and Sullivan 1925:61), i.e., varies 

with amount of European ancestry. Again the "genetic" technique is 

rather crude and the social groupings were based on the assessment of 

a school official supposedly "very familiar with local conditions" 

(Paschal and Sullivan 1925:60). But further supportive evidence comes 

from a table (see Table 167) showing that skin color (measured by use 

of Von Luschan's scale) decreases regularly in pigmentation from "the 

lowest" (Paschal and Sullivan 1925:60) socioeconomic group to the group 

with what was judged to have the best socioeconomic situation. There 
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Table 167. Relationship between skin color and social status in 
Mexican-American children from Tucson during early 1920's. 

Social 
Class I-
Lowest 

Social 
Class II 

Social 
Class III 

Social 
Class IV-
Highest 

Unexposed skin color 

Nine-year females 11.9 11.2 10.8 10.0 
Nine-year males 11.'k 12.0 11.2 10.6 
Twelve-year females 11.8 11.7 11.2 10.8 
Twelve-year males 12.1 12.0 11.9 11.4 

Exposed skin color 

Nine-year females 13.6 12.5 12.4 11.0 
Nine-year males 13.1 13.7 12.9 12.0 
Twelve-year females 13.3 13.0 12.4 12.1 
Twelve-year males 13.9 13.7 13.4 12.6 

From: Paschal and Sullivan (1925)* Table 30, p. 71. 
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can be little doubt that at least these socioeconomic groupings did 

differ genetically as well as environmentally from each other. 

Obviously conditions have changed dramatically in Tucson over 

the fifty years, especially with respect to social conditions. The 

changing biometry of Tucson Mexican-Americans over the 50 years (see 

Table 168) may be an excellent indicator of alterations in environ

mental factors like nutrition and incidence of disease, although one 

cannot discount operation of genetic processes (i.e., changing mating 

patterns as partial explanation for secular trend). Genetic differ

ences between socioeconomic groupings and other environment-related 

groups might well still exist in a similar pattern to the 1920*s one. 

One way of estimating what the extent of these phenomena might be is 

to look briefly at what the analysis of ethnic group differences in 

physical growth tell us. If variables which are important discrimi

nators between ethnic or racial groups in Tucson also are rated as 

relatively important variables for discriminating between socioeconomic 

(or other) groupings, these variables will give us a clue as to the 

degree of possible genetic differences between the "environment-

measuring" groups. In other words, does the direction of the pattern 

of ethnic group differences suggest, for example, that Mexican-

Americans of low income groups are more "Indian-like," as it were, or 

lower income group Black children "more African" biometrically, than 

their more affluent peers? This is evaluated in the next section. At 

this point let us return to the ethnic group differences in physical 

growth. 
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Table 168. Secular trend in attained growth of Mexican-American 
children from Tucson, 1920* s to 1970's. 

Measurements 
1920's (N=103) 1970's (N=170) 

Measurements Mean S.D. Mean S.D. 

Males, age 9.5 years 

Height 128.6 5.̂ 1 13̂ .0 5.8if 
Head Length 17.6 0.6k 17.9 0.65 
Head Width 1̂ .3 0.̂ 9 l̂ .if 0.59 
Face V/idth 12.1 oAl 12.3 0.51 

1920's (N=89) 1970's (N=170) 
Mean S.D. Mean S.D. 

Females, age 9.5 years 

Height 127.8 5.̂ 1 133.7 5.86 
Head Length 17.1 0.50 17.5 0.72 
Head Width 13.9 0.56 Ht.O 0.51 
Face V/idth 11.9 0.4l 12.1 0.5̂  

1920's statistics from Paschal and Sullivan (1925s51)» Table 18. 
1970's statistics from Growth Study data. 
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A more extensive series of analyses of ethnic group variation 

is being completed by Mr. David Taylor of the Growth Study. A limited 

set of analyses has been done by this writer simply to identify some 

of the "more important" inter-ethnic group discriminating variables. 

The stepwise version of discriminant analysis (see Chapter k) was uti

lized to not only make comparisons between the "most different" ethnic 

groups identified in Mr. Taylor's work, but also to control for socio

economic circumstances. Two sets of comparisons (sexes analyzed sepa

rately) were made: (1) comparing two socioeconomic groups of Anglos 

(simply called "upper" and "lower" here, but roughly equivalent to 

socioeconomic groups 1 and 3-k in Anglos, as in previous analyses) with 

two Black socioeconomic groups (groups 1-2 and in previous socio

economic group analyses); and (2) comparing the same two Anglo groups 

with two Mexican-American socioeconomic groups (as in Blacks, 1-2 and 

k) and a group of Native-American children. The same groups of chil

dren were analyzed at two age levels, 7»0 and 11.3 years. 

Certain of the results of these comparisons are summarized in 

Tables 169 and 170. Only the weighting coefficients from the first 

canonical variate are listed in these tables, for this is the one which 

"best" separated the groups along a continuum which reflects probable 

genetic differences. In the comparison of Anglos and Blacks the first 

axis mainly separated the two ethnic groups, with the Black lower 

socioeconomic group centroid slightly more separated from the Anglos. 

The first axis in the second set of comparisons separated Anglos and 

Indians at the extremes, with Mexican-Americans intermediate. Only 



Table 169. Important inter-ethnic group discriminatory variables: 
comparisons of Anglo and Black children at two age 
levels. 

395 

Males 

Variables 
Relative 
Importance 

Females 

Variables 
Relative 
Importance 

Age 7.0 years 
Sitting Height 

•Arm Length 
•Nose Breadth 

- .89 
.9̂  
1.62 

Bicristal Diameter .63 
•Nose Breadth -l.'fl 
•Hand Length - .58 

Age 11.k years 
Sitting Height .83 
•Nose Breadth -1.69 
•Hand Length - .99 
Chest Circumference .k-9 

Sitting Height -
•Tibial Length .75 
•Nose Breadth 1.75 
•Hand Length .95 
•Bicondylar Femur 

Diameter - .50 
•Femur Length - .65 

•Indicates that Blacks have higher mean for this variable. 
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Table 170. Important inter-ethnic group discriminatory variables: 
comparisons of Anglo, Mexican-American, and Native 
American children at two age levels. 

Males Females 
Relative Relative 

Variables Importance Variables Importance 

Age 7.0 years 
""Total Facial Height • 35 •Weight .13 
"Nose Breadth .50 •Chest Depth - .*+9 
Wrist Breadth - .10 •Nose Breadth - .50 
Bimalleolar Diameter - .26 •Foot Breadth - .29 
Head Length - .98 Head Length .5̂  
"Head Breadth - .26 •Bizygomatic Diameter - .̂ 5 
•Bizygomatic Diameter .58 •Bigonial Diameter - .4o 
Upper Arm Circum. - .88 Calf Circumference .99 

•Chest Circumference .79 

Age 11.^ years 
•Chest Depth - .25 •Total Facial Height - .42 
•Nose Length - .35 •Nose Breadth - .61 
•Nose Breadth - .62 Bicondylar Humerus 
Bicondylar Humerus Diameter .54 
Diameter .60 Head Length .74 

Head Length .82 •Head Breadth .45 
•Head Breadth .27 •Bizygomatic Diameter - .68 
•Bizygomatic Diameter - .75 •Bigonial Diameter - .35 

"Indicates that Native Americans have highest mean for this variable. 
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the variables which are "most important" in these respective separa

tions are listed in the tables. The results of these analyses are used 

in the evaluation of socioeconomic group differences (and other group

ings by environmental factors) in the next section. 

Evaluation of Discriminant Analyses 

In the following section the results of the discriminant 

analyses reported in the last chapter are evaluated. The influence on 

attained physical growth of each of the grouping factors is assessed 

in terms of the extent of observed variation and special consideration 

is made of the evidence presented in the preceding section of this 

chapter. 

Birthweight, Gestational Age, and Gravidity 

All three of the status-at-birth variables listed in the title 

of this section have been shown in the last chapter to be related to 

within-ethnic group biometric variability at the earliest age level. 

When children are grouped into categories based on these variables, 

discrimination between the groups is achieved, albeit in various de

grees within each sex/ethnic division. The extent of variation between 

sex/ethnic divisions with regards to group discrimination on status-at-

birth variables can be explained if we consider the influences of other 

post-natal factors influencing physical growth (see further below). 

Before looking again at some of the patterns observed in Chap

ter 5 and evaluating these patterns in terms of possible genetic and/or 

environmental factors, let us consider one environmental factor, 
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nutrition, more closely. Keeping in mind the importance of circum

ferential measurements as indicators of possible nutritional stress, 

w;e might ask whether any of the functions derived in the discriminant 

analyses have a tendency to weight circumferential measurements more 

heavily. The first functions in all sex/ethnic divisions except Anglos 

males and Black females (in whom the second functions show the tendency) 

weight circumferences heavily in relation to other measurements (see 

Tables 16-21). If we tentatively identify these functions as "nutrition" 

functions, we might expect to observe in the pattern of group separa

tion by these functions the influences of nutrition. As further sup

port for the post-natal influences of nutrition, one might expect the 

socioeconomic situations of children in the birthweight/gestational age 

groupings to correspond with the direction of possible environmental 

influence. Let us now examine the important patterns which emerged 

from the discriminant analyses. 

Four important patterns of group separation were observed in 

Chapter 5 (see Fig. 1) namely contrasts between: (1) birthweight/ 

gestational age groupings 2 and 4 (refer to the numbers used in Fig. 1); 

(2) groups 1 and 3» each of which involves the tendency for isolation 

of group 1; (3) groups 2 and 3» involving some of the "isolation of 

group 3" phenomenon; and finally (4) groups 3 and 4, also involving 

isolation of group 3 in certain sex/ethnic divisions. These patterns 

are now discussed in the order given here. 

The functions which contrast groups 2 and k (i.e., some ges

tational age, equal to or greater than 39 weeks, but different 
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birthweight categories) are only found in Anglos. These first func

tions in both male and female Anglos were the only ones to reach levels 

of statistical significance, and this was hypothesized in Chapter 5 

as due to greater homogeneity of the environment among Anglos. Using 

socioeconomic group assignment over the years from birth to the early 

Growth Study age levels as a rough indicator of environment, it can be 

seen in Table 171 that the level of "exposure" to the least affluent 

Anglo socioeconomic group (group 3-4) is similar in each birthweight/ 

gestational age grouping. Although in the males the first function is 

not the one designated as possibly reflecting nutritional circumstances 

to the greatest extent, in females it is (albeit the "weakest" of the 

so-called "nutrition" functions, as can be seen by contrasting weight

ing coefficients in Tables 16-21). V/ith the above considerations it 

is suggested that the function contrasting groups 2 and k in Anglos re

flects the influence of size at birth to a greater extent than in the 

other sex/ethnic divisions. The emphasis in these functions on trunk 

and head or face dimensions rather than circumferential ones lends some 

further support to this hypothesis, as these are the predominant dimen

sions in the newborn child. 

The contrasts between groups 1 and 3 (i.e., groups of children 

who were both less than 39 weeks in gestational age, but who differed 

on weight-at-birth categorization) are accomplished by functions which 

in four of the six sex/ethnic divisions are also the ones designated 

as possible "nutrition" functions. This interesting phenomenon re

flects differences in the distribution of socioeconomic group 



Table 171. Numbers of socioeconomic group J-k children in each birthweight/gestational age group 
for Anglo males and females. 

Males Females 
Birthweight/Gestational Number in Number in SE Number in Number in SE 

Age Group Each Group Group 3-^ (.%)* Each Group Group 3-b (%)* 

Birthwt. LT aver., Gest. LT 39 wks. 7 2 (29) 7 1 (1*0 

Birthwt. LT aver., Gest. GE 39 wks. 19 5 (26) 22 3 (1*0 

Birthwt. GT aver., Gest. LT 39 wks. if 1 (25) 5 1 (20) 

Birthwt. GT aver., Gest. GE 39 wks. 26 5 (19) 37 5 (1*0 

•This number indicates those whose families were in either socioeconomic group 3 or 
(1) at time of child's birth; (2) during Period 1-2; or (3) at both points in time. 

•r 
8 
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involvement between the birthweight/gestational age groupings, as will 

be seen if we examine the patterns by ethnic group. 

In Anglos, the second functions in both sexes are responsible 

for this separation of groups 1 and 3» In males this function is the 

one designated as "nutritional" but no clear trend seems apparent, per- . 

haps because any differences between the groupings in nitrition are 

minimal. The second function in Anglo females does not seem to be re

flecting nutrition. Interestingly facial measurements and trunk 

dimensions are emphasized in this contrast, buth structural components 

of the body and perhaps more highly correlated with direct parental 

factors influencing later size. 

The first functions in Mexican-American males and females con

trast groups 1 and 3 at the extremes and are the most probable "nutri

tion" function. In Figure 1 it can be seen that this function isolates 

group 1 to a greater extent in the males than in females. This is par

tially explained by the pattern of socioeconomic circumstances associ

ated v.'ith each grouping (see Table 172). In the males, group 1 has 

the "least favorable" record overall with respect to the socioeconomic 

factors, whereas in females the socioeconomic situation of grouping 3 

perhaps best fits this description. If we compare the means across 

brithweight/gestational age groups in Tables 1 and 2 of Appendix V, it 

can be seen that differences between male groups are larger than female 

groups and fit the pattern which would be predicted on the basis of 

Table 172. There is then some evidence of post-natal influences on the 

direction of birthweight/gestational age group differentiation in the 

Mexican-American children. 



Table 172. Numbers of socioeconomic group b children in each birthweight/gestational age group for 
Mexican-American males and females. 

Birthweight/ 
Gestational Total No. In SE Grp. b In SE Grp. b Remain in SE Move out of Move into SE 
Age Groups in Group once* (56)** at Birth (.%) Grp. b {%) SE Grp.'f (%) Grp. b (%) 

Males 

Birthwt. 
Gest. LT 

LT 
39 

aver., 
wks. 27 10 (37) 5 (19) b (15) 1 (  b)  5 (19) 

Birthwt. 
Gest. GE 

LT 
39 

aver., 
wks. 95 26 (27) 18 (19) 11 (12) 7 ( 7) 8 ( 8) 

Birthwt. 
Gest. LT 

GT 
39 

aver.t 
wks. 10 2 (20) 2 (20) 1 (10) 1 (10) 0 ( o) 

Birthwt. 
Gest. GE 

GT 
39 

aver., 
wks. 106 3b (32) 23 (22) 9 (8) lb  (13) n (10) 

Females 

Birthwt. 
Gest. LT 

LT 
39 

aver., 
wks. 26 9 (35) 6 (27) 3 (12) 3 (12) 3 (12) 

Birthwt. 
Gest. GE 

LT 
39 

aver., 
wks. 8k 33 (39) 19 (23) 8 (10) 11 (13) l*f (17) 

Birthwt. 
Gest. LT 

GT 
39 

aver., 
wks. 5 2 CK» 2 (ho)  1 (20) 1 (20) 0 ( 0) 

Birthwt. 
Gest. GE 

GT 
39 

aver., 
wks. 110 bo (36) 29 (26) 11 (10) 18 (16) 11 (10) 

•In SE Group b at birth and/or in Period 1-2. 
••Percentages are of the total number in group. 
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The groups 1-3 contrasting functions in Black males and females 

are the third and second for these groups, respectively. In males this 

is not the designated "nutrition" function, yet it functions to isolate 

group 1 similarly to the separation observed in male Mexican-Americans. 

It is possible that this isolation of group 1 is accomplished without 

accentuation by socioeconomic factors (see Table 173) i and may involve 

more than anything else the matter of the sample sizes being the 

smallest of any of the group 1-3 contrasts so far. The Black female 

group environments, as estimated from socioeconomic information, may 

be uniform in an opposite sense to that of the Anglos, i.e., with the 

highest frequencies of socioeconomic group k involvement (see Table 

173)• The second function in Black females is the one thought to re

flect nutritional variation between groupings, yet there is similar 

"exposure" of all groupings to the extreme low income situations. 

Thus the contrast between groups 1 and 3 in Black females may involve 

status-at-birth factors to a large degree, as in the Anglo children, 

but reflecting a different kind of environmental homogeneity. 

Separation of groups 2 and 3 at the extremes is accomplished by 

the third functions in male and female Anglos. Again the uniformity 

among Anglo children at least in socioeconomic situation places this 

distinction between groups which differ on both birthweight and gesta

tional age more in the realm of direct relatedness to status-at-birth. 

The other groups 2-3 separating function of interest is the one in 

Black males, for it is also a designated "nutrition" function. This 

function tends to isolate group 3» mostly on the basis of overall body 



Table 173» Numbers of socioeconomic group 4 children in each birthweight/gestational age group for 
Black males and females. 

Birthweight/ 
Gestational Total No. In SE Grp. if In SE Grp. k Remain in SE Move out of Move into SE 
Age Groups in Group once (%)* at Birth {%) Grp. 4 (,%) SE Grp.4 {%) Grp. if (%) 

Males 

Birthwt. 
Gest. LT 

LT 
39 

aver., 
wks. if 3 (75) 3 (75) 1 (25) 2 (50) 0 ( 0) 

Birthwt. 
Gest. GE 

LT 
39 

aver., 
wks. 25 16 (6if) lif (56) 9 (36) 5 (20) 2 ( 8) 

Birthwt. 
Gest. LT 

GT 
39 

aver., 
wks. 3 1 (33) 1 (33) 1 (33) 0 ( 0) 0 ( 0) 

Birthwt. 
Gest. GE 

GT 
39 

aver., 
wks. 22 10 Cf5) 8 (36) 5 (23) 3 (lif) 2 ( 9) 

Females 

Birthwt. 
Gest. LT 

LT 
39 

aver., 
wks. 10 8 (80) 7 (70) 2 (20) 5 (50) 1 (10) 

Birthwt. 
Gest. GE 

LT 
39 

aver., 
wks. 15 13 (87) 8 (53) 6 (ifO 2 (13) 5 (33) 

Birthwt. 
Gest. LT 

GT 
39 

aver., 
wks. 5 if (80) if (80) 2 (ifO 2 (40) 0 ( 0) 

Birthwt. 
Gest. GE 

GT 
39 

aver., 
wks. 30 19 (63) lif (if7) 8 (27) 6 (20) 5 (17) 

*See footnote in Table 172. 

-p-
o 
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size and probably as a result of the low involvement of socioeconomic 

group among children in this birthweight/gestational age grouping. 

The final major separation is between groups 3 and or groups 

which differ on the gestational age criterion alone. In no cases are 

"nutrition" functions involved. The same functions which separate 

groups 2 and 3 at the extremes in Anglos also tend to provide the 

greatest separation between groups 3 and k. Small sample sizes hinder 

any interpretation as to the direct influence of gestational age. As 

mentioned in Chapter 5» no clear pattern of similar variable weightings 

on these 3-^ group separating functions exists in Mexican-American 

males and females. The picture for Mexican-Americans is not one indi

cating an independent effect of gestational age on later size. In the 

Blacks, the separation of groups 3 and k suggests a differential effect 

of gestational age for each sex (cf. Tables 1 and 2 in Appendix V). 

Obviously larger sample sizes would be needed to test this any further. 

The results for comparisons of groupings based on gravidity of 

mothers pointed to some differentiation related to this status-at-birth 

variable. However, as will be seen, the direction of these differences 

between gravidity groupings is modified by post-natal factors. Func

tions which may reflect the influence of nutrition can be identified in 

each sex/ethnic division. The third functions in Mexican-Americans and 

the first functions in Blacks weight circumferential measurements 

heavily in relation to others. In Anglo males the second function does 

this (but weakly), as does the first function in female Anglos. In the 

latter and in Black females, these functions reflecting nutrition are 
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also the designated "G" functions, a fact which has important conse

quences in terms of group separation, ^he results are now reviewed 

and evaluated by ethnic group. 

In Anglo males, the gradient from group 1 to 5+ exists despite 

the slight tendency for a greater incidence of socioeconomic group 3-^ 

children in the lower two gravidity groups (cf. Table 17'* and Table 3 

in Appendix V). Socioeconomic factors may be keeping the differences 

at a minimal level. Interestingly the "G" function in females heavily 

stresses circumferential measurements. An accentuation of gravidity 

group differences seems related to the level of socioeconomic group 

3-^ involvement in each gravidity group (see again Table 17*0- This 

direction of mean differences (Appendix V, Table k) also suggests the 

influence of post-natal environmental factors. 

A tenuous relationship with gravidity exists in the Mexican-

American males with respect to "G" function group separation. As can 

be seen in Table 175i the groups contrasted at the extremes for this 

function (groups 1 and 5) are similar in possible socioeconomic factors 

of influence. The emphasis in this function on trunk dimensions and 

the head is interesting in terms of prior results for birthweight/ 

gestational age groups when possible post-natal influences were "con

trolled." In the females, the most striking observation is the lack 

of any gradient along what can only be described as a marginal "G" 

axis. Some of this may be explained by the highly variable incidence 

of socioeconomic factors involved in each of the female gravidity 

groupings (see Table 175). 



Table 174. Numbers of socioeconomic group 3-4 children in each gravidity group for Anglo males 
and females. 

Males Females 

Gravidity Group No. in Group 
No. in SE 

Group 3-4 {%)* No. in Group 
No. in SE 

Group 3-4 (%)* 

1 23 6 (26) 23 2 ( 9) 

2 14 4 (29) 17 if (24) 

3* 19 3 (16) 31 4 (13) 

•See footnote in Table 171• 



Table 175« Numbers of socioeconomic group if children in each gravidity group for Mexican-American 
males and females. 

Gravidity 
Group 

No. in 
Group 

In SE Grp. if 
Once (%)* 

In SE Grp. if 
at Birth (%) 

Remain in SE 
Grp. if (?0 

Move out of 
SE Grp. if (%) 

Move Into 
SE Grp.if (%) 

Males 

1 38 8 (21) 7 (18) if (11) 3 ( 8) 1 ( 3) 

2 ko 10 (25) 6 (15) 3 ( 8) 3 ( 8) if (10) 

3 k5 12 (27) 7 (16) 2 ( 5) 5 (13) 5 (11) 

if 31 12 (39) 9 (29) if (13) 5 (16) 3 (10) 

5 26 5 (19) if (15) 3 (12) 1 (  k )  1 (k)  

6+ 58 25 (if3) 15 (26) 10 (17) 5 ( 9) 10 (17) 

Females 

1 k2 22 (52) 18 (^3) 2 ( 5) 16 (38) if (10) 

2 ko 17 Cf3) 12 (30) 8 (20) if (10) 5 (13) 

3 3k 6 (18) 3 ( 9) 2 ( 6) 1 ( 3) 3 ( 9) 

if 22 7 (32) 3 ( Ik )  1 ( 5) 2 ( 9) if (18) 

5 18 5 (28) if (22) 1 ( 6) 3 (17) 1 ( 6) 

6+ 68 27 (ko)  16 (2k)  9 (13) 7 (10) 11 (16) 

*See footnote in Table 172. 
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The "G" function in Black males very strongly isolates group 1 

from the other three groups. Some of this is doubtlessly the influence 

of socioeconomic factors, as revealed in Table 176. The function pos

sibly related to nutrition in Black males isolates group 3 from the 

others. Another look at Table 176 shows this to correspond to socio

economic involvement as well. The Black female "G" function heavily 

weights the circumferences, and correspondingly the pattern of group 

separation reflects to some extent the socioeconomic factors (see Table 

176). 

To complete the evaluation of results for comparisons of group

ings based on status-at-birth variables, a brief look at the tables in 

Appendix V is of interest. If we simply observe the means for the 

traditional body size variables, height and weight, among birthweight/ 

gestational age groupings, it is clear that the children who are 

largest on these variables at age 7 years are most often found in the 

greater than average birthweight groupings. The smallest children are 

found in the first two groupings. The only exceptions to these state

ments are found in the females. These results clearly agree with those 

of prior research (see Chapter 2). However, there is also evidence in 

these comparisons of post-natal environmental influences which can 

modify the direction of the observed differences between size-at-birth 

categories. The evidence for an independent effect of gestational age 

is unclear for the reasons outlined above (mostly small sample sizes). 

Finally we note in Tables J-k of Appendix V some evidence of body size 

differences according to gravidity, but the overriding influence of 



Table 176. Numbers of socioeconomic group 4 children in each gravidity group for Black males and 
females. 

Gravidity 
Group 

No. in 
Group 

In SE Grp. k 
Once (&)* 

In SE Grp. 4 
at Birth (%) 

Remain in SE 
Grp. k (%) 

Move out of 
SE Grp. k (%) 

Move 
SE Grp 

i Into 
». k (%) 

Males 

1 9 3 (33) 3 (33) 1 (11) 2 (22) 0 ( 0) 

2 11 6 (55) k (36) 3 (27) 1 ( 9) 2 (18) 

3 10 7 (70) 6 (60) 3 (30) 3 (30) 1 (10) 

2k l'f (58) 13 (5*0 9 (38) k (17) 1 ( k) 

Females 

1 5 4 (80) 3 (60) 3 (60) 0 ( 0) 1 (20) 

2 8 5 (63) 3 (38) 1 (13) 2 (25) 2 (25) 

3 k M100) 2 (50) 1 (25) 1 (25) 2 (50) 

k Ik 8 (57) 5 (36) 1 ( 7) 4 (29) 3 (21) 

5+ 29 23 (79) 20 (69) 12 (41) 8 (28) 3 (10) 

•See footnote in Table 172. 



kll 

post-natal environmental factors makes an orderly interpretation rather 

difficult. 

Place of Birth 

In the analyses of birthplace groups, three major patterns of 

group separation emerged: (1) isolation of Arizona-born (but not 

Tucson) children from all other groups; (2) separation of children born 

elsewhere in the United States from those born in Arizona, including 

Tucson (and in Mexico in the case of Mexican-American children); and 

(3) in the Mexican-Americans, isolation of Mexico-born children along 

one of the derived axes. The first of these patterns could be the re

sult of small sample sizes for the other Arizona-born groupings, while 

the second may reflect climatological influences. Differences between 

Mexico-born children and the other groups of Mexican-American children 

may be the result of an interaction between several factors. Each of 

the patterns are evaluated below. Functions which possibly relate to 

nutrition are discussed in the process of this evaluation. 

The second functions in Anglo males and females act to isolate 

non-Tucson but Arizona-born groups from the others, to the greatest 

extent in females (mostly on the basis of shoulder breadth). The rela

tively high weightings of circumferential measurements in both func

tions indicates some involvement of nutritional factors, but no corre

spondence seems to exist with socioeconomic circumstances (see Table 

177). This is perhaps the result of sampling error, especially in the 

females. In Mexican-Americans, the third functions for both sexes 

isolate the Arizonans born outside of Tucson from the other groups. 



Table 177. Numbers of socioeconomic group J>-k children in each birthplace group for Anglo males 
and females. 

Males Females 
No. in SE Group No. in SE Group 

Birthplace No. in Group 3-^ (#)* No. in Group 3-k (/»)* 

Tucson 61 9 (15) 77 M 5) 

Arizona 13 1(8) 7 2 (29) 

Other U.S. 118 29 (25) 9** 13 (1*0 

•See footnote in Table 171* 
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The emphasis on the circumferences indicates some involvement of nutri

tion in this separation. The distribution of socioeconomic groups 

within birthplace groupings (see Table 178) does not contradict the 

possibility of this nutritional influence. In Blacks the pattern of 

weighting coefficients is suggestive of nutritional involvement and 

the socioeconomic situation of this birthplace group provides addi

tional support (see Table 179). Small sample sizes again hamper in

terpretation, but comparison of weighting coefficient results (Tables 

32 and 35) with means (Tables 5-6 in Appendix V) indicates an extremely-

linear build in both males and females of this birthplace grouping. 

All of these children were born in either Phoenix or Yuma and moved to 

Tucson sometime before their entrance into school. A climatological 

explanation is tempting, but with such small sample sizes and the level 

of socioeconomic involvement, only further study could establish such 

a causal connection. 

The second pattern of birthplace group separation, isolation 

of the non-Arizona born grouping from all others, is certainly sugges

tive of some climatological involvement. The first functions in Anglos 

of both sexes provide this separation, although very poorly in the 

females (see Fig. 5)» Despite the clearly greater involvement of 

socioeconomic group 3-^ in the male other U.S.-born group, this group 

is heavier and has slightly greater body bulk than the other two 

groups (see Table 5 in Appendix V). Some of this is perhaps related 

to climate. The opposite pattern, as mentioned previously, is ob

served in females, but socioeconomic factors cannot be discounted 

(see Table 177). 



Table 178. Cross-tabulation of birthplace by socioeconomic group in Mexican-American males and 
females. 

Males Females 
No. in SE Group, No. ( i )  No. in SE Group, No. (*) 

Birthplace Group 1--2 3 k  Group 1-•2 3 k  

Tucson 256 100 (39) 103 (to) 53 (21) 237 92 (39) 91 (38) 5 b  (23) 

Arizona 27 11 Cfl) 12 (W (15) 27 7 (26) 11 ( h i )  9 (33) 

Other U.S. 25 13 (52) 8 (32) k  (16) 25 13 (52) 10 (to) 2 ( 8) 

Mexico 32 8 (25) 19 (59) 5 (16) 28 8 (29) 17 (61) 3 (ID 

Table 179. Numbers of socioeconomic group k children in each birthplace group for Black males 
and females. 

Males Females 
No. in SE Group No. in SE Group 

Birthplace No. in Group h (*)• No. in Group k (#)* 

Tucson 56 21 (38) 62 29 (̂ 7) 

Arizona 5 3 (60) 7 3 Cf3) 

Other U.S. 28 13 (W) 22 k (18) 

*In SE group k at birth and/or in Period 1,2. 

•p-
H 
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In Mexican-American children we find a similar configuration of 

mean differences for body size, in that males born elsewhere than Ari

zona or Mexico are the largest group in overall body size while the 

same group in females is the smallest both in height and weight. The 

isolation of the "other U.S.-born" group in the males is accomplished 

by a heavy weighting of height, while in the females the emphasis is 

on weight. As seen in Table 178, there does not seem to be involvement 

of socioeconomic factors as appraised at the onset of the Growth Study. 

However, this does not eliminate the possibility of socioeconomic 

effects prior to the migration of childrens1 families to Tucson. 

The first function in Black males and second in females provide 

the isolation of the Arizona-born groups from the other U.S.-born group. 

Both these functions weight body height twice as important as the next 

most important variable and also come closest to reflecting possible 

discrimination on the basis of nutrition. In males there is slightly 

more involvement of socioeconomic group k in the other U.S.-born group, 

but this is not the case in females (see Table 179)• The differences 

among male group means for both height and weight fit the socioeconomic 

gradient closely, but the same cannot be said of the females (of Tables 

5-6, Appendix V and Table 179)• The Tucson-born Black females are the 

same in height as the other U.S. born group, but heavier and greater in 

body bulk, as exhibited in circumferential measurements. This strongly 

suggests nutritional factors which may have no relation to socioeco

nomic circumstances, but instead reflect a greater involvement with 

regional and/or subcultural differences between Tucson Blacks and Black 

migrants to Tucson. 
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The final major pattern is the clear separation of the Mexico-

born group from the other birthplace groupings by the first functions 

in Mexican-Americans of both sexes. The weighting coefficients in both 

functions suggest differentiation along nutrition lines, and the dis

tribution of socioeconomic groups within birthplace groupings is 

supportive of possible nutrition differences between the groupings 

(see Table 178). Mexico-born males at age 7 years are the smallest in 

body size (i.e., height and weight) and the important nutrition re

lated measurements, upper arm circumference. However, there is the 

hint of possible genetic-racial influences in the males, and especially 

in the females. 

It will be remembered from Table 170 that a number of circum

ferential and face/head variables were emphasized in the discriminant 

functions which mainly distinguished Anglo and Native American children. 

Some of these variables also appear in the functions which isolate 

Mexico-born children. They include in males head length and breadth, 

bizygomatic diameter and upper arm circumference (the last three more 

heavily emphasized), while in females weight, chest depth, foot breadth 

and calf circumference appear, all but foot breadth being heavily 

weighted in the function. Native American males and females have the 

highest means on the asterisked variables in Table 170 and the lowest 

or next to lowest mean values on the other variables mentioned above. 

The direction of mean differences for the birthplace groupings shown 

in Table 180 are suggestive of stronger Native American admixture in 

the Mexico-born group, especially marked in the females. 
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Table 180. Means and standard deviations of Mexican-American birth
place groups for important ethnic discriminatory variables. 

Tucson Arizona Other U.S. Mexico 
Variables Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Females 

Weight 52.8 11.0 50.6 7.5 45.1 7.1 50.9 7.9 
Chest Depth 14.6 1.4 14.2 1.0 13.8 1.1 14.5 1.3 
Foot Breadth 7.4 0.4 7.4 0.3 7.0 0.4 7.3 0.4 
Head Length 17.0 0.7 17.0 0.7 16.8 0.7 17.2 0.6 
Head Breadth 13.8 0.5 13.8 0.5 13.6 0.5 13.7 0.5 
Bizygomatic Diam. 11.6 0.4 11.6 0.3 11.3 0.3 11.7 0.4 
Upper Arm Circum. 17.9 2.2 17.5 1.7 16.5 1.7 17.6 1.8 
Calf Circum. 24.0 2.3 23.8 1.5 22.4 1.8 23.8 1.9 

Males 
Weight 51.5 8.2 49.6 7.1 52.4 6.6 48.1 6.2 
Chest Depth 14.7 0.9 14:6 0.9 14.8 0.6 14.6 0.7 
Foot Breadth 7.6 0.4 7.5 0.5 7.5 0.4 7.3 0.5 
Head Length 17.6 0.7 17.3 0.6 17.6 0.7 17.5 0.5 
Head Breadth 14.2 0.6 14.1 0.5 14.2 0.7 14.2 0.6 
Bizygomatic Diam. 11.8 0.4 11.7 0.4 11.8 0.5 11.6 0.4 
Upper Arm Circum. 17.5 1.7 17.3 1.6 17.8 1.4 17.1 1.3 
Calf Circum. 23.4 1.9 23.4 1.9 23.8 1.5 22.5 1.4 
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To summarize, the pattern of discrimination between birthplace 

groupings certainly exhibits variability in body size and certain re

lated variables. In some of the sex/ethnic divisions we find a hint 

of possible macroenvironmental (i.e., climatological) influences, but 

the dominant pattern is one of intervention of socioeconomic and in 

certain cases, genetic/racial factors. The extent of discrimination 

between birthplace groupings is not great as found with respect to 

other groupings criteria, but certainly the influences of what differ

entiation does exist must be considered in the analysis of socioeconomic 

groups where children from all birthplaces Eire considered. 

Census Tract 

Perhaps the most interesting pattern which came to light in the 

analyses of anthropometric differences among census tract groupings is 

the one involving the high relative importance of chest circumference 

in comparison to other measurements. This finding is of interest in 

terms of the differences in air pollution levels between the census 

tract groupings. If such pollution is having an anthropometric effect 

during the growth of the children in Tucson, most certainly one would 

predict that some aspect of the respiratory system would be involved, 

and in turn some biometric dimension involving the chest. Table l8l 

shows the means for chest circumference of each census tract grouping 

within the individual sex/ethnic divisions. In all divisions, there 

is a decrease in chest circumference as we move from census tract cate

gory 1 to 2, a corresponding increase in the third category, and a 

variable pattern thereafter. Note again in Table 7 that high air 
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Table l8l. Means and standard deviations for chest circumference by 
census tract group for each ethnic sex division 

Census Tract Categories 
1 2 3 if 

Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Males 

Anglos 59.6 2.6 57. if 3.1 58.6 3.2 59.̂  2.7 

Mexican-Americans 60.0 3.9 59.9 3.6 60.5 3.0 58.7 2.9 

Blacks 60.5 3.3 59.5 2.8 60.if 2.6 59.8 2.if 

Females 

Anglos 58.2 if.l 56.8 1.3 57.8 b.7 58.9 if .6 

Mexican-Americans 58.9 .̂5 58.6 5.0 61.5 7.̂  62.1 7.1 

Blacks 58.7 3.2 58.1 ^•3 60.1 3.2 60.3 3.3 
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pollution levels (i.e., 5or more of the tract blocks with marked air 

pollution as evaluated by the Division of Environmental Health, Pima 

County Health Department; see Pima County Health Department 1975) 

occurred in 71% of Category One census tracts. Categories 2 and 3 have 

intermediate levels, while Category k has about one-fourth of its tracts 

in the marked air pollution categorization. As reported in the Pima 

County Echo Report, "only the extreme category of the Air Pollution 

levels" (Pima County Health Department 1973s25) were included in the 

statistics calculated for each census tract block, so the reporting of 

the air pollution data presents a reasonable picture of air pollution 

variation in Tucson. The above phenomenon with regards to chest dimen

sion variability is now evaluated for each ethnic group along with 

other factors obviously of influence in census tract group differen

tiation (for example, socioeconomic circumstances). 

The third and second functions in Anglo males and females re

spectively, were designated in Chapter 5 as "C" functions (see Fig. 6 

and Tables 39 and ̂ 2). Both functions separate census tract Categories 

1 and 2 from 3 and k. Some of this separation in males may be the re

sult of socioeconomic factors, as can be seen by viewing Table 182. 

However, the census tract Category One males have the highest mean for 

chest circumference despite possible socioeconomic factors. As will 

be seen below, this is a result similar to that found for Anglo females. 

Furthermore the first function in the males has a more uniform pattern 

of heavy weightings for circumferencial measurements and is the more 

probable nutrition-reflecting function. This function clearly acts to 



Table 182. Numbers of socioeconomic group 3-^ children in each census tract group for Anglo 
males and females. 

Males Females 

Census Tract Group No. in Group 
No. in SE Group 

3-b (55)* No. in Group 
No. in SE Group 

3-^ (50* 

1 5 2 (*t0) if 1 (25) 

2 8 2 (25) if 0 ( 0) 

3 12 7 (58) 12 3 (25) 
if 31 2 (31) ^9 6 (12) 

*See footnote in Table 171• 
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separate Categories 1 and 3 from 2 and 4, a phenomenon one might expect 

on the basis of the distribution of socioeconomic factors (see again 

Table 182). Interestingly the male second function tends to isolate 

Category One from the others, and some emphasis is placed on the chest 

dimensions (i.e., chest breadth) in this function as well. 

Returning again to the Anglo females, the pattern of separation 

of census tract Categories 1 and 2 from 3 and k does not seem to fit 

the socioeconomic data, although nutritional factors are suggested by 

the heavy emphasis on upper arm circumference. This makes the combi

nation of large chest and small body size (of Table 182 and Table 8, 

Appendix V) more interesting, but small sample sizes unfortunately 

hamper us once again. As in the males, the first function in the fe

males seems to relate more to possible nutritional differentiation, 

Categories 1 and 3 separated from 2 and 4 along a continuum correspond

ing roughly to the socioeconomic group distribution within census tract 

categories. 

In Mexican-American males and females the second and first, 

respectively, act as "C" functions (see Tables *+0 and k3 and Fig. 6). 

These functions in both sexes tend to isolate census tract Category 4 

from the other three categories. This may involve socioeconomic fac

tors, as can be seen in Table 183, and the uniform emphasis on circum

ferential measurements offers some support for nutritional differences. 

The two "C" functions do not separate Categories 1, 2, and 3 very much 

at all, and this may be a direct result of the socioeconomic, nutri

tional component in this function. The decrease in chest circumference 



Table 183. Numbers of socioeconomic group children in each census tract group for Mexican-
American males and females. 

