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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 
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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 



3 

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 



k 

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 
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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. 
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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 



5** 

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 
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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 
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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, 



63 

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 



71 

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. 
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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 
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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. 



83 

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. 



92 

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 
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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 