Census Tract No. in In SE Grp. 4 In SE Grp. Remain in SE Move Out of Move Into 
Group Group Once (#)* at Birth Grp. k (56) SE Grp. k (%) SE Grp. k (%) 

Males 

1 132 1*8 (36) 31 (23) 18 (1*0 13 (10) 17 (13) 

2 70 20 (29) Ik (20) 5 ( 7) 9 (13) 6 ( 9) 

3 Ik 1 ( 7) 0 ( 0) 0 ( 0) 0 ( 0) 1 ( 7) 

k 19 3 (16) 3 (16) 3 (16) 0 ( 0) 0 ( 0) 

Females 

1 13k 51 (38) 29 (22) 15 (11) Ik (10) 22 (16) 

2 57 2k (k2) 18 (32) 6 (11) 12 (21) 6 (11) 

3 17 k i2k) if (2*0 1 ( 6) 3 (18) 0 ( 0) 

k 15 5 (33) 5 (33) 1 ( 7) it (27) 0 ( 0) 

*See footnote in Table 172. 

-p-

ro 
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from Category 1 to 2 is least in the Mexican-Americans among the three 

ethnic groups (see Table l8l). This is probably a function of the 

differences in socioeconomic group distribution within each of these 

two categories, as shown in Table 183. Category 2 is "favored" socio-

economically, and if this in turn affects nutrition, it may account 

for the smaller differences between Categories 1 and 2 in chest cir

cumference. The increase in chest circumference from Category 2 to 3 

is certainly what one would predict on the basis of socioeconomic in

volvement (see again Table 183). 

The "C" functions in Blacks were designated as follows: in 

males, the second, while in females the first function comes closest. 

The male "C" function provides something of a gradient from Category 

1 to However, the gradient does not correspond closely to the 

socioeconomic group pattern, nor does this function seem to reflect 

nutrition (for example, low weighting of upper arm circumference) as 

closely as the first function (cf Fig. 6 and Table 18^). The latter 

table suggests that Category 1 might be slightly more "favored" socio-

economically than Category 2, yet both categories are similar on mean 

values for important variables (cf Table 7, Appendix V), except in the 

case of chest circumference, where Category 1 is larger (the pattern 

already seen in other sex/ethnic divisions). Socioeconomic factors 

cannot be ruled out, but it would be expected that related*nutritional 

differences would be reflected in other variables as well (especially 

upper arm circumference). 



Table 184. Numbers of socioeconomic group if children in each census tract group for Black males 
and females. 

Census Tract No. in In SE *Grp. if In SE Grp. if Remain in SE Move Out of Move Into 
Group Group Once {%)* at Birth (%) Grp. 4 (%) SE Grp. 4 (&) SE Grp. k (%) 

Males 

1 20 11 (55) 10 (50) 5 (25) 5 (25) 1 ( 5) 

2 21 12 (57) 11 (52) 8 (38) 3 (lif) 1 ( 5) 

3 8 5 (50) 3 (38) 2 (25) 1 (13) 1 (13) 

if if 2 (50) 1 (25) 0 ( o) 1 (25) 1 (25) 

Females 

1 2if 22 (92) 18 (75) 11 (if6) 7 (29) if (17) 

2 15 10 (67) 8 (53) if (27) if (27) 2 (13) 

3 11 5 (if5) 3 (27) 0 ( o) 3 (27) 2 (18) 

if 7 if (57) 2 (29) 2 (29) 0 ( 0) 2 (29) 

•See footnote in Table 172. 
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In Black females, the pattern of socioeconomic group involve

ment among census tract categories suggests that Category 1 would be 

less apt to achieve optimal conditions for physical growth. Indeed the 

third function tends to isolate this category from the others, with the 

uniform emphasis on circumferential measurements of nutritional impor

tance corroborating to an extent the socioeconomic prediction. Table 

8 in Appendix V reveals that Category 1 females are smallest in over

all body size, but at the same time this is not reflected in chest size. 

This is a result similar to the one seen in Anglo females, and again 

supports the hypothesis that microenvironmental factors like air pol

lution might be involved. 

Naturally any conclusions based on these observed patterns must 

be regarded as highly tentative until further analyses can be completed. 

But certainly microenvironmental factors are suggested as possible 

causal elements by the consistency in these results across all sex/ 

ethnic divisions. There appears to be some accentuation of chest 

dimensions among children living in census tracts where the probability 

of high air pollution levels is increased. Time constraints have un

fortunately not allowed a thorough examination of school health records 

in the cases of all children in the study. The indication if micro-

environmental effects which undoubtedly could also involve disease 

patterns (i.e., related respiratory problems like asthma) warrants 

additional research in this direction. 
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Socioeconomic Groups 

The results of the discriminant analyses of socioeconomic group 

variation presented in Chapter 5 are evaluated below in two subsections. 

As explained previously, socioeconomic groupings of Tucson-born chil

dren were compared separately from groupings of children from all 

birthplaces, in light of the results for comparisons of children by 

place of birth (see above). These two subsets of analyses are there

fore reported separately. 

Groupings of Tucson-Born Children. In this first subsection, 

results of each of the four subsets of analyses described in Chapter 5 

are evaluated in terms of possible genetic and environmental factors. 

An examination is made of the extent of variation between groupings as 

assessed at an earlier versus a more current time in relation to the 

measuring period being analyzed. Each of the two time levels (i.e., 

Period 1, 2, and Period 11) are discussed separately. A special evalu

ation of the change in socioeconomic group variability between time 

levels or measuring periods (i.e., from Periods 1, 2, to Period 11) 

is made in the next major division of the chapter. 

2 
If we compare (using Tatsuoka's <£> mui-fci statistic) the extent 

of differentiation between socioeconomic groups based on assessment of 

socioeconomic circumstances at birth with that between "new" groupings 

based on later (Periods 1-2) information (cf Tables ̂ 8-33 and 60-65)» 

it can be seen that the extent of anthropometric variability is less 

in the second instance for Blacks but greater in Anglos and Mexican-

Americans. The increase in discriminatory power is not as steep in 
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2 the Anglo and Mexican-American males. This change in the a statistic 

can reflect several processes and can only be assessed meaningfully 

with a concomitant look at the pattern of mean differences for the more 

important discriminating variables. This is now done for each of the 

three ethnic groups. 

Looking again at Figures 7 and 8, one can see that the desig

nated "S" axes in Anglo males separate socioeconomic groups 1 and 3-4 

at the extremes. This is accomplished with primary emphasis on weight 

and circumferential measurements (i.e., body bulk) and secondarily on 

linearity (cf Tables 48-60). The means in Tables 9 and 11 of Appendix 

V suggest that it is the combination of short stature and great body 

bulk which primarily is responsible for socioeconomic group 1 separa

tion from the other two groups. This separation is accentuated when 

groupings are based on socioeconomic reassessment closer to the period 

of measurement. The pattern of social mobility for families of Anglo 

males (shown in Table 185) is decidedly upward with the major portion 

from group 2 to 1. What effect (if any) this mobility has on nutri

tional behavior is unknown, but the pattern suggests that the major 

difference between those males who stay in group 1 or move into it and 

those who remain in group 3-4 or move into it is one involving body 

size, mostly bulk. The "other" functions also exhibit the increased 

separation of group 1 from 3-4 (compare again Fifs. 7 and 8), but more 

importantly reflects the larger body size of males in socioeconomic 

group 2. The combined emphasis on linear measurements and upper arm 

circumference in the "other" functions where socioeconomic assessment 



Table 185. Social mobility patterns between time of child's birth and Period 1-2 for all sex/ 
ethnic divisions, Tucson born children. 

SE Grp. 1 2 3 if Total 1 2 3 If Total 

Anglos 

Up = 25# 1 12 0 1 1 lif Up = 2b% 28 0 0 0 28 

Down = 556 2 . 8 23 1 0 32 Down = i$ 11 22 0 3 36 

3 1 3 0 8 0 5 1 0 6 

if 0 0 1 1 2 0 1 0 0 1 

Total 21 27 6 2 56 39 28 1 3 71 

Mexican-
Americans 

Up = 21% 1 If 1 0 0 5 Up = 32̂  1 0 0 0 1 

Down = 16% 2 3 52 lif 6 75 Down = 1736 6 37 9 7 59 

3 1 25 66 18 110 1 32 5b 21 108 

if 0 10 12 26 48 0 11 22 23 56 

Total 8 88 92 50 238 8 80 85 51 22if 

Blacks 

Up = 3996 1 1 0 0 0 1 Up - 37% 1 0 0 0 1 

Down = 7% 2 0 if 0 2 6 Down = 2C# l 3 1 1 6 

3 0 11 8 2 21 l 5 if 10 20 

b 0 1 9 16 26 1 5 9 18 33 

Total 1 16 17 20 5^ if 13 lif 30 60 
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is based on Period 1-2 social data suggests the possible existence of 

subtle differences in dietary intake of protein between socioeconomic 

group 2 and the others. Group 2 tends to be a more stable group, in 

that it has the highest percentage (23/27 or 85%) who remain in the 

same socioeconomic situation from birth to Period 1-2 time level. 

In the Anglo females, the pattern of separation of groups based 

on at-birth or later socioeconomic data (see Figs. 7 and 8) is such 

. * 
that group 3-^ is isolated along one axis in each comparison. This 

could very well be a function of sample size, as group 3/^ has only k 

members when Period 1,2 data is used. The isolation of group 3-^ in 

the comparisons of at-birth socioeconomic groupings is accomplished 

through an emphasis on weight and body bulk, while in the reassessed 

groups linear measurements are more important (cf Tables 51 and 63). 

The pattern of social mobility in families of female Anglos (see Table 

185) shows clearly that the isolation of group 3-^ in the reassessed 

groupings is one mainly involving females whose socioeconomic circum

ferences have deteriorated dramatically (3 of the k in g*oup 3-^). Com

parison of Tables 10 and 12 in Appendix V illustrates the small body 

size of this group. No matter what the time of socioeconomic assess

ment, differentiation between groups 1 and 2 is roughly the same. 

There is again a shift from emphasis on weight to one on height, which 

could again be the result of nutritional factors related to the pattern 

of social mobility (as in males, primarily from group 2 to 1; see Table 

185). 
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The "S" functions in Mexican-American male comparisons of both 

at-birth and Period 1-2 socioeconomic groups tend to isolate group 1-2 

from the others. This is accomplished in the at-birth group compari

sons with emphasis on head circumference and body size. Group 1-2 as 

reassessed later is separated from the other groups mostly on the basis 

of head circumference alone, but with additional stress on lower body 

length. Social mobility in the families of Mexican-American males is 

slightly more in an upward direction than down (see Table 185). This 

suggests that some nutritional factors may be involved in the shift in 

variable emphasis. A number of studies (Leitch 1951; Greulich 1957, 

1976) have indicated what might be the response of leg length to nutri

tional change. The non-"S" functions in both sets of comparisons mainly 

differentiate socioeconomic group 3 from the others. Some of this 

separation is completed with weighting of certain facial measurements 

which are strong Anglo-Native American discriminators (see Table 170). 

The direction of the mean differences (cf. Tables 9 and 11 in Appendix 

V) strongly suggests the possibility of greater Native-American admix

ture in the predominantly "laboring-class," socioeconomic group 3« 

Thus "racial" factors are probably responsible for some of the vari

ability between socioeconomic groups. 

The patterns of group separation in female Mexican-Americans 

are very similar to those seen in the males. However, linear dimen

sions are not emphasized very heavily in the "S" functions. Weight and 

body bulk measurements are especially important in the separation of 

socioeconomic group 1-2 from the others. As shown in Table 185, there 
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is more extensive upward social mobility in the families of females 

than is the case in males. This seems to affect body bulk rather than 

linearity in females, suggestive of either a different pattern of nu

tritional change with social mobility (unlikely) or of the females 

being more canalized in their growth, as has been noted in prior re

search (Greulich 1951j Tanner 1962). The non-socioeconomic functions 

stress overall body size in separating socioeconomic groups 3 and h at 

the extremes. A number of inter-ethnic group discriminating variables 

are emphasized as well (i.e., head and chest dimensions). As in the 

males, the mean differences for these variables (cf. Tables 10 and 12, 

Appendix V) suggests a "racial" factor in the socioeconomic group dis

persion. If the "racial" factor is more strongly expressed in socio

economic group b (i.e., this group has higher proportion of genes 

derived from Native-American populations), this could explain in part 

the smaller differences in body size between female socioeconomic 

groups than in males (Native-American females were heaviest at age 7 

years; see Table 170). 

In comparisons of socioeconomic groups of Black males using 

Period 1-2 anthropometric data, the "S" functions tend to isolate 

socioeconomic group 1-2, somewhat more extremely when the socioeconomic 

groups are based on Period 1-2 social data (cf Figs. 7 and 8). Both 

functions heavily emphasize body height, but in the comparisons of 

groups reassessed socioeconomically in Period 1-2, there is additional 

emphasis on nose breadth, a variable which is very important in analy

ses of Anglo-Black differences (see Table 169). Mean differences in 
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nose breadth must reflect to an extent who is upwardly mobile on the 

socioeconomic scale (cf Table 185 and Tables 9 and 11 in Appendix V). 

The Appendix V tables also show that the extreme difference in height 

between socioeconomic group 1-2 (possibly a factor of small sample 

size, N=7) and the other two groups disappears when the groups are 

reassessed with later social information. This may also reflect in 

part the pattern of social mobility, as Black in this study and some 

others (see Malina 1973 for recent review) have been shown to be taller 

at similar age levels than Anglos. If Blacks with lower frequencies of 

genes for "tallness" (i.e., those who have larger proportion of genetic 

makeup from European populations) are those whose families move "up" in 

the social scale, the change in the pattern of mean differences in 

height is in part explainable. Further support for this hypothesis 

comes from the pattern of group separation along the non-"S" axis, 

which tends to isolate socioeconomic group 3 from the others. This is 

accomplished with an emphasis on cristal height and head size (less so 

for the latter when socioeconomic groups are reassessed). Some of the 

upward social mobility among Blacks is from group k to 3 (see Table 

185). As exhibited in the group separation along non-"S" axis, this 

tends to isolate group 3» more extremely from the others (cf Figs. 7 

and 8), mostly on the basis of group 3 being less linear in build 

(especially smaller in cristal height). Studies of Anglo-Black pat

terns during child growth have long noted the greater length of lower 

body linear dimensions in Blacks (Malina 1973)* 

In the Black females, a similarity to males in the patterns of 

group separation exists. The socioeconomic functions reflect the 
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difference of socioeconomic group 1-2 from the others, while the non-

socioeconomic function separates out socioeconomic group 3« The "S" 

functions emphasize overall body height, more extremely when groups as 

assessed at birth are compared. Comparisons of reassessed groups shows 

a decline in stress on height, and some indication of possible nutri

tional factors (for example, upper arm circumference equally weighted 

with height; see Table 165). The pattern of social mobility in fami

lies of Black females shows decidedly more downward mobility than is 

the case in males (see Table 185). This is coupled with a similar 

level of upward mobility. The increased level of downward mobility may 

account for some of the possible nutrition-related emphases in the "S" 

function for the reassessed groups (and as well in the non-"S" func

tion). Moreover, the differences between groups in height do not 

change as much in the females as was the case in males (cf Tables 10 

and 12, Appendix V). However the fact that this change does take place 

suggests the possibility of racial-genetic factors as in the males 

(see above). It may be that in the case of females, environmental in

fluences (i.e., nutrition) related to the higher amount of downward 

social mobility are masking the processes involving genetic influences. 

Although not shown in the Appendix V tables, the pattern of higher 

average nose breadth in the socioeconomic group b females exists, al

though not to the extent that nose breadth receives high weighting in 

the discriminant functions as was the case in males. 

The Period 11 anthropometric variation between socioeconomic 

groups exhibits some of the same patterns seen at the earlier age level. 
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Again, results for each of the ethnic groups are discussed separately, 

beginning with the Anglos. The socioeconomic functions in both male 

and female Anglos tend to separate socioeconomic group 3-^ from the 

others, a pattern different from that seen at age 7 and perhaps the re

sults of small sample size of group 3-^« In the males this separation 

is effected through an emphasis on weight and circumferential measure

ments, suggesting nutritional relationships. The female "S" function 

emphasizes circumferential measurements as well, but linear dimensions 

play a slightly greater role than in males. Tables 13 and l*f in Appen

dix V show clearly that the body size differential between socioeco

nomic groups 1 and 3-^ is greater in females than males. This perhaps 

reflects the fact that two of the group J>-b females remain in a socio

economic group 4 situation from Period 1-2 to Period 11 (see Table 

186). The non-"S" functions isolate group 1 and group 2 in males and 

females, respectively. A combination of short stature and greater body 

bulk (see Table 13, Appendix V) is responsible for socioeconomic group 

1 males' "uniqueness" with respect to the other two groups. The upper 

body in relation to the total is emphasized in the females non-"S" 

function. These patterns suggest possible genetic influences, as shape 

and differential growth of body components seem more related to such 

factors (Tanner 1966). 

Whether the socioeconomic groups are based on Period 1-2 or 

Period 11 social data, the "S" functions in Mexican-American males tend 

to isolate group from group 1-2 and 3* The pattern for body size 

(see Appendix V, Tables 13 and 15) is not dissimilar to that observed 



Table 186. Social mobility patterns between Period 1-2 and Period 11 for Tucson-born children in 
all sex/ethnic groups. 

Period 1-2 Males, Period 11 SE Group Females, Period 11 SE Group 
SE Group 1 2 3 k Total 1 2 3 if Total 

Anglos 

Up = 2% 1 22 0 0 0 22 Up = 2£ 33 2 0 0 35 

Down = 0 2 1 13 0 0 lif Down = % 0 16 0 0 16 

3 0 0 5 0 5 0 0 0 1 1 

k 0 0 0 0 0 0 0 1 2 if 

Total 23 13 5 0 ifl 33 18 1 3 55 

Mexican-
Americans 

Up = 6% 1 8 0 0 0 8 Up = 11% 8 0 0 0 8 

Down = 5& 2 1 61 2 3 67 Down = G% 1 63 3 3 70 

3 0 if if9 if 57 0 9 if8 if 61 

if 0 2 if 3^ ifO 0 5 if 32 ifl 

Total 9 67 55 ifl 172 9 77 55 39 180 

Blacks 

Up = 13% 1 0 0 0 0 0 Up = 12% if 0 0 0 if 

Down = 5/6 2 0 13 0 0 13 Down = 12% 0 7 l if 12 

3 0 0 8 2 10 0 2 6 1 9 

if 2 3 0 10 15 0 3 1 21 25 

Total 2 16 8 12 38 if 12 8 26 50 
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in the most recent national survey of socioeconomic group differences 

(Hamill, Johnston and Lemeshow 1972), where a threshold effect was 

shown at the 353,000 per annum income level. Linear dimensions and 

circumferential measurements are heavily weighted in both "S" functions 

but the function derived for comparisons between groups based on the 

Period 11 social data shows greater stress on possible nutrition-

related variables (for example, upper arm and calf circumference and 

triceps skinfold thickness). 

The non-socioeconomic functions in the male Mexican-Americans 

isolate group J. This is effected through an emphasis on linear dimen

sions of the limbs and circumferences which relate to nutrition (upper 

arm as an example). This weighting combination suggests possible vari

ation in protein intake. The amount of social mobility between periods 

1-2 and 11 is very slight compared to that encountered over the pre

vious 6-7 years and is equal in both directions (see Table 186). This 

stable socioeconomic pattern and the threshold effect observed above 

do not seem to contradict a nutritional explanation for some of the 

diversity. Indeed, Kay (1972) in her study of a Tucson barrio in

habited predominantly by families who would be classified in v/hat is 

socioeconomic group 3 in this study, notes that ". . .by standards of 

western science, their diets are nutritious, for eggs, meat, vegetables 

and cereals are eaten daily by all but the very poor" (Kay 1972:82). 

Among female Mexican-Americans, group separation patterns along 

the socioeconomic and non-"S" axes sire very similar to those observed 

in males (see Figs. 9 and 10). In the "S" functions linear dimensions 
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are relatively more important in the females than in the males in what 

is a situation of considerably less differentiation in the females (of 

Tables 1^ and 16 in Appendix V). This reduced diversity in females 

could be the result of the confounding effects of puberty in combina

tion with the seemingly greater resistence to environmental influences 

observed at age 7 (see above). Interestingly, Kay (1972) has observed 

the recognition by the families in the barrio she studied that "girl 

children are stronger than boy children, and less vulnerable to dis

ease" (Kay 1972:190). Despite this reduced variation among female 

socioeconomic groups, there is some evidence of possible environmental 

influences resulting from social mobility, which, although slight, is 

mostly in an upward direction (see Table 186). The non-"S" function 

for the groups reassessed with Period 11 social data stresses upper 

arm circumference and cristal height, two variables which have been 

linked previously to nutritional variation, particularly in protein 

intake (see above). The direction of group changes in overall body 

size (cf Tables l*f and 16, Appendix V) especially in groups 3 and k, 

is suggestive of some changes in nutrition as a result of social mo

bility. 

Racial/genetic factors obviously cannot be completely dis

counted in the anthropometric variation observed in Period 11 among 

Mexican-American socioeconomic groups. A number of the important 

Anglo-Native American discriminating variables at age 11.k years (shown 

in Table 170) are emphasized in functions which separate socioeconomic 

groups. In males these include bizygomatic diameter and in females 
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this same measurement plus head length and breadth. The mean differ

ences are in the same direction as would be predicted if socioeconomic 

groups 3 and k had a higher proportion of their genetic composition 

involving Native-American populations. 

Comparisons of socioeconomic groups in Black males, admittedly-

hampered by small sample sizes, nevertheless provided some interesting 

relationships. The "S"-functions emphasize overall body height pri

marily, with some additional stress on body bulk. When the groups are 

based on Period 1-2 social data, the group separation is an even 

gradient (see Fig. 9)» Reassessment of socioeconomic groups results 

in the isolation of socioeconomic group k from the other groups, as 

shown in Figure 10. Social mobility in the families of Black males, 

although not extensive (see Table 186), does produce a dramatic shift 

in body size relationships between the socioeconomic groups (cf Tables 

13 and 15, Appendix V). The greater emphasis on weight and circum

ferential measurements, and the addition of triceps skinfold thickness 

as sin important variable in the "S" function for the reassessed groups 

points to the involvement of nutritional factors in this body size 

shift. The non-"S" function also stresses nutrition-related variables 

more in the analysis of groups based on Period 11 social data. The 

body size relationships between reassessed socioeconomic groups exhibit 

the same threshold effect noted in Mexican-Americans. 

Despite a greater amount of social mobility in families of 

Black females (see Table 186), the pattern of mean differences in body 

size does not change as radically as in the males (cf Tables 1^ and 16, 
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Appendix V). The pattern of group separation along the "S" axes (see 

Figs. 9 and 10) is such that socioeconomic group 1-2 is isolated when 

groups are based on Period 1-2 social information, but group k is iso

lated when groups are reassessed on later socioeconomic data. This is 

related to a shift in the function derived for reassessed groups to an 

increasing emphasis on v/eight and circumferences, possibly related to 

nutritional changes accompanying social mobility. However, the over

all pattern for Black females is one suggesting that females are less 

responsive to the social mobility pattern. 

By comparing the discriminant analyses summary tables in Chap

ter 5 with Table 169» one can see that some of the important variables 

in discriminating between Anglos and Black are also emphasized in 

socioeconomic group comparisons. This suggests the influence of 

racial/genetic factors in both the Black male and female socioeconomic 

group dispersion. In general the ethnic group discriminating variables 

are not involved to the extent that they were at age 7 years, perhaps 

a reflection of the reduced amount of social mobility between Period 

1-2 and Period 11 as compared to the mobility over years prior to the 

Growth Study, i.e., from birth of the children to Period 1-2. 

Groupings of Children from All Birthplaces. In the following 

subsection evaluation is made of the comparisons of socioeconomic 

groups of children from all places of birth. V/e begin with an investi

gation of the anthropometric variation between groups during Period 1-2 

with the groupings based on the then current social data. 
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As seen in Figure 11, the socioeconomic function in Anglo males 

isolates group 3-^ from the other two groups. This separation is 

accomplished through a combined emphasis on linear dimensions and head 

measurements (see Table 91)• Nutrition-related variables are not 

heavily stressed in the "S" function, but in the non-socioeconomic 

function, we find roughly equal weightings of height, weight, and upper 

arm circumference. The axis derived from the latter function tends to 

isolate group 1. The pattern of group separation in Anglo females is 

similar, but the extent of differentiation is decidedly less. The 

small sample size for group ~5-b precludes any definite suggestions as 

to genetic and environmental effects. In general, the female functions 

show less stress on variables associated with nutritional differences 

(i.e., circumferences). 

In the Mexican-American children, similar patterns of group 

separation exist between the sexes along all axes derived (see Fig. 11). 

Socioeconomic axes separate group 1-2 from the others, while non-"S" 

axes separate groups 3 and k at the extremes. The threshold effect in 

body size between groups 3 and k is observed in the males (see Table 

17, Appendix V) as in the results for Tucson-born groups. Moreover, 

the differentiation in body size is less in females than in males. As 

in previous results, some racial/genetic involvement is suggested in 

the pattern of group mean differences. 

Results for Black socioeconomic group comparisons using chil

dren from all birthplaces are similar to those involving only Tucson-

born children. All functions in both sexes heavily stress body size, 
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with non-"S" functions placing somewhat more emphasis on possible 

nutrition-related variables (for example, upper arm circumference). 

Similar explanations to those presented in the evaluation of Tucson-

born group differences can be invoked to account for the variation 

observed among the socioeconomic groups from all birthplaces. 

Anthropometric variation between Anglo socioeconomic groups 

at the Period 11 age level is similar to that between Tucson-born 

groups with regards to group separation pattern (see Fig. 12). However 

among males we now have a threshold in body size between socioeconomic 

groups 2 and 3-^ (see Table 19, Appendix V). The addition of non-

Tucson-born Anglo males (predominantly of socioeconomic group 1) makes 

socioeconomic group 1 the tallest and heaviest of the three groups. In 

the females there is a gradual decline in body size from group 1 to 

3-^ not unlike that observed in comparisons of Tucson-born groups. 

Body bulk variables outweight other variables in the "S" functions. 

In the non-"S" functions, which tend to isolate socioeconomic group 1 

from the other groups, the stress on variables like upper arm and calf 

circumference and cristal height tends to support the influence of 

nutrition in the differentiation of group 1 from the other socioeco

nomic groups. As in previous analyses, small numbers of socioeconomic 

group 3-k children hamper interpretation of the results in Anglos of 

both sexes. As seen in Table 187, the socioeconomic situations of 

Anglo children between Period 1-2 and Period 11 did not change enough 

to warrant analyses of "new" groups based on later social data. 



Table 187. Social mobility patterns between Period 1-2 and Period 11 for children of all birth
places in all sex/ethnic divisions. 

Period 1-2 Males, Period 11 SE Group Females, Period 11 SE Group 
SE Group 1 2 3 if Total 1 2 3 if Total 

Anglos 

Up = J# 1 ifl 0 0 0 ifl Up = '*9 3 0 0 52 

Down = 0 2 3 23 0 0 26 Down = % 2 27 0 0 29 

3 0 0 5 0 5 0 0 1 1 2 

if 0 0 0 0 0 0 0 1 2 3 

Total ifif 23 5 0 72 51 30 2 3 86 

Mexican-
Americans 

Up = 7% 1 8 0 0 0 8 Up = 1005 8 0 0 0 8 

Down = 856 2 2 77 2 6 87 Down = 6% 2 76 if 3 85 

3 0 5 62 9 76 0 11 63 7 81 

0 2 6 39 k 7 0 5 5 36 kS 

Total 10 8if 70 218 10 92 72 if6 220 

Blacks 

Up = 12# 1 2 0 0 0 2 Up = 1356 5 0 0 0 5 

Down = Jfio 2 0 17 0 0 17 Down = 10# 1 11 1 if 17 

3 0 1 9 2 12 1 2 13 2 18 

if 2 if 0 21 27 0 if 1 2if 29 

Total if 22 9 23 58 7 17 15 30 69 
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Among Mexican-Americans, variation between socioeconomic groups 

of children from all birthplaces is also much the same as found between 

Tucson-born groups. For example, the threshold in body size is ob

served in males between socioeconomic groups 3 and and in females 

body size differences between groups are much less (cf Tables 19-22, 

Appendix V). In males, increased emphasis in both the socioeconomic 

and "other" function on nutrition-related variables is observed when 

groups are assessed with Period 11 social data and compared. The same 

pattern is seen in females, suggesting that some changes in nutritional 

intake may be associated with the social mobility extant in the fami

lies of these children (shown in Table 187). The racial influence is 

evident again in the emphasis of variables within discriminant func

tions and direction of group mean differences for measurements like 

bizygomatic diameter in males and chest dimensions in females. 

Socioeconomic groups of Black males from all birthplaces show 

a different pattern of body size differences than that observed among 

Tucson-born groups. The addition of Black males born outside of Tucson, 

mostly to socioeconomic groups 1-2 and kt produces the same pattern of 

mean differences in height and weight whether the groups are based on 

Period 1,2 social data or Period 11 data. Socioeconomic group 1-2 

males are tallest, group 3 heaviest, and group U smallest on both 

height and weight (cf Tables 19 and 21, Appendix V). The differences 

are accentuated when the socioeconomic groups are based Period 11 

socioeconomic information. In the comparison of Period 11 socioeco

nomic groups, the socioeconomic function places more emphasis on linear 
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dimensions and less on weight than in the MS" function derived for 

group comparisons based on Period 1,2 social data (cf Tables 100 and 

11*0. The weighting of circumferential measurements remains about the 

same. This pattern may reflect some change in protein intake as a re

sult of social mobility, which is mostly in an upward direction, as 

was the case for Tucson-born Blacks (see Table 187). The non-

socioeconomic functions, which tend to isolate group 3 from the others 

(more so in Period 11 group comparisons, see Figs. 12 and 13), also 

show this shift in the relative importance of variables which are in

dicative of nutritional differences. Linear dimensions are slightly 

more important relative to other measurements in the functions derived 

for Period 11 socioeconomic groups, and upper arm and calf circum

ferences and triceps skinfold thickness rise in importance compared 

to the other variables. 

In Black females, addition of non-Tucson-born females, mostly 

to socioeconomic groups 1-2 and 3» does not significantly change the 

resulting variability between groups in comparison to that between 

Tucson-born groups. As can be seen in Tables 20 and 22 in Appendix V, 

there is a gradual decline in weight from group 1-2 to k and threshold 

effect between groups 1-2 and 3 for height, whether the groups are 

based on earlier or later social information (cf Tables l*f and 16, 

Appendix V). The pattern of group separation along discriminant axes 

is much the same as seen in Tucson-born groups (cf Figures 9-10 and 

12-13). A less marked shift in the relative weightings of possible 

nutrition-related variables in the "S" and non-"S" functions (see 
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Tables 103 and 116) is shown when socioeconomic groups are reassessed 

with later social data. As in the results for Tucson-born groups, 

Black females seem less responsive to the social mobility patterns than 

males, whose families as seen in Table 187 exhibit slightly less social 

mobility between Period 1-2 and Period 11. 

The lack of response by Black females to social mobility pat

terns has some interesting consequences in terms of the possible in

fluences of racial/genetic factors in socioeconomic group variability. 

In both males and females, variables which are important as Anglo/Black 

discriminators (see Table 169) are added to or increase in relative 

importance in both the "S" and non-"S" functions derived when socio

economic groups are compared again by Period 11 social data. These 

variables include nose breadth in both sexes and hand length in males. 

In females, three other important Anglo-Black ethnic-discriminating 

variables, cristal height, tibial length, and hand length, become less 

important in the functions derived for Period 11 group comparisons. 

This corresponds to the pattern of group mean differences and is what 

one would predict on the basis of genetic/racial factors involved in 

social mobility. A look at the group means show this even more clearly. 

In Table 188 the means for both nose breadth and hand length 

are given for the socioeconomic group comparisons. If males are more 

responsive than females to the environmental changes resulting from 

social mobility and the social mobility also involves upward mobility 

of Blacks with a larger proportion of their ancestry derived from Euro

pean populations and downward mobility of those with less European 



Table 188. Means and standard deviations of Black male and female socioeconomic groups for three 
Anglo-Black discriminant variables. 

Variables 
Period 1-2 SE Groups Period 11 SE Groups 

1-2 1-2 

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Males 

Tibial Length 

Nose Breadth 

Hand Length 

Females 

Tibial Length 

Nose Breadth 

Hand Length 

38.5 2.2 35.9 

3.82 .22 3.83 

17.7 1.1 17.5 

38.0 2.2 36.2 

3.79 .18 • 3.81 

18.4 .95 18.1 

1.9 35.3 2.3 

.22 3.96 .28 

1.2 17.5 1.2 

1.7 36.0 1.8 

.31 3.78 .25 

1.0 18.2 0.9 

36.3 2.4 35.7 

3.86 .26 3.79 

18.0 1.3 17.4 

37.7 2.4 36.3 

3.75 .20 3.78 

18.4 .8 18.2 

1.9 3M 1.9 

.23 3.97 .25 

1.2 17.3 1.0 

1.5 36.1 1.8 

.22 3.81 .27 

1.0 18.2 .9 
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ancestry, one might expect the following changes in the mean values for 

nose breadth and hand length comparing socioeconomic groups before and 

after social mobility takes place: (1) nose breadth, perhaps less 

responsive to environment, would increase towards the lower end of the 

socioeconomic scale and decrease at the other end in both sexes; and 

(2) hand length, perhaps more responsive to environment, in males would 

increase in the more affluent socioeconomic group(s) and decrease in 

the less affluent groups, while such changes would be less, not shown, 

or in the opposite direction in females. Females, being less respon

sive to environmental effects, might be expected to show more clearly, 

the evidence for racial/genetic factors, as environmental influences 

would not mask the direction of racial/genetic influence. Although 

the changes in the means shown in Table 188 are small, they are direc

tional in the above predicted mode of response. The means for cristal 

height, tibial length and even height show this pattern dramatically 

(cf Tables 19-22, Appendix V, and Table 188). All three of these vari

ables are known to be responsive to environmental influences, cristal 

height perhaps being especially responsive as mentioned previously. 

And as well, all three measurements have been found to be higher in 

mean value among Blacks as compared to Anglos (including results in 

the Growth Study). This pattern most certainly suggests the influence 

of both genetic and environmental factors in the observed socioeconomic 

group variation. 

In general, the results for Tucson-born socioeconomic group 

differences agree closely with those where children from all places of 
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birth are included. Exceptions have been noted in this subsection. 

To summarize briefly, the results of socioeconomic group comparisons 

do undoubtedly show evidence of both environmental and genetic factors 

influencing the pattern of group differences. Circumferential measure

ments and others used in nutritional anthropometry are emphasized in 

almost all discriminant functions which separate the socioeconomic 

groups, no matter what the pattern of group separation. In addition, 

use of a multivariate approach has afforded discovery of certain some

times subtle anthropometric variation which is most suggestive of 

racial/genetic factors operating in the social processes which ulti

mately produce the socioeconomic scale and directly affect biological 

variation. 

Family Size and Parental Age 

In this final section in which results of the individual dis

criminant analyses are evaluated, an assessment is made of the influence 

of family factors on physical growth. Variation between groups based 

on each of the family-related variables, i.e., family size, maternal 

age, and paternal age, is appraised in terms of environmental and 

possible genetic influences. A special effort is made to relate the 

observed variability to other intervening environmental factors like 

socioeconomic situation. V/e begin with the evaluation of family-size 

group differences. 

Family Size. Variation between family-size groups was analyzed 

at two age levels using Period 1-2 and Period 11 anthropometric data. 
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In this subsection variation at each of the age levels is discussed 

separately. Family-size group differences for the Anglos at Period 

1-2 are evaluated first. 

The first discriminant functions in Anglo males and females 

were identified as those "best" representing the expected family-size 

group variation. The "F" function in males (see Fig. 1*0 isolates 

family-size groups 1 and 2 while in females group 1 is isolated alone. 

The high relative importance of circumferential measurements and in 

females weight, additionally, suggests that nutritional factors sire 

involved in the family-size group variability. The correspondence of 

the group of socioeconomic circumferences (shown in Table 189) also 

connotes the involvement of nutrition, more so in females, whose "F" 

function weighting coefficients (of Tables 122-125) additionally re

flects this (note greater stress in females on weight and upper arm 

circumference, as well as linear dimensions). 

As in the Anglos, the first functions in Mexican-American males 

and females are the designated "F" functions. These functions are 

rather weak at best in sorting the family-size groups along predicted 

gradients. This may be the result of confounding socioeconomic fac

tors, as the distribution of socioeconomic groups within family-size 

groups (see Table 190) suggests. Although the male "F" function 

stresses variables other than those we have normally associated with 

nutrition (i.e., chest breadth and biacromial diameter; see Table 123), 

there is a direct correspondence between the family-size group means 

for upper arm circumference and the amount of "involvement" of the 



Table 189. Numbers of socioeconomic group 3-k children in each family size group for Anglo males 
and females, Periods 1-2 and 11. 

Family Size No. at In SE Grp. 3-4 at No. at In SE Grp. J-k 
Group Period 1-2 Birth and/or 1-2 (%) Period 11 Period 1-2 and/or 11 {%) 

Males 

1 25 6 (24) 15 1(7) 

2 12 if (33) 9 0 ( 0) 

3+ 19 3 (16) 16 k (25) 

Females 

1  2 5  2 ( 8 )  1 5  ( 0 )  

2 16 k (25) 12 (17) 

3+ 30 4 (13) 2k 9 k) 



Table 190. Numbers of socioeconomic group 4 children in each family size group for Mexican-
American males and females, Period 1-2. 

Family Size 
Group 

No. in 
Group 

In SE Grp. k 
Once {%)* 

In SE Grp. k 
at Birth (90 

Remain in SE 
Grp. k <$>) 

Move Out of 
SE Grp. k (%) 

Move Into 
SE Grp. k (%) 

Males 

1 40 8 (20) 7 (18) k (10) 3 ( 8) 1 ( 3) 
2 ^5 13 (29) 8 (18) 3 ( 7) 5 (11) 5 (11) 
3 ^5 12 (27) 8 (18) 3 ( 7) 5 (11) k ( 9) 
k 33 11 (33) 8 (2*f) k (12) 4 (12) 3 ( 9) 
5 25 5 (20) 3 (12) 2 ( 8) 1 ( k) 2 ( 8) 
6 19 8 Cf2) 6 (32) if (21) 2 (11) 2 (11) 
7+ 31 15 Ct8) 8 (26) 6 (19) 2 ( 6) 7 (23) 

Females 
1 k3 23 (53) 19 (^3) 2 ( 5) 17 (40) h ( 9) 
2 ko 17 C*3) 12 (30) 9 (23) 3 ( 8) 5 (13) 
3 37 9 (2*0 k (11) 2 ( 5) 2 ( 5) 5 (1*0 
k 29 6 (21) 3 (10) 1 ( 3) 2 ( 7) 3 (10) 
5 20 5 (25) 3 (15) 0 ( 0) 3 (15) 2 (10) 
6 2k 8 (33) 2 ( 8) 1 ( h) 1 ( k) 6 (25) 
7+ 31 16 (52) 13 (kz) 8 (26) 5 (16) 3 (10) 

*See footnote in Table 172. 
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group with socioeconomic group k circumstances (cf Table 190 and Table 

23, Appendix V). This correspondence applies as well to the important 

variables in the "F" function and to height and cristal height. This 

is highly suggestive of differences in protein intake by family-size 

group. The "F" function in females stresses weight, and upper arm and 

calf circumferences, suggestive again of nutritional variation between 

groups. Involvement of socioeconomic factors does appear to be re

sponsible in part for the more scrambled positioning of family-size 

groups along the "F" axis (see Fig. Ik and Table 190). Social mobility 

seems to be involved in some of the large anthropometric dimensions of 

family-size group 1, which despite the highest percentage of children 

in socioeconomic group k at birth, has a rate of upward social mobility 

over twice as high as any of the other family-size groups. 

The "F" axes in Black males and females provide the sort of 

gradient in family-size group separation predictable on the basis of 

prior research (see Fig. 1*0. The functions from which these axes are 

derived heavily emphasize overall body lineality, but especially that 

of the lower body (i.e., cristal height). The latter is suggestive of 

nutritional factors, as has been mentioned previously. However, small 

sample sizes in the family-size groups drastically curtail the possible 

interpretation of nutritional intervention. Body size differences 

among Black male family-size groups do correspond somewhat to the 

socioeconomic group involvement in family-size groups (cf Table 191 

and Table 23, Appendix V). For example, the family-size group with 

the highest percentage of its members in socioeconomic group at birth 



Table 191• Numbers of socioeconomic group k children in each family size group for Black males 
and females, Period 1-2. 

Family Size No. in In SE Grp. k In SE Grp. A- Remain in SE Move Out of Move Into 
Group Group Once (?£)* at Birth (.%) Grp. 4 (%) SE Grp. if (%) SE Grp. if (%) 

Males 

1 10 if (1*0) if CfO) 2 (20) 2 (20) 0 ( 0) 
2 Ik 7 (50) 5 (36) k (29) 1 ( 7) 2 (lif) 

3 9 7 (78) 6 (67) 2 (11) if (ifif) 1 (11) 
if+ 21 12 (57) 11 (52) 8 (38) 3 (1*0 1 ( 5) 

Females 

1 5 if (80) 3 (60) 3 (60) 0 ( 0) 1 (20) 
2 7 k (57) 3 (^3) 1 (1*0 2 (29) 1 (Ik) 

3 8 6 (75) 3 (38) 2 (25) 1 (13) 3 (38) 
if 16 11 (69) 7 (W 3 (19) k (25) k (25) 
5+ 2k 19 (79) 17 (71) 9 (38) 8 (33) 2 ( 8) 

•See footnote in Table 172. 
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is smallest in body size at age 7«3 years. Similar relationships 

exist in the female groups (cf Table 2^, Appendix V). The relation

ships suggest an interaction between family-size and socioeconomic 

circumstances, but small sample sizes, as mentioned, prevent us from 

drawing any firm conclusions. 

Anthropometric variation between family-size groups at the 

Period 11 age level is substantially increased in all sex/ethnic divi

sions over that found among groups at the earlier age level (using 

2 increases in Tatsuoka's <o statistic, a measure of the extent of over

all group differentiation, as the criterion). Some of this could be 

a function of the smaller sample sizes resulting from losses of chil

dren from the longitudinal Growth Study cohorts (particularly in Black 

males and females, small sample sizes are a problem). The trends in 

variation over time evaluated more thoroughly in the next section. 

The discriminant functions derived in comparisons of Anglo 

male and female family-size groups heavily emphasize variables which 

reflect body size, i.e., height (especially linear dimensions of legs), 

weight, and circumferential measurements. As can be seen in Table 25 

of Appendix V, Anglo males who enter a family of size one (i.e., group 

2) are considerably larger in body size than the other two family-size 

groups. This same family size group in Anglo females (see Table 26 in 

Appendix V) is smallest in overall body size. The pattern of family-

size group mean differences in both sexes corresponds very closely to 

the level of socioeconomic group J>-k involvement (see Table 190) in 

each of the groupings, but other factors may also be influencing the 
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observed variability. Goldstein (1971) has shown that at least height 

at age 7 years decreases with increasing number of younger siblings. 

The average maternal ages (i.e., mother's age at birth) for each of 

the three male family-size groups are 21.7? 26.4, and 32.0 years and 

in the females, 24.7, 24.3, and 31-3 years. Note that in each sex, 

the family-size group with the smallest mean body size is also the one 

with lowest average maternal age. The maternal ages suggest ample 

periods of time for the addition of younger sibs to the families of 

the first two groups in both sexes. This could then in turn partially 

explain the lack of the usual decreasing body size gradient from those 

entering smaller families to those entering larger families. Again, 

the high relative importance of circumferential measurements and tri

ceps skinfold thickness (see Tables 128 and 131) undoubtedly suggests 

the importance of nutritional factors in the diversity observed between 

family-size groups. 

As in the Anglos, the Mexican-American "family-size group" 

functions stress weight, height, and circumferential measurements (see 

Tables 129 and 132). The high weighting of upper arm and calf circum

ference and triceps skinfold thickness in the "F" functions suggests 

the influence of nutritional factors in the anthropometric differences 

among family-size groups, which are separated along the derived dis

criminant axes with the smallest and largest family-size groups at the 

extremes (see Fig. 15). The pattern of group mean differences for 

body size and circumferences shown in Tables 25 and 26 of Appendix V, 

when compared with the socioeconomic group 4 involvement in each 
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family-size group (see Table 192), clearly reveals an interaction be

tween family size and socioeconomic situation, but less so in the 

females (predictable on the basis of the canalization hypothesis). The 

small stature of the female group 3 may be indicative of the fact that 

almost one-quarter of the females in this group remained in the socio

economic group 4 situation (i.e., extremely low income) over the entire 

time span from Period 1 to Period 11. Similarly the small body size 

of groups "6" and "7+" may be attributable socioeconomic and related 

nutritional factors. 

Small sample sizes again hinder interpretation of the family-

size group differences in Blacks. However a number of interesting 

patterns emerge. The "F" discriminant functions in both males and 

females mainly isolate children who enter childless families (i.e., 

first-borns) from the other family-size groups (as seen in Fig. 15)• 

A look at the family-size group means in Tables 25-26 of Appendix V 

shows that this isolation of first-borns is for different reasons in 

males and females. Male first-borns are tallest of the groups with 

intermediate weight, and the same group in the females is smallest in 

stature and heaviest. This could be entirely the result of sample 

size, but it is of interest to note the relationship with socioeco

nomic circumstances (see Table 193). First-born males have the lowest 

involvement with socioeconomic group k among the male family-size 

groups, while female first-borns have the highest. Furthermore, the 

group with the lowest average height and weight in males (i.e., those 

born into family of one child) has the highest percentage of its 



Table 192. Numbers of socioeconomic group 4 children in each family size group for Mexican-
American males and females, Period 11. 

Family Size No. in In SE Grp. 4 In SE Grp. 4 Remain in SE Move Out of Move Into 
Group Group Once (%)* at Birth ($>) Grp. 4 (%} SE Grp. 4 {%) SE Grp. 4 (%) 

Males 
1 26 5 (19) 5 (19) 4 (15) 1 ( 4) 0 ( 0) 
2 26 7 (27) 6 (23) 4 (15) 2 ( 8) 1 ( 4) 

3 35 10 (29) 5 (lif) 4 (11) 1 ( 3) 5 (14) 
21 5 (2if) 5 (2tf) 5 (24) 0 ( 0) 0 ( 0) 

5 20 if (20) 3 (15) 3 (15) 0 ( 0) 1 ( 5) 
6 12 5 (if2) 5 (if2) 5 (42) 0 ( 0) 0 ( 0) 

7+ 24 10 (42) 10 (42) 8 (33) 2 ( 8) 0 ( 0) 

Females 
1 28 7 (25) 5 (18) 5 (18) 0 ( 0) 2 ( 7) 
2 30 11 (37) 11 (37) 5 (17) 6 (20) 0 ( 0) 

3 31 7 (23) 7 (23) 7 (23) 0 ( 0) 0 ( 0) 
if 28 if (lif) if (14) 4 (14) 0 ( 0) 0 ( 0) 

5 18 3 (17) 1 ( 6) 0 ( 0) 1 ( 6) 2 (11) 
6 17 if (2if) if (2if) 4 (24) 0 ( 0) 0 ( 0) 

7+ 21 10 (if8) 7 (33) 5 (24) 2 (10) 3 (14) 

•In SE group 4 in Period 1-2 and/or Period 11. 



Table 193- Numbers of socioeconomic group 4 children in each family size group for Black males 
and females, Period 11. 

Family Size No. in In SE Grp. 4 In SE Grp. 4 at Remain in SE Move Out of Move Into 
Group Group Once (%)* Period 1-2 ($) Grp. 4 (%) SE Grp. 4 (96) SE Grp. 4 (%) 

Males 
1 3 1 (33) 1 (33) 0 ( 0) 1 (33) 0 ( 0) 
2 13 6 (50) 6 (50) 3 (25) 3 (25) 0 ( 0) 

3 7 3 (43) 2 (29) 1 (14) 1 (14) 1 (14) 
4+ 15 6 (40) 5 (33) 5 (33) 0 ( 0) 1 ( 7) 

Females 
1 4 3 (75) 3 (75) 3 (75) 0 ( 0) 0 ( 0) 
2 7 3 (43) 2 (29) 1 (14) l (14) 1 (14) 

3 6 4 (67) 4 (67) 4 (67) 0 ( 0) 0 ( 0) 
if 12 7 (58) 5 (42) 4 (33) 1 ( 8) 2 (17) 

5* 19 11 (58) 9 (47) 8 (42) 1 ( 5) 2 (11) 

-p-
vn 
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members associated with the extreme low income situation, while in fe

males the group with lowest number of members in the low income cate

gory are heaviest and tallest. Socioeconomic factors are clearly 

involved in some of the differentiation between the family-size groups, 

and the fact that nutrition-related variables are stressed in the dis

criminant functions is further support of the existence of environ

mental influences. 

To summarize the results for the influence of the family-size 

variable on within-ethnic group variability in attained growth, it is 

clear that socioeconomic factors throughout the analyses tend to mask 

or modify the predictable direction of diversity among family-size 

groups. There is some evidence of an interaction between family-size 

and socioeconomic circumstances as has been shown in previous research 

where a number of factors are investigated at once (Goldstein 1971)-

The combination of large family-size and low income producing small 

body size for age is especially apparent in the Mexican-Americans, 

where larger sample sizes afford study of the widest ranging family-

size groups. 

Maternal Age. Variation among maternal age groups was analyzed 

at two age levels, namely 7.0 years (Period 1-2 data) and approximately 

11-1/2 years (Period 11). Results of the maternal age group compari

sons are analyzed below for each of these age levels. 

With respect to the earlier age level, discriminant analysis 

of maternal age categories in Anglo males and females did not produce 

a gradient from younger maternal age categories to older (see Fig. 16). 
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The "M" axes are marginal in terms of prediction on the basis of pre

vious research. Both "M" functions in Anglos (see Tables 138 and l*fl) 

heavily stress linearity of the upper body as well as bulk of the 

upper body (note emphasis on chest dimensions). Nutritional factors 

sire suggested by the stress on weight and circumferential measurements 

in males and the high relative importance of upper arm circumference 

in females. A review of the group means for these variables and those 

reflecting body size (see Tables 27 and 28, Appendix V) does not sug

gest any correspondence of. these values with socioeconomic circum

stances (cf Table 19*+). This suggests that if nutritional influences 

are involved, they may be tied more closely to patterns of maternal 

care associated with age. As can be seen in the Appendix tables re

ferred to above, there is a slight tendency in both sexes for height 

to decrease while weight increases as we move from the lower to higher 

age categories. The mean values for circumferential measurements run 

parallel to this in that they increase. This is not what one expects 

given the pattern of mean values for birthweight and family-size in 

the maternal age groups, as shown in Table 195• It is suggested that 

in a situation of relative socioeconomic homogeneity (i.e., small num

bers of children in low income socioeconomic groups as compared to 

Mexican-Americans and Blacks), the tendency toward "obesity" among 

children born to older mothers may be attributable in part to a pattern 

of maternal and family care involving "special" treatment of the young

est (i.e., last or next to last) child. It would be of interest to 

know more about the sexes of the older sibs in the case of the females 



Table 194. Numbers of socioeconomic group 3-4 children in each maternal age group for Anglo males 
and females, Periods 1-2 and 11. 

Maternal Age 
Group 

No. at 
Period 1-2 

In SE Grp. 3-4 at 
Birth and/or 1-2 (.%) 

No. at 
Period 11 

In SE Grp. 3-4 
Period 1-2 and/or 11 {%) 

Males 

LE 19 10 4 (40 6 1 (17) 

20-24 or LE 24 16 4 (25 9 0 ( 0) 

25-29 11 1 ( 9) 9 0 ( 0) 

30-34 or 30+ 8 3 (38) 6 3 (50) 

35*- 10 1 (10) 10 1 (10) 

Females 

LE 19 6 3 (50) - -

20-24 or LE 24 18 4 (22) 11 2 (18) 

25-29 19 0 ( 0) 15 0 ( 0) 

30-34 or 30+ 19 2 (11) 17 1 ( 6) 

35* 9 1 (11) 8 0 ( 0) 



Table 195- Mean birthv/eight and median birth order for Anglo male and female maternal age groups. 

Males Females 
Maternal Age Mean Median Birth Mean Median Birth 

Group Birthweight (lbs.) Order Birthweight (lbs.) Order 

Le 19 7.32 1 7.03 1 

20-2^ or LE 2k  7.62 1 6.73 2 

25-29 7.38 2 6.63 2 

30-3^ or 30+ 6.93 .̂5 7.11 3 

35* 6.69 5 7.07 if 
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in the "GE 35 years" maternal age group (this group had highest aver

age weight). 

In the Mexican-American males and females, the "M" functions 

heavily stress body size (particularly height) and somewhat less the 

circumferential measurements. As can be seen in Tables 27-28 in Appen

dix V, there is no gradient in body size for either sex which corre

sponds to maternal age category. Nor is there a straightforward 

correspondence of the pattern of mean differences in body size to the 

socioeconomic factors (see Table 196). The pattern of group differ

ences is difficult to sort out without further analyses where all at-

birth variables can be "controlled." However the differences between 

males and females as to which of the maternal age categories has the 

smallest and largest means for height and weight does suggest the 

possibility of differential treatment of males and females within 

families of varying sizes and parental age composition. The small 

body size of the "GE 35 years" group in males may be attributable 

mostly to family size in combination with the second highest percentage 

of downward social mobility among the groups (see again Table 196). 

The highest relative weightings of bizygomatic and bigonial diameters 

in the female "M" function (see Table 1̂ 2) is suggestive of subtle 

genetic/racial factors operating along lines previously indicated. 

Note in Table 28 of Appendix V that the "LE 19 years" group has the 

largest or among the largest mean values for weight, chest circum

ference, and bizygomatic and bigonial diameters. This suggests that 

there is a greater percentage of children in this group with higher 



Table 196. Numbers of socioeconomic group 4 children in each maternal age group for Mexican-
American males and females, Period 1-2. 

Maternal 
Age Groups 

No. in 
Group 

In SE Grp. 4 
Once (̂ )* 

In SE Grp. 4 
at Birth (#) 

•Remain in SE 
Grp. 4 (#) 

Move Out of 
SE Grp. 4 (%) 

Move Into 
SE Grp. 4 {%) 

Males 

LE 19 38 15 (39) 13 (34) 7 (18) 6 (16) 2 ( 5) 

20-24 71 16 (23) 10 (14) 5 ( 7) 5 ( 7) 6 ( 8) 

25-29 67 16 (24) 12 (18) 7 (10) 5 ( 7) 4 ( 6) 

30-34 32 lk (Mf) 8 (25) 5 (16) 3 ( 9) 6 (19) 

35* 30 10 (33) 5 (17) 2 ( 7) 3 (10) 5 (17) 

Females 

LE 19 32 22 .(69) 19 (59) 9 (28) 10 (31) 3 ( 9) 

20-24 68 22 (32) Ik (21) 3 ( 4) 11 (16) 8 (12) 

25-29 50 17 (3^) 8 (16) 3 ( 6) 5 (10) 9 (18) 

30-34 31 9 (29) 5 (16) 3 (10) 2 ( 6) 4 (13) 

35* 43 Ik (33) 10 (23) 5 (12) 5 (12) 4 ( 9) 

•See footnote in Table 172. 
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proportions of Native American ancestry, and the percentage of socio

economic group 4 involvement in this group relative to the others (see 

Table 196) is certain support for such a hypothesis. 

The "M" axes in Black males and females in Period 1-2 show the 

clearest expression of a gradient from the low maternal age categories 

to higher (see Fig. 16). The discriminant functions for these axes 

(see Tables 1^0 and 1^3) show that height is the single most important 

variable in differentiating between the groups. In males upper arm 

and chest circumferences are also heavily weighted in the function, the 

weighting of the former suggesting nutritional involvement in the group 

diversity. As can be seen in Tables 27 and 28, Appendix V, there is a 

tendency toward a gradient in height (and weight as well), i.e., in

creasing measurements from the younger age categories to the older. 

Comparison of the pattern of group mean differentiation for body size 

and upper circumference with Table 197 reveals that socioeconomic fac

tors may be involved in some of the group variation, particularly so 

in the females. For example, all Black female groups have a relatively 

high involvement of low income socioeconomic group involvement, but the 

"GE 30 years" group has the highest percentage of upward social mo

bility coupled with the lowest percentage of downward mobility, which 

may in part account for the largest body size in this group. 

Variability among the maternal-age categories is increased at 

the later age level. Small sample sizes hinder interpretation of the 

results, especially in Anglos and Blacks. In Anglo males and females, 

both "M" axes separate the groups mainly on the basis of height and 



Table 197. Numbers of socioeconomic group k children in each maternal age group for Black males 
and females, Period 1-2. 

Maternal No. in In SE Grp. b In SE Grp. b Remain in SE Move Out of Move Into 
Age Group Group Once {%)* at Birth (9») Grp. if {%) SE Grp. if (<£) SE Grp. 4 {%) 

Males 

LE 19 13 7 (5*0 6 (b6 )  2 (15) b  (31) 1 ( 8) 

20-2'f 21 12 (57) 10 (W) 6 (29) if (19) 2 (10) 

25-29 13 6 (bG)  5 (38) if (31) 1 (08) 1 ( 8) 

30f 7 5 (71) 5 (71) if (57) 1 (14) 0 ( 0) 

Females 

LE 19 8 7 (88) 5 (63) if (50) 1 (13) 2 (25) 

20-2b 18 11 (61) 7 (39) 5 (28) 2 (11) if (22) 

25-29 19 15 (79) 12 (63) 6 (32) 6 (32) 3 (16) 

30+ 15 11 (73) 19 (60) 3 (20) 6 (bo )  2 (13) 

•See footnote in Table 172. 
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weight, with a special emphasis on cristal height (see Tables 144 and 

147). Secondary stress is shown on circumferential measurements, which 

receive relatively higher weightings in the males. Nutritional in

volvement is again suggested (as in the earlier period) by the emphasis 

on upper arm circumference in males and triceps skinfold thickness in 

both sexes. An additional similarity with the earlier age level is the 

fact that socioeconomic involvement in the pattern of mean differences 

appears to be minimal (cf Table 194 and Tables 29 and 30, Appendix V). 

As shown in the Appendix V tables, there is a gradient in males of in

creasing weight and decreasing height with increasing mother's age 

category (the same pattern as shown at age 7.0 years). The tendency 

toward "obesity" in the "GE 35 years" group males is heightened over 

the observation at age 7 years (note besides mean for weight those for 

chest, waist and calf circumference). The next-to-lowest mean stature 

in this group (and lowest mean value for cristal height) coupled with 

highest mean weight strongly suggest differential maternal treatment 

for this group, possibly involving an increased caloric intake relative 

to protein intake. This may be related to the position of these males 

in their respective families, i.e., large families with all members 

catering to the nutritional desires of "the baby of the family" or "the 

fat little brother" syndrome. In the females, there is a tendency for 

both height and weight to increase with increasing maternal age, 

exactly the opposite to what we would expect with increased family 

sizes. Considering that no socioeconomic factors seem involved, this 

phenomenon strongly suggests the positive influence of maternal ex

perience with increasing age. 
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Comparisons of maternal age groups in Mexican-American males 

and females exhibited some of the same relationships seen at the 

earlier age level. The "M" functions continue to show major stress on 

body size (weight and height, particularly cristal height) and circum

ferences related to body bulk (i.e., chest and waist circumferences). 

Furthermore, no direct relationship of group mean differences to socio

economic factors (of Table 198 and Tables 29-301 Appendix V) seem 

apparent. By age 11-1/2 years, the children in the "LE 19 years" ma

ternal age category in both males and females average highest or next 

to highest in both height and weight among the categories. This may 

be the result of factors related to family size, as the majority of 

these children enter families with no previous sibs (599^ in males and 

3% in females). However, this is the only ethnic group in which this 

maternal age group has the largest body size in both sexes, which may 

be indicative of preferential treatment and/or better access to family 

resources for first-borns among Mexican-American children. Most cer

tainly family size is a factor of consequence in the smallest average 

stature found in the "GE 35 years" age category in males. 

The "M" discriminant functions in Black males and females 

stress the importance of height, especially linearily of the lower 

body, and upper arm circumference, a combination highly suggestive of 

a nutrition component in the influences on maternal age group variation. 

The axes derived from these functions (see Fig. 17) act mainly to iso

late the "LE 19 years" group from the others, but for different reasons 

in males and females. This group has the smallest average stature in 



Table 198. Numbers of socioeconomic group 4 children in each maternal age group for Mexican-
American males and females, Period 11. 

Maternal No. in In SE Grp. 4 In SE Grp. 4 of Remain in SE Move Out of Move Into 
Age Group Group Once (%)* Period 1-2 (%) Grp. 4 (%) SE Grp. 4 (9a) SE Grp. 4 (%) 

Males 

LE 19 25 8 (32) 7 (28) 5 (20) 2 ( 8) 1 ( 4) 

20-24 42 11 (26) 8 (19) 6 (14) 2 ( 5) 3 ( 7) 

25-29 51 12 (24) 9 (18) 8 (16) 1 ( 2) 3 ( 6) 

30-34 22 9 (41) 9 (41) 8 (36) 1 ( 5) 0 ( 0) 

35+ 24 6 (25) 6 (25) 6 (25) 0 ( 0) 0 ( 0) 

Females 

LE 19 21 9 (43) 8 

/•-
N

 C
O

 

6 (29) 2 (10) 1 ( 5) 

20-24 56 14 (25) 12 (21) 9 (16) 3 ( 5) 2 ( 4) 

25-29 40 9 (23) 8 (20) 6 (15) 2 ( 5) 1 ( 3) 

30-34 22 6 (27) 4 (18) 3 (14) 1 ( 5) 2 ( 9) 

35+ 34 8 (24) 7 (21) 6 (18) 1 ( 3) 1 ( 3) 

*In SE Group 4 in Period 1-2 and/or Period 11. 
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females, but largest in males, a phenomenon which seems directly-

attributable to socioeconomic circumstances (cf Table 199 and Tables 

29 and 30, Appendix V). The pattern of group mean differences shown 

in the Appendix tables for the later age level is quite similar to that 

found at the earlier age level (cf Tables 27-28 in Appendix V). This 

is especially apparent in the females who, if more canalized in their 

growth, would be more apt to exhibit the influence of genetic factors 

in the patterns of growth. This might be even more accentuated because 

of the small sample sizes with which we are dealing. Unfortunately we 

do not have anthropometric data on the parents. Deviations in the 

males from the earlier pattern of group mean differences seem to be 

attributable to socioeconomic intervention. For example, the "GE 50 

years" group has the smallest average weight relative to the other 

groups in the later period, whereas it did not at the earlier age 

level. Note in Table 199 that this group, admittedly small (N=^) has 

almost all of its members experiencing a situation of extremely low 

income over the years between Period 1-2 and Period 11. In addition, 

the "LE 19 years" group at the later age level has the highest average 

stature among groups, whereas in the early period it had an inter

mediate mean for stature relative to the other groups. As already 

mentioned, this may be a reflection of this group's lov; involvement 

with socioeconomic group k circumstances. 

One other type of function in the comparisons of maternal age 

groups was mentioned in Chapter 5 as important with regards to its 

data ordering capacity. The axes derived from these functions are 



Table 199. Numbers of socioeconomic group 4 children in each maternal age group for Black males 
and females, Period 11, 

Maternal 
Age Group 

No. in 
Group 

In SE Grp. 4 
Once (#)* 

In SE Grp. 4 at 
Period 1-2 (9o) 

Remain in SE 
Grp. 4 (%) 

Move Out of 
SE Grp. 4 {%) 

Move Into 
SE Grp. 4 (%) 

Males 

LE 19 9 3 (33) 3 (33) 1 (11) 2 (22) 0 ( 0) 

20-24 13 5 (38) 4 (31) 2 (15) 2 (15) 1 ( 8) 

25-29 11 5 (45) 5 (45) 4 (36) 1 ( 9) 0 ( o) 

30+ 4 3 (75) 2 (50) 2 (50) 0 ( o) 1 (25) 

Females 

LE 19 5 5(100) 4 (80) 4 (80) 0 ( o) 1 (20) 

20-24 15 9 (60) 8 (53) 7 (47) 1 ( 7) 1 ( 7) 

25-29 13 6 (46) 6 (46) 4 (31) 2 (15) 0 ( o) 

30+ 15 8 (53) 5 (33) 5 (33) 0 ( 0) 3 (20) 

•See footnote in Table 192. 
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shown in Figure 18. It can be seen that they tend to separate the 

intermediate maternal age categories from the groups at the extreme 

ends of the age range. In Anglos weight, lower body linearity, cir

cumferences, and head and face dimensions are relatively important 

variables in these functions. The separation between the groups seems 

to reflect a subtle combination of linear dimensions and facial/head 

measurements which places the two most extremely different groups in 

body size together on one side of the continuum because they are simi

lar on head/face dimensions (cf Tables 29-30, Appendix V means). This 

separation does not seem to relate at all to socioeconomic or at-birth 

factors like birthweight and possibly reflects the influence of genetic 

factors emerging as a result of small sample sizes. 

In the Mexican-American males, these non-"M" axes shown in 

Figure 18 separate the groups in the males mainly through an emphasis 

on height, and females through a combined emphasis on height and body 

bulk. There are differences in socioeconomic involvement between the 

groups separated (see Table 198). This fact in combination with an 

emphasis in the functions on upper arm circumference and triceps skin

fold thickness suggests a connection with nutrition, which supports the 

socioeconomic hypothesis. The non-"M" functions in Black males and 

females act to isolate the "GE 30 years" maternal age group children 

from the others, but for different reasons. In males, it is the low 

weight for height of this group (for the possible reasons already 

noted above) which leads to its isolation with respect to the other 

groups (note in Table 1*4-6 the emphases on weight, upper arm and waist 
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circumference in function II, the non-"M" function in males). In con

trast to the males, this same group in females is isolated because it 

has the highest mean height and weight among the groups, again for 

reasons previously noted. 

To summarize briefly, the results of comparisons of maternal 

age groups give some indication of possible effects of factors involved 

with age of mother and its relation to child growth. But the pattern 

is most certainly not always one of increasing size with increasing 

mother's age. It has been shown that any study of this relationship 

must take into account a multitude of factors which modify the observed 

pattern of maternal age group variation. It is hoped that further 

statistical analyses in which variables can be "controlled" will elu

cidate more of the interactions than it has been possible to describe 

in the analyses here. 

Paternal Age. As with the two previous "family" variables, 

comparisons of children grouped by the age interval into which the 

childrens' fathers fell at the childrens' births were made at two age 

levels, roughly 7 and 11-1/2 years. The results of these comparisons 

are now evaluated for each ethnic group at the two age levels. 

Discriminant analyses of paternal age groups in Anglo males 

and females produced at least one function which ordered the groups 

roughly from lower to higher paternal age intervals. These functions 

were labeled "P" for convenience, and the derived axes are shown in 

Figure 19. There is a tendency (strongly expressed in the female 

axis) for those functions to isolate the "LE 19 years" group. This 
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accomplished in both sexes with a primary stress on height, but in 

females calf circumference and weight combine with height as relatively 

important determinants of the pattern of group discrimination. In the 

males, there exists a gradient in height (see Appendix V, Table 31)i 

height increasing with paternal age (the "P" axis in Figure 19 strongly 

conforms to this gradient). This would seem more related to family 

size, for socioeconomic factors do not correspond to the gradient (see 

Table 200). But the fact that the usual nutrition-related measurements 

are not involved makes this hypothesis less plausible. Interestingly, 

the height gradient in the paternal age groups corresponds closely to 

that for length at birth for the males in these same groups (see Table 

201). This may suggest genetic factors, which considering the sample 

sizes, could play an important role in the observed distribution. The 

female gradient for body height is not as apparent as in males but the 

tendency is for height to increase rather than decrease with increasing 

paternal age category. This corresponds roughly to low income socio

economic involvement in each group (see Table 200), especially the 

lowest mean stature for the "20-2^ years" group. The gradient does not 

conform to that for birthlength (see again Table 201), which lends 

further support to a postnatal environmental explanation for the ob

served variation in height among the female groups. 

As can be seen in Figure 19, separation of paternal age groups 

in Mexican-American males and females is not extensive, but the "P" 

axes do order the data along a rough gradient from lower to higher age 

groups. The group separation in both sexes is accomplished through a 

combined emphasis on both weight and height, especially linearity of 



Table 200. Numbers of socioeconomic group 3-4 children in each paternal age group for Anglo males 
and females, Periods 1-2 and 11. 

Maternal No. at In SE Grp. 3-4 at No. at In SE Grp. 3-4 
Age Group Period 1-2 Birth and/or 1-2 {%) Period 11 Period 1-2 and/or 11 (%) 

Males 
LE 19 3 1 (33) - -

20-24 or LE 24 19 6 (32) 13 1 ( 8) 
25-29 5 1 (20) 4 0 ( 0) 
30-34 13 3 (23) 10 3 (30) 
35-39 6 0 ( 0) 6 0 ( 0) 
40+ 10 2 (20) 7 1 (14) 

Females 
LE 19 4 1 (25) - — 

20-24 or LE 24 11 4 (36) 4 1 (25) 
• 25-29 16 1 ( 6) 11 0 ( 0) 
30-34 17 1 ( 6) 16 1 ( 6) 
35-39 12 2 (1?) 11 1 ( 9) 
40*- 11 1 ( 9) 9 0 ( 0) 

Table 201. Mean birth lengths for Anglo male and female paternal age groups. 

Paternal Males Females 
Age Group Mean Birth Lemgth (cm.) Mean Birth Length (cm.) 

LE 19 52.4 50.0 
20-24 51.7 50.4 
25-29 51.4 50.3 
30-34 50.0 50.5 
35-39 49.5 49.6 
40+ 49.8 50.0 
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the lower body (see Tables 153-156). As can be seen in Tables 31 and 

32 of Appendix V, the gradient for body size in the Mexican-American 

males is very similar to that observed in Anglo males, and the same is 

true of the females. The weighting coefficients of the nutrition-

related variables like the circumferences in Mexican-American "P" 

functions are not high relative to others and there seems to be no 

correspondence of the body size gradient to socioeconomic factors (see 

Table 202). However, the combination of high importance of weight and 

cristal height could still suggest nutritional influence. The pattern 

of group means in both Mexican-Americans and Anglos suggests that fe

males born to older fathers (or a combination of this with the fact 

that they are born to larger families, indicating possible better 

chances for care from sibs) seem "favored" as compared to males. 

The "P" functions in Black males and females, as in the other 

ethnic groups, heavily stress height and weight, and this time definite 

indication of nutritional factors is seen in the relatively high 

weighting given to upper arm circumference (see Tables 15^ and 157). 

The sample size problem is particularly relevant in Blacks, but never

theless there are some patterns which seem to run opposite to those 

observed in the other ethnic groups. For example, the gradient in body 

size in males (see Table 311 Appendix V) runs opposite to that observed 

in Anglo and Mexican-American males. The" group means for height, 

weight and upper circumference show some correspondence to the socio

economic factors (cf Table 203). For instance the two groups with the 

highest mean for upper circumference (i.e., those born to fathers aged 

25-3^ years at their child* s birth) also have the lowest levels of 



Table 202. Numbers of Bocioeconomic group 4 children in each paternal age group for Mexican-
American males and females, Period 1-2. 

Paternal 
Age Group 

No. in 
Group 

In SE Grp. 4 
Once (%)* 

In SE Grp. 4 
at Birth (%) 

Remain in SE 
Grp. 4 (&) 

Move Out of 
SE Grp. 4 (%) 

Move Into 
SE Grp. 4 (%) 

Males 

LE 19 12 8 (67) 6 (50) 5 (42) 1 ( 8) 2 (17) 

20-24 52 18 (35) 14 (27) 6 (12) 8 (15) 4 ( 8) 

25-29 75 17 (23) 12 (16) 7 ( 9) 5 ( 7) 5 ( 7) 

30-3^ 41 12 (29) 6 (15) 4 (10) 2 ( 5) 6 (15) 

35-39 28 8 (29) 3 (11) 2 ( 7) 1 ( 4) 5 (18) 

40* 25 9 (36) 7 (28) 2 ( 8) 5 (20) 2 ( 8) 

Females 

IE 19 14 14(100) 11 (79) 3 (21) 8 (57) 3 (21) 

20-24 52 26 (50) 19 (37) 12 (23) 7 (13) 7 (13) 

25-29 51 14 (27) 7 (14) 1 ( 2) 6 (12) 7 (14) 

30-34 38 13 (34) 7 (18) 3 ( 8) 4 (11) 6 (16) 

35-39 32 6 (19) 3 ( 9) 0 ( o) 3 ( 9) 3 ( 9) 

40+ 30 11 (37) 9 (30) 4 (13) 5 (17) 2 ( 7) 

*See footnote in Table 172. 



Table 203- Numbers of socioeconomic group 4 children in each paternal age group for Black males 
and females, Period 1-2. 

Paternal 
Age Group 

No. in 
Group 

In SE Grp. 4 
Once (%)* 

In SE Grp. 4 
at Birth (%) 

Remain in SE 
Grp. 4 (%) 

Move Out of 
SE Grp. 4 (#) 

Move Into 
SE Grp. 4 (%) 

Males 

LE 19 6 6(100) 5 (83) 2 (33) 3 (50) 1 (17) 

20-24 13 7 (5^) 6 (46) 3 (23) 3 (23) 1 ( 8) 

25-29 14 6 (43) 4 (29) 2 OA) 2 (14) 2 (14) 

30-34 7 3 (43) 2 (29) 1 (14) 1 (14) 1 (14) 

35-39 6 3 (50) 2 (33) 2 (33) 0 ( 0) 1 (17) 

40+ 6 6(100) 5 (83) 4 (67) 1 (17) 1 (17) 

Females 

LE 24 11 10 (91) 6 (55) 4 (36) 2 (18) 4 (36) 

25-29 17 8 (47) 4 (24) 3 (18) 1 ( 6) 4 (24) 

30-34 18 16 (89) 14 (78) 7 (39) 7 (39) 2 (11) 

35-39 5 3 (60) 2 (40) 2 (40) 0 ( 0) 1 (20) 

4o+ 7 5 (71) 5 (71) 1 (14) 4 (57) 0 ( 0) 

*See footnote in Table 172. 
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involvement with the extreme low income situation. In addition, the 

low mean stature of the "LE 19 years" group may reflect the high in

volvement of this group in the low socioeconomic circumstances. How

ever, other groups show a remarkable "resistance" (particularly at the 

higher paternal age categories) to socioeconomic interference. This 

would suggest that factors relating to parental behavior may be in

volved. In this vein, it is of interest to note that the paternal age 

group with the highest mean weight (i.e., the "30-3^ year" group) also 

has the lowest incidence of absent fathers (1^) compared to the other 

groups with absence rates from ^3-75^. Despite this suggestion, the 

variation in mean height corresponds closely to the pattern of mean 

birth-lengths for the groups, which as in the Anglo males, suggests 

that prenatal and possibly genetic factors may be involved. In the 

Black females there is no real suggestion of a gradient perhaps as a 

result of sample sizes. No apparent relationship exists with socio

economic circumstances (see Table 203). The large body size of the 

"35-39 years" group may be partially attributed to prenatal and/or 

genetic influences, as suggested by the birth length group means in 

Table 20k. 

Anthropometric variation among paternal age groups at the later 

age level is increased over that observed earlier. As in the analyses 

of other family-related variables, evaluation of results is more of a 

problem at the later age due to decreasing sample size (i.e., loss of 

children from the cohorts). No doubt this factor could be biasing 

certain of the results, but nevertheless the change in the pattern of 



Table 204. Mean birth lengths for Black male and female paternal age groups. 

Paternal Age 
Group 

Male Female Paternal Age 
Group Mean Birth Length (cm.) Mean Birth Length (cm.) 

LE 19 50.4 -

20-24 or LE 24 50.5 50.1 

25-29 51.3 50.1 

30-31* 50.8 48.3 

35-39 52.1 52.9 

ko+ 52.3 51.0 
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group mean differences with respect to the earlier period reveals much 

about variability in physical growth. 

In Anglo males and females, the "P" functions for the later 

period continue as in the earlier period to stress height ( but now 

emphasizing lower body linearity). Weight and body bulk circumferences 

are weighted more highly in both sexes than at the earlier age level. 

The male "P" function does indicate possible nutritoon influence (see 

weightings of upper arm circumference and triceps skinfold thickness 

in Table 158), while such nutrition-related variables do not appear at 

all or receive low weightings in the females (see Table l6l). In the 

males, the height gradient observed at the early age level (see above) 

has now disappeared. There is now a tendency for weight to increase 

with increasing paternal group (note also increasing group means for 

triceps skinfold thickness), the opposite of what was observed earlier 

(cf Tables 31 and 33» Appendix V). Some of this may be related to 

socioeconomic factors (see Table 200), especially reflected in the low 

means for height and weight in the "30-3^ years" group. The trend 

toward increasing group mean weights with increasing paternal age prob

ably reflects nutritional factors which would not be revealed by the 

crude socioeconomic index used in Table 200, i.e., possibly increasing 

earning power at upper paternal age categories. The mean differences 

in height no longer correspond to mean birth lengths, which may indi

cate further the role of post-natal environmental factors. The Anglo 

females exhibit the same pattern of group mean differences for height 

and weight as shown at the earlier age level (cf Tables 32 and 3^i 

Appendix V). The female "P" axis (see Fig. 20) tends to isolate the 
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"GE 40 years" group from the others, mostly on the basis of this 

group's greater weight for height as compared to other groups (note 

that the groups separated at the extremes along this axis differ by 

only half a centimeter in height, but over 15 pounds in weight). This 

tendency towards "obesity" in the females whose fathers were kO years 

or older at the time of these females' births is suggestive of nutri

tional factors associated with their families or a combination of this 

and socioeconomic factors not apparent in Table 200. 

The weighting coefficients in the "P" functions for Mexican-

American males and females indicate the involvement of nutritional fac

tors in the paternal age group variation at the Period 11 age level. 

As shown in Tables 159 and 162, both functions stress overall height 

and especially cristal height, and as well upper arm and calf circum

ferences (and in males, triceps skinfold thickness). Despite this, 

the pattern of group means for these variables does not seem to cor

respond to socioeconomic factors (see Table 205) in the males, a result 

similar to that for the earlier age level. This suggests family fac

tors, and the group separation pattern in Figure 20 hints at the pos-

sibility that the number of younger siblings may be of influence. 

Those males born to fathers who were between 30-39 at the birth of 

these sons might well have families close to completion with respect 

to numbers of children. It is suggested that the lower means for the 

important discriminating variables among the lower paternal age groups 

may reflect some of the effects of these males having larger numbers 

of younger sibs (see Table 331 Appendix V). By comparing Table 205 

and the group means in Table 3^ of Appendix V for the females, it can 



Table 205. Numbers of socioeconomic group k children in each paternal age group for Mexican-
American males and females, Period 11. 

Paternal 
Age Group 

No. in 
Group 

In SE Grp. if 
Once (9$)* 

In SE Grp. 
Period 1-2 

if at 
(#) 

Remain in SE 
Grp. k {%) 

Move Out of 
SE Grp. if (90 

Move Into 
SE Grp. if {.%) 

Males 

LE 19 9 7 (78) 7 (78) 6  (67) 1 (11) 0 ( 0) 

20-2^ 30 10 (33) 7 (23) if (13) 3 (10) 3 (10) 

25-29 52 12 (23) 9 (17) 8 (15) 1 ( 2) 3 ( 6) 

30-3'+ 27 6 (22) 6 (22) 6 (22) 0 ( o) 0 ( 0) 

35-39 21 7 (33) 6 (29) 5 (2if) 1 ( 5) 1 ( 5) 

ko+ 21 if (19) if (19) if (19) 0 ( 0) 0 ( 0) 

Females 

LE 19 8 7 (88) 6 (75) 5 (63) 1 (13) 1 (13) 

20-2^ 39 16 (m) l*f (36) 9 (23) 5 (13) 2 ( 5) 

25-29 k l  6 (15) 6 (15) 6 (15) 0 ( 0) 0 ( 0) 

30-3^ 29 7 (24) 6 (21) if (lif) 2 ( 7) 1 ( 3) 

35-39 26 3 (12) 2 ( 8) 1 ( V 1 ( m 1 ( if) 

ko+ 23 7 (30) 5 (22) 5 (22) 0 ( 0) 2 ( 9) 

*See footnote in Table 192. 

oo -p-
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be seen that the three groups with the highest means for both height 

and weight are also the groups with the highest percentages of involve

ment with socioeconomic group k (see in particular the percentages of 

those who remain in socioeconomic group k from Period 1,2 to Period 

11). Since the females at 11-1/2 years are within the early part of 

the period which marks the usual occurrence of the adolescent growth 

spurt, the high means where lower income circumstances are involved 

suggests a possible delay in the onset of puberty in the other groups 

with lesser percentages of socioeconomic group k involvement, as simi

larly reported recently for French-Canadian girls (Jenicek and Dimir-

jian 197*0. However, there is also the subtle hint of racial/genetic 

factors in this pattern. Note in Table 162 the high weighting of bizy-

gomatic diameter in the "P" function. The group means for this vari

able are shown in Table 206. The group mean pattern for bizygomatic 

diameter and the phenomena of high mean weights and chest circumfer

ences (see again Table Appendix V) may connote the subtle effect 

of these same groups having higher proportions of Native-American 

ancestry. 

The "P" functions in Black males and females provide some in

teresting group contrasts, but unfortunately small sample sizes hinder 

reliance on the results. In the males, these functions stress weight, 

lower body length and upper body bulk, while in the females overall 

height and upper body bulk are weighted heavily (see Table 160 and 

163). Both functions place some importance on nutrition-related vari

ables, for example triceps skinfold thickness in males and upper arm 



Table 206. Mean bizygomatic diameter for Mexican-American male and female paternal age groups 
at age 11.7 years. 

Paternal 
Age Group 

Males Females Paternal 
Age Group Mean (cm.) S.D. Mean (cm.) S.D. 

LE 19 12.73 0.3^ 12.60 0.31 

20-2k 12.75 0.52 12.57 0.55 

25-29 12.69 0.5^ 12.^3 O.V? 

30-3^ 12.9k 0.59 12.56 0.65 

35-39 12.79 0.51 12.56 0.58 

h0+ 12.77 0.55 12.^6 o.S'f 
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circumference in females. The male pattern of group mean differences 

for weight and cristal height (see Table 33, Appendix V), corresponds 

closely to socioeconomic factors shown in Table 207 (see in particular 

the percentages of those who remain in socioeconomic group k from 

Period 1-2 to Period 11). Body size differences among the female 

groups show little direct correspondence to the level of involvement 

with extreme low income circumferences. The females seem more "re

sistant" to environmental inference, and small sample sizes may be 

bringing to surface the effect of genetic factors, especially in the 

large body size of the "35-39 years" age group. Since we have no an

thropometric data on parents, this must remain a hypothesis for future 

testing. But the fact that this same group is tallest and next to 

heaviest at the earlier age level suggests accelerated growth possibly 

related to genetic makeup. 

A number of other functions with possibly significant data 

ordering capacities were labeled as so-called non-"P" functions in 

Chapter 5. These functions are now evaluated more extensively by 

ethnic group. In Anglo males, the first function (see Table 158) is 

highly significant, and acts to separate the."LE 2k years" and "30-31* 

years" groups from the other three. This separation is mainly accom

plished through an emphasis on weight for height, the two groups men

tioned having low weight for height and the others higher values (see 

Table 33 in Appendix V). This could in part be related to socioeco

nomic circumstances, as 17& of the males in the "LB 2k years" and "30-

3^ years" groups are in the low income situations during the years 
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from Period 1,2 to Period 11, while only £$> of those in the other 

groups are in this category. Nutrition-related variables are stressed 

in the second male function, which is also significant. This function 

separates males whose fathers were 29 years or less at time of their 

son's births from those 30 years and over, and corresponds to socio

economic factors (see Table 200). The isolation of the "LE 2k years" 

group in females mentioned in Chapter 5 may be primarily the result of 

this group's small sample size. 

Of particular interest in the Mexican-Americans is the non-"P" 

function which tends to isolate the "LE 19 years" groups from the other 

paternal age groups (first function in Table 159). The "P" function in 

the females acts similarly, as can be seen in Figure 20. Note in Table 

159 the relative importance of both height, cristal height and chest 

circumference, three variables which are also of high importance in the 

female "P" function (see Table 162). A look at Table 205 reveals that 

the "LE 19 years" group in both sexes, though of small sample size, has 

a decidedly higher percentage of children whose families are of ex

tremely low income. The anthropometric "cause" of the isolation of 

this group from the others and the direction of the group means for 

both sexes in Tables 33 and 3^ of Appendix V is highly suggestive of a 

higher proportion of Native American ancestry in this group. 

Certain of the non-,fP" functions in Black males and females are 

also of interest. The second function in Black males, which is signifi

cant like the first (see Table 160), isolates the "20-2^ years" paternal 

age group from the others, mostly on the basis of this groups' low 

weight for height and concomitant low subcutaneous fat. This group has 
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the lowest involvement with socioeconomic group k circumstances (see 

Table 207)i and 71% of its members are in socioeconomic group 1-2 by-

Period 11. This is suggestive of a nutritional lifestyle in this 

group which is different from the others, possibly involving higher 

protein content. An alternative explanation is that some of this 

group's "uniqueness" may by chance involve a lower proportion of Euro

pean ancestry, as revealed by the low fat, high linearity combination, 

which is an important Anglo-Black difference (Malina 1973)• The em

phasis on head and face dimensions also suggests the latter as partial 

explanation. Finally, in Black females, the first function is signifi

cant and isolates the "35-39 years" group. Possible explanations for 

this separation have already been noted above. 

Variation among paternal-age groups generally seems highly re

lated to socioeconomic factors and secondarily to family size. There 

is some suggestion of possible influences of factors related to 

"favored" position within the family structure by sex of the child, 

particularly in Anglos and Mexican-Americans at the early age level. 

Only more detailed analyses with improved variable "control" would 

allow estimation of proportions of the overall variation attributable 

to each of a multitude of causal factors. Most certainly the analyses 

herein, though basically descriptive, do suggest some important paths 

for further data analysis. 

Variation and Time 

The fourth question at the end of Chapter 1 involved the prob

lem of whether variation with respect to the various grouping criteria 



Table 207. Numbers of socioeconomic group k children in each paternal age group for Black males 
and females, Period 11. 

Paternal 
Age Group 

No. in 
Group 

In SE Grp. k 
Once (%)* 

In SE Grp. k 
at Period 1-2 

Remain in SE 
Grp. 1* (#) 

Move Out of 
SE Grp. k {%) 

Move Into 
SE Grp. k 

Males 

LE 19 6 3 (50) 3 (50) 2 (33) 1 (17) 0 ( 0) 

20-2k 7 2 (29) 2 (29) 0 ( 0) 2 (12) 0 ( o) 

25-29 11 if (36) 3 (27) 2 (18) 1 ( 9) 1 ( 9) 

30+ 11 5 (^5) k (36) 3 (27) 1 ( 9) 1 ( 9) 

Females 

LE 2k 10 8 (80) 7 (70) 7 (70) 0 ( 0) 1 (10) 

25-29 l*t 7 (50) 6 (^3) k (29) 2 (1*0 1 ( 7) 

30-3b 13 9 (69) 7 (5*0 6 (^6) 1 ( 8) 2 (15) 

35-39 k 2 (50) 2 (50) 2 (50) 0 ( 0) 0 ( 0) 

'f0+ 6 2 (33) 1 (17) 1 (17) 0 ( 0) 1 (17) 

•See footnote in Table 19?. 

•p-
vO 
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increased or decreased over time, i.e., during the years through which 

the children were followed anthropometrically. This problem is now 

briefly evaluated for each of the "environment-related" factors for 

which it is possible to do so, namely: (1) socioeconomic group; and 

(2) family variables. But before this is done, it is necessary to 

review in brief the multivariate test by which it can be judged v/hether 

variability among groups is increased or otherwise. 

p 
In the first section of Chapter *t, Tatsuoka's (1970) <£ 

statistic was discussed as one of several ways of evaluating the re

sults of discriminant analyses. Tatsuoka introduced this statistic 

because there was a need in multivariate procedures for a measure of 

the degree or extent of differentiation between the groups being com

pared with the use of such procedures. He mentions that such a statis

tic is already available in univariate analysis of variance (in Hays 

1963:382). The univariate (o is used as an "estimate of the 'true' 

variability" of a variable "that can be attributed to group differ

ences" (Tatsuoka 1970:^8). Tatsuoka explains that the use of the word 

"true" is meant to convey that this statistic is an estimate of the 

proportion of group variability in the population rather than in the 

sample. His & "Statistic then "the "multivariage analogue" 

(Tatsuoka 1970:^8) to this test in univariate analysis of variance. 

2 
So, in the analyses evaluated in the previous section, if the £, mu-j^ 

statistic, for example, increases in value for group comparisons at a 

later age level relative to an earlier one, this tells us that the 

extent of multivariate group variability is greater at the second time 
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level. Changes in this estimate are explored below in relation to 

variation observed among the groups. 

Socioeconomic Group 

2 
Tables 208 and 209 present a summary of all the co sta

tistics calculated for comparisons of socioeconomic groups of (1) 

Tucson-born children and (2) children from all birthplaces. If we look 

at Tucson-born groups first and anthropometric variation in Period 1-2 

with respect to each of the assessments of socioeconomic circumstances, 

we note that in Anglo and Mexican-American males and females, overall 

socioeconomic group variation is increased when the socioeconomic 

assessment at the later point in time is used. When this is done in 

Black males and females, the variability among socioeconomic groups is 

reduced. This suggests that socioeconomic group variation in Anglos 

and Mexican-Americans has more to do with their recent (i.e., Period 

1-2) socioeconomic conditions, while in Blacks the effects of at-birth 

status are still apparent. If we return to Table 185, we can see that 

Blacks have higher rates of upward social mobility than the other two 

ethnic groups. But a closer look reveals that 57% of the upward mo

bility in Black males and in females is into socioeconomic groups 

1 and 2, while in Mexican-American and Anglos these percentages run 

from 69^ (in Mexican-American females) to 100& (in Anglo females). It 

is suggested that movement into socioeconomic groups 1 and 2 may pro

duce changes in the nutritional habits of the children involved and 

these changes are in turn reflected in a pattern of increased vari

ability. Black males and females have the highest proportions of 
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individuals in socioeconomic group k at the time of their births and 

the greater variation between groups based on at-birth circumstances 

may in turn reflect the overriding effects of this experience on later 

growth. 

Referring again to Table 208, we note that for all sex/ethnic 

divisions except the Mexican-American females, anthropometric vari

ability among socioeconomic groups at Period 11 is increased over the 

earlier period. At period 11, variability between groups is the same 

whether the Period 1-2 or Period 11 socioeconomic assessment is used. 

Some of the increase between Period 1-2 and Period 11 may be the result 

2 
of decreased sample sizes. In Mexican-American females the mU]^ 

estimate decreased in Period 11 over the Period 1-2 estimates using 

Period 1-2 socioeconomic information. This seems to suggest that the 

Mexican-American females may be lagging behind with respect to the 

usually observed increase in variability at the onset of the adolescent 

period. Krajl-Cercek (1956) has hypothesized that high carbohydrate 

diets delay the onset of menarche. Some lack of increasing variability 

among the Mexican-American females may be the result of the prolonged 

effects of such a diet, as Kay (1972:82) has noted how "the ancient 

trinity of corn, squash, and beans remains the mainstay of the diet." 

The increased variability in the other two ethnic groups may be the 

result of genetic factors (i.e., in the Blacks ̂ falina 1973/) and 

socioeconomic circumstances (i.e., in Anglos ̂ Laska-Mierzejewska 1970/)» 

This decrease in overall variability in Mexican-American fe

males is also observed when socioeconomic group comparisons involving 



Table 208. Tatsuoka's & multi statistics from comparisons of Tucson-born socioeconomic groups in 
all sex/ethnic divisions. 

Period 1-2 Period 11 
At-Birth SE Period 1-2 SE Period 1-2 SE Period 11 SE 
Assessment Assessment Assessment Assessment 

Males 
Anglos .92 .95 -97 
Mexican-Americans .29 .31 >38 .36 
Blacks .85 .79 .99 .99 

Females 
Anglos .56 .65 .82 
Mexican-Americans .26 .33 .29 .30 
Blacks .8*f .77 .90 .92 

2 Table 209. Tatsuoka's <£, multi statistics from comparisons of socioeconomic groups in all sex/ 
ethnic divisions from all birthplaces. 

Period 11 
Period 1-2 SE Period 1-2 SE Period 11 SE 
Assessment Assessment Assessment 

Males 
Anglos .76 .80 
Mexican-Americans .29 .38 ,J>h 
Blacks .65 «8*f .80 

Females 
Anglos .Mf .58 
Mexican-Americans .31 .26 .28 
Blacks .66 .76 .8^ 
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children of all places of birth are evaluated (see Table 209). The 

other five sex/ethnic groups show increases as in the results for com

parisons between Tucson-born groups. The extent of variation between 

groups at Period 11 is much the same whether early or later socioeco

nomic information is used in forming the groups. An exception to this 

is seen in the Black females. Variability between groups based on 

Period 11 information is increased over variation among groups based 

on earlier social data. This may be a reflection of an interaction 

between socioeconomic change and the genetic timing of the adolescent 

growth spurt, which as mentioned previously seems to come at an earlier 

age in Black females. 

Family Variables 

The extent of variation among family-size and parental age 

groups is greater at the Period 11 age level than earlier, as can be 

seen in Table 210. The important trends within individual sex/ethnic 

divisions have already been discussed in the section evaluating results 

of the analyses (see above). As mentioned previously, some of this 

observed increase in variability is the result of reduction in sample 

sizes as children sire lost from the study. However certain of the 

changes noted already sire of a magnitude to suggest the influence of 

factors related to family characteristics. The interesting effects of 

socioeconomic and other factors make it difficult to attribute the in

creased variability to the prolonged influences of the family-related 

variables. 
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2 
Table 210. Tatsuoka1s <& muiti statistics from comparisons of 

"family-variable" groups in all sex/ethnic divisions. 

Family Size Maternal Age Paternal Age 
Per. 1-2 Per. 11 Per. 1-2 Per. 11 Per. 1-2 Per. 11 

Males 

Anglos .83 .99 .99 .99 .98 .99 

Mexican-
Americans .59 .7^ «^8 .59 .51 -69 

Blacks .91 .99 .96 .99 .99 .99 

Females 

Anglos .69 .95 .9^ .96 .96 .99 

Mexican-
Americans .63 .7^ .^3 .58 .58 .71 

Blacks .96 .99 .90 .97 .97 .99 
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A number of previous studies have indicated a tendency for the 

greater influence of family-related variables during adolescence 

(Roberts and Dann 1975j Yudkin 19̂ )̂. The results of this study cer

tainly indicate a trend in that direction. Since the increase occurs 

in males as well as females, this phenomena would seem to have its be

ginnings prior to adolescence, perhaps becoming more accentuated during 

adolescence. There is some evidence of genetic factors contributing to 

the observed variation to a greater extent towards the later period. 

Again, there are only hints of this, but the pattern is in agreement 

with the recent results of Johnston et al. (1976) indicating an in

crease in the relative influence of genetic factors towards adolescence 

and a decreasing role for environment. 

Relative Importance of Growth-Influencing Factors 

In attempting to answer the question as to whether any one of 

the factors or set of factors seems to be relatively more important 

than the others in determining within-ethnic group variation, it should 

be mentioned at the outset that more sophisticated models would be 

needed to study the proportion of total variation attributable to each 

factor. Such models are being developed and are increasingly being 

applied to social science data (Finn 197̂ ; Bock 1975). In keeping with

in the basically descriptive framework set out in Chapter 1, the re

sults of the evaluation here can only be taken as suggestive of what 

one might expect to find if more complexity were built into the multi

variate model and an attempt were made to statistically "control" the 

individual effects of all factors. 
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A crude but statistically conservative way of evaluating the 

relative role of each of the factors we have studied is to count the 

number of significant functions derived in the comparisons of groups 

based on each factor and see what proportion these aire of the total 

number of calculated functions in each comparison. This is shown in 

Table 211. There is some bias in these figures in that the factors 

for which greater numbers of groups are compared will also have larger 

numbers of possible discriminant functions (remembering that the num

ber of possible functions is equal to one less than the number of 

groups). Moreover, it is unusual for more than two or three of the 

functions to be significant. So in cases where large numbers of groups 

are compared, as with the family variables, this method may be under

estimating the importance of the associated factors. However, in gen

eral, this method points to the high importance of socioeconomic group, 

followed by the census tract and place of birth grouping criteria. 

Perhaps a better way of evaluating this problem is to review 

2 
the values for the £> muiti statistic see which factors have the 

highest values for this estimate, i.e., the largest extent of group 

,, variabiltiy. If this is done, family characteristics are shown to be 

the "most important" group differentiating factors across all sex/ 

ethnic divisions. The difficulty in using this method is that in all 

group comparisons there is evidence of intervening factors modifying 

the pattern of variation with respect to the factor being evaluated. 

The reality of the situation is one of interactions between "environ

mental" variables with the additional interference of genetic factors. 
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Table 211. Number of significant discriminant functions for each 
grouping variable. 

Grouping Variable 
Total No. 
of Functions 

Significant Functions 
No. % 

Birthwt./Gestation Age 18 2 11 

Gravidity of Mother 21 0 0 

Birthplace 14 3 21 

Census Tract 18 4 22 

Socioeconomic Group 

Tucson-born 44 10 23 

All Birthplaces 32 8 25 

Family Size 46 4 9 

Maternal Age 43 6 14 

Paternal Age 54 6 11 
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In other words, it's a complex world, and sorting out the interplay 

between environmental and genetic factors is going to take complex, 

sophisticated sorts of techniques well beyond those which have been 

used in the analyses herein. Elaboration on this theme is found in 

the next section. 

Despite the problems mentioned above, we can in general point 

to socioeconomic status as probably the "most important" factor con

tributing to within-ethnic group variability in Tucson school children. 

The effects of socioeconomic factors are observed in almost all the 

results for the other grouping criteria. The persistent importance in 

the discriminant factors of variables which have been stressed as sig

nificant evaluatory tools in nutritional anthropometry lends support 

to the hypothesis that nutritional intake is of primary importance as 

a determinant of within-ethnic group variation in the Growth Study 

children. 

Heredity-Environment Interaction 

There can be little doubt that one of the major problems for 

study in anthropology today (if not the major issue) is the attempting 

to resolve the relative roles of heredity and environment (or biology 

and culture, which is the usual phrase we anthropologists use perhaps 

restrictively) in the production and maintenance of human diversity. 

Studied in an evolutionary framework, the heredity and environment 

interrelationship is the real issue whether we are studying non-human 

primate behavior or differences between osteological "populations," or 

even variation in fossil man. 
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A key difficulty in anthropological research today is that the 

explanation for human variability is seen as an either/or situation, 

one end of the biology/culture dichotomy being held up as the more im

portant one. Bennett, Osborne and Miller (1975) have recently pointed 

out that this phenomenon may primarily be the result of the historical 

and theoretical development of anthropology, but nevertheless it is 

characteristic of most of the anthropological approach to problems to

day (Terrell 1976, 1977) and most certainly characteristic of social 

science in general (Cavalli-Sforza and Feldman 1973)* There are signs 

though that even in social science fields with a partial legacy of 

strict environmental determinism, there is more interest in and con

sideration of biological variation (por a particularly good example of 

this, see Ward 1967). Indeed, what is perhaps the "super biology-

culture problem" of all time, that most malnutrition in the world may 

be the result of social inequality (Wade 1976), confronts us all. 

It is obvious that the situation with respect to most human 

traits, especially those with complex inheritance patterns like be

havioral characteristics, is one of interaction between p;enes and 

environment. Simplistic explanations of human variation based pri

marily on biological or cultural aspects will never provide meaningful 

answers in anthropology. These remarks apply to all fields of anthro

pological pursuit, for as Keesing (197^:91) has recently stated, "to 

study cultures as ideational systems without mapping the complex cyber

netic circuits that link them to social systems, to ecosystems, and to 

the psychology and biology of individuals would turn cultural analysis 

into an arcane pursuit. . . ." The solutions to most problems in 
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anthropology, therefore, are probably going to involve complex explan

atory models which evaluate the interplay between heredity and environ

mental factors. This is no easy task, as Haldane (19^6) showed in 

mathematical terms how the addition of more genetypes and environments 

to our system causes the number of genotype-environment interactions 

to increase exponentially. Moreover, as Lewontin (197*0 has recently 

shown, there may be fundamental problems with some of the traditional 

methods used in the attempt to analyze phenotypic variation into its 

genetic and environmental components. Yet "anthropologically-

enlightened" geneticists like Cavalli-Sforza and Feldman (1975) con

tinue to provide us with the sorts of modeling which are required if 

we aire to ever get anywhere. 

The term "heritability" has been mentioned several times in 

earlier chapters as something we will need to estimate eventually in 

the course of our future data collection and analysis with the Tucson 

Gorwth Study. One wonders about the utility of such an exercise in 

light of what heritability is and is not. The concept has come in for 

heavy criticism in recent years (Hirsch 1970; Lewontin 1970, 197^5 

Feldman and Lewontin 1975)* What these investigators basically say is 

that we should more or less abandon the pursuit of heritability esti

mates, and attempt to learn more about 60-called norms of reaction. 

Why abandon the heritability concept? Taking a less extreme approach 

than Feldman and Lewontin (1975)» Hirsch (1970:95) puts is simply by 

stating that a heritability estimate "is a far more limited piece of 

information than most people realize." To be more specific he quotes 
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Fuller and Thompson (I960): "heritability is a property of populations 

and not of traits" (Hirsch 1970:95)• In other words heritability esti

mates are only useful for the specific population from which they were 

derived. This is not all, but a detailed discussion of problems is 

beyond the scope of this presentation. Suffice it to say that such 

problems magnify when we are dealing with humans, as Garn, Bailey and 

Cole (1976) have recently shown so well. 

What about studying norms of reaction? The basic reason for 

attempting to study such norms in physical anthropology is another 

criticism of heritability, as stated again by Hirsch (1970:105): "High 

or low heritability tells us absolutely nothing about how a given indi

vidual might have developed under conditions different from those in 

which he actually did develop." This applies as well to groups of in

dividuals within populations and to populations, as Lewontin (1970) 

has shown so illustratively. What are norms of reaction? Again it is 

worthwhile to quote in full from Hirsch (1970:97-98): 

The ontogeny of an individual's phenotype (observable outcome 
of development) has a norm or range of reaction not predict
able in advance. In most cases the norm of reaction remains 
largely unknown; but the concept is nevertheless of funda
mental importance, because it saves us from being taken in by 
glib and misleading textbook cliche*s such as 'heredity sets 
the limits but environment determines the extent of develop
ment within those limits.' 

As Lewontin (197*0 has pointed out, it is very difficult to 

gather evidence on actual norms of reaction. As he puts it, in human 

beings "measurements of reaction norms for complex traits are impos

sible because the same genotype cannot be tested in a variety of en

vironments" (Lewontin 197^:^09). Nevertheless, some attempt to 
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approximate such norms can be made (for example, twin studies), but 

more importantly, it is the contribution of this concept to our think

ing about physical growth and human biometrical variation which should 

be recognized and valued. 

That such concepts are important in physical anthropological 

methodology and theory is beyond a shadow of a doubt. In some ways, 

such thinking about norms of reactions seems to have been ignored or 

misunderstood among students of human variation in physical growth and 

adult physique. For example, we find statements like the following: 

M. . . there is much evidence that the weight and height of young chil

dren is more responsive to environment, and probably nutrition in par

ticular, than to genetic influences. . . ." (Jelliffe 197^:318). 

Certainly a little "norms and reaction" thinking is needed here! It 

would not be surprising to find that where one does most of his or her 

field research tends to temper one's decision as to whether genetic or 

environmental factors are more important in the production of the ob

served variation. If one studies variation in "environmentally uni

form" situations, genetic factors may seem more important, whereas in 

situations of "super-varying" environments, where norms of reaction may 

be greater, environment is held up as the primary "cause" of variation. 

It is suggested that we physical anthropologists, and espe

cially those of us who are students of variation in human physical 

growth, are guilty of some naive thinking about heredity and environ

ment. This naivete in turn extends into certain aspects of our re

search. For example, in their recently published research concerning 
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Guatemala-U.S. child growth, Johnston, Borden and MacVean (1975s379-

380) offer as evidence of "genetic dissimilarity" between two samples 

of children the difference in their phenotype distributions for the ABO 

blood group system. Sampling (?) one locus as evidence of genetic dis

similarity? Surely we need to sample more of the genome than this to 

establish that there are population differences. Perhaps even worse is 

the elementory approach to environment, as in the Yellow Springs, Ohio, 

Longitudinal sample's enjoying "an acceptable level of health, nutri

tion, and general environmental quality" (Johnston, Borden and MacVean 

1975:379)* "Acceptable" to whom? And we are all guilty on this 

account, as Bloom (196*0 so aptly told us over a decade ago. Another 

example from the Guatemalan research is the suggestion that popula-

tional differences in physical growth prior to adolescence mostly re

flect environment, while adolescent differences reflect heredity 

(Johnston et al. 1976). In this instance the investigators have 

sampled only one aspect of the "anthropometric genome," i.e., height, 

and growth with respect to this variable becomes body growth in general. 

Surely there is a need to go beyond height (and weight) if we. want to 

talk about "growth." Indeed one of the important aspects of anthro

pometric research is that it allows us to sample so much more of the 

total human genome (Hughes 1963) than is usually sampled in studies 

where monogenic traits are used. 

Perhaps the major reason for the naive approaches often ob

served in studies of human growth is that once we are involved with 

anthropometric measurements, we are dealing with polygenic traits and 
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therefore look to the field of biometrical (or quantitative) genetics 

for guidance. This is perhaps the most difficult area of genetics to 

understand, for the student needs a firm grounding in both genetics 

and statistical methods. All too often this is a sorely neglected 

aspect of student training in physical anthropology (for further dis

cussion, see Chapter 7) and the observed result in misunderstanding. 

For example, we find a researcher describing a survey of heritability 

studies by another investigator and stating that the investigator 

". . . noted that head length usually shows greater fluctuation and 

less evidence of heritability than head breadth. . . ." (Howells 1973s 

75-76). Surely Howells does not mean that head length shows less evi

dence of "the capacity of being able to be inherited" (Funk and Wag-

nails 1963) or the capacity for being determined by genes. This 

example is in no way intended to demean the work of Howells, who has 

been the major contributor in and champion of this important research 

area in physical anthropology during his entire career, extending a 

tradition in the field begun by Franz Boas. Confusion over a term like 

heritability may reflect the difficulty in its understanding. Howells 

is obviously not the only physical anthropologist to whom this has 

happened, as the following quotes, all from one article (Bennett et al. 

1975:170-171) suggests: (1) "... part of the observed differences 

are genetic. . which really means that a portion of the phenotypic 

variation between populations is the result of genetic variation between 

the populations (impossible to ascertain at the moment, see Feldman and 

Lewontin 1975); (2) ". . . ability to acclimatize is partially 



507 

genetic. . . .," which really means that some of the observed pheno-

typic variability between individuals in ability to acclimatize is the 

result of variability between their genotypes; and finally; (3) "• • • 

stature is a highly heritable character," which surely does not mean 

that stature is highly determined by genes! From the discussion so 

far in this section, it should be evident why the following statement 

is true, but for different reasons than the authors possibly intended: 

"The major and, as yet, unsolved difficulty is to differentiate pre

cisely between genetic and environmental influences: between •heri-

tability* and 'ecosensitivity' (Jelliffe and Gurney 197^9). 

Newman's (1973:231) point that we have . .a lack of re

search models for disentangling genetic and environmental effects" is 

fortunately not entirely correct. What we do lack are the sorts of 

complex models required for studies in human populations, i.e., models 

which stress the complexity of the situation (Rabkin and Struening 

1976) rather than attempting to simplify what is not simple. A number 

of researchers have recently theorized (Garn 1976) or demonstrated 

(Pantuck et al. 1976) how exceedingly complex the interactions are 

likely to be v/ith respect to nutritional factors. Hulse (1968) has 

shown us well for migration studies just how complex the "real" situ

ation is. Most definitely we need more application of models and 

statistical methods which take into account the multitude of factors 

responsible for human anthropometric variation (for examples see 

Abernathy et al. 1966; Goldstein 1971; and Wingerd and Schoen 197*0• 

What we lack in models and application of more sophisticated statistical 
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methods we certainly do not lack in the way of data, at least in terms 

of the sheer quantity of it already available (Johnston, Borden and 

MacVean 1975)• However there is still a need for "better" data collec

tion along the lines exemplified by the work of Malcolm (1970) and 

Wolanski (197*0, who seem to have accepted the complexity of the situ

ation and have gone at the task of data collection with a vengeance. 

Some of us believe that one source for "breakthroughs" in the 

analysis of our data and perhaps in the development of "better" models 

will come from that branch of statistics known as multivariate sta

tistics. Tanner recognized this almost 30 years ago (see discussion 

on Mr. Rao's paper, Rao 19^8:167), yet there is still a paucity of 

application of such techniques in human growth (for a summary, see 

Kowalski and Guire 197*0 • Perhaps the latter situation is somewhat 

advantageous in that we can learn from the sometimes careless appli

cations being made as part of the rush to embrace the multivariate 

approaches in other research areas in physical anthropology. An off

shoot of this is the constant flow of naive statements like ". . .it 

becomes clear that the first discriminant 'function amounts to a re

fined Cranial Index with ramifications throughout the body" (Fried-

laender 1975:151)* What is this supposed to mean? Is Friedlaender 

suggesting that weight, stature, and chest breadth, which are among 

the next four variables with the highest "loadings" (a measure of their 

relative importance in the function) are the results of consequences 

of head size (ramification implies "stemming from a main source" /Funk 

and Wagnalls 19637). Friedlaender (1975) offers no further explanation. 

Surely we can and will do better than this. 
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A purposeful attempt haB been made to discuss in brief the 

numerous problems involved in the study of heredity-environment inter

actions or biology and culture before asking the following questions: 

has the Tucson Growth Study, and in particular the results reported in 

this dissertation, contributed to our knowledge in this area? Given 

the limitations of the original Growth Study design and the need for 

description before the analysis of "cause," the results herein have 

contributed in that they have most certainly pointed to the many prob

lems encountered in the attempt to "control" for various effects and 

have offered us direction as to where the most interesting genetic-

environment interactions are apt to be operating. Let me be more spe

cific, but before doing so, again reiterate that the Tucson Growth 

Study was not initially designed to sort out hereditary and environ

mental effects in any detail. But because we study three populations 

(i.e., ethnic or racial groups, so that both biology and culture are 

involved here) and different "treatment effects" (i.e., cultural, sub-

cultural and familial levels) within each population, we have had a 

unique opportunity to study to an extent genetic-environment interac

tions, though not in the traditional biometrical or statistical genetics 

sense, for this involves purposeful experimental design not possible or 

perhaps not even approachable in humans. 

The results reported in previous sections of this chapter offer 

evidence which addresses several important problem areas in the study 

of human population variation in physical growth and as well the 

heredity-environment interaction scheme. These problem areas were 
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volve the study of: 

1. Within-population growth, or as Tanner (1966:^6) calls it, 

"the response of the individual" (Tanner meant this to include groups 

of individuals as well; see quote in Chapter 1). 

2. Variability in physical growth over time, i.e., in the frame

work of the Tucson Growth Study, how morphological differences between 

groups of individuals vary over time. 

3a Relative importances of various environmental factors in the 

determination of within-population variation (for example, are family 

factors more important than sub-cultural ones?) 

'f. Sexual differences in response to environmental factors. 

Each of these is now briefly discussed in terms of the results outlined 

earlier in this chapter. 

Tho first and second of the four problem areas are regarded as 

the primary focus of the analyses above, as the Tucson Growth Study 

provides a unique opportunity to study both in conjunction. The re

sults of the analyses reported in this chapter indicate that study of 

within-population growth is fraught with difficulties as a result of 

the probable lack of genetic homogeneity within individual "popula

tions" studied in Tucson and probably, for that matter, anywhere, 

unless strict control is exercised, as in the study of genetic iso

lates. In particular, the study of socioeconomic group differences 

has indicated a racial-genetic continuum running parallel to the en

vironmental one. Of major interest to the biology-culture theme in 
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anthropology is the evidence that the social mobility process may be 

operable before adulthood in the production of differences in adult 

physique among social strata within a population. This may have im

portant ramifications in terms of application, a theme which is elab

orated upon in the last chapter. Suffice it for now to say that there 

is no reason to believe that strata within populations will react or 

respond the same way to environmental stimuli, especially if they are 

genetically different to begin with (remembering that there are norms 

of reactions for groups of individuals as well as individuals). 

Perhaps the second problem area is the most intriquing of all, 

for it involves the important processes which influence the eventual 

adult product, i.e., the processes involving when the genes are saying 

"go" versus what's there to "go on." When we are studying characters 

which change over time, we are dealing with a situation where the 

measurable value of the character at one point in time obviously de

pends to an extent on what it was earlier in time. The extent of this 

relationship (i.e., correlation) will depend on what has been happen

ing environmentally over the span of time involved. With respect to 

at-birth factors, the results reported in this chapter indicate in 

general that at least at age 7 years, the within-population variability 

vis-a-vis at-birth factors may be greater given greater homogeneith 

between the environments to which members of the population are sub

jected. This is not unreasonable given the norms of reaction idea and 

the probable high relationship between at-birth factors and genetic 

factors involving both mother and child. In general, the same remarks 
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apply to the increasing or decreasing variability within populations 

at the time of the adolescent growth spurt. Certainly the results of 

analyses in this chapter have demonstrated the probable interference 

of a multitude of environmental factors on the genetic growth "message." 

Attempting to sort out the relative importances of various en

vironmental factors is an exceedingly difficult task given the prob

able situation of "real" environments. In general, the results of the 

analyses corroborate the importance of factors associated with family 

and socioeconomic situations. The use of discriminant analyses has 

afforded the identification of those variables which are most important 

in distinguishing between groups based on socioeconomic, familial and 

other environmental estimators. The preponderance of circumferential 

measurements among the important discriminating variables certainly is 

suggestive of the high relative influence of nutritional intake in the 

variability observed among groups based on "environmental" criteria. 

Especially interesting in the results addressing the third problem area 

is the demonstration of probable "environment by environment" inter

actions (i.e., without the statistical genetics jargen, interaction 

between, for example, climate and nutrition, as demonstrated in the 

"over-the-summer" pattern of anthropometric "shrinkage" and doubtlessly 

of influence in certain of the among group comparisons). 

And finally, with respect to the last of our four problem areas, 

the canalization hypothesis, we find evidence in the patterns of group 

comparisons of both males and females being "better" canalized in their 

growth in particular situations. There is also the suggestion in the 

results of possible population differences, but this remains a subject 
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intriguing side-result and certainly a major issue in growth study re

search today. 

The analyses completed as part of this dissertation are only 

the beginning in what this writer hopes will be a continuing study of 

child growth in Tucson, Arizona. It was decided to face the variation 

with respect to each of the growth influencing factors "straight on" 

rather than attempt to statistically "control" for the effects of co-

variates (i.e., using a multivariate analysis of covariance model in 

which the analyst can "control" for the effects of independent vari

ables and sort out the individual effects of various factors, assuming 

linear relationships). This is in keeping with the essentially de

scriptive framework set out in Chapter 1. Future analyses should in

clude more sophisticated multivariate techniques, some of which were 

mentioned in the last section. The multivariate method used in the 

series of analyses reported herein has helped to reveal a number of 

complex relationships among groups which are based on sometimes crude 

estimators of the "real" environments. Obviously "better" data is 

necessary with respect to microenvironments, family ecology, etc., as 

Bloom (196*0 remarked in his classic study of human characteristics. 

However, methodological development is required too, and this disser

tation it is hoped will be of some help in that direction. 
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

One of the most common methods for studying within-population 

variability in physical growth has been to group children according to 

numerous factors thought to have or known to have an influence on child 

growth. These factors are used as estimators of the nutrition, ill

ness, and/or ecological histories of the groups and levels of factors 

reflect the variation between these histories. For example, socioeco

nomic status may be used as a rough indicator of a child's nutrition, 

disease, and microenvironmental history, assuming that the family re

sources available to the child is a relatively accurate predicator of 

the "real" environment to which he or she is exposed. In most studies 

of this nature, cross-sectional anthropometric data are used in the 

comparisons of children of two or more environment-estimating groups 

within the same racial or ethnic group. This approach can be termed 

"experimental" in the sense that the children are subjected to life's 

experiments and are observed in "natural" environments as part of sur

vey research. 

So far the longitudinal method of collecting data on growing 

children has not been used extensively to study differences in physi

cal growth either between populations or among groups within popula

tions. Thus the study of population or group characteristic patterns 

of growth and how these vary over time is really in its infancy. 
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These considerations were primarily responsible for the initiation of 

the Tucson Longitudinal Growth Study. Thirty-three anthropometric 

measurements of various growth dimensions and social and other environ

mental data have been collected on cohorts of school-children in Tucson, 

Arizona, since late November 1969, when the children had just started 

first grade. Most of the children represented in the study are ethi

cally Mexican-American, Anglo, or Black, but a small sample of Native-

American children has also been followed longitudinally. The purpose 

of this dissertation has been to analyze the extent of variability in 

physical growth within each of the three major ethnic groups, i.e., to 

study within-population anthropometric variation in growing children. 

With 33 dependent and interrelated anthropometric-variables and 

two or more groups to be compared, the data situation was ripe for a 

decidedly multivariate analytical approach. Multiple discriminant 

analysis was the technique used in all group comparisons. The basic 

aim in the analyses of among group differences was to identify those 

anthropometric variables which discriminated "best" between the groups 

of children being compared. In the analyses there was as much interest 

in the data ordering capacities of the derived discriminant functions 

as there was in reaching conservative levels of multivariate statisti

cal significance. Thus the overall analytical approach to the data was 

descriptive in that the major goal was to describe the extent and sig

nificance of the anthropometric differences among the groups v/ithin 

each ethnic division. A convincing demonstration of the existence of 

within-ethnic group variation in physical growth naturally had to 
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precede determination of the causes of the group differences. An 

attempt to study the latter will require research clearly beyond the 

scope of the present design of the Tucson Growth Study. However, the 

result of descriptive analysis provides direction as to where the 

focus of future studies should lie. 

Within this basically descriptive framework, an attempt was 

made to answer a number of questions which addressed some of the issues 

involved in the interaction between hereditary and environmental fac

tors during child growth. In brief the questions were as follows: 

What is the extent of variation within the sex/ethnic divisions with 

respect to what are called herein "status-at-birth" variables, i.e., 

size at birth, gestational age, and mother's gravidity? How much do 

postnatal environment indicators like socioeconomic status, family size 

and structure, place of birth, and place of residence in Tucson account 

for the anthropometric variability observed within ethnic groups over 

the ages during which the longitudinal cohorts were measured? Does 

variability with respect to these factors increase or decrease over 

time, and does any one factor or set of factors seem to be more im

portant than others in the determination of this variation? And 

finally, does the extent of differentiation v/ith regards to these en

vironmental factors seem to reflect the nutrition, illness, and physi

cal environment histories of the groups, or a combination of this and 

possible confounding genetic effects? 

The above summary takes us to the results of the discriminant 

analyses of within-ethnic group variability in physical growth. In 
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the following section the conclusions based on these multivariate 

analyses are outlined. In the last section of the chapter a number of 

recommendations which stem from these conclusions are offered with 

respect to specific aspects of the study of population and within-

population variability in child growth. 

Conclusions 

The following set of conclusions is warranted on the basis of 

the analytical results elaborated upon in Chapter 6. The conclusions 

are listed in an order which is directly related to the series of ques

tions asked in Chapter 1 and repeated briefly in the above summary. 

The conclusions are as follows: 

1. The extent of multivariate biometric variation among groups 

based on at-birth variables such as birthweight, gestational age, and 

mother's gravidity suggests that some of the within-ethnic group vari

ability at age 7 years is related to prenatal and/or genetic factors. 

Size at birth is indicated in this study as the "most important" of 

the three variables. This is to be expected, since birthweight may be 

more independent of prenatal environmental factors than gestational age 

and mother's gravidity and more dependent upon genetic factors. The 

evidence indicates that in "more homogeneous" environmental situations 

(admittedly only crudely estimated in this study), variability among 

groups based on size-at-birth is greater than that found in more 

heterogeneous environmental circumstances. This result suggests that 

it is not possible to state that genetic or environmental factors are 



more important at particular stages in the human life cycle. This de

pends on the genotypes and environments being sampled. 

2. There is some evidence of both macroenvironmental and microen-

vironmental influences on anthropometric variation within ethnic groups 

at age 7 years. Body-size variation between groups based on place of 

birth suggests climatological influences, but both socioeconomic and 

genetic/racial factors play a dominant role in the pattern of birth

place group variability. Results of comparisons of census tract 

groups indicate a dominant role for chest dimensions in the differen

tiation between groups. The accentuation of chest size in groups ex

posed to probably less optimal microenvironmental conditions suggests 

a possible response of the respiratory systems to air pollution and/or 

patterns of disease possibly related to allergy. The tentative con

clusions with respect to macroenvironmental and microenvironmental 

factors point to a considerable need for further research in this area. 

3. Socioeconomic situation is an important (if not the most im

portant, at least in this study) contributor to the anthropometric 

variation observed within all ethnic groups. The threshold effect at 

the extreme low income level indicates that socioeconomic group vari

ation is probably related mostly to the direct availability of family 

resources via income rather than the involvement of other socioeconomic 

variables like education. The extent of involvement of nutrition-

related anthropometric measurements in the among socioeconomic group 

variability is highly suggestive of nutritional heterogeneity within 

ethnic groups based on the availability of resources which may 
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fluctuate drastically according to the economic situation in Tucson 

and the season of the year with respect to school attendance. Involve

ment of genetic/racial factors is suggested by certain of the between-

socioeconomic group differences. The pattern of social mobility vis-

a-vis anthropometric variation suggests a subtle biology-culture inter

action which ultimately helps to modify socioeconomic group variation 

during childhood and as well affect adult socioeconomic group differ

ences. 

k. Variation with respect to so-called family variables is ex

hibited in each of the ethnic groups. For each of the three family 

variables, i.e., family size, maternal age and paternal age, there is 

evidence of interactions between aspects of family structure and socio

economic circumstances. A combination of large-sized family and 

extremely low income is one example of such an interaction which re

sults in reduction in attained physical growth with respect to other 

combinations. Many of the influences of family structure and factors 

related to parental age are undoubtedly masked by the effects of socio

economic circumstances. However, where they are indicated, such family 

factors suggest subtle interactions among family members in relation 

to resource availability, probably having to do mostly with nutrition 

as indicated by the importance of nutrition-related variables in group 

differentiation. Some of the suggested family structure influence is 

undoubtedly related to both cultural and sub-cultural differences in 

child-raising practices. 
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5. Throughout the results of analyses comparing various 

environment-related groups, there is indication of differential re

sponse by males and females to the factor involved. There is no clear 

indication of males being less canalized in their growth patterns than 

the females. Some evidence of population differences in this response 

exist, but this has not been evaluated thoroughly since it is not a 

major theme of the dissertation. Nevertheless, the results are inter

esting in light of heredity-environment interaction patterns. 

6. Within-ethnic group variation among socioeconomic groups and 

groups based on family variables increases between age 7 and age 11-1/2 

years. This is to be expected, especially in the females, as a result 

of the close proximity of age 11-1/2 years to the adolescent growth 

spurt. Cultural factors are suggested by the pattern of between ethnic 

group variability in this tendency towards increasing multivariate 

variation at the later age level. 

7. The results indicate that socioeconomic situation is the most 

important determinant of within-population variability in the Tucson 

Growth Study children. Nutritional intake is suggested by the pattern 

of anthropometric variation as the probable most important growth de

termining variable linked to socioeconomic circumstances. However, 

the identified racial/ethnic heterogeneity extant between socioeconomic 

groups most certainly may be biasing certain of the environmental in

terpretations. The extent of this bias remains unknown without further 

study. 
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8. The differences between groups of children based on the 

environment-related factors do reflect the probable nutrition, illness, 

and ecological histories of the groups. However the evidence in the 

results suggests that confounding genetic/racial factors are always 

involved, sometimes straightforwardly but often in more subtle pat

terns. This is to be expected under the "norms of reaction" theory. 

Sorting out the genetic "signals" in relation to the influences of the 

environmental background remains our most elusive task for the future. 

'Recommendations 

The recommendations offered in the following section stem from 

an evaluation of the significance of the research herein and research 

like it in terms of theory and methodology, application, and training. 

Each of these three aspects is discussed below. A final section pre

sents specific recommendations with respect to and for the Tucson 

Longitudinal Growth Study. 

Theory and Methodology 

The importance of heredity-environment concepts in anthropology 

was stressed in the last section of Chapter 6. The narrow approach of 

emphasizing one side (say genetics or biology) versus the other (en

vironment and culture) has probably not been of much benefit to an

thropology. Even the use of the word "versus" suggests an inaccurate 

sort of relationship between genotype and environment. Underwood 

(1975:6b) has aptly described an improved way of viewing the biology-

culture relationship by stating that "while it is often practically 
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useful to artificially distinguish biological and cultural factors in 

analyzing human variation, there is an interplay between the two kinds 

of phenomena which compounds the effects of either dimension in main

taining and patterning human variation." The "nature versus nurture" 

issue is obviously a dead end. The remainder of this section will 

take the form jf series of comments concerning theoretical and 

methodological issues involving heredity-environment interactions in 

the formation of biometrical variation among and within human popula

tions. 

The "norms of reaction" theory reveals that a number of re

search lines in biological anthropology may be somewhat misguided. One 

of these is the argument about genetically stable-characters, i.e., 

those which are supposedly little influenced by environment. A ques

tion can be put forward as to whether there are such traits, or whether 

in fact what seem like genetically stable traits are those for which 

the right combination of environmental stimuli to produce a related 

response has not been found. Another line of research which seems at 

once fruitless is the search for an anthropometric variable which can 

be an important indicator of environmental influences like nutrition 

across all populations. Such characteristics as might be suggested 

may be stable in one environment but quite variable in another, and we 

have little way of knowing what to expect in the way of the range of 

response for most characters. It is suggested that genetically and 

environmentally detailed studies of child growth will eventually aid 

in the sorting out of some of the complex processes involved. To 
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unravel with some functional precision that "complex nexus of cultural 

and biological influences affecting the giological diversity of human 

populations" (Underwood 1975six) may be nearly impossible given present 

methods, but it is what moves us. 

It is recommended that future studies of between-and within-

population variation in physical growth should be multivariate in 

approach. Only with this sort of approach will investigators be able 

to sort out the combinations of variables which interact to produce 

"total morphological variation" in children and adults. Moreover, the 

multivariate approach is the one means of determining which of a mul

titude of anthropometric variables are most important in distinguishing 

between populations or groups at least in a particular time and space 

dimension. The multivariate approach goes beyond the realm of simply 

sorting out the biometrical variables themselves. It is required in 

the study of the genetic and environmental factors as well. As 

Blackith and Reyment (1971:2^1) have remarked, "there have been rela

tively few well-conducted multivariate morphometric investigations with 

a genetic basis. . . ." The complexity of the genetic interactions 

during growth and development surely warrant multivariate studies in 

order for us to approach the "real" situation. The same applies to 

study of environment, especially during growth. That the approach to 

the influences of environmental factors during growth must be multi

variate is obvious if we simply consider time. As Bloom (196^:188) has 

stated: "The environment at a particular moment is of interest only 

as one segment in a larger time sampling of the environment." 
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Application 

Considering what is known about genetic-environment interac

tions from theories developed in the field of biometrical or quanti

tative genetics (and especially the ideas concerning "norms of reac

tion"), it would seem to be high time that someone recommend that the 

search for so-called growth standards be reevaluated if not abandoned. 

The attempt to develop growth standards is really a search for popu

lation or group "norms of reaction." In light of considerations in 

the final section of Chapter 6, we certainly do not know what these 

are for any population or group for any anthropometric. Yet we read 

everywhere about children reaching their "genetic growth potential" 

for a particular measurement like stature. Do we really have any idea 

what this is in any population or group? Furthermore, how can this 

even be ascertained in individual children when we have no idea as to 

how many genetic loci are responsible for stature, let alone what the 

anthropometric genotypes of individuals might be? 

Related to the above is the existence in the field of pediatric 

clinical assessment of health today a real and perhaps natural (as a 

reaction to strict genetic/racial determinism and an offshot of the 

idea that environmental intervention can "solve" everything) reluctance 

to accept the fact that there might be population differences in 

attained physical growth and the timing of various processes during 

growth. These population differences would of course be due to gene 

frequency differences for various growth-related factors (for example, 

differential distribution between populations of genes for linearity 
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or "tallness" or genes for shape or a multitude of other growth param

eters) . This same sort of reluctance is seen in the inability of 

clinicians to accept the idea of the possibility of population differ

ences in nutritional requirements or metabolic abilities (Underwood 

1975). That this sort of reluctance also extends to the acceptance of 

the possibility of there being differential distributions os growth 

parameter genes within populations, i.e., between aggregates of indi

viduals grouped on the basis of some environmental factor like social 

class, is exhibited by the general acceptance of growth standards based 

on so-called elite or well-to-do childrens' measurements. Goldstein 

(197^a) has summarized the problems with such an approach from an en

vironmental viewpoint. Perhaps the worst problem though, is the 

assumption of genetic homogeneity between the privileged and the less 

privileged groups (a point mentioned but not emphasized by Goldstein). 

The results of group comparisons in the analyses reported in this dis

sertation show that genetic similarities between such groups cannot be 

assumed by any means. 

There is a critical need in clinical evaluation for" more 

testing of applications of growth standards. A recent study by Lacey 

and Parkin (197*0 identified (82/98) of the children who were 

below the third height percentile (a common standard in clinical prac

tice) as "short normal children" (197^:^2). The indication was that 

these children were small primarily for reasons related to probable 

genetic factors, i.e., small parental stature and slow growth. Yet 

the percentile charts are supposedly used to identify children who may 
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require medical or clinical treatment of an environmentally "caused" 

growth problem such as disease, malnutrition, etc. Goldstein's (197^a) 

suggestion that more detailed (including classification of children by 

family size, socioeconomic group, etc.) growth standards still does not 

circumvent the "norms of reaction" problem, but may be a proper way to 

evaluate individual children more efficiently (but also including in

formation on parental growth where possible). 

The need for "norms of reaction" thinking in applied clinical 

assessment of child grov/th is perhaps most clearly illustrated in the 

recent series of exchanges (Goldstein 197*t-b; Habicht et al. 197^b; 

Jelliffe and Jelliffe 197*0 concerning an article by Habicht et al. 

197^a on standards for height and weight in preschool children. The 

reader is referred to the original articles for the evidence. The 

naivete of the genetic approach in clinical assessment today is well-

advertised by the statements in a committee report on growth standards 

(Committee on the Creation of Growth Standards 1972). In suggesting 

guidelines for studies required to establish growth standards, we find 

the following remarks: 

In selecting a sample for study, genetic homogeneity between 
individuals within the sample should be the goal. Indi
viduals may be of mixed genetic background if the mixture is 
constant across individuals. To achieve this it wi 11 be 
necessary to identify as many 'genetic pools' as possible to 
assist in establishing whether or not there are genetic dif
ferences in maximal growth between populations (Committee on 
the Creation of Growth Standards 1972:219) 

Enough said! 
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Training 

That an improvement in certain aspects of biomedical training 

is required should be obvious from some of the discussion in the above 

section. And such a remark applies as well to anthropological train

ing. It is suggested that one of the most sorely neglected areas of 

training in anthropology today (and in some ways no less importantly 

sor for cultural or biological anthropology) is in the area of heredity 

and environment. Most introductory physical anthropology courses offer 

exposure to human genetics and population biology, but how often do we 

not emphasize enough the importance of polygenic models of inheritance 

as they relate to most of the characters of important anthropological 

interest, including behavior. 

As mentioned in Chapter 6, the training required to fully 

comprehend the meaning of genetic-environment interactions in physical 

growth or other biological processes usually comes from courses in the 

field of biometrical, quantitative, or statistical genetics. Also 

mentioned was the fact that a firm grounding in both genetics and sta

tistical methods was required before one attempts such training. In 

general, training in physical anthropology perhaps cannot be faulted 

as much with regards to exposure to genetics as compared to develop

ment of the student's statistical skills. It seems to this writer 

that future training in physical anthropology should be geared to get

ting all students of the field at least some exposure to biometrical 

genetics theory and method. For reasons outlined in the last section 

of Chapter 6, this applies equally to students of non-human primate 
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behavior, living population biology, or fossil man. Such exposure 

could eliminate much of the confusion which seems to exist in the field 

today with respect to the meaning of genetic-environmental concepts. 

It is heartening to see in one of the newest introductory books 

on fossil man (Campbell 1976) the discussion of such researchers as 

Fisher, Haldane and Wright (poor Chetverikov!). But it is equally dis

heartening to find in the same volume no discussion of polygenic models 

of inheritance. It is difficult to fathom such an omission in any 

book which deals with morphological traits, the majority of which have 

complex inheritance patterns best "explained" by such models. Moreover 

any book which deals as much with human behavior as Campbell's can no 

longer be acceptable without some mention of complex genetic models 

in this age of biosociology, sociobiology, etc., etc. One can only 

hope for future improvements in what seems to be a major gap in the 

training offered to anthropology students today. 

Ongoing Study of Child Growth in Tucson 

As has been stated a number of times above, it is hoped that 

the future holds a continuation of the study of child growth in Tucson. 

The studies begun in 1969, only some of which are reported in this 

dissertation, certainly provide a wealth of baseline information for 

future reference. The results from the research reported as part of 

this work indicate several directions that future research should 

take. Some of these have been mentioned previously, but it is worth

while repeating them. Further investigation of the following seem 

most important at this time. 
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1. An attempt to decipher where the influence of at-birth factors 

on later growth seems to "disappear,, (using statistical age adjustment 

techniques to circumvent the small-sample size problem). 

2. Further investigation of grouping by place of residence (or 

path of residences) in Tucson, attempting to gather more data of a 

microenvironmental nature about the neighborhoods inhabited by the 

children over the years of the growth study (a wealth of additional 

data already exist). 

3. Additional study of the pattern of differences in response by 

sex with regards to various environmental factors and a closer look at 

the possibility of populational differences related to genetic and/or 

cultural differences. 

Future measurement of the children (now closer to adults, 

really) will depend of course on funding and availability of personnel. 

It is hoped that the original longitudinal cohorts can be measured at 

least one additional time before the majority are lost to us. Having 

come to the end of one long journey, i.e., the dissertation, it is 

v/ith a note of genuine sadness to think that the important journey 

begun in 1969 should have also come to an end. And so, with respect 

to this writer's first study of child growth and to what it is hoped 

will be more of the same and others, the writer acknowledges respect

fully that he, like other human beings (King 1963)1 continues to "have 

a dream.1' 
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TUCSON SCHOOL DISTRICT ONE GROWTH STUDY: DEPARTMENT OF ANTHROPOLOGY 

CARD NO. o I 1 INDLV. NO. I I I | | SEX 
1 I 2 3 It I 5 I 6 I 7 is 9 

1-f 10 I U I 12 I 13 1 14 I 15 I 16 I 17 I IB 119 I 20 I 21 I 22 I 23 

125 I 26 1 27 I 28 ! 29 I 
BRTH. DA. 

24 125 I 26 I  27 I 28 I 29 I m-d-yr 30 131 I 32 I 33 I 34 I 35 

BRTH.PLACE I I I I I I 
36 I 37 I 38 I 39 I 40 I 41 I 42 I 43 I 44 I 45 I 46 I 47 I 48 

POP. I SCHOOL 
49 I SO I 51 I 52 I S3 I 54 I55T 56 I 57 58 I 59 I 60 

INDIV.ADDRESS I I I I I I I I I I I 
61 I 62 I 03 I 04 I 65 I 06 I 67 I 08 I 09 I 70 I 71 I 72 

73174T7S I 76 I 77 I 78 I 79 I 80 

CARD NO. 0 | 2 fNDI.V,NO. | | | | | | SEX 

[7\.NAM£. 
10 I 11 112 ' 13 ' 14 ' 15 I 16 1 17 ' la I 19 1 20 1 21 1 22 

MO.NAME 

23 ' 24 ' 25 •26 ' 27 1 28 • 29 1 30 ' 31 1 32 1 33 ' 34 *35 

36 I 37 I 38 I 39 1 40 I 41 1 42 1 43 1 44 1 45 1 46 1 47 1 48 1 49 1 

™. OCC. I I I I I I I II I I I I 
50 1 51 I 52 I 53 I 54 I 55 '56 I 57 I 58 I 59 I 60 ' 61 ' 62 ' 03 

I MO.OCC. I I I I I I I I I I I 
165 66 I 67 I 68 I 69 I 70 I 71 I 72 I 73 I 74 I 75 ' 76 I 77 64 165 

78 I 79 I 80 

CARD NO. 0 i 3 1NDIV. NO. 1 I I I I I SEX 
1 2 3 4 5 6 7 u| 

OT. | 1 | SJT.IIT. | | STAT. | _ | _1 _ 
10 I 11 I 12 I 13 14 I 15 I 16 17 I 18 I 19 I 20 

ACROM. I I I CRIST. Ill TIB. 
21 I 22 I 23 I 24 25 I 26 I 27 I 28 29 I 30 I 31 

ARM L. | I BIACROM. i i BICRIST. I I 
32 I 33 I 34 3S | 36 I 37 38 | 39 | 40 

CH.BRD. I _L CII.DLP. I I TT.L. I I 
41 I 42 I 43 44 I 45 I 40 47 ' 48 I 49 

T.FAC.HT. I I U.rAC.HT. I I NOSE L. 
SO I 51 I 52 53 I 54 I 55 56 I 57 I 58 



NOSE BRD. J I BICON.HUM. | | WRST.BKD. I I 
59 I 60 | 61 62 1 63 I 64 65 I 66 I 67 

HP.BRD. I I HD.L. I I BICON.FE. 
68 169 170 71 I 72 I 73 74 I 75 I 76 

BIMAL. ) I 
77 1 78 I 79 

CARD NO. 0 i 4 INDIV. NO. I l l l I SEX 
1 | 2 3 | 4 | 5 | 6 | 7 | 8 9 

FT.BRD. | | HD. L. I I HP.BRD. I i 
10 111 | 12 . 13 114 | IS 16 | 17 | 18 

BI2YG. i i BIGON. i i HP.CRC. I | 
19120 121 22 I 23 I 24 25 | 26 | 27 

BXCEP.CRC. | | CHST.CRC. i i i 
28 I 29 I 30 31 I 32 | 33 | 34 

WAIST CRC. | | | CALr CRC. | I 
35 |36 I 37 |38 39 |40 141 

SKNFLD.TRI. I i" SKNFLD.SUBSCAP. l l 
42 | 43 I 44 45 I 46 | 47 

ANTH. | | REC. | | CLERK | | 
48 149 |50 • 51 I 52 I 53 54 | 55 I 56 

TIME | | | DATE I I I I I 
57 I 58 159 I 60 ra-d-y 61 1.62 I 63 | 64 I 65 i 66 

CARD NO. 0 |5 INDIV.NO. I I I I I SEX 
1 I 2 3 I 4 I 5 I 6 I 7 I 8 

FA.BRTHDA. I I I I I MO.BRTHDA. 
m-d-y 10 I 11 I 12 I 13 I 14 I 15 16 I 17 I 18 I 19 I 20 | 21 

FA.BRTH.PLACE I | I 
22 I 23 [ 24 I 25 I 26 I 27 I 28 I 29 I 30 F31 I 32 I 33 \ 34 

I I I  M O .  B R T H . P L A C E  I  I  I  I  I  
3Sl 36 I 37 I 38 i39 I 40 141 42 I 43 (44 [ 45 I 46 I 47 

48 I 49 I 50 I 51 I 52 I 53 I 54 I 55 I 56 I 57 I 58 I 59 I 60 I 61 

NO. IN SIBSHIP I OF I 
62 163 64 I 65 



APPENDIX II 

ANTHROPOMETRIC EQUIPMENT AND INSTRUMENTS 

1. Measurement Unit 

Two sets of boxes, each set consisting of a large box and a 

small box which could be secured inside the large one for transporting, 

were designed and built to serve as measurement platforms. The boxes 

were constructed so that they could be attached, with the large box 

serving as a seat for the child during seated-position measurements and 

the small box serving as a platform on which to stand when standing 

position was desired. Having the child in such positions on the boxes 

decreased the amount of bending and stretching required of the measurer, 

and therefore probably helped eliminate another possible cause of 

measurement error, fatigue. Moreover, the boxes were of heavy and 

durable construction so as to provide a stable, secure position for 

each child during measuring. These two sets of boxes served as measure

ment units during the first six measuring periods (1969-1972). Two 

additional boxes were built prior to the Spring 197^ measuring period. 

The children were obviously taller and heavier at this point, so the 

two new boxes were designed for use as seated position platforms, being 

not as high off ground level as the original large boxes of the 2-box 

sets already described above. The two new boxes were constructed of 

heavy materials once again in order to support heavier weight and 
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provide ample surface space for seated subject and anthropometric 

instruments. 

2. Physician's Balance Beam Scale. 

Range of measurement 0-250 lbs. 

3. GPM Anthropometer 

Range of measurement, 0-2100 mm. 

k. GPM Sliding Caliper (Martin Type) 

Range of measurement, 0-200 mm. 

5. GPM Spreading Caliper 

Range of measurement, 0-300 mm. 

6. Lufkin Flexible Steel Tape 

Range of measurement, 0-2000 mm. 

7. Lange Skinfold Caliper 

Range of measurement, 0-60 mm. 



APPENDIX III 

DESCRIPTION OF ANTHROPOMETRIC MEASUREMENTS 

1. Weight. Each subject was weighted with clothing on, but with

out shoes or heavy outer garments. Weight was measured on the standard 

balance scale located in the nurse's office of each Tucson School 

District 1 elementary school participating in the study. All scales 

were checked for accuracy before measuring began. The actual procedure 

involved the centering of the subject in the middle of the scale plat

form and the recording of weight to the nearest one-half pound. 

The rollowing measurements were recorded to the nearest milli

meter unless stated otherwise in the description. 

2. Sitting Height. Each subject was seated on the upper platform 

of the measuring unit. On certain occasions when the measuring unit 

was not needed or available, i.e., when only a few subjects were to be 

measured in a school on a given day, the subject was seated on a large 

stable desk or table. The subject was then asked to sit as far back 

on the structure as possible, in a position where the posterior upper 

calf touches the forward edge of the desk, table, or platform, or in 

other words, in a seated position. The measurer then guided the sub

ject into the position of "seated attention" (Olivier 1969)» with the 

head, neck, and spinal column as vertically erect as possible. Using 

the anthropometer, the measurer then recorded the distance from the 

surface upon which the child was seated to the vertex or top of the 
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subject's head, making certain that: (1) the anthroporaeter was as 

close as possible to the verticle midline plane of the subject; and 

(2) the hair style of the subject did not interfere with accurate 

measurement. 

3. Stature. Each subject was asked to stand as erect as possible 

(at attention) on the floor or, in the early years of the study, on the 

measuring unit (small box) designed to assist the measurer by allevi

ating some of the bending involved in measuring the then smaller sub

jects from floor level. The measurement was made with a standard 

anthropometer. Erect posture was prompted by the measurer's hand being 

placed on the subject's lumbar curve. The subject was positioned with 

arms at sides (thumbs forward), heels together, and the head erect 

(looking straight ahead, so that the head was situated approximately 

in the Frankfort plane). Stature was then measured by placing the 

anthropometer in a vertical position behind the subject. Measurement 

was made from the floor (or surface of the measuring unit) to the ver

tex of the head. Similar precautions to those mentioned for sitting 

height (see No. 2 above) were observed. 

k. Acromial Height. While the subject remained in the same posi

tion as for stature, the distance from the floor or measuring unit 

surface to the left acromial point (acromion) was recorded. This 

measurement was made with care taken that the subject's shoulders were 

roughly parallel to the floor or surface. 

5. Cristal Height. In same position as for Nos. 3 and the 

distance from the floor or measuring unit surface to the most lateral 

point of the left superior ilium (iliocristale) was recorded. 
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6. Tibial Length. Each subject was asked to sit with the left leg 

crossed over the right knee. The length of the left tibia from the 

medial proximal head to the distant end of the malleolus was measured 

using the upper section of the anthropometer. 

7. Total Arm Length. This measurement was made on the left arm 

with the subject in an erect standing position, arms hanging dovm and 

palms of the hands inward. The measurer first located the acromial 

point, the most lateral point on the acromial process of the scapula. 

Using the upper two segments of the anthropometer to make the measure

ment, the measurer, with one hand, held the point of the top measuring 

arm against the acromial point (Hooton 19^6). With the other hand, the 

measurer then lowered the sliding arm until the point of the lower 

measuring arm just touched the tip of the subject's middle finger. 

The measurement was then recorded. 

8. Biacromial Diameter. This measurement was made with the sub

ject in the standing position, shoulders relaxed. The measurer stood 

behind the subject and used the upper segment of the anthropometer to 

make the measurement. The measurer first found the two acromial points 

and then pressed the measuring point of the left hand bar (in fixed 

position of anthropometer) firmly against the left acromial point. 

The other bar was then moved until it pressed firmly against the right 

acromial point. The distance between the two acromial points was „then 

recorded (after Hooton 19̂ 6). 

9. Bicristal Diameter (Bi-iliac). This measurement was made v/hile 

the subject stood erect. The measurer stood in front of the subject 
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and used the upper segment of the anthropometer for measuring. The 

fixed sleeve of the smthropometer was held in the measurer's left hand, 

the sliding sleeve in the right hand. The inner edge of the fixed 

sleeve measuring arm was placed firmly against the lateral point of the 

left iliac crest, while the inner edge of the sliding sleeve arm was 

placed firmly against the right iliac crest. The arms were applied as 

firmly as possible since this is a bony width measurement. The 

measurement was made at the greatest hip diameter (after Hooton 19̂ 6). 

10. Chest Breadth. This measurement was taken with the subject 

standing erect in a state of "respiratory rest." Hooton (19^6) sug

gested using the upper segment of the anthropometer as a sliding cali

per. The measurer had the subject hold the arms slightly away from 

the sides of the chest. With the measuring arms of the anthropometer 

pulled out to full extension in the sleeves, the anthropometer was 

placed across the subject's chest at about nipple level. The left 

measuring arm (in fixed sleeve) was then applied to the right wall of 

the chest, just making light contact. With the right hand, the sliding 

sleeve was pushgd until light contact was made with the left wall of 

the chest. As the subject inhaled and exhaled, breathing normally, the 

sliding sleeve was moved in and out, and the mean distance was taken 

between expiration and inspiration. 

11. Chest Depth. With the subject still standing erect and breath

ing normally, the measurer used the upper segment of the anthropometer 

to make this measurement. On the subject's left, the measurer with the 

left hand held the inner edge of the top measuring arm (the fixed 
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sleeve) across the chest at nipple level. The subject's left arm was 

allowed to hang over the tube of the anthropometer. The measurer used 

the right hand to push the sliding arm against the subject's back at 

the level of the lower tip of the shoulder-blade. The measuring arms 

were held approximately over the spinal midline sagittal plane. The 

measurement was recorded as the mean between inhalation and exhalation. 

12. Foot Length. With the subject in an erect standing position 

with about equal weight on both feet, foot length was measured using 

the upper segment of the anthropometer. The measurer recorded the dis

tance from the most posteriorly projecting point on the heel to the tip 

of the most anteriorly projecting toe. 

13. Total Facial Height. For this measurement, the measurer stood 

in front of the seated subject and used the sliding compass. The 

subject was asked to close the mouth and clench the teeth together 

slightly. The measurement was made from the nasion to gnathion. 

Nasion was found by placing the right thumbnail or index fingernail 

almost flat on the bridge of the subject's nose and following the root 

of the nose upwards until a sudden depression was felt beneath the skin, 

this being the transverse groove marking the fronto-nasal suture. The 

blunt tip of one of the compass arms was placed lightly in the middle 

of this groove (at nasion), and the other blunt tip placed at the in

ferior border of the chin at gnathion, and the distance recorded (after 

Hooton 19^6; Martin 1953; and Olivier 1969). 

1^. Upper Facial Height. Thin measurement was taken immediately 

following total facial height (13)1 while the upper arm of the sliding 
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compass was still held in place upon nasion, as suggested by Hooton 

(19^6). The measurement was made between nasion and prosthion. 

15. Nose Length. While the upper arm of the sliding compass was 

still at nasion, the distance was measured to subnasale. The measurer 

rested the caliper arm upon the lip itself, being careful not to press 

against the septum (after Hooton 19^6 and Olivier 1969). 

16. Nose Breadth. The measurer stood in front of the subject and 

used the sliding compass to measure nasal width. The measurement was 

taken at the maximum breadth of the subject's nose or the maximal 

separation between the wings (alare) of the nose. Caution was observed 

so as to not allow pressing in on the alare (after Hooton 19^6 and 

Olivier 1969) • 

17. Bicondylar Humerus Diameter. The measurer asked the seated 

child to bend the left elbow to about a right angle, facing the fingers 

of the left hand upward. The measurement was taken with the sliding 

compass and recorded at the greatest width across the outer margins of 

the distal left humeral condyles. The measurer put pressure on the 

blades of the compass so as to compress any fat present around the 

left elbow (after Martin 1953 and Tanner 1964). 

18. V/rist Breadth. The distance across the left wrist at the level 

of the distal heads of the radius and ulna was taken with the sliding 

compass. 

19. Hand Breadth. With the subject supinating the left hand palm 

upward and fingers together and extended, this measurement was made 

using the sliding compass. The breadth of the hand was measured 
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between the distal heads of the second and fifth metacarpals using 

their most laterally projecting points sis suggested by Olivier (1969)* 

20. Hand Length. With the subject's left hand in the same position 

as in No. 19, the measurer used the sliding compass to record the dis

tance from the wrist (styloid point or distal end of the styloid pro

cess of the radius) to the tip of the third or middle finger. The 

measurement was taken parallel to the axis of the middle finger as 

suggested by Olivier (1969). 

21. Bicondylar Femur Diameter. The measurer asked the seated sub

ject to bend the left knee to about a right angle. The measurement was 

taken as the width across the outer most parts of the femoral condyles 

using the sliding compass. The measurer placed pressure on the blades 

of the compass to compress any fat tissue present around the knee 

(after Martin 1953 and Tanner 196*0. 

22. Bimalleolar Diameter. This measurement was made while the sub

ject remained seated. The sliding compass was used to measure the 

left ankle. The measurer recorded the distance across the widest part 

of the ankle, the width between the two most protruding points of the 

malleoli. 

23. Foot Breadth. The standing subject's left foot was measured 

using the sliding compass. The measurer recorded the distance between 

the outer margins of the distal heads of the first and fifth meta

tarsals (after Olivier 1969) • 

2b. Head Length. The measurer stood to the left of the seated 

(or standing) subject and used the spreading caliper to measure head 
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length. The maximum head length is the distance from the glabella to 

opisthocranion. The measuring procedure followed Hooton (19^6). The 

measurer held the rounded tips of the caliper arms between thumbs and 

index fingers. The left hand tip was placed on the most forward emi

nence of the glabella, and was held there. With the right hand, the 

measurer passed the tip of the other arm of the caliper over the occi

put in the midline of the subject's head. The measurer watched the 

caliper reading while making several trials on the back of the subject's 

head. The measurement v/as recorded when the measurer was sure that 

maximum head length had been observed. The measurer was careful to 

hold the left hand steadily on the glabella while making the measure

ment, and held the caliper horizontally with the hinge facing toward 

measurer to facilitate easy reading of the caliper scale. 

25. Head Breadth. The measurer stood in front of the seated or 

standing child (Olivier 1969) and used the spreading caliper for this 

measurement. The measurement was made at the greatest transverse 

diameter of the subject's head in the horizontal plane above the ears 

(Martin 1953)* This breadth was found by moving the blunt points of 

the calliper just above and behind the ears, applying them in a circu

lar motion to the sides of the subject's head (Hooton 19^6). Using 

the subject's nose as a guide to the median sagittal plane of the head, 

the measurer moved the caliper points back and forth in the areas 

stated above. The measurer watched the caliper scale to obtain the 

maximum transverse breadth. 

26. Bizygomatic Diameter. The measurer stood in front of the 

subject and used the spreading caliper to measure. The measurement 
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was made across the widest part of the face, at the maximal horizontal 

distance between the most laterally projecting points of the zygomatic 

arches. The measurer held the tips of the caliper arms between the 

thumbs and index finger tips, and glided the caliper points from in 

front backwards and then forward over the zygomatic arches. The cali

per tips were kept in the same transverse plane. While moving the 

caliper back and forth, the measurer kept the hinge of the caliper 

toward him (or her) and read the scale for the maximum distance. 

27. Bigonial Diameter. The measurer stood in front of the subject 

and used the spreading calipers to measure the maximal breadth between 

the two angles of the mandible, at gonion (Olivier 1969). The measurer 

held the calipers as above (see No. 26) and allowed the hinge of the 

caliper to hang down in a nearly vertical position for readability of 

the scale (Hooton 19̂ 6). The measurement was recorded when maximum 

breadth was read. 

28. Head Circumference. The measurer stood to the left of the 

standing or seated subject. A flexible steel tape was used to make 

this measurement from the glabella around the maximum projection of 

the occiput (opisthocranion) and back again to the glabella (Martin 

1953)» in other words at the level of the maximum head length (Olivier 

1969). The tape was pulled as tight as possible if the head hair was 

thick, so as to get as close as possible to the scalp. 

29. Upper Arm Circumference. This measurement was taken on the 

standing subject's left arm as it hung relaxed at the side. The read

ing was taken with a steel tape at a level approximately halfway 
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between the acromial point and the elbow. The tape was placed around 

the arm so that it was in light contact with the skin all around the 

arm, but at the same time not depressing the skin more than a fraction 

(after Tanner 196*0. 

30. Chest Circumference. This measurement was taken with a steel 

tape as the subject remained in a standing position, breathing nor

mally. As Martin (1953) suggested, the measurement was taken at the 

maximum girth of the chest wherever that was observed. The measurer 

recorded the approximate mean of the readings at inspiration and ex

piration. 

31. Waist Circumference. This measurement was taken with a steel 

tape as the subject was standing. The reading was taken around the 

trunk at the level of waist narrowing (Olivier 1969) or alternatively-

just under the level of the 12th rib. The latter alternative was often 

required for obese subjects. 

32. Calf Circumference. For this measurement the subject was 

asked to stand with weight distributed equally on both feet. The 

measurement was made at the maximum circumference of the lower left 

leg or calf, with the steel tape held in a position horizontal to the 

surface on which the subject stood (after Martin 1953)* 

33. Triceps Skinfold Thickness. As the subject stood with arms 

at the sides; the measurer, behind the subject, picked up the vertical 

triceps skinfold between thumb and forefinger on the posterior midline 

surface of the left upper arm about 1 cm. above the level where upper 
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arm circumference was taken. The Lange skinfold caliper was applied 

horizontally to the fold and the dial read to the nearest one-half 

millimeter (after Tanner 196*0 • 
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MATRIC NO 

NAME 

1 I 2 I 3 I 4 I 5 I 

I 15 I 16 I 17 I 18 I 

STATE 
Fll-F NO. 

7 i 8 i 9 i 10l 1 1 i 12 i 1j 

i 23 i 24 | 

30 
TYPE 
BIRTH 

14 |  15 I 16 |  17 I 18 ( 19 |  20 |  21 |  22 |  23 | 24 |  25 | 26 I 27 I 28 |  29 
CENSUS 

HOSP I I TRACT # I I I 
37 I 38 I 39 I 40 I 31 I 32 I 33 34 I 35 I 3b 

NO. NO. ALIVE I NO. DEAD I FETALS 
42 43 |  44 45 I 46 47 I 48 

LENGTH OF 
PREGNANCY 1 BIRTH WT. 1 I l l  F A  P O P  
(weeks) 49 1 50 51 I 52 53 I 54 |  55 I 56-

lbs. ounces 

FA. FA. MO. MO. MO. 
AGE 1 BRTHPL. 1 POP. AGE I URTIIPL. 

57 

58 I 59 6 0 1 6 1  63 i 64 65 I 66 

67 | 68 I 69 I 70 1 71 |  72 |  73 I 74 } 75 I 76 I 77 |  78 | 79 80 

MATRIC NO. 
FA. 

U U U U U  NAME 7 I . I 9 I ,0 1 „ I 12 | 13 | •>* I 15 1 1(> I ,7 1 I 2 |  3 | 4 | 5 I 6 

18 |  19 I 20 |  21 I 22 I 23 I 24 |  25 | 26 27 |  28 I 29 I 30 I 31 I 32 |  33 |  34 

FA. 

MO. 

35 i 36 I 37 I 38 i 39 ] 40 I 41 | 42 } 43 44 J 45 j 46 } 47 I 48 |  49 I 50 ) 51 
MO. 

°CC" 64 I 65 | 66 | 67 | 68 52 I 53 i 54 I 55 I 56 ( 57 I 58 I 59 | 60 J 61 I 62 I 63 

69 l 70 I 71 I 72 i 73 ! 74 I 75 I 76 } 77 } 78 I 

2 

79 I 80 

ADDITIONAL INFORMATION: 



APPENDIX V 

MEANS AND STANDARD DEVIATIONS FOR IMPORTANT 
VARIABLES FROM DISCRIMINANT ANALYSES 

All measurements are reported in centimeters except for weight, 

which is in pounds. 

5^8 



Table V-l. Birthweight/gestational age group comparisons: males of each ethnic group. 

Birthwt. LT av., Birthwt. LT av., Birthwt. GT av., Birthwt. 6T av., 
gest. LT 39 wks. gest. GE 39 wks. gest. LT 39 wks. gest. GE 39 wks. 

Variables Mean SD Mean SD Mean SD Mean SD 

Anglos, age 6.9 years 
Weight 50.0 2 .2 47.4 5.8 52.7 6.4 51.7 6.0 
Height 119.4 2.9 118.0 4.9 121.8 7.3 121.9 5.8 
Biacromial Diameter 26.6 0.8 26.2 0.9 26.8 1.1 26.8 1.2 
Chest Breadth 19.6 0.8 19.1 0.9 19.2 0.9 19.5 1.0 
Foot Breadth 18.̂  0.6 18.6 1.1 19.5 0.8 18.9 1.1 
Total Facial Height 9.3 0.4 9.3 0.5 9.6 0.3 9.6 0.4 
Wrist Breadth 3.9 0.2 3.9 0.2 4.2 0.3 4.1 0.2 
Hand Breadth 6.1 0.3 6.1 0.3 6.3 0.2 6.2 0.5 
Bicondylar Femur Diameter 7.5 0.1 7.4 0.3 7.6 0.3 7.7 0.3 
Foot Breadth 7.6 0.3 7.4 0.3 7.6 0.3 7.3 0.4 
Waist Circumference 57.1 2.4 54.6 3-5 55.5 2.7 56.0 3.2 

Mexican-Americans, age 6.9 years 
V/eight 47.4 5.5 50.2 9.2 50.2 3.5 51.7 8.1 
Height 117.2 5.6 118.1 5.9 119.3 3.9 120.2 5.2 
Arm Length 50.1 2.5 50.7 3.2 51.7 2.6 51.7 2.7 
Hand Length 13.3 0.7 13.5 0.8 13.4 0.3 13.7 0.6 
Bicondylar Femur Diameter 7.4 0.3 7.5 0.4 7.5 0.2 7.6 0.4 
Bimalleolar Diameter 5.7 0.4 5.8 0.3 5.9 0.2 5.8 0.3 
Foot Breadth 7.5 0.4 7.5 0.4 7.5 0.4 7.6 0.4 
Head Length 17.5 0.7 17.5 0.7 17.9 0.6 17.6 0.7 
Head Circumference 50.6 1.2 50.9 1.4 51.6 0.6 51.2 1.4 
Upper Arm Circumference 16.6 1.1 17.5 1.8 17.3 0.9 17.6 1.6 
Waist Circumference 56.3 3.3 57.0 4.9 55.8 2.8 57.1 4.0 
Calf Circumference 22.6 1.6 23.2 2.1 23.5 1.0 23.6 1.7 

vn -p-
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Table V-l—Continued 

Birthwt. LT av., Birthwt. LT av.t Birthwt. GT av., Birthwt. GT av., 
gest. LT 39 wks. gest. GE 59 wks. gest. LT 39 wks. gest. GE 39 wks. 

Variables Mean SD Mean SD Mean SD Mean SD 

Blacks, age 7.3 years 
Weight 51.5 5.4 55.2 5.9 56.8 8.7 57.5 6.9 
Sitting Height 64.8 3.4 66.0 2.7 67.1 3-6 66.6 2.9 
Height 122.1 7.4 124.7 5.7 125.7 9.3 126.0 5.1 
Arm Length 5̂ .8 3.8 54.8 3.1 54.3 5.9 54.7 2.7 
Chest Breadth 19.4 1.6 19.9 0.9 20.0 1.0 19.9 1.1 
Head Length 18.3 0.4 18.3 0.6 18.3 0.6 18.4 0.5 
Head Breadth 13.5 0.2 13.8 0.5 13.9 0.2 14.0 0.6 
Head Circumference 51.4 1.0 52.0 1.5 51.6 0.9 52.2 1.3 
Chest Circumference 58.2 4.4 6o.o 2.7 59.9 2.7 60.8 2.9 
Waist Circumference 55.3 2.2 57.0 2.9 59.0 1.1 56.8 3.2 

VJl 
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Table V-2. Birthweight/gestational age group comparisons: females of each ethnic group. 

Birthwt. LT av., Birthwt. LT av., Birthwt. GT av., Birthwt. GT av., 
gest. LT 39 wks. gest. GE 39 wks. gest. LT 39 wks. gest. GE 39 wks. 

Variables Mean SD Mean SD Mean SD Mean SD 

Anglos» age 7.0 years 
Weight 53.5 13.8 47.4 7.9 51.2 14.5 52.4 7.7 
Height 121.5 6.2 120.*f 6.3 119.1 8.7 122.6 5.1 
Cristal Height 71.1 3.9 70.2 4.7 66.6 8.7 71.1 4.3 
Biacromial Diameter 26.7 1.5 26.0 1.5 26.8 1.8 27.1 1.3 
Chest Breadth 18.5 1.6 18.6 1.1 18.9 1.4 19.5 1.3 
Foot Length 18.7 0.9 18.3 1.1 18.3 1.7 19.2 1.1 
Upper Facial Height 5.9 o.4 5.5 0.4 5.4 0.4 5.5 0.4 
Bicondylar Femur Diameter 7.1 0.5 7.0 0.3 7.2 0.7 7.2 0.4 
Bizygomatic Diameter 10.9 0.5 ll.l 0.5 11.3 0.6 11.0 0.5 
Head Circumference 50.7 2.1 50.6 1.3 50.8 0.8 51.0 1.4 
Chest Circumference 59.2 6.1 56.4 3.4 57.4 4.9 59.5 3.8 
Waist Circumference 56.3 4.7 53.3 3.9 54.2 5.3 54.7 4.3 

Mexican-Americans, age 6.8 years 
V/eight 9̂.7 11.8 48.2 8.3 49.6 6.2 51.1 10.2 
Sitting Height 63.4 3.3 63.8 2.7 63.1 1.1 64.4 2.7 
Height 117.5 6.1 117.4 4.7 118.0 2.2 119.0 5.2 
Cristal Height 68.4 4.3 67.9 3.9 70.5 2.1 69.1 4.4 
Chest Breadth 19.5 1.8 19.1 1.4 19.2 0.7 19.4 1.7 
Foot Length 18.8 1.3 18.4 1.0 18.5 0.9 18.8 1.1 
Head Length 16.6 0.9 16.8 0.7 17.3 0.7 17.1 0.6 
Head Breadth 13.6 0.6 13.7 0.6 14.0 0.6 13.9 0.5 
Upper Arm Circumference 17.6 2.4 17.2 2.0 17.3 0.7 17.6 2.1 
Chest Circumference 58.7 6.0 58.5 4.7 58.9 3.2 59.5 5.4 
Waist Circumference 55.4 6.9 54.9 4.6 55.7 2.9 55.4 5.6 



Table V-2—Continued 

Birthwt. LT av., Birthwt. LT av., Birthwt. GT av., Birthwt. GT av., 
gest. LT 39 wks. gest. GE 39 wks. gest. LT 39 wks. gest. GE 39 wks. 

Variables Mean SD Mean SD Mean SD Mean SD 

Blacks, age 7.0 years 
Weight 51.4 6.2 51.6 6.8 57.9 12.6 53.3 11.3 
Sitting Height 65.0 3.5 64.5 2.5 65.4 1.2 64.3 3.1 
Height 122.9 6.2 122.3 6.7 123.5 4.1 122.2 6.1 
Cristal Height 72.4 4.6 72.0 7.5 73.2 5.5 72.1 4.9 
Chest Breadth 19.0 0.9 19.3 1.0 19.3 1.3 18.9 1.2 
Bicondylar Humerus Diameter 4.9 0.2 5.2 0.3 5.1 0.4 5.0 0.4 
Head Breadth 13.1 0.3 13.4 0.5 13.4 0.5 13.4 0.6 
Bizygomatic Diameter 11.3 0.3 11.3 0.5 11.6 0.5 11.3 0.5 
Upper Arm Circumference 18.1 1.2 17.8 1.4 19.1 3.1 18.1 2.2 
Chest Circumference 58.7 2.5 58.6 3.3 59.5 3.9 58.6 4.2 
Waist Circumference 54.5 2.1 54.8 3.4 56.4 6.5 56.2 5.5 
Calf Circumference 23.8 1.5 24.3 1.8 26.0 2.4 24.7 2.5 



Table V-3. Comparison of groups by gravidity of mother: males of each ethnic group 

1 2 3 or 3+  ̂or 4+ 5 6 or 6+ 
Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Anglos, age 6,9 years 
Weight 50.6 5.9 50.7 7.7 49.3 if.7 
Height 121.1 5.2 120.3 8.0 119.3 4.7 
Cristal Height 70.1 if.6 70.3 5.8 68.9 5.2 
Chest Breadth 19.3 0.9 19.1 1.1 19.5 0.9 
Foot Length 18.9 1.0 19.2 1.0 I8.if 1.0 
Upper Facial Height 5.7 O.if 5.7 O.if 5.6 0.4 
Nose Length 3.9 0.5 3.9 0.5 3.8 0.4 
Foot Breadth 7.3 o.if 7.̂  0.5 7.̂  0.3 
Calf Circumference 23.9 1.6 23.7 1.5 23.3 1.2 

Mexican-Americans, age 6.8 years 
Weight 52.8 11.0 49.9 7.7 49.2 8.2 50.1 7.3 51.0 8.0 49.0 6.8 
Sitting Height 65-2 2.4 64.5 3.0 6̂ .3 3.6 6if.9 2.5 6if.6 2.9 6if.if 3.0 
Height 119.3 4.6 118.7 6.1 118.3 6.0 118.7 5.2 119.3 6.if 117.7 6.0 
Cristal Height 69.2 3.7 69.1 4.5 68.8 3.9 68.8 if.O 69.8 5.2 68.7 4.3 
Arm Length 51.1 2.9 51.0 3.2 51.0 2.7 50.7 2.9 50.7 3.5 50.7 3.0 
Biacromial Diameter 27.1 1.3 26.7 1.6 26.5 1.7 26.5 l.if 26.6 1.1 26.if 1.7 
Bicristal Diameter 19.5 1.1 19.4 1.2 19.1 1.3 19.if 1.0 19.5 1.1 19.2 1.1 
Chest Breadth 19.6 1.5 19.if 1.3 19.̂  1.3 19.if 1.0 19.8 1.0 19.5 1.0 
Foot Length 19.2 1.1 19.1 1.1 18.9 1.1 18.8 0.9 19.1 1.3 18.9 1.0 
Total Facial Height 9.7 0.5 9.7 0.6 9.7 0.5 9.8 0.5 9.6 0.6 9.6 0.5 
Bicondylar Femur Diameter 7.6 0.6 7.5 0.4 7.5 0.5 7.5 0.3 7.5 O.if 7.5 O.if 
Head Length 17.6 0.8 17.5 0.7 17.6 0.6 17.6 0.7 17.3 0.7 17.5 0.6 
Head Breadth 14.4 0.4 14.2 0.5 lif.O 0.6 lif.3 0.7 lif.2 0.7 lif.l 0.6 
Head Circumference 51.4 1.4 51.1 1.4 50.8 1.2 51.2 l.if 50.5 1.5 51.0 l.if 
Chest Circumference 60.4 4.9 59.6 3.6 59.if 3.9 59.6 3.1 60.0 3.̂  59.3 3.0 



Table V-3—Continued 

1 2 3 or 3+ 4 or 4+ 3 6 or 6+ 
Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Blackst age 7.1 years 
Weight 55.0 3.7 54.5 8.1 53.5 6.0 56.1 7.5 
Height 125.1 4.0 122.6 7.7 122.6 7.1 124.9 5.3 
Cristal Height 73.3 3.1 72.8 5.0 73.k 5-8 74.4 4.2 
Arm Length 54.3 1.4 53.8 4.5 54.5 3.6 54.5 2.9 
Biacromial Diameter 27.7 0.6 27.3 1.5 27.9 1.8 27.6 1.5 
Bicristal Diameter 18.5 0.6 19.0 1.2 18.6 1.0 19.0 0.9 
Chest Breadth 1919 0.8 19.7 0.9 19.6 1.1 19.8 1.1 
Foot Length 19.9 0.8 19.9 1.3 19.8 1.1 20.3 1.0 
Total Facial Height 9.8 0.3 10.0 0.6 10.1 0.6 10.1 0.6 
Upper Facial Height 5.9 0.3 6.1 0.4 5.8 0.3 6.1 0.5 
Nose Length 4.0 0.4 4.3 0.4 k.2 0.4 4.2 0.6 
Hand Breadth 6.3 0.2 6.4 0.4 6.6 O.k 6.4 0.4 
Hand Length 14.5 0.7 14.6 1.1 14.1 1.5 14.8 0.9 
Bicondylar Femur Diameter 7.8 0.3 7.7 0.4 7.6 0.3 7.7 0.4 
Head Circumference 52.7 2.0 52.2 1.6 51.5 1.1 51.7 1.0 
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Table V-4. Comparison of groups by gravidity of mother: females of each ethnic group. 

1 2 3 or 3* 4 5 or 5+ 6 or 6+ 
Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Anglos, age 6.9 years 
48.5 8.6 Weight 52.0 10.3 48.5 8.6 50.5 9.1 

Height 121.5 5.5 120.3 6.7 121.4 6.3 
Cristal Height 70.3 4.2 69.8 6.5 70.2 4.8 
Hand Breadth 6.0 0.4 5.9 0.4 6.0 0.4 
Chest Circumference 59.6 4.6 57.9 4.2 57.3 3.9 
Waist Circumference 55.5 4.8 54.1 4.0 53.3 4.1 
Calf Circumference 24.0 2.4 23.7 1.8 24.0 1.9 

M exidan-Americans , age 6.9 years 
Weight 5I+.2 13.0 51.9 9.6 <*8.5 7.5 
Height 120.6 5.4 119.5 5.2 117.8 5.2 
Cristal Height 70.8 4.2 69.4 3.9 68.4 4.6 
Wrist Breadth 4.1 0.3 4.0 0.3 3.9 0.3 
Hand Breadth 6.0 0.4 6.0 0.4 5.8 0.3 
Bimalleolar Diameter 5.7 0.3 5.6 0.3 5.5 0.3 
Head Length 17.0 0.8 17.0 0.7 16.8 0.7 
Bizygomatic Diameter 11.7 0.4 11.6 0.5 11.4 0.5 
Bigonial Diameter 8.8 0.5 8.8 0.4 8.5 0, 
Head Circumference 50.4 1.3 50.6 1.5 49.9 1. 
Upper Arm Circumference 18.1 2.6 18.0 1.8 17.4 1, 
Chest Circumference 6l.4 6.8 59.8 5.1 58.5 4, 
Waist Circumference 57-5 7.1 56.1 5.3 54.3 4, 
Calf Circumference 24.1 2.4 24.1 1.9 23.6 1, 

49.4 
118.6 
69.0 
4.0 
5.9 
5.5 
17.1 
11.5 
8.7 
50.6 
17.2 
58.-7 
55.2 
23.0 

9.5 
4.6 
3.5 
0.2 
0.3 
0.4 
0.7 
0.4 
0.4 
1.1 
2.2 
5.2 
5.3 
2.5 

54.9 14.6 
119.8 5.8 
70.5 
4.1 
6.0 
5.6 
17.0 
11.4 
8.8 
.5 
.4 

61.8 
57.9 
24.7 

50. 
18. 

4.5 
0.4 
0.4 
0.4 
0.7 
0.6 
0.4 
1.3 
3.1 
7.5 
6.9 
3.2 

48.5 
118.4 

68.8 
3.9 
5.9 
5.6 
17.0 
11.5 
8.7 
50.2 
17.0 
58.1 
54.2 
23.3 

7.4 
4.9 
3.6 
0.2 
0.3 
0.3 
0.6 
0.5 
0.5 
1.5 
1.8 
3.8 
4.4 
1.8 

VJ1 
VJ1 
VJl 



Table V-4—Continued 

1 2 3 or 3+ 4 5 or 5+ 6 or 6+ 
Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Blacks, age 7«1 years 
Weight 53.3 5.1 55.2 8.0 52.4 6.7 53.7 8.3 53.9 12.5 
Sitting Height 65.9 1.8 65.0 3.9 66.2 2.6 64.4 2.3 65.2 3.3 
Height 123.4 3.2 125.8 7.9 123.1 5.5 122.5 3.9 123.3 7.2 
Cristal Height 73.2 2.6 75.1 7.9 72.0 4.5 73.0 3.5 72.5 6.8 
Arm Length 54.5 2.1 54.7 4.3 52.3 2.8 53.4 3.0 53.7 3.7 
Total Facial Height 9.6 0.2 10.1 0.7 9.8 0.4 9.7 0.4 9.7 0.5 
Upper Facial Height 5.6 0.3 6.2 0.7 5.8 0.9 5.9 0.3 5.8 0.6 
Nose Length 3.8 0.1* 4.4 0.4 4.1 0.4 4.1 0.5 4.1 0.4 
Hand Length 14.3 0.5 14.8 1.3 14.3 1.2 14.5 0.8 14.3 1.2 
Bicondylar Femur Diameter 7.2 0.2 7.3 0.6 7.4 0.5 7.3 0.5 7.2 0.6 
BimEilleolar Diameter 5.8 0.5 5.8 0.3 5.9 0.2 5.7 0.4 5.9 0.3 
Foot Breadth 7.7 0.3 7.5 0.6 7.4 0.4 7.5 0.6 7.5 0.5 
Bizygomatic Diameter 11.3 0.4 11.7 0.5 11.4 0.6 11.3 0.4 11.3 0.4 
Chest Circumference 58.if 4.3 60.5 3.8 58.7 2.3 58.0 2.8 59.0 4.5 
Calf Circumference 25.3 1.6 24.7 1.8 23.9 1.6 24.5 2.8 24.6 2.4 
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Table V-5. Birthplace group comparisons: males of each ethnic group. 

Variables 
Tucson Other Ariz. Other U.S. Mexico 

Variables Mean SD Mean SD Mean SD Mean SD 

Anglos, age 7-1 years 
Weight 51.6 6.7 52.1 6.8 53.8 8.6 
Height 121.7 5.3 122.5 3.6 122.5 5.3 
Arm Length 51.1 3.0 51.1 2.4 52.0 2.8 
Chest Breadth 19.6 1.0 19.6 1.1 19.8 1.3 
Wrist Breadth 4.1 0.2 4.1 0.2 4.2 0.2 
Head Breadth 13.9 o.4 14.2 0.5 14.0 0.4 
Chest Circumference 59.0 2.9 59.6 2.6 59.9 4.1 
Calf Circumference 23.9 1.6 24.3 2.0 24.4 1.8 

Mexican-Americans, age 7.0 years 
Weight 51.4 8.2 49.6 7.1 52.4 6.6 48.1 6.2 
Sitting Height 65.4 2.9 65.3 2.6 66.2 2.8 64.6 3.1 
Height 120.0 5.6 118.9 5.2 121.1 5-0 117.3 6.1 
Cristal Height 70.0 4.1 69.3 4.1 71.0 3.3 67.6 4.7 
Arm Length 51.5 2.8 51.1 3.0 52.0 2.3 50.1 3.4 
Head Length 17.6 0.7 17.3 0.6 17.6 0.7 17.5 0.5 
Upper Arm Circumference 17.5 1.7 17.3 1.6 17.8 1.5 17.1 1.3 
Waist Circumference 57.1 4.2 56.9 3.7 57.3 3.5 56.6 3.5 
Calf Circumference 23.5 1.9 23.4 1.9 23.8 1.5 22.5 1.4 

Blacks, age 7.1 years 
6.4 Weight 55.2 6.4 51.1 2.6 52.5 7.9 

Height 124.3 5.7 123.3 4.7 121.9 5.5 
Bicondylar Humerus Diameter 5.2 0.3 5.1 0.1 5.2 0.3 
Bicondylar Femur Diameter 7.7 0.4 7.6 0.3 7.7 0.5 
Head Length 18.3 0.6 18.3 0.4 18.2 0.6 
Head Breadth 13.8 0.5 13.8 0.5 13.9 0.4 
Head Circumference 52.0 1.4 51.4 1.2 51.7 1.4 
Upper Arm Circumference 18.2 1.3 17.4 0.6 17.7 1.7 
Waist Circumference 56.9 2.9 56.6 1.0 55.9 3.6 



Table V-6. Birthplace group comparisons: females of each ethnic group. 

Variables 
Tucson Other Ariz. Other U.S. Mexico 

Variables Mean SD Mean SD Mean SD Mean SD 

Anglos, age 7.0 years 
Weight 51.8 10.1 51.5 9.6 49.8 7.2 
Sitting Height 66.3 3.4 65.9 3.9 65.1 3.2 
Height 122.5 6.5 121.2 7.5 120.0 5.3 
Biacromial Diameter 26.9 1.6 27.9 2.0 26.7 1.2 
Chest Breadth 19.2 1.4 19.3 1.1 19.1 1.2 
Nose Breadth 2.8 0.2 2.9 0.3 2.8 0.2 
Chest Circumference 58.6 4.5 58.8 3.8 58.0 3.7 
Calf Circumference 2*1.1 2.1 24.5 1.8 24.1 1.6 

Mexican-Americans, age 7.2 years 
Weight 52.8 11.0 50.6 7.5 45.1 7.1 50.9 7.9 
Sitting Height 65.5 2.8 64.1 2.8 63.if 3.0 64.9 2.0 
Height 120.9 5.2 119.4 4.5 117.2 5.9 119.2 4.0 
Cristal Height 70.9 4.0 69.9 3.2 68.2 3.9 69.1 3.3 
Biacromial Diameter 27.0 1.4 26.7 1.0 25-9 1.3 26.9 1.5 
Nose Length 4.2 0.4 4.2 0.4 3.9 0.4 4.0 0.4 
Chest Circumference 60.2 5.6 59.7 3.1 57.0 3.8 60.9 3.7 
Waist Circumference 56.3 5.7 55.3 3.8 53.0 4.0 57.2 4.9 
Calf Cirdumference 24.0 2.3 23.8 1.5 22.4 1.8 23.8 1.9 

Blacks, age 7.1 years 
7.8 Weight 54.1 9.9 52.7 7.8 51.7 7.6 

Height 123.8 5.8 125.4 6.6 124.0 5.7 
Biacromial Diameter 27.6 1.4 26.5 1.0 27.3 1.5 
Bicondylar Femur Diameter 7.3 0.5 7.3 0.3 7.2 0.5 
Bizygomatic Diameter 11.3 0.4 11. if 0.6 11.3 0.4 
Upper Arm Circumference 18.2 2.1 17.9 1.8 17.6 1.7 
Chest Circumference 58.9 3.6 57.7 1.9 57.4 4.2 
Waist Circumference 55.9 4.7 54.9 2.2 54.9 4.0 
Calf Circumference 24.7 2.3 24.1 1.8 23.7 1.9 



Table V-7. Census tract group comparisons: males of each ethnic group. 

Tract Grp. 1 Tract Grp. 2 Tract Grp. 3 Tract Grp. 4 
Variables Mean SD Mean SD Mean SD Mean SD 

Anglos, age 7.2 years 
Weight 52.4 5.4 47.4 4.0 52.7 6.7 52.1 6.2 
Sitting Height 66.5 2.4 64.5 2.4 67.2 2.3 66.6 2.4 
Height 123-1 4.4 118.6 4.8 124.8 6.6 121.8 4.4 
Cristal Height 72.1 4.3 68.1 4.3 73.6 5.5 71.1 3.2 
Arm Length 51.4 2.0 50.5 1.5 52.3 3.9 51.5 2.6 
Biacromial Diameter 27.4 1.3 26.2 0.8 26.9 1.0 26.9 0.9 
Chest Breadth 19.5 0.8 19.2 1.2 19.3 0.9 19.7 0.9 
Bicondylar Humerus Diameter 5.3 0.3 4.9 0.2 5.3 0.3 5.2 0.3 
Chest Circumference 59.6 2.6 57.4 3.1 58.6 3.2 59.4 2.7 
Calf Circumference 24.3 1.6 23.2 0.7 23.6 1.2 24.2 1.7 

Mexican-Americans, age 7.0 years 
Weight 50.9 8.6 51.5 7.5 51.0 9.3 48.4 7.4 
Height 119.3 5.1 119.9 5.0 120.0 8.2 117.8 7.7 
Cristal Height 69.6 3.8 70.1 3.8 69.6 6.0 68.0 5.6 
Total Facial Height 9.7 0.5 9.7 0.5 9.7 0.6 9.4 0.5 
Hand Length 13.7 0.7 13.6 0.6 13.5 0.8 13.3 0.8 
Head Length 17.5 0.7 17.6 0.7 17.6 0.7 17.8 0.6 
Head Breadth 14.2 0.6 14.2 0.5 14.1 0.5 14.1 0.5 
Head Circumference 51.0 1.4 51.2 1.3 50.8 1.6 51.3 0.9 
Waist Circumference 57.0 4.5 57.3 4.0 58.1 3.3 55.6 2.6 
Calf Circumference 23.3 1.9 23.5 1.7 23.2 2.2 23.3 2.0 
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Table V-7—Continued 

Tract Grp. 1 Tract Grp. 2 Tract Grp. 3 Tract Grp. 4 
Variables Mean SD Mean SD Mean SD Mean SD 

Blacks, age 7.1 years 
Weight 55.1 5.9 55.0 6.3 55.5 8.2 58.4 7.5 
Height 124.1 6.2 123.4 5.5 126.5 6.7 125.6 6.4 
Cristal Height 74.0 4.5 73.7 3.8 74.8 5.5 75.5 3.7 
Foot Length 19.9 1.0 20.2 0.9 20.4 1.2 20.3 1.4 
Nose Length 4.2 0.5 4.3 0.4 4.1 0.5 4.3 0.3 
Hand Length 14.6 1.0 14.5 0.7 14.5 1.6 14.7 1.6 
Bimalleolar Diameter 6.1 0.3 6.0 0.3 6.0 0.3 6.1 0.4 
Head Length 18.3 0.6 18.3 0.5 18.4 0.5 18.7 0.5 
Head Circumference 51.9 1.4 51.9 1.3 51.5 1.3 53.3 0.9 
Upper Arm Cirqumference 18.2 1.4 18.4 1.2 17.9 1.7 18.8 1.1 
Chest Circumference 60.5 3.3 59.5 2.8 60.4 2.6 59.8 2.4 



Table V-8. Census tract group comparisons: females of each ethnic group. 

Tract Grp. 1 Tract Grp. 2 Tract Grp. 3 Tract Grp. 4 
Variables Mean SD Mean SD Mean SD Mean SD 

Anglos, age 7.0 years 
V/eight 49.6 8.9 51.4 9.6 52.4 10.2 51.9 10.2 
Sitting Height 64.3 2.1 67.3 5.7 66.8 3.5 66.2 3.2 
Height 116.5 3.9 122.7 10.0 122.3 6.6 122.6 6.0 
Cristal Height 67.8 3.2 71.3 7.0 69.9 6.3 71.5 4.8 
Upper Facial Height 5.6 0.3 5.5 0.6 5.5 0.2 5.7 0.4 
Nose Length 3.9 0.2 4.1 0.4 4.0 0.2 4.0 0.4 
Wrist Breadth 3.8 0.3 3.9 0.5 4.2 0.3 4.1 0.2 
Hand Length 12.7 0.9 13.1 1.0 13.2 1.0 13.5 0.9 
Head Circumference 49.4 0.1 51.2 1.3 50.7 1.4 50.9 1.5 
Upper Arm Circumference 18.8 3.2 18.3 2.0 17.3 2.2 17.8 2.0 

Mexican-Americans, age 6.9 years 
V/eight 49.8 8.8 49.5 9.1 54.1 14.1 53.5 13.2 
Sitting Height 64.2 2.7 64.1 2.6 65.4 2.6 64.5 2.6 
Height 118.5 5.3 118.6 4.5 119.2 4.0 119.4 5.1 
Arm Length 50.4 2.9 50.3 2.9 50.3 2.4 50.3 3.0 
Biacromial Diameter 26.6 1.3 26.6 1.3 27.2 1.3 26.7 1.2 
Chest Breadth 19.2 1.4 19.3 1.6 20.0 1.5 20.0 1.7 
Foot Length 18.7 1.1 18.7 1.0 18.9 1.0 18.5 1.3 
Upper Facial Height 5.6 0.4 5.7 0.4 5.4 0.5 5.5 0.4 
Hand Length 13.2 0.8 13.3 0.7 13.5 0.7 12.9 0.5 
Bicondylar Femur Diameter 7.2 0.4 7.2 0.4 7.3 0.7 7.3 0.4 
Bizygomatic Diameter 11.6 0.4 11.5 0.5 11.5 0.6 11.2 0.5 
Bigonial Diameter 8.8 0.5 8.6 0.5 8.6 0.7 8.7 0.6 
Chest Circumference 58.9 4.6 58.6 5.0 61.5 7.4 62.1 7.1 
Calf Circumference 23.5 2.0 23.5 1.9 24.6 2.9 24.4 2.8 



Table V-8—Continued 

Tract Grp. 1 Tract Grp. 2 Tract Grp. 3 Tract Grp. 4 
Variables Mean SD Mean SD Mean SD Mean SD 

Blacks, age 7.1 years 
Weight 51.7 8.6 53.1 11.'k 55.9 8.5 60.1 10.6 
Height 121.8 5.9 122.7 6.2 124.6 6.0 127.6 6.0 
Chest Depth 14.3 1.0 14.4 1.3 14.3 0.7 14.7 1.0 
Upper Facial Height 5.8 0.5 5.8 0.3 5.9 0.8 6.0 0.8 
Nose Length 4.1 0.4 4.0 0.3 4.1 0.6 4.5 0.5 
Wrist Breadth 4.0 0.2 k.O 0.3 4.2 0.3 4.2 0.3 
Hand Length 14.3 1.0 14.0 0.8 15.0 1.0 14.9 0.8 
Bicondylar Femur Diameter 7.2 0.5 7.3 0.6 7.5 0.5 7.6 0.4 
Chest Circumference 58.7 3.2 58.1 k.3 60.1 3.2 60.3 3.3 
Waist Circumference 55.2 4.0 56.5 6.3 56.0 3.0 57.3 3.3 
Calf Circumference 24.2 2.0 2k.8 2.2 25.1 2.3 26.0 2.4 



Table V-9. Compairisons of at-birth socioeconomic groups: Tucson born males of each ethnic group. 

SE Grp. 1 SE Grp. 2 SE Grps. 3-4 
Veiriables Mean SD Mean SD Mean SD 

Anglos, age 7.0 years 
Weight 50.6 5.1 51.6 6.1 48.8 7.3 
Height 120.0 4.8 121.4 4.7 121.8 8.4 
Cristal Height 69.9 3.9 70.3 4.1 71.5 6.6 
Nose Length 3.9 0.5 3.9 0.4 4.1 0.6 
Hand Length 13.6 0.6 13.8 0.6 13.3 1.1 
Bicondylar Femur Diameter 7.7 0.3 7.6 0.3 7.4 0.3 
Chest Circumference 59.1 2.6 59.4 2.6 56.9 3.0 
Waist Circumference 55.3 3.0 56.2 3.2 54.8 3.8 
Calf Circumference 23.9 1.5 23.9 1.5 23.0 1.4 

Mexican-Americans, SE Grpf 3 .  1-2 SE Grp. 3 SE Grp. 4 
age 6.8 years Mean SD Mean SD Mean SD 

Weight 51.7 8.3 9̂.7 8.5 48.5 6.3 
Height 119.6 5.4 118.6 5.4 117.1 6.3 
Cristal Height 69.6 3.9 69.2 4.1 67.9 4.4 
Total Facial Height 9.6 0.5 9.8 0.5 9.6 0.5 
Hand Length 13.7 0.7 13.6 0.7 13.3 0.7 
Head Length 17.6 0.6 17.5 0.7 17.4 0.7 
Head Circumference 51.2 1.3 51.0 1.4 50.8 1.4 
Chest Circumference 60.1 3.6 59.5 3.9 59.2 3.1 
Waist Circumference 57.2 4.1 56.6 4.5 56.0 3.2 
Calf Circumference 23.7 2.0 23.0 1.8 22.9 1.5 
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Table V-9—Continued 

SE Grps. 1-2 SE Grp. 3 SE Grp. 
Variables Mean SD Mean SD Mean SD 

Blacks, age 7.0 years 
Weight 58.5 5.5 5M 7.5 53.5 6.0 
Height 126.8 k.2 123.2 6.3 122.9 5.8 
Cristal Height 75.1 2.5 73.2 b.8 73.1 kA 
Total Facial Height 10.1 0.8 10.0 0.5 9.9 0.6 
Nose Length .̂3 0.5 b.l O.'t k.l 0.5 
Bicondylar Femur Diameter 8.0 0.2 7.7 OA 7.6 0.3 
Head Length 18.6 0.6 18.2 0.5 18.3 0.6 
Head Breadth 13.9 0.6 13.8 o.b 13.7 0.6 
Head Circumference 52.9 1.6 51.5 1.1 51.9 1.3 
Upper Arm Circumference 18.6 1.2 18.7 1.6 17.7 1.3 
Waist Circumference 57.6 3.0 57.3 3.8 56.6 2.9 



Table V-10. Comparisons of at-birth socioeconomic groups: Tucson-born females of each ethnic group. 

SE Grp. 1 SE Grp. 2 SE Grps. 3-4 
Variables Mean SD Mean SD Mean SD 

Anglos, age 7.0 years 
Weight 52.5 11.0 50.5 9.6 49.4 8.0 
Height 123.3 7.0 121.0 5.7 120.3 5.2 
Cristal Height 72.3 4.9 69.5 5.0 70.1 4.7 
Biacromial Diameter 27.2 1.6 26.6 1.5 26.1 1.5 
Chest Breadth 19.4 1.4 19.0 1.2 18.6 1.7 
Head Breadth 13.4 0.6 13.5 0.6 13.5 0.2 
Head Circumference 50.9 1.7 50.8 1.3 50.3 0.7 
Waist Circumference 55.0 **.7 54.2 4.6 53.1 3.3 

Mexican-Americans, SE Grps . 1-2 SE Grp. 3 SE Grp . 4 
age 6.8 years Mean SD Mean SD Mean SD 

Weight 51.0 9.9 49.1 8.6 50.6 12.1 
Sitting Height 64.8 2.9 63.8 2.8 64.0 2.8 
Height 118.8 5.2 118.0 5.4 118.4 5.2 
Chest Breadth 19.6 1.5 19.1 1.4 19.3 1.9 
Bicondylar Humerus Diameter 4.9 0.4 4.8 0.4 4.8 0.5 
Head Breadth 13.7 0.6 13.9 0.5 13.7 0.6 
Upper Arm Circumference 17.8 2.1 17.3 1.8 17.5 2.6 
Waist Circumference 55.7 5.3 54.9 4.5 55.6 7.0 

Blacks, age 7»0 years 
Weight 60.1 8.9 53.7 10.7 51.9 9.0 
Sitting Height 67.1 2.8 65.1 2.7 64.2 2.9 
Height 128.2 4.5 123.3 6.7 121.6 5.6 
Biacromial Diameter 28.7 1.6 27.8 1.7 27.1 1.1 
Chest Depth 14.8 1.0 14.3 1.3 14.4 0.8 
Bicondylar Femur Diameter 7.6 0.4 7.3 0.6 58.5 3.4 
Chest Circumference 61.1 3.8 58.6 4.1 55.1 4.1 
Waist Circumference 56.4 3.7 56.4 5.8 



Table V-ll. Comparisons of period 1-2 socioeconomic groups: Tucson-born males of each ethnic 
group. 

SE Grp . 1 SE Grp. 2 SE Grps, . 3-J 
Variables Mean SD Mean SD Mean SD 

Anglos, age 7.3 years 
Weight 52.0 5.4 52.7 6.6 49.2 6.6 
Sitting Height 66.6 2.3 66.7 2.6 66.7 2.8 
Height 121.7 3.8 123.2 5.7 122.6 7.6 
Arm Length 51.4 2.1 52.2 2.6 51.0 4.3 
Chest Depth 14.5 0.6 14.3 0.9 14.0 1.1 
Total Facial Height 9.8 0.4 9.6 OA 9.7 0.5 
Bizygomatic Diameter 11.3 0.3 11.4 0.5 11.8 0.5 
Head Circumference 52.5 1.2 51.7 1.0 52.3 1.2 
Chest Circumference 59.4 2.6 59.3 2.9 58.1 3.4 
Calf Circumference 24.4 1.5 24.0 1.6 22.9 1.1 

Mexican Americans, SE Grps . 1-2 SE Grp. 3 SE Grp, . 4 
age 6.8 years Mean SD Mean SD Mean SD 
Weight 50.9 7.8 50.7 9.2 47.3 6.2 
Height 119.2 5.3 119.0 5.6 Il6.<+ 6.1 
Cristal Height 69.4 3.9 69.5 4.3 67.4 4.2 
Arm Length 51.3 3.0 51.1 3.1 49.9 2.9 
Biacromial Diameter 26.7 1.5 26.8 1.5 26.1 1.3 
Chest Breadth 19.4 1.2 19.7 1.3 19.3 1.1 
Upper Facial Height 5.7 0.4 5.8 0.4 5.7 0.4 
Head Length 17.7 0.7 17.4 0.8 17.4 0.7 
Head Circumference 51.4 1.4 50.9 1.3 50.6 1.4 
Waist Circumference 57.1 3.6 56.9 5.0 55.6 3.3 
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Table V-ll—Continued 

SE Grps. 1-2 SE Grp. 3 SE Grp. k 
Variables Mean SD Mean SD Mean SD 

Blacks, age 7.0 years 
V/eight 
Height 
Cristal Height 
Nose Breadth 
Bicondylar Humerus Diameter 
Hand Length 
Bizygomatic Diameter 
Head Circumference 
Calf Circumference 

53.6 .̂9 55.1 8.1 55.0 6.7 
123.1 6.7 122.7 5.3 12̂ .1 6.3 
73.1 5.2 72.8 3.8 73.9 
3.̂  0.1 3.5 0.2 3.5 0.3 
5.3 0.2 5.3 O.b 5.2 0.2 
1̂ .5 0.9 1̂ .4 1.0 1̂ .6 1.1 
11.5 0.5 11.7 O.k 11.6 0.5 
51.9 1.6 51.8 1.3 51.9 1.3 
2k .3 1.3 2̂ .5 2.1 2̂ .2 1.8 



Table V-12. Comparisons of period 1-2 socioeconomic groups: Tucson-born females of each ethnic 
group. 

SE Grp. 1 SB Grp. 2 SE Grps. 3-4 
Variables Mean SD Mean SD Mean SD 

Anglos, age 7.3 years 
Weight 55.2 11.7 51.2 9.1 46.4 5.1 
Sitting Height 67.4 3.2 66.7 3.6 64.6 3.0 
Height 12k. 9 6.6 122.6 6.9 120.1 6.6 
Cristal Height 73.5 5.0 71.3 5.8 70.4 5.9 
Biacromial Diameter 27.4 1.5 26.8 1.5 25.5 2.0 
Hand Breadth 6.1 0.3 5.9 0.4 6.0 0.3 
Head Circumference 51.3 1.6 50.8 1.1 49.6 1.5 
Waist Circumference 55.9 4.8 54.4 4.1 51.7 2.5 

SE Grp s. 1-2 SE Grp . 3 SE Grp . 4 
Mexican-Americans, age 6.8 years Mean SD Mean SD Mean SD 

Weight 51.4 11.1 <*9.8 9.8 48.3 7.3 
Height 118.5 5.2 118.2 4.7 118.3 6.0 
Cristal Height 68.8 4.1 68.8 4.0 68.4 5.0 
Chest Depth 14.4 1.5 14.5 1.5 14.5 1.0 
Foot Breadth 7.2 0.4 7.2 0.4 7.3 0.5 
Head Length 17.0 0.7 16.8 0.7 16.9 0.8 
Head Circumference 50.4 1.4 50.2 1.3 50.1 1.6 
Chest Circumference 59.8 6.0 58.6 5.1 58.9 3.8 

Blacks, age 6.9 years 
58.2 49.7 7.8 Weight 58.2 10.9 53.1 10.0 49.7 7.8 

Sitting Height 65.7 3.0 64.3 3.4 64.0 2.4 
Height 125.8 5.7 120.6 6.7 121.1 5.6 
Cristal Height 75.0 4.9 70.7 6.1 70.7 5.8 
Chest Breadth 19.7 1.1 19.0 1.0 18.7 1.1 
Upper Facial Height 6.0 0.6 5.9 0.5 5.4 0.5 
Bimalleolar Diameter 5.9 0.4 5.7 0.3 5.6 0.3 
Upper Arm Circumference 18.8 1.9 18.5 2.2 17.4 1.9 
Calf Circumference 25.4 2.4 24.7 2.3 23.8 1.9 



Table V-13. Comparisons of period 1-2 socioeconomic groups: 
ethnic group. 

Tucson-born Period 11 males of each 

SE Grps. 3-5" 
Mean SD Variables 

SE Grp. 1 
Mean SD 

SE Grp. 2 
Mean SD 

Anglos, age 11.8 years 
Weight 
Height 
Tibial Length 
Bicristal Diameter 
Upper Facial Height 
Chest Circumference 
Waist Circumference 
Calf Circumference 

Mexican-Americans, age 11.8 years 
Weight 
Height 
Cristal Height 
Tibial Length 
Arm Length 
Upper Facial Height 
Hand Length 
Upper Arm Circumference 
Calf Circumference 

Blacks, age 11.8 years 
Weight 
Sitting Height 
Height 
Tibial Length 
Chest Breadth 
Foot Length 
Wrist Breadth 
Hand Length 
Chest Circumference 
Waist Circumference 

86.2 
145.9 
33.5 
22.7 
6.8 
72.1 
64.5 
29.8 

SE Grps. 
Mean 

11.8 
4.8 
1.6 
1.1 
5.0 
5.0 
4.6 
2.2 
1-2 

"SIT 
90.0 
147.4 
90.2 
34.0 
62.8 

6 
16 
21 
29 

88.3 
76.2 
149.8 

36.0 
22.9 
24.2 
4.8 
17.7 1.0 
70.6 3.6 
62.3 4.0 

20.2 
6.5 
4.9 
2.1 
3.2 
0.4 
0.9 
3.1 
3.2 

13.4 
3.3 
6.8 
2.5 
1.1 
1.3 
0.4 

88.5 
149.5 
35.0 
23.2 
6.6 

72.6 
65.3 
29.3 

18.7 
6.2 
2.3 
1.3 
0.3 
6.8 
8.2 
2.2 

SE Grp. 3 
Mean 
92.8 
147.7 
90.4 
34.4 
62.8 
7.0 
16.7 
22.4 
30.1 

90.9 
76.5 
148.7 
35.6 
23.5 
24.3 
4.9 
17.5 
72.0 
64.4 

~25Z 
7.1 
5.3 
2.4 
3.4 
0.3 
0.9 
3.7 
3.6 

20.1 
4.4 
6.5 
1.9 
2.0 
1.6 
0.4 
1.4 
6.2 
5.8 

77.7 
146.1 
33.3 
21.9 
6.7 

68.2 
61.2 
28.0 
SE Grp. 
Mean 
75.3 
142.2 
87.o 
32.7 
60.6 
6.8 
16.3 
20.4 
28.0 

8.7 
7.0 
2.8 
1.3 
0.5 
2.4 
3.7 
1.2 

4 
"sh 

91.7 
76.9 
150.9 
36.2 
23.4 
24.4 
4.8 
17.7 
70.9 
63.6 

13.1 
6.2 
4.8 
2.1 
3.2 
0.4 
0.8 
2.1 
2.2 

18.4 
4.5 
9.5 
2.7 
2.0 
1.4 
0.3 
1.4 
5.1 
5.8 



Table V-l̂ . Comparisons of Period 1-2 socioeconomic groups: Tucson-born Period 11 females of 
each ethnic group. 

SE Grp. 1 SE Grp. 2 SE Grps. 3-k 
Variables Mean SD Mean SD Mean SD 

Anglos, age 11.7 years 
Weight 9M 21.2 87.1 19.2 76.0 5.8 
Sitting Height 80.7 k.6 80.0 5.2 75.̂  3.1 
Height 153.9 8.6 150.1 9.6 Ibk.S 7.6 
Biacromial Diameter 32.7 2.1 31.9 2.0 29.8 2.8 
Chest Breadth 23.3 2.0 22.5 l.'f 21.3 1.9 
Foot Length 23.̂  1.5 22.7 1.6 22.k 1.7 
Upper Facial Height 6.6 o.k 6.7 0.5 6.7 O.k 
Chest Circumference 75.2 8.0 71.6 6.3 71.5 3.6 
Waist Circumference 6̂ .3 7.6 62.7 8.k 58.2 2.2 

Mexican-Americans, age 11.8 years 
SE Grps. 1-2 SE Grp. 3 SE Grp k 

Mexican-Americans, age 11.8 years Mean SD Mean SD Mean SD 
Weight 97.2 22.5 98.6 27.4 95.2 23.7 
Sitting Height 79.7 3.7 79.7 3.6 79.3 •̂7 
Height 150.0 6.6 150.8 6.1 150.0 8.8 
Cristal Height 91.2 k.e 92.2 k.2 91.3 5.7 
Tibial Length 33.8 1.9 3̂ .2 1.8 33.8 2.2 
Arm Length 63.4 3.2 6lf.l 3.̂  63.8 k.2 
Wrist Breadth *f.8 0.3 k.8 0.2 .̂7 0.3 
Hand Length 17.1 0.8 17.3 0.9 16.9 1.0 
Bizygomatic Diameter 12.5 0.5 12.7 0.5 12.6 O.lf 
Waist Circumference 67.1 9.1 67.5 10.6 66.8 9.3 
Calf Circumference 30.3 2.9 30.b 3.5 30.0 3.3 



Table V-lk—Continued 

SE Grps. 1-2 SE Grp. 3 SE Grp. 
Variables Mean SD Mean SD Mean SD 

Blacks, age 11.8 years 
Weight 115. ̂ 30.7 106.2 29.9 97.6 16.7 
Sitting Height 80.9 79.9 3.8 79.3 3.̂  
Height 158.5 7.1 153.6 6.k 153.1 6.2 
Cristal Height 99.8 5.k 9̂ .7 k.S 9k.2 4.9 
Tibial Length 38.0 2.2 36.2 2.2 35.9 1.9 
Arm Length 70.5 3.6 6?.k 3.6 66.3 3.3 
Upper Facial Height 7.0 0.5 6.8 o.k 6.9 O.k 
Nose Length 5.0 0.3 k.8 0.3 k.S O.k 
Hand Breadth 7.5 o.k 7.k o.k 7.2 0.4 
Upper Arm Circumference 2̂ .4 3.7 23.5 3.5 22.8 2.6 
Chest Circumference 78.8 7.8 77.3 8.0 7k.k k.6 



Table 15. Comparisons of Period 11 socioeconomic groups: Tucson-born males. 

SB Grps, . 1-2 SE Grp. 3 SE Grp. 4 
Variables Mean SD Mean SD Mean SD 

Mexican-Americans, age 11.8 years 
Weight 89.9 20.6 93.6 25.5 78.2 12.9 
Height 147.0 7.1 148.0 6.8 142.7 6.0 
Tibial Length 33.9 2.3 34.4 2.4 32.9 1.9 
Arm Length 62.6 3.4 63.0 3.3 60.7 3.1 
Wrist Breadth 4.8 0.3 4.9 0.3 4.7 0.3 
Hand Breadth 7.3 0.5 7.4 0.4 7.0 0.4 
Hand Length 16.7 0.9 16.7 0.9 16.3 0.8 
Upper Arm Circumference 21.9 3.2 22.6 3.7 20.4 2.1 
V/aist Circumference 66.3 8.1 67.3 10.7 62.9 5.2 
Calf Circumference 29.9 3.2 30.2 3.6 27.9 2.0 
Triceps Skinfold Thickness 1.2 0.7 1.2 0.8 0.9 0.4 

Blacks, age 11.8 years 
Weight 92.5 14.0 94.1 20.9 84.5 18.6 
Height 152.1 7.6 148.6 6.3 147.2 8.0 
Chest Breadth 23.3 1.1 23.6 2.1 22.8 2.2 
Bicondylar Humerus Diameter 6.2 0.4 6.2 0.5 6.0 0.4 
V/rist Breadth 4.9 0.4 4.9 0.4 4.7 0.3 
Chest Circumference 71.6 3.7 73.0 6.4 69.6 5.5 
Calf Circumference 30.7 1.9 30.7 3.5 29.0 3.1 
Triceps Skinfold Thickness 1.0 0.5 1.2 0.8 0.8 0.4 



Table V-l6. Comparisons of Period 11 socioeconomic groups: Tucson-born females. 

SE Grps. 1-2 SE Grp. 3 SE Grp. 4 
Variables Mean SD Mean SD Mean SD 

Weight 96.9 23.3 99.2 28.7 92.7 19.2 
Sitting Height 79.5 3.8 79.8 3.9 78.9 4.1 
Height 149.9 6.6 150.9 6.6 149.4 8.2 
Cristal Height 91.1 4.6 92.2 4.4 91.2 5.5 
Tibial Length 33.9 1.9 34.1 1.8 33.7 2.2 
Arm Length 63.3 3.4 64.1 3.5 63.5 3.9 
Chest Depth 17.3 2.0 17.6 2.3 17.2 2.0 
Foot Length 23.0 1.0 23.1 1.1 22.6 1.3 
Hand Length 17.1 0.8 17.3 0.9 16.9 0.9 
Upper Arm Circumference 22.8 3.2 23.2 4.4 22.2 2.9 

Blacks, age 11.8 years 
Weight 114.1 29.6 106.9 32.2 98.4 18.1 
Sitting Height 80.7 4.5 80.0 4.2 79.4 3.7 
Height 158.3 7.1 153.0 6.5 153.4 6.2 
Cristal Height 99.2 6.1 94.0 4.1 94.8' 4.9 
Tibial Length 38.0 2.3 35.8 1.6 36.1 1.9 
Arm Length 70.5 3.7 67.0 3.1 66.5 3.3 
Chest Breadth 17.4 1.4 17.1 1.8 16.7 1.3 
Foot Length 25.1 1.2 24.3 0.7 23.8 1.1 
Hand Length 18.8 0.8 18.3 1.2 18.2 0.9 
Head Length 18.5 0.5 18.3 0.6 18.2 0.7 



Table V-17. Comparisons of Period 1-2 socioeconomic groups: males of each ethnic group from all 
birthplaces. 

SE Grp, . 1 SE Grp, . 2 SE Grps. 3-4 
Variables Mean SD Mean SD Mean SD 

Anglos, age 7.3 years 
Weight 53.4 7.3 52.6 6.6 49.2 6.6 
Height 123.3 5-4 122.8 5.6 122.6 7.6 
Cristal Height 71.9 4.1 71.5 4.0 71.9 6.2 
Arm Length 52.3 3-0 52.0 2.7 51.0 4.3 
Chest Breadth 19.9 1.1 19.6 1.1 19.5 1.0 
Head Length 18.5 0.5 18.1 0.5 18.3 0.7 
Bizygomatic Diameter 11.3 0.4 11.4 0.5 11.8 0.6 
Upper Arm Circumference 18.2 1.5 17.8 1.5 16.8 1.3 

SE Grps. 1-2 SE Grp. 3 SE Grp, . 4 
Mexican-Americans, age 6.9 years Mean SD Mean SD Mean SD 
Weight 51.3 8.0 51.0 9.0 47.0 6.2 
Sitting Height 65.1 3.0 65.0 2.8 64.0 3.1 
Height 119.6 5.5 119.3 5.5 116.4 5.9 
Arm Length 51.4 3.0 51.4 3.0 49.9 2.9 
Chest Breadth 19.5 1.2 19.7 1.2 19.3 1.0 
Head Length 17.7 0.7 17.5 0.6 17.4 0.7 
Bizygomatic Diameter 11.7 0.4 11.8 0.5 11.7 0.5 
Head Circumference 51.4 1.3 50.9 1.3 50.7 1.4 
Upper Arm Circumference 17.6 1.7 17.5 1.7 16.8 1.3 
Waist Circumference 57.3 3.8 57.1 4.8 55.5 3.1 

Blacks, age 7.0 years 
Weight 52.8 4.8 56.4 8.7 53.1 6.6 
Sitting Height 65.0 3.0 65.7 2.8 65.1 3.0 
Height 123.0 6.5 123.2 4.9 122.5 6.0 
Cristal Height 73.2 4.9 73.4 3.4 72.8 4.4 
Head Circumference 52.0 1.6 52.0 1.3 51.6 1.3 
Upper Arm Circumference 18.1 1.1 18.6 2.0 17.8 1.3 
Waist Circumference 56.2 2.4 57.6 4.5 56.8 3.0 
Calf Circumference 24.3 1.2 24.7 2.0 23.9 1.6 



Table V-l8. Comparisons of Period 1-2 socioeconomic groups: females of each ethnic group from 
all birthplaces. 

Variables 
SE Grp. 1 SE Grp, . 2 SE Grps. 3-4 

Variables Mean SD Mean SD Mean SD 

Anglos, age 7.3 years 
54.4 50.8 Weight 54.4 10.1 50.8 7.7 50.2 10.7 

Height 124.4 6.1 122.0 6.0 122.6 7.4 
Cristal Height 73.3 4.6 71.1 4.9 72.2 6.2 
Arm Length 51.9 3.2 51.0 3.2 52.4 3.8 
Bicristal Diameter 19.9 1.5 19.4 1.2 19.7 1.4 
Chest Breadth 19.6 1.3 19.2 1.2 18.8 1.6 
Foot Length 19.4 1.2 18.8 1.1 19.5 1.8 
Hand Breadth 6.2 0.3 5.9 0.4 6.2 0.4 
Head Circumference 51.4 1.5 50.7 1.2 50.8 2.2 

SE Grps . 1-2 SE Grp, . 3 SE Grp . 4 
Mexican-Americans, age 6.9 years Mean SD Mean SD Mean SD 
Weight 51.0 10.7 49.9 K.9 48.if 7.3 
Height 118.8 5.0 118.4 4.6 118.4 6.1 
Cristal Height 69.1 4.0 69.0 3.7 68.3 5.2 
Chest Breadth 19.5 1.7 19.1 1.3 19.2 1.2 
Chest Depth 14.3 1.4 14.4 1.4 14.5 1.0 
Foot Breadth 7.2 0.5 7.3 0.4 7.3 0.5 
Head Circumference 50.4 1.4 50.3 1.3 50.1 1.5 
Chest Circumference 59.7 5.7 58.9 4.8 59.0 3.7 
Waist Circumference 55.9 6.0 55.3 5.0 54.7 3.4 

Blacks, age 6.9 years 
Weight 55.7 11.4 52.3 8.9 50.1 7.6 
Height 125.3 6.2 121.2 6.5 121.5 5.3 
Chest Depth 14.4 1.3 13.9 0.8 14.2 0.9 
Foot Length 20.0 1.2 19.5 1.3 19.5 1.2 
Upper Facial Height 5-9 0.6 5.8 0.5 5-5 0.5 
Foot Breadth 7.5 0.5 7.5 0.6 7.3 0.4 
Upper Arm Circumference 18.2 2.1 18.3 1.9 17.4 1.7 
Chest Circumference 59.3 4.8 58.5 3.0 57.6 2.9 
Waist Circumference 56.7 5.8 55.3 3.3 54.4 3.6 



Table V-19. Comparisons of Period 1-2 socioeconomic groups: 
from all birthplaces. 

Period 11 males of each ethnic group 

SE Grp. 1 SE Grp ». 2 SE Grps. . 3-4 
Variables Mean SD Mean SD Mean SD 

Anglos, age 11.8 years 
Weight 87.8 13.7 85.8 15.5 78.2 8.3 
Height 148.6 7.0 147.8 6.3 146.6 6.7 
Cristal Height 90.9 5.1 90.5 4.8 89.O 4.9 
Tibial Length 34.2 2.0 34.2 2.1 33.4 2.6 
Chest Depth 16.9 1.0 16.9 1.4 16.3 1.1 
Foot Length 23.3 1.3 23.6 l.o 23.5 1.1 
Bicondylar Humerus Diameter 6.2 0.4 6.1 0.3 6.3 0.6 
Hand Length 16.8 1.0 16.7 0.8 16.0 1.2 
Upper Arm Circumference 21.9 2.2 21.3 2.2 20.1 1.0 
Calf Circumference 29.7 2.3 29.2 2.3 28.1 1.0 

Mexican-Americans, age 11.8 years 
SE Grps. . 1-2 SE Grp ». 3 SE Grp. 4 

Mexican-Americans, age 11.8 years Mean SD Mean SD Mean SD 
Weight 90.4 20.8 91.4 23.8 77.9 12.4 
Height 1̂ 7.7 6.9 147.5 6.9 142.2 6.1 
Cristal Height 90.5 4.9 90.3 5.0 86.8 4.7 
Arm Length 62.9 3.4 62.9 3.3 60.5 3.2 
Upper Facial Height 6.8 0.4 7.0 0.4 6.7 0.4 
Bizygomatic Diameter 12.7 0.5 12.8 0.5 12.7 0.5 
Upper Arm Circumference 21.9 3.1 22.2 3.5 20.4 2.1 
Waist Circumference 66.6 8.1 66.5 9.7 63.0 4.9 
Calf Circumference 30.0 3.2 29.9 3.3 27.9 2.2 

Blacks, age 11.7 years 
Weight 88.5 12.6 95.7 25.3 87.1 16.7 
Sitting Height 76.0 3.5 76.5 4.1 76.2 4.1 
Height 149.6 7.0 148.9 6.1 148.6 8.0 
Cristal Height 93.6 5.4 92.6 4.5 92.4 5.5 
Tibial Length 35.8 2.2 35.9 1.9 35.3 2.2 
Chest Circumference 70.3 3.7 74.1 8.2 69.4 5.0 
Waist Circumference 62.3 4.8 66.1 7.9 62.8 5.3 
Calf Circumference 30.3 1.8 30.6 3.7 29.6 2.7 



Table V-20. Comparisons of Period 1-2 socioeconomic groups: Period 11 females of each ethnic 
group from all birthplaces. 

Variables 
SE Grp. 1 SE Grp . 2 SE Grps, . 3-4 

Variables Mean SD Mean SD Mean SD 

Anglos, age 11.8 years 
V/eight 94.6 19.7 87.7 17.1 86.3 27.3 
Sitting Height 81.1 4.4 79.7 4.8 77.7 6.2 
Height 153.6 8.2 150.0 8.3 148.3 10.0 
Cristal Height 93.5 5.7 91.1 5.0 90.7 6.2 
Hand Breadth 7.0 0.4 6.9 0.5 7.1 0.6 
Bizygomatic Diameter 12.1 0.6 12.1 0.5 12.2 0.9 
Bigonial Diameter 9.2 0.5 9.1 0.4 8.7 0.5 
Upper Arm Circumference 22.4 2.8 21.4 2.4 21.5 3.5 
Waist Circumference 64.0 7.2 62.8 7.0 60.4 7.3 
Calf Circumference 30.1 2.7 29.4 2.5 28.9 3.3 

SE Grps. . 1-2 SE Grp . 3 SE Grp. 4 
Mexican-Americans, age 11.8 years Mean SD Mean SD Mean SD 
Weight 96.1 22.8 97.6 25.7 94.5 22.8 
Height 150.1 6.6 150.6 6.2 150.1 8.7 
Arm Length 63.4 3.2 64.1 3.4 63.7 4.2 
Chest Depth 17.2 1.9 17.5 2.2 17.4 2.1 
Hand Breadth 7.1 0.4 7.0 0.4 7.1 0.4 
Hand Length 17.1 0.9 17.2 0.9 17.0 1.0 
Head Length 17.9 0.6 17.7 0.7 17.8 0.7 
Upper Arm Circumference 22.6 3.2 22.9 4.0 22.4 3.3 
Chest Circumference 76.2 8.0 76.9 8.7 76.1 7.9 



Table V-20—Continued 

SE Grps. 1-2 SE Grp. 3 SE Grp. 4 
Variables Mean SD Mean SD Mean SD 

Blacks, age 11.8 years 
Weight 109.4 28.8 100.3 22.7 96.5 16.1 
Height 158.1 7.4 153.2 5.9 153.1 6.1 
Cristal Height 99.5 5.7 95.0 3.9 94.2 4.7 
Tibial Length 38.0 2.2 36.3 1.7 36.0 1.8 
Arm Length 69.8 4.0 67.0 3.0 66.4 3.1 
Hand Length 18.5 0.9 18.1 1.0 18.2 0.9 
Foot Breadth 9.2 0.7 9.4 0.4 9.1 0.5 
Upper Arm Circumference 23.6 3.6 22.7 2.8 22.6 2.5 
Calf Circumference 32.1 3.9 31.2 2.7 30.5 2.9 
Triceps Skinfold Thickness 1.5 0.7 1.4 0.6 1.3 0.5 



Table V-21. Comparisons of Period 11 socioeconomic groups: males from all birthplaces. 

SE Grps. 1-2 SE Grp. 3 SE Grp. 4 
Variables Mean SD Mean SD Mean SD 

Weight 89.8 21.2 92.7 23.9 77.9 12.9 
Height 147.1 7.3 147.9 6.5 142.5 5.9 
Tibial Length 34.0 2.3 34.3 2.3 32.7 1.9 
Foot Length 23.5 1.4 23.4 1.2 22.8 1.1 
Upper Facial Height 6.8 0.4 7.0 0.4 6.8 0.4 
Hand Breadth 7.3 0.5 7.4 0.4 7.0 0.4 
Upper Arm Circumference 21.9 3.1 22.4 3.4 20.3 2.2 
Chest Circumference 73.5 7.6 74.8 9.1 70.2 4.9 
Waist Circumference 66.4 8.3 66.9 9.8 62.7 5.0 
Calf Circumference 29.9 3.3 30.1 3.3 27.8 2.3 

Blacks, age 11.8 years 
Weight 91.4 12.9 100.4 27.3 83.7 16.3 
Height 151.4 8.0 149.1 6.1 146.8 6.5 
Cristal Height 9̂ .8 5.7 92.8 4.6 91.1 4.7 
Biacromial Diameter 33.2 2.1 33.6 1.7 32.1 1.7 
Chest Depth 16.5 1.2 17.5 1.8 16.3 1.4 
Bicondylar Humerus Diameter 6.2 0.4 6.3 0.5 6.0 0.3 
Chest Circumference 71.4 3.8 75.2 8.9 68.8 5.0 
Calf Circumference 30.7 1.8 31.4 3.9 29.0 2.7 



Table V-22. Comparisons of Period 11 socioeconomic groups: females from all birthplaces. 

SE Grps. 1-2 SE Grp. 3 SE Grp. 4 
Variables Mean SD Mean SD Mean SD 

Mexican-Americans, age 11.8 years 
Weight 96.2 23.3 97.9 26.8 92.8 19.5 
Height 150.2 6.6 150.4 6.6 149.8 8.0 
Cristal Height 91.3 4.5 91.7 4.3 91.6 5.5 
Tibial Length 33.9 1.8 34.1 1.8 33.9 2.2 
Chest Depth 17.2 2.0 17.5 2.3 17.2 1.9 
Wrist Breadth 4.8 0.3 4.7 0.3 4.7 0.3 
Hand Breadth 7.1 0.4 7.0 0.4 7.1 0.4 
Hand Length 17.1 0.9 17.3 0.9 17.0 0.9 
Upper Arm Circumference 22.6 3.3 23.1 4.1 22.2 2.9 
Triceps Skinfold Thickness 1.4 0.5 1.5 0.6 1.4 0.5 

Blacks, age 11.8 years 
Weight 106.6 26.9 102.3 24.5 97.2 17.4 
Height 157.1 7.4 153.8 6.2 153.4 6.0 
Cristal Height 98.4 6.0 95.3 3.8 94.8 4.6 
Arm Length 69.3 4.1 67.2 2.8 66.4 3.2 
Chest Breadth 23.9 1.4 23.5 1.4 22.9 1.3 
Foot Breadth 9.2 0.6 9.5 0.6 9.1 0.5 
Upper Arm Circumference 23.2 3.4 23.2 2.9 22.6 2.7 
Calf Circumference 31.8 3.4 31.4 3.0 30.5 3.0 



Table V-23. Comparisons of groups by family size: males of each ethnic group, early age levels 

1 2 3 or 3+ 4 or 4+ 5 6 7 or 7+ 
Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean . SD 

Anglos, age 7.0 years 
Weight 50.5 5.7 52.5 6.8 49.2 5.3 
Height 121.3 5.1 121.9 7.4 119.3 4.1 
Cristal Height 70.0 4.7 71.3 5.5 69.1 3.5 
Arm Length 51.2 3.0 52.0 2.7 49.2 2.4 
Foot Length 19.0 0.8 19.4 1.0 18.5 1.0 
Upper Facial Height 5.8 0.4 5.9 0.4 5.6 0.4 
Nose Length 4.0 0.5 4.1 0.4 3.8 0.4 
Waist Circumference 55.3 2.9 56.7 3.1 55.5 3.7 
Calf Circumference 23.8 1.5 24.0 1.3 23.2 1.4 

Mexican-Americans, 
age 6.8 years 
Weight 53.5 11.1 49.5 7.5 50.0 8.1 49.3 6.3 51.9 7.3 48.6 6.3 48.1 7.1 
Sitting Height 65.3 2.4 64.5 2.8 64.7 3.7 64.8 2.5 64.7 2.8 64.8 3.3 63.7 2.9 
Height 119.6 4.3 118.5 5.8 118.8 6.0 118.4 5.2 120.0 6.3 118.3 6.1 116.7 6.0 
Cristal Height 69.5 3.5 69.1 4.3 68.9 4.0 68.6 3.9 70,8 5.1 69.4 3.6 67.9 4.5 
Biacromial Diameter 27.2 1.4 26.6 1.6 26.7 1.6 26.4 1.3 26.9 1.0 26.7 1.6 25.9 1.7 
Bicristal Diameter 19.6 1.2 19.4 1.2 19.2 1.3 19.4 0.9 19.5 1.0 19.3 1.0 19.0 1.2 
Chest Breadth 19.6 1.5 19.4 1.2 19.5 1.3 19.3 1.1 19.9 0.9 19.5 1.0 19.3 0.9 
Head Circumference 51.3 1.3 51.1 1.3 50.9 1.3 51.0 1.5 50.9 1.6 51.0 1.2 50.9 1.4 
Upper Arm Circum. 18.1 2.2 17.4 1.5 17.2 1.6 17.3 1.5 17.7 1.5 16.7 1.1 17.1 1.3 



Table V-23—Continued 

1 3 3 or 3+ 4 or 4+ 5 6 7 or 7+ 
Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Blacks, age 7.3 years 
Weight 56.4 5.3 56.6 7.6 55.3 6.7 56.7 7.0 
Sitting Height 67.0 3.1 66.3 3.3 64.9 3.1 67.0 2.7 
Height 126.2 4.8 125.0 7.4 124.0 7-7 126.4 4.9 
Cristal Height 74.2 3.4 74.4 5.0 74.7 6.2 75.4 3.8 
Arm Length 54.8 1.8 54.7 4.3 55.7 4.0 54.6 2.8 
Biacromial Diameter 27.9 0.6 28.0 1.5 28.3 2.0 27.9 1.3 
Bicondylar Hum. Diam, . 5.3 0.2 5.3 0.4 5.3 0.3 5.3 0.3 
Wrist Breadth 4.2 0.3 4.2 0.3 4.2 0.3 4.1 0.2 
Bicond. Femur Diam. 7.8 0.4 7.8 0.4 7.6 0.4 7.7 0.4 
Bimalleolar Diam. 6.0 0.3 6.2 0.4 6.0 0.4 6.1 0.3 
Bizygomatic Diam. 11.8 0.5 11.6 0.4 11.6 0.4 11.7 0.5 
V/aist Circumference 56.1 2.7 57.4 2.6 57.8 3.8 56.8 2.9 
Calf Circumference 24.8 1.6 24.8 1.6 24.1 1.6 24.5 1.9 
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Table V-24. Comparisons of groups by family 

1 2 
Variables Mean SD Mean SD 

Anglos, age 6.9 years 
Weight 51.7 9.9 48.4 8.9 
Height 121.8 5.2 119.9 6.9 
Cristal Height 70.6 4.0 69.4 6.7 
Hand Breadth 6.0 0.3 5.9 0.4 
Bigonial Diameter 8.4 0.5 8.4 0.5 
V/aist Circumference 55.1 4.8 54.4 4.0 
Calf Circumference 24.1 2.3 23.5 1.8 

Mexican-Americans, 
age 7.0 years 
Weight 55.1 14.1 51.0 7.0 
Height 120.9 5.5 119.4 5.0 
Cristal Height 71.0 4.4 69.3 4.0 
Chest Breadth 20.0 1.8 19.6 1.5 
Nose Length 4.1 0.3 4.0 0.3 
Bicondylar Hum. Diam. . 4.9 0.4 0.4 
Hand Breadth 6.0 0.4 6.0 0.4 
Upper Arm Circum. 18.3 2.8 17.8 1.4 
Chest Circumference 61.8 7.3 59.3 4.0 
Waist Circumference 58.1 7.9 55.̂  3A 
Calf Circumference 24.3 2.6 24.0 1.6 

remales of each ethnic group, early age levels. 

3 or 5+ 4 5 or 3+ 6 7 or 7+ 
Mean SD Mean SD Mean SD Mean SD Mean SD 

50.8 9.2 
121.6 6.if 
70.3 4.8 
6.0 0.4 
8.3 0.5 
53.3 4.2 
24.1 2.0 

47.5 7.6 
117.5 .̂9 
68.2 4.3 
18.9 1.3 
4.1 0.4 
4.8 0.3 
5.8 0.3 
17.2 1.7 
58.3 4.6 
5̂ .0 4.3 
23.3 1.8 

53.2 10.5 
120.3 4.6 
70.4 3.7 
19.6 1.5 
4.2 0.4 
5.0 0.4 
6.0 0.4 
17.9 2.5 
60.3 5.5 
56.7 5.5 
24.0 2.7 

53.3 13.6 
118.9 5-6 
69.6 3.5 
19.7 2.0 
4.1 0.4 
4.9 0.5 
6.0 0.3 
18.1 2.8 
60.6 6.6 
57.̂  6.7 
24.1 2.8 

48.3 8.5 
118.4 6.0 
68.5 k.k 
19.1 1.1 
4.2 0.4 
8.4 0.4 
5.8 0.3 

16.8 1.9 
58.3 4.6 
53.7 4.6 
23.1 2.0 

7̂.7 *fr-5 
118.7 4.3 
69.3 3.̂  
19.0 0.9 
4.1 0.4 
4.7 0.2 
5.9 0.3 
16.9 1.4 
57.̂  2.6 
53.5 3.1 
23.̂  lA 



Table V-24—Continued 

1 2 3 or 3+ 4 5 or 5+ 6 7 or 7+ 
Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Blacks, age 7*2 years 
Weight 55.0 8.6 58.3 12.5 54.6 6.8 54.2 9.8 55.1 11.9 
Sitting Height 66.1 2.1 66.2 3.4 64.7 1.5 65.2 2.9 65.3 3.2 
Height 124.6 3.2 126.5 7.2 123.4 5.5 124.7 5.4 123.6 6.4 
Cristal Height 74.0 1.9 76.0 6.5 72.3 7.3 74.7 3.7 73.3 5.2 
Arm Length 55.0 2.3 54.9 53.3 3.7 54.3 2.9 54.1 3.3 
Chest Breadth 19.3 1.3 19.7 1.0 19.0 0.8 18.9 1.0 19.3 1.2 
Foot Length 20.5 0.6 20.5 1.8 19.8 1.1 20.2 0.9 20.0 1.1 
Total Facial Height 9.7 0.5 10.1 0.7 9.6 0.3 9.8 0.5 9.7 0.5 
Hand Length 14.3 0.6 14.9 1.4 14.5 1.1 14.6 0.9 14.4 0.9 
Bicondylar Fem. Diam, . 7.4 0.3 7.4 0.6 7.5 0.5 7.3 0.5 7.3 0.5 
Head Length 17.3 0.6 17.8 0.7 17.5 0.3 17.7 0.5 17.5 0.8 
V/aist Circumference 55.7 3.5 57.2 4.8 55.7 2.6 55.6 3.2 56.0 5.4 
Calf Circumference 25.7 2.4 25.3 2.6 25.0 1.8 24.4 2.7 24.8 2.3 



Table V-25. Comparisons of groups by family size: males of each ethnic group, later age levels. 

1 2 3 or 3+ 4 or 4+ 5 6 7 or 7+ 
Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Anglos, age 11.7 years 
Weight 79.9 11.0 93.8 12.3 85.4 15.5 
Sitting Height 76.6 3.4 78.2 2.9 77.1 1.9 
Height 146.3 6.6 148.5 7.6 145.8 3.7 
Cristal Height 89.6 4.8 91.6 5.9 88.5 3.3 
Tibial Length 33.7 2.0 34.8 2.9 33.3 1.7 
Arm Length 61.8 3.2 63.4 3.6 60.7 2.5 
Hand Length 16.3 0.7 16.9 1.0 16.3 0.7 
Calf Circumference 28.7 1.9 30.8 1.9 28.8 2.0 

Mexican-Americans, 
age 11.7 years 
Weight 92.1 22.8 85.8 17.9 88.5 24.4 86.2 16.6 89.2 17.0 85.6 13.3 84.3 27.5 
Sitting Height 77.8 3.1 76.3 3.3 77.1 4.2 77.0 2.6 76.8 3.4 76.6 3.4 76.0 3.2 
Height 1̂ 7.6 6.5 145.6 6.5 146.0 7.5 145.4 6.1 146.9 6.4 145.9 6.8 143.8 7.2 
Cristal Height 90.4 5.3 89.O 4.3 88.9 5.3 88.5 4.7 90.6 4.5 89.8 4.4 87.8 5.4 
Tibial Length 34.0 2.1 33.6 1.9 33.6 2.4 33.5 2.3 34.2 1.8 33.9 1.7 33.1 2.6 
Chest Breadth 23.9 2.1 23.I 1.9 23.7 2.3 23.5 1.6 23.6 1.3 23.2 1.3 23.2 2.6 
Upper Arm Circum. 22.3 3.5 21.5 2.9 21.7 3.6 21.7 2.8 22.1 2.8 21.0 2.5 21.0 3.6 
Chest Circumference 73.9 8.1 72.2 6.6 73.7 9.0 72.3 6.4 74.0 5.7 72.3 4.7 72.4 10.1 
Waist Circumference 67.0 9.3 64.7 7.9 66.1 9.2 65.0 6.9 66.3 6.7 64.5 5.4 64.7 11.6 
Calf Circumference 30.6 3.4 29.0 2.9 29.5 3.3 29.2 2.7 29.7 2.9 29.0 2.7 28.7 3.8 
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Table V-25—Continued 

1 2 3 or 3+ 4 or 4+ 5 6 7 or 7+ 
Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Blacks, age 11.7 years 
Weight 92.5 24.9 84.8 l4.0 95.4 22.4 91.2 18.5 
Sitting Height 78.0 5.9 75.0 3.4 76.4 4.9 76.9 4.1 
Height 151.6 7.4 147.0 8.4 150.0 10.0 150.3 6.6 
Cristal Height 94.2 3.6 91.8 6.2 94.0 7.3 93.5 4.7 
Tibial Length 36.1 1.4 35.3 2.7 36.2 3.2 36.0 1.8 
Arm Length 66.5 2.0 64.2 4.8 67.1 5.3 65.0 3.7 
Upper Facial Height 7.0 0.1 7.0 0.4 7.2 0.6 7.2 0.3 
Bicondylar Fem. Diam, . 9.1 0.9 8.8 0.5 8.8 0.6 8.8 0.6 
Bizygomatic Diam. 13.1 1.0 12.3 0.4 12.5 0.3 12.6 0.5 
Head Circumference 55.8 2.5 53.5 1.3 53.2 1.3 53.7 0.8 
Chest Circumference 70.5 6.1 68.9 3.8 73.5 5.7 71.5 5.9 



Table V-26. Comparisons of groups by family size: females of each ethnic group, later age levels. 

Variables 
1 2 1 3 or 3+ 4 5 or 5* 6 7 or 7+ 

Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Anglos, age 11.7 years 
85.0 Weight 95.7 19.6 85.0 21.4 90.6 21.2 

Height 152.7 6.8 149.5 8.2 152.5 11.0 
Cristal Height 92.8 4.7 91.4 6.2 93.1 7.1 
Arm Length 63.9 3.3 61.8 4.5 64.1 5.6 
Toted. Facial Height 10.6 0.7 10.6 0.4 10.8 0.7 
Hand Length 17.0 1.0 16.7 1.3 17.0 1.4 
Chest Circumference 76.3 7.4 72.6 9.1 72.8 6.9 
Waist Circumference 65.9 10.1 62.3 7.6 62.3 6.2 
Calf Cirvumference 30.3 2.7 29.2 3.4 29.4 2.9 

Mexican-Americans, 
age 11.7 years 
Weight 98.1 27.3 97.2 21.2 88.6 19.1 101.2 25.9 98.0 27.2 88.1 23.4 88.1 16.2 
Height 150.5 7.8 149.8 6.2 147.6 6.8 150.9 6.2 148.8 8.4 148.0 7.5 149.0 6.3 
Cristal Height 92.4 5.3 91.2 4.1 89.8 92.0 4.5 91.0 5-3 89.5 5.1 91.0 4.6 
Tibial Length 34.2 2.1 34.2 1.9 33.3 1.5 34.0 1.9 34.0 2.2 33.2 2.1 33.6 2.0 
Chest Breadth 23.8 1.9 24.1 2.0 22.8 1.7 23.8 2.0 23.8 2.2 22.9 2.1 23.1 1.3 
Chest Depth 17.7 2.2 17.4 1.8 16.5 1.7 17.7 2.1 17.9 2.3 16.9 2.2 16.5 1.7 
Bicondylar Fem. Diars. 8.6 0.6 8.5 0.5 8.4 0.4 8.7 0.5 8.5 0.5 8.5 0.7 8.5 0.4 
Upper Arm Circum. 22.5 3.9 23.1 3.1 21.8 3.0 23.5 3.6 23.3 3.8 21.3 4.0 21.7 2.7 
Chest Circumference 77.5 8.8 77.O 7.5 73.1 7.7 77.8 7.8 77.1 9.5 73.6 8.8 72.8 5.7 
Waist Circumference 67.2 10.5 67.1 9.5 63.9 7.6 69.4 10.3 67.7 11.1 64.4 10.0 62.3 5.1 
Calf Circumference 29.9 3.3 30.4 2.7 29.2 2.6 30.6 3.4 30.3 3.9 29.0 3.4 29.7 2.7 

vn 
00 
->3 



Table V-26—Continued 

1 2 3 or 3* k 5 or 5+ 6 7 or 7+ 
Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Blacks, age 11.7 years 
Weight 106.1 16.5 106.2 20.b 102.*f 21.7 10k.3 26.7 10̂ .6 31.1 
Sitting Height 79.0 k.O 80.3 3.7 79.6 5.3 79.9 .̂0 79.9 b.3 
Height 151.8 k.6 156.4- 7.b 153.6 7.9 15̂ .9 5.7 15̂ .7 S.k 
Cristal Height 93.8 3A 97.5 6.3 9̂ .8 5.1 96.6 k.O 95.5 6.9 
Tibial Length 35.̂  0.9 37.0 2.9 35.9 1.9 37.1 1.5 36.5 2.7 
Arm Length 65.8 1.3 69.6 5A 66.2 3.7 67.7 3.2 68.0 k.2 
Foot Length 2̂ .3 0.9 2*f.3 1.6 23.8 1.2 2k.k 1.1 2̂ .2 1.2 
Nose Length k.6 0.3 5.0 O.'f k.5 0.3 b.9 0.3 k.8 0.̂  
Bicondylar Fem. Diam. 8.6 O.'f 8.6 0.7 8.6 0.6 8.7 0.6 8.7 0.7 
Upper Arm Circum. 2h.8 3.2 23.3 1.9 23.3 1.9 23.̂  3.9 23.2 3.7 
Chest Circumference 76.6 5.4 77.6 b.k 7̂ .1 b.2 75.8 7.1 76.7 8.3 
Triceps Skinfold 1.7 0.7 1.5 0.4 1.5 0.5 1.5 0.7 1.3 0.7 
Thick. 

vn 
00 
00 



Table V-27. Comparisons of maternal age f-roupings: 

LE 19 yrs. 20-24 yrs. 
Variables Mean SD Mean SD 

Anglos, age 7.1 years 
Weight 51.5 7.5 51.8 7.5 
Sitting Height 66.3 3.5 66.5 2.9 
Height 122.3 6.8 122.9 7.0 
Arm Length 51.9 2.8 52.2 3.5 
Biacromial Diameter 26.9 1.0 27.0 1.2 
Chest Breadth 19.4 0.9 19.6 1.0 
Chest Depth 14.2 0.9 14.0 0.9 
Nose Length 4.0 0.3 3.9 0.5 
Bicondylar Humerus Diameter 5.2 0.2 5.1 0.3 
Head Circumference 52.2 0.8 51.6 0.9 
Chest Circumference 57.9 3.0 58.6 2.7 
Calf Circumference 24.1 1.5 23.8 1.8 

Mexican-Americans, age 7.0 years 
VJeight 51.4 8.2 51.2 9.2 
Height 119.3 4.7 119.8 5.2 
Cristal Height 69.0 3.3 70.0 3.9 
Arm Length 50.8 2.3 51.7 3.0 
Biacromial Diameter 26.9 1.2 26.7 1.5 
Chest Breadth 19.8 1.1 19.5 1.3 
Foot Length 19.1 1.1 19.1 1.1 
Head Length 17.5 0.8 17.6 0.6 
Head Breadth 14.3 0.4 14.2 0.5 
Bizygomatic Diameter 11.9 0.4 11.8 0.5 
Head Circumference 51.2 1.4 51.1 1.2 
Upper Arm Circumference .17.4 1.7 17.4 1.7 
Waist Circumference 57.3 4.5 57.2 4.8 
Calf Circumference 23.5 1.9 23.4 2.1 

les of each ethnic group, early age level 

30-j54 or 
25-29 yrs. GE jO yrs. GE 35 yrs. 
Mean SD Mean SD Mean SD 

49.7 4.7 
65.7 2.1 

120.0 3.6 
50.4 2.5 
26.3 1-0 
19.3 0.8 
14.1 0.8 
4.1 0.4 
5.1 0.3 
52.1 1.4 
58.5 2.4 
23.6 1.2 

52.5 8.7 
120.4 5.9 
70.3 4.4 
51.3 3.0 
27.0 1.4 
19.8 1.2 
19.2 l.o 
17.5 0.6 
14.3 0.6 
11.8 0.5 
51.0 1.4 
17.8 1.7 
57.6 4.6 
23.6 1.8 

50.9 3.7 
66a4 1.8 
121.5 4.9 
50.8 2.1 
27.1 0.7 
19.6 0.8 
14.7 0.6 
4.2 0.5 
5.2 0.1 
52.2 1.2 
59.5 1.9 
23.4 1.1 

50.5 5.5 
120.6 4.7 
70.6 3.3 
52.2 2.1 
27.0 1.3 
19.8 0.9 
19.3 1.0 
17.6 0.7 
14.2 0.7 
11.9 0.4 
51.3 1.6 
17.1 1.1 
56.4 2.4 
23.4 1.3 

51.6 6.2 
66.2 1.8 
119.8 4.1 
50.0 2.6 
26.4 1.0 
19.6 1.1 
14.5 0.8 
3.8 0.4 
5.1 0.3 
51.9 1.3 
60.2 3.4 
24.0 1.7 

48.7 7.7 
117.5 6.8 
68.6 5.0 
50.5 3.4 
26.1 2.0 
19.4 1.0 
18.9 1.2 
17.6 0.6 
14.0 0.6 
11.7 0.4 
51.0 1.2 
16.9 1.5 
55.6 3.5 
22.6 1.9 



Table V-27—Continued 

" or 
LB 19 yrs. 20-2̂  yrs. 23-29 yrs. GE 30 vrs. GE 33 yrs. 

Variables Mean SD Mean SD Mean SD Mean SD Mean SD 

Blacks, age 7.2 years 
V/eight 55.6 6.8 5̂ .6 5.̂  57.5 8.6 57.1 7.7 
Height 12̂ .8 5.9 123.7 6.0 12if.7 6.3 127.5 5.6 
Biacromial Diameter 27.9 1.2 27.6 l.if 27.8 1.6 28.1 1.6 
Bicondylar Humerus Diameter 5.2 0.3 5.3 0.3 5.̂  O.if 5.2 0.3 
Hand Breadth 6.if 0.3 6.5 O.if 6.5 0.3 6.5 O.if 
Bicondylar Femur Diameter 7.7 O.if 7.8 0.3 7.7 O.if 7.8 O.if 
Head Length l8.it 0.5 18.2 0.6 l8.if 0.5 18.6 0.7 
Head Breadth 13.7 0.6 13.8 0.5 13.8 0.5 lif.l O.if 
Head Circumference 52.0 l.if 51.7 1.5 52.3 1.5 52.if l.if 
Upper Arm Circumference 18.0 1.3 18.1 l.l 19.1 1.8 18.3 1.6 
Chest Circumference 60.0 2.0 60.0 2.5 60.8 if.6 60.1 2.9 



Table V-28. Comparisons of maternal age groupings: females of each ethnic group, early age level. 

30-34 or 
LE 19 yrs. 20-24 yrs. 25-29 yrs. GE ^0 vrs. GE 35 yrs. 

Variables Mean SD Mean SD Mean SD Mean SD Mean SD 

Anglos, age 7«2 years 
Weight 55.2 6.9 49.2 9.4 51.7 9.7 53.1 9.5 56.3 15.5 
Sitting Height 67.0 2.9 64.9 2.5 67.1 3.5 67.3 3.4 67.4 4.4 
Height 124.1 4.7 120.2 5.3 124.3 7.4 123.5 6.6 123.9 8.1 
Cristal Height 72.3 4.3 70.4 4.4 72.5 6.4 72.1 4.7 72.3 6.1 
Arm Length 51.2 2.9 50.4 3.4 52.0 3.2 51.5 3.4 52.4 4.0 
Chest Breadth 20.1 1.1 18.8 1.3 19.3 1.3 19.3 1.1 19.4 2.0 
Bigonial Diameter 8.7 0.2 8.3 0.6 8.6 0.5 8.5 0.4 8.5 0.5 
Head Circumference 50.7 0.6 50.7 1.6 51.1 1.6 50.9 1.6 51.1 1.6 
Upper Arm Circum. 18.7 0.8 17.6 2.3 17.5 1.9 18.0 1.8 18.6 3.0 
Chest Circumference 60.8 2.5 57.7 4.2 58.0 4.4 59.0 3.3 61.2 7.7 

Mexican-Americans, 
age 6.9 years 
Weight 51.9 11.2 51.4 10.6 49.4 8.9 47.7 8.1 51.5 9.8 
Height 119.4 5.8 119.1 4.7 117.8 5.5 118.0 3.9 120.3" 5.1 
Cristal Height 69.4 4.7 69.5 4.0 68.7 4.0 68.8 3.6 69.8 3.9 
Chest Breadth 19.5 1.4 19.5 1.7 19.3 1.2 19.0 1.4 19.5 1.5 
Foot Length 18.8 1.2 18.8 1.1 18.5 1.1 18.9 0.9 19.0 0.9 
Wrist Breadth 4.1 0.4 4.0 0.3 4.0 0.3 3.9 0.2 4.0 0.3 
Head Length 17.0 0.6 16.9 0.7 17.0 0.7 16.8 0.7 17.0 0.6 
Bizygomatic Diam. 11.6 0.5 11.6 0.4 11.5 0.5 11.5 0.4 11.6 0.5 
Bigonial Diameter 8.8 0.5 8.7 0.5 8.8 0.6 8.6 0.4 8.8 0.4 
Head Circumference 50.4 1.2 50.3 1.4 50.3 1.2 49.8 1.4 50.7 1.4 
Upper Arm Circum. 18.0 2.3 17.7 2.1 17.5 2.0 17.0 2.0 17.6 2.1 
Chest Circumference 60.4 5.8 59.4 5.7 58.9 4.5 58.0 4.8 59.8 5.2 
Waist Circumference 56.3 5.5 55.9 6.2 55.5 4.3 53.7 5.2 55.5 5.3 

VJl 
v£> 
h 



Table V-28—Continued 

LE 19 yrs. 20-24 yrs. 25-29 yrs. GE 30 yrs. GE 35 yrs. 
Variables Mean SD Mean SD Mean SD Mean SD Mean SD 

Blacks, age 7«3 years 
Weight 52.4 4.9 55.8 9.2 51.5 8.1 59.3 13.2 
Sitting Height 64.8 2.4 65.9 2.5 64.4 2.9 66.4 3.4 
Height 123.3 4.8 124.6 4.6 123.4 6.8 126.3 6.8 
Chest Breadth 18.7 0.9 19.6 0.9 19.0 1.1 19.4 l.l 
Upper Facial Height 5.8 0.4 5.9 0.4 6.0 0.5 6.2 0.4 
Bicondylar Humerus Diam. . 5.1 0.3 5.2 0.3 4.9 0.3 5.1 0.4 
Wrist Breadth 4.0 0.1 4.1 0.3 4.0 0.3 4.2 0.2 
Bizygomatic Diameter 11.5 0.6 11.5 0.4 11.3 0.3 11.4 0.4 
Bigonial Diameter 8.6 0.5 8.7 0.4 8.6 0.4 8.8 0.5 
Head Circumference 49.9 1.1 52.0 1.4 50.4 1.4 51.3 1.8 
Upper Arm Circumference 17.9 1.2 18.5 2.3 17.7 1.9 18.8 2.2 
Waist Circumference 56.1 2.6 56.7 4.0 54.9 3.7 56.7 5.8 
Calf Circumference 24.7 1.3 25.2 2.8 23.8 1.7 25.6 2.3 



Table V-29. Comparisons of maternal age groupings: males of each ethnic group, later age level. 

LE 19 yrs. 20-24 yrs. 25-29 yrs. GE 30 yrs. GE 35 yrs. 
Variables Mean SD Mean SD Mean SD Mean SD Mean SD 

Anglos, age 11.6 years 
Weight 78.7 13.2 81.9 17.0 82.8 8.6 82.2 4.4 92.4 19.2 
Height 146.7 7.8 146.7 9.9 145.3 2.9 146.4 5.5 145.4 2.5 
Cristal Height 89.9 6.0 90.5 7.3 88.6 2.2 88.9 4.2 88.3 3.2 
Tibial Length 33.7 2.7 34.2 3.3 33.5 1.2 33.6 2.1 33.2 1.5 
Bicristal Diameter 22.2 1.6 22.7 1.4 22.8 0.8 22.4 1.0 23.1 1.2 
Total Facial Height 10.6 0.5 10.7 0.4 10.8 0.5 10.7 0.5 10.6 0.4 
Upper Facial Height 6.6 0.3 6.5 0.4 6.9 0.5 6.7 0.5 6.5 0.3 
Wrist Breadth 4.5 0.2 b.7 0.4 4.7 0.2 .̂7 0.2 4.8 0.2 
Hand Breadth 6.9 0.4 7.2 0.5 7.2 0.3 7.3 0.4 7 A OA 
Chest Circumference 69.0 4.2 69.9 4.7 71.4 4.4 70.1 1.8 7b A 7.7 
V/aist Circumference 61.5 b.o 63.0 4.2 64.0 3.3 62.3 3.1 68.8 8.9 
Calf Circumference 28.7 2.3 28.2 2.8 29.0 1.6 28.6 1.2 30.3 2.6 

Mexican-Americans, 
age 11.7 years 
Weight 90.6 21.3 81.9 15.9 93-b 25.2 84.0 15.5 84.7 21.5 
Height 146.9 7.9 145.1 6.1 146.8 6A 146.3 7.1 144.0 7.5 
Cristal Height 89.5 5.7 88.6 4.7 89.9 b.2 89.8 5.3 88.1 5.8 
Tibial Length 33.5 2A 33.6 2.2 34.1 2.0 3̂ .1 2.1 33.1 2.7 
Chest Breadth 23.8 2.1 23.1 1.5 24.0 2.5 23.1 1.2 23.1 2.0 
Upper Facial Height 6.8 OA 6.9 0.1+ 6.8 0.3 7.0 OA 6.8 0.4 
Bicondylar Femur Diam. 9.0 0.5 8.7 0.5 9.0 0.6 8.8 0.5 8.8 0.5 
Upper Arm Circumference 22.1 3.5 20.8 2A 22.6 3.6 20.7 2.2 21.3 3.3 
Chest Circumference 74.0 7.5 70.8 5.7 75.6 9.7 71.3 b.7 72.5 7.6 
Waist Circumference 66.0 8.7 63.6 5.9 67.9 10.6 63.4 5.3 65.3 8.1 
Calf Circumference 30.1 3.4 28.8 2.7 30.1 3.3 28.8 2.5 28.9 3.6 



Table V-29—Continued 

30-34 or 
LE 19 yrs. 20-24 yrs. 25-29 yrs. GE 30 yrs. GE 35 yrs. 

Variables Mean SD Mean SD Mean SD Mean SD Mean SD 

Blacks, age 11.7 years 
Weight 90.8 14.7 87.2 15.9 . 93.7 20.9 84.6 14.4 
Sitting Height 77.5 4.9 75.3 3.5 77.0 3.9 76.2 4.4 
Height 150.6 9.0 148.2 8.2 149.4 6.5 150.6 8.6 
Cristal Height 93.5 5.6 93.0 6.4 92.4 4.9 94.0 6.7 
Tibial Length 36.0 2.1 35.7 2.8 35.7 2.5 36.1 2.3 
Arm Length 66.7 4.7 65.O 5.3 64.7 3.2 65.2 3.3 
Chest Breadth 23.2 1.3 23.0 1.3 23.7 2.6 22.6 0.9 
Wrist Breadth 5.0 0.4 4.8 0.4 0.3 4.6 0.3 
Bimallealor Diameter 7.1 0.4 7.1 0.4 7.0 0.3 7.2 0.3 
Bizygomatic Diameter 12.6 0.6 12.3 0.5 12.6 0.5 12.8 0.1 
Upper Arm Circumference 21.9 2.0 21.6 2.6 22.9 3.3 20.2 1.5 
Waist Circumference 63.5 3.5 63.3 5.6 64.4 6.3 60.8 6.1 
Triceps Skinfold Thick. 0.9 0.4 0.9 0.6 1.2 0.7 0.8 0.2 



Table V-30. Comparisons of maternal age groupings: females of each ethnic groups, later age level. 

20-2k o r 3 0 - 3 4  o r  
LE 19 yrs. LE 24 yrs. 25-29 yrs. GE 30 yrs. GE 35 yrs. 

Variables Mean SD Mean SD Mean SD Mean SD Mean SD 

Anglos, age 11.8 years 
Weight 86.3 14.1 86.0 17.1 91.7 17.9 106.3 31.1 
Sitting Height 79.0 3.5 79.8 5.0 8o.6 5.6 82.1 5.2 
Height 150.1 6.1 152.1 9.2 152.7 10.2 154.2 11.2 
Cristal Height 91.6 4.3 93.1 6.1 93.2 6.8 93.0 7.5 
Tibial Length 33.9 1.8 3̂ .4 2.5 34.6 2.9 34.5 2.8 
Arm Length 62.8 3.5 63.8 4.5 63.6 5.5 64.7 5.9 
Foot Length 23.0 1.2 22.7 1.5 23.3 1.9 23.2 1.5 
Hand Length 16.8 0.8 16.9 1.2 17.1 1.5 17.1 1.4 
Bizygomatic Diameter 12.1 0.5 12.1 0.6 11.8 0.6 12.4 0.7 
Calf Circumference 29.4 1.8 28.6 2.7 30.1 2.7 31.4 4.1 

Mexican-Americans, 
age 11.8 years 
Weight 98.9 31.0 97.5 21.1 94.8 26.5 91.3 19.9 94.1 22.3 
Sitting Height 79.6 3.9 79.5 3.6 79.0 4.4 19.9 3.8 79.5 3.8 
Height 150.8 6.8 150.2 6.8 148.5 7.6 149.8 6.1 150.6 7.1 
Cristal Height 92.2 4.8 91.7 4.4 90.2 5.1 91.7 4.6 91.4 5.0 
Bicristal Diameter 24.3 2.0 24.5 1.7 24.3 2.2 24.2 1.8 24.3 1.8 
Bicondylar Femur Diam. 8.5 0.8 8.5 0.4 8.5 0.6 8.4 0.4 8.6 0.6 
Head Length 17.8 0.6 17.7 0.8 17.8 0.6 17.7 0.7 18.0 0.6 
Head Circumference 52.4 1.4 52.4 1.6 52.4 1.4 52.1 1.5 52.6 1.4 
Chest Circumference 77.4 9.9 77.1 7.7 76.1 8.5 74.4 6.4 75.1 8.1 
Waist Circumference 66.7 13.0 68.4 8.8 66.4 8.8 64.1 7.0 65.3 9.2 
Calf Circumference 30.1 3.9 30.3 2.6 30.0 3.6 29.4 2.6 30.1 3.2 



Table V-30—Continued 

20-24 or 30-34 or 
LE 19 yrs. LE 24 yrs. 25-29 yrs. GE 30 yrs. GE 35 yrs. 

Variables Mean SD Mean SD Mean SD Mean SD Mean SD 

Blacks, age 11.7 years 
Weight 94.3 20.9 105.7 22.1 92.2 11.3 116.7 34.3 
Sitting Height 77.0 4.5 80.1 4.0 78.3 2.3 81.8 4.8 
Height 149.1 5.8 154.5 5.9 153.4 6.1 157.5 8.4 
Cristal Height 92.5 3.9 95.1 4.3 95.2 5.5 98.1 6.7 
Tibial Length 35.0 1.3 36.4 1.7 36.4 2.5 37.5 2.6 
Upper Facial Height 6.6 0.3 6.7 0.3 6.9 0.5 6.9 0.6 
Bicondylar Femur Diam. 8.4 0.5 8.8 0.6 8.4 0.4 8.8 0.8 
Upper Arm Circumference 23.0 3.0 23.6 2.8 21.6 1.7 24.9 4.2 
V/aist Circumference 64.3 6.4 67.1 5.7 62.2 4.4 69.9 10.7 
Calf Circumference 30.9 3.0 32.0 3.8 29.8 1.5 33.0 3.9 



Table V-31. Comparisons of paternal age groupings: males of each ethnic group, early age level. 

LE 19 yrs. 20-24 yrs. 25-29 yrs. 30-34 yrs. 35-39 yrs. GE 40 yrs. 
Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Anglos, age 7.0 years 
V/eight 51.7 8.5 51.2 7.3 50.7 6.8 49.6 5.5 53.8 3.9 48.6 6.6 
Sitting Height 65.1 4.9 66.3 2.8 66.9 1.3 65.2 2.6 67.4 1.2 65.0 1.9 
Height 122.6 10.8 122.3 6.4 121.1 2.4 119.0 5.7 121.7 2.6 118.4 4.3 
Cristal Height 71.4 8.4 71.2 5.4 69.8 2.8 69.3 4.4 70.6 2.6 68.1 2.5 
Bicristal Diameter 19.3 2.3 19.3 1.0 19.0 0.4 19.4 1.2 19.5 0.6 18.8 0.9 
Upper Facial Height 5.8 0.2 5.7 0.5 5.9 0.4 5.8 0.4 5.7 0.3 5.5 0.3 
Nose Length 4.0 0.6 3.9 0.5 4.1 0.5 4.0 0.5 3.7 0.4 3.8 0.5 
Chest Circumference 57.4 3.2 58.6 2.9 58.6 3.1 58.7 2.5 60.8 2.6 58.4 3.6 
Calf Circumference 23.8 1.4 23.6 1.6 24.0 1.9 23.3 1.2 24.9 1.0 23.5 1.7 

Mexican-Americans, 
age 6.9 years 
Weight 52.2 7.7 49.9 8.8 50.2 5.8 51.4 10.9 51.2 7.8 48.9 7.7 
Sitting Height 65.9 2.1 64.5 2.5 64.8 3.1 65.1 3.0 64.7 2.6 64.2 3.3 
Height 119.5 4.5 118.4 4.2 119.4 5.6 119.3 5.7 119.7 6.1 117.0 6.4 
Cristal Height 68.8 3.4 68.9 3.0 69.6 4.1 69.4 4.4 69.9 5.0 68.2 4.6 
Arm Length 50.9 2.3 50.7 2.4 51.4 3.1 51.0 3.2 51.9 3.0 50.2 2.9 
Foot Length 19.5 1.0 18.8 1.0 19.2 1.1 19.1 1.1 19.2 1.3 18.8 1.0 
Bizygomatic Diameter 11.8 0.5 11.8 0.5 11.7 0.5 11.9 0.5 11.8 0.4 11.8 0.5 
Upper Arm Circumference 18.1 1.9 17.1 1.6 17.3 1.3 17.8 2.1 17.5 1.4 17.1 1.5 
Chest Circumference 60.1 4.4 59.5 4.1 59.7 2.7 60.4 4.8 60.0 3.5 59.2 2.9 
Waist Circumference 57.1 4.9 56.9 4.8 56.6 2.9 58.0 5.6 56.4 4.1 56.5 2.9 



Table V-31—Continued 

LE 19 yrs. 20-2̂ _yrs. 25-29 yrs. 30-34 yrs. 35-39 yrs. GE 40 yrs. 
Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Blacks, age 7«2 years 
Weight 55.8 11.1 53.6 3.8 55.8 6.7 57.6 4.9 56.1 8.9 55.7 8.8 
Sitting Height 65.5 4.8 65.9 1.9 65.1 3.2 67.1 3.1 67.1 3.0 66.7 3.3 
Height 122.0 9.0 125.3 5.5 123.0 6.3 125.7 5.8 126.4 5.3 126.0 6.5 
Cristal Height 73.0 5.4 74.4 4.8 73.5 4.6 74.7 3.6 74.9 4.0 74.8 4.6 
Chest Breadth 20.1 1.1 19.7 0.6 19.8 1.3 19.9 0.6 20.1 1.5 19.9 1.2 
Hand Length 14.4 1.4 14.4 1.3 14.5 0.9 14.5 0.7 15.2 0.8 15.2 0.9 
Head Circumference 52.2 1.9 51.8 1.6 51.4 0.9 53.0 1.6 51.4 1.3 52.6 0.9 
Upper Arm Circumference 18.4 1.4 17.5 1.1 19.0 1.1 18.7 1.1 17.9 1.6 18.2 2.1 



Table V-32. Comparisons of paternalfge groupings: females of each ethnic group, early age level. 

20-2*1 or 
LE 19 yrs. LE 24 yrs« 25-29 yrs. 30-34 yrs. 35-39 yrs. GE 40 yrs. 

Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Anglos, age 7.2 years 
V/eight 55.2 10.1 51.4 10.5 51.3 7.2 52.2 10.6 51.0 10.8 57.6 14.6 
Height 123.5 7.5 122.2 5.8 123.1 5.8 122.6 7.2 123.2 7.2 124.9 7.6 
Cristal Height 72.1 7.1 71.1 4.9 72.2 4.4 71.7 6.5 72.1 5.4 73.0 5.8 
Chest Breadth 19.8 1.7 18.9 1.4 19.3 1.2 19.1 1.5 18.8 1.1 19.8 1.7 
Foot Length 18.9 1.1 19.0 1.4 18.8 0.8 19.2 1.5 19.0 1.4 19.6 1.5 
Upper Facial Height 5.6 0.7 5.8 0.4 5.8 o.4 5.7 0.4 5.5 0.3 5.9 0.4 
Upper Arm Circumference 18.2 1.8 17.9 2.5 17.8 1.8 17.9 2.1 17.5 1.9 18.9 3.1 
Chest Circumference 60.0 4.1 58.9 4.5 58.7 4.0 58.0 4.2 58.0 3.6 61.4 6.8 
Calf Circumference 24.4 1.5 24.1 2.2 24.1 1.8 24.3 2.5 24.0 2.3 25.3 2.5 

Mexican-Americans, 
age 6.9 years 
Weight 50.9 8.5 48.8 8.2 49.7 8.1 50.4 9.6 48.6 8.7 53.3 13.6 
Height 120.1 7.3 118.2 5.1 117.7 5.3 118.3 4.7 118.2 4.5 120.3 5.3 
Cristal Height 69.9 6.1 68.6 4.2 68.6 3.9 69.0 4.6 68.9 3.3 69.4 4.3 
Biacromial Diameter 26.6 1.3 26.6 1.3 26.6 1.3 26.9 1.5 26.5 1.0 26.7 1.3 
Chest Breadth 19.1 1.1 19.2 1.6 19.2 1.4 19.3 1.5 19.5 1.4 19.6 .1.9 
Foot Length 19.0 1.6 18.5 1.1 18.5 1.1 18.8 1.0 18.7 0.7 19.1 1.2 
Upper Facial Height 5.7 0.5 5.6 0.4 5.7 0.5 5.5 0.4 5.6 0.5 5.6 0.4 
Bicondylar Humerus Diam. 4.9 0.4 4.8 0.4 4.9 0.4 4.9 0.4 4.8 0.3 4.8 0.5 
Wrist Breadth 4.1 0.3 3.9 0.3 4.0 0.3 4.0 0.3 3.9 0.3 4.0 0.2 
Bizygomatic Diameter 11.6 0.4 11.5 0.5 11.5 0.4 11.5 0.5 11.5 0.5 11.5 0.5 
Upper Arm Circumference 17.5 1.4 17.3 1.9 17.6 1.6 17.4 2.1 17.2 2.3 17.9 2.6 

VJl 
vO 



Table V-32—Continued 

LE 19 yrs. LE 24 yrs. 25-29 yrs. 30-34 yrs. 35-39 yrs. GE 40 yrs. 
Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Blacks, age 7«1 years 
Weight 53.4 6.6 53.0 9.1 54.2 9.5 62.4 19.2 51.8 8.9 
Sitting Height 64.8 2.7 65.1 2.7 65.1 2.7 66.3 4.7 63.9 4.0 
Height 124.0 6.4 122.6 5.5 123.7 5.7 127.4 6.9 121.6 7.8 
Cristal Height 74.2 6.3 71.6 5.5 73.4 4.8 76.8 5.2 71.3 7.7 
Arm Length 53.6 3.8 52.9 3.1 54.3 3.6 56.1 2.8 53.8 3.7 
Biacromial Diameter 27.7 1.6 27.5 1.4 27.6 1.5 28.5 1.6 27.4 1.0 
Bicristal Diameter 18.6 1.3 18.7 1.0 19.1 1.1 19.5 1.8 18.4 1.3 
Upper Facial Height c 5.7 0.5 5.8 0.4 5.9 0.5 5.7 0.5 6.1 0.8 
Bimalleolar Diameter 5.8 0.3 5.9 0.4 5.8 0.3 5.7 0.4 5.8 0.4 
Bigonial Diameter 8.8 0.4 8.6 0.4 8.8 0.4 8.4 0.5 8.6 0.3 
Upper Arm Circumference 18.0 1.0 18.4 2.0 18.3 2.5 18.8 3.9 17.5 1.1 
Calf Circumference 24.9 1.4 24.9 2.6 24.5 2.1 25.7 3.5 24.4 2.2 



Table V-33« Comparisons of paternal age groupings: males of each ethnic group, later age level. 

30-34 or 
LE 19 yrs. LE 24 yrs. 25-29 yrs. GE 35 yrs. 35-59 yrs. GE 40 yrs. 

Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Anglos, age 11.8 years 
Weight 83.O 15.3 87.1 5.3 82.3 11.2 89.7 5.5 9̂ .9 23.7 
Height 1̂ 9.3 9.0 147.2 1.9 145.2 7.1 146.9 2.8 147.6 k.5 
Cristal Height 92.1 6.9 89.̂  1.6 88.5 •̂9 89.̂  3.b 90.4 3.9 
Tibial Length 3̂ .7 3.1 33.7 .1.0 33.3 2.2 33.6 1.3 3̂ .0 1.8 
Chest Breadth 22.8 1.0 22.9 1.4 22.8 1.4 23.8 1.2 24.2 2.1 
Foot Length 23.̂  1.3 22.7 0.6 23.5 1.1 22.9 1.2 23.̂  1.1 
Hand Length 16.7 1.2 16.4 0.4 16.5 0.9 16.1 0.4 16.6 0.9 
Bigonial Diameter 9A 0.4 9.̂  0.5 9.0 0.6 9.7 0.4 9.5 0.5 
Chest Circumference 70.5 b.5 71.7 3.0 70.7 73.3 2.2 75.6 9.5 
Waist Circumference 62.5 3.8 62.9 2.3 64.0 4.1 65.7 2.6 70.2 11.2 
Triceps Skinfold Thick. 0.9 0.3 1.3 0.5 1.0 0.4 1.4 2.6 1.6 1.2 

Mexican-Americans, 
age 11.7 years 
Weight 92.4 21.7 86.6 19.8 84.4 14.0 9̂ .3 28.6 87.7 26.5 88.7 22.0 
Height 146.5 6.8 146.8 7.3 1̂ 5.9 6.6 147.0 8.1 146.0 6.2 144.8 6.8 
Cristal Height 89.5 5.3 89.̂  5.0 89.̂  4.8 89.6 5.8 89.8 b.5 88.7 5.3 
Bicristal Diameter 22.6 1.5 22.9 1.6 22.8 1.2 23.4 1.9 22.8 1.8 22.9 1.4 
Chest Breadth 24.0 2.4 23.6 2.0 23-2 1.4 24.2 2.8 23A 2.2 23.** 2.1 
Chest Depth 17.3 1.9 16.9 1.4 16.9 1.3 17.9 2.4 17.2 2.1 17.0 1.8 
Bicondylar Humerus Diam. . 6.0 0.4 6.0 0.4 6.0 0.4 6.0 0.5 6.0 0.4 5.9 0.4 
Head Circumference 53.0 1.3 53.3 1.5 53.1 1.3 53.1 1.6 52.9 1.3 53.1 1.4 
Chest Circumference 7̂ .0 8.2 73.0 7.1 71.6 5-3 75.5 10.7 73.5 9.3 73.6 8.1 
Calf Circumference 30.7 3.1 29.0 3.3 29.2 2.3 30.4 3.7 29.1 3.8 29.7 3-6 
Triceps Skinfold Thick. 1.4 0.7 1.0 0.6 1.0 0.4 1.3 0.9 1.1 0.8 1.2 0.7 



Table V-33—Continued 

20-24 or30-34 or 
LE 19 yrs. LE 24 yrs. 25-29 yrs. GE 35 yrs. 35-39 yrs. GE 40 yrs. 

Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Blacks, 11.8 years 
Weight 89.2 21.9 88.2 12.1 92.2 21.3 90.4 18.8 
Height 14-7.3 12.2 151.9 8.5 148.5 7.2 150.1 6.1 
Cristal Height 91.6 8.5 9̂ .7 6.5 92.7 5.0 93.̂  4.6 
Biacromial Diameter 32.1 2.7 33.0 2.1 32.7 2.2 32.6 1.5 
Bicristal Diameter 21.8 1.7 21.9 1.3 21.6 1.2 22.1 1.2 
Chest Breadth 23.3 1.8 23.2 1.2 23.2 1.8 23.2 1.8 
Upper Facial Height 6.6 0.3 7.0 0.5 7.2 0.3 7.2 0.4 
Bicondylar Hum. Diam. 6.1 0.6 6.3 0.2 6.2 0.5 6.0 0.4 
Hand Length 17.5 1.9 18.2 1.3 17.5 1.1 17.5 1.1 
Head Length 18.8 0.7 19.0 1.0 18.7 o.k 19.0 0.5 
Chest Circumference 70.3 5.8 70.8 3.1 71.9 5.8 71.5 6.0 
Waist Circumference 63.8 5.6 63.0 2.8 64.1 7.0 63.1 6.7 
Calf Circumference 30.0 3.̂  29.9 2.0 30.6 3.5 29.6 3.2 
Triceps Skinfold 1.0 o.4 0.6 0.1 1.1 0.9 1.2 0.7 
- Thick. 



Table V-34. Comparisons of paternal age groupings 

20-24 or 
LE 19 ,yrs. LE 24 yrs. 

Variables Mean SD Mean SD 

Anglos, age 11.5 years 
Weight 
Sitting Height 
Height 
Cristal Height 
Tibial Length 
Arm Length 
Bicristal Diameter 
Chest Circumference 
Waist Circumference 
Calf Circumference 

Mexican-Americans, 
age 11.5 years 
Weight 
Height 
Cristal Height 
Tibial Length 
Hand Length 
Head Circumference 
Upper Arm Circumfere: 
Chest Circumference 
Waist Circumference 

89.5 16.7 
79.4 2.5 
151.4 6.6 
92.3 5.3 
34.6 2.2 
63.2 3.3 
24.2 2.0 
74.0 6.0 
62.1 5.8 
29.7 2.1 

99.2 18.7 90.1 21.7 
152.4 10.1 148.0 5.9 
94.6 6.6 90.1 3.7 
34.4 2.5 33.5 1.8 
17.3 l.l 16.9 0.8 
52.3 1.7 52.4 1.6 
22.8 2.2 22.0 3.3 
76.9 4.7 74.5 7.8 
65.6 5.2 65.3 9.8 

females of each ethnic group, later age level. 

25-29 yrs. 30-34 yrs. 35-39 yrs. GE 40 yrs. 
Mean SD Mean SD Mean SD Mean SD 

84.4 14.3 
79.3 3.3 
149.5 5.4 
90.9 3.9 
33.7 1.4 
62.1 3.1 
23.6 1.7 
71.3 6.8 
62.1 4.6 
29.1 2.5 

89.5 18.2 
146.7 7.1 
89.4 4.6 
33.3 1.8 
16.9 1.0 
52.0 1.4 
22.2 2.7 
73.3 6.8 
64.6 7.8 

86.5 15.8 
78.7 4.4 
150.4 8.1 
92.5 5.̂  
34.1 2.1 
63.4 4.0 
23.8 1.6 
71.5 5.5 
61.6 4.5 
29.1 2.5 

94.3 27.4 
147.8 7.5 
90.8 5.3 
33.5 2.2 
16.9 0.9 
52.3 1.5 
22.6 3.8 
74.6 8.9 
65.5 10.4 

84.3 18.5 
79.5 6.9 
150.9 12.9 
92.2 8.3 
33.8 3.2 
63.4 6.6 
23.5 2.2 
70.8 5.9 
59.7 5.3 
28.2 2.8 

91.0 22.4 
147.8 7.1 
89.9 4.6 
33.5 1.9 
16.8 0.6 
52.4 1.7 
22.2 3.5 
74.0 8.1 
64.5 9.4 

105.0 27.8 
80.6 4.7 

151.9 10.0 
92.3 6.7 
34.3 2.9 
63.6 5.5 
24.8 1.9 
78.8 10.4 
72.2 14.1 
31.4 3.7 

91.3 22.6 
148.7 6.5 
90.6 4.4 
33.6 2.0 
16.9 0.7 
52.7 1.2 
22.1 3.9 
74.1 8.9 
65.0 10.9 



Table V-34—Continued 

__I__ 

LE 19 yrs. LE 24 yrs. 25-29 yrs. 30-34 yrs« 35-59 yrs. GE 40 yrs. 
Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Blacks, sge 11.6 years 
Weight 101.7 23.6 93.1 15.9 102.0 21.1 138.5 48.2 103.1 26.9 
Sitting Height 79.1 5.4 77.7 3.2 79.4 3.7 85.5 4.5 79.3 4.3 
Height 152.8 8.7 151.5 4.6 154.5 7.9 162.7 7.2 153.6 7.6 
Cristal Height 95.1 6.9 93.5 3.7 96.0 6.3 102.0 5.8 95.8 6.5 
Tibial Length 36.2 2.9 35.9 1.7 36.7 2.5 38.3 2.0 36.5 2.8 
Chest Breadth 23.3 1.5 22.9 1.2 23.4 1.9 24.9 2.6 23.5 0.7 
Bicondylar Humerus Diam. 6.1 0.4 5.9 o.4 5.9 0.4 6.2 0.2 5.8 0.3 
Bicondylar Femur Diam. 8.5 0.7 8.5 0.5 8.6 0.6 9.0 0.9 8.7 0.5 
Upper Arm Circumference 23.2 2.5 22.4 2.7 23.2 3.2 27.0 5.9 22.7 3.8 
Chest Circumference 75.0 6.5 72.6 5.2 76.6 6.0 84.0 12.9 74.6 7.9 
Calf Circumference 31.5 3.1 30.3 3.1 31.4 3.2 33.6 5.4 31.7 4.5 
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