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AN INVESTIGATION OF THE GENETIC STRUCTURE OF SOCIAL CLASS

Summary

The aim of the present survey was to test the hypothesis
that genetic differences between the social class groups in Britain

exist and can be demonstrated at the population survey level.

It was decided to undertake a survey of a wide range of
inherited characteristics of high heritability such as eye colour
and PTC tasting with the object of comparing the frequencies of

these variables in different social class groups.

The original intention was to use an adult sample of
subjects in order to obtain a direct social class grouping. This
proved impossible, and it was necessary to substitute a sample of
schoolchildren. As a consequence it was only possible to use
parental occupation and type of school attended as indications of

the social class of the subjects.

Various methods of determining the survey variables were
investigated, and the survey data was handled by use of a computer.

The program for this was written as a part of the project.

The survey results showed that the social class groups
differed significantly for a number of variables. There were also
significant differences between the school types. Several of the

characteristics studied showed significant sex differences, and



some traits were significantly associated with the regional origins

of the subject.

In addition to these significant associations it was found
that many pairs of characteristics were significantly associated.
It was also possible to provide basic population frequency data for

the traits used.

A limited twin survey provided estimates of the
heritability of the traits under study. Such data was not previously

available for many of the traits.

The implications of the survey results were discussed

with reference to previous studies in the field of human genetic

polymorphism.
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1 INTRODUCTION

1A Background and Previous Work

If a biologist of an alien life form were to study the
ecology of the human species he would be interested to note the
phenomenon of sympatric and apparently identical population groups
which show limited interbreeding. TFurther investigation would
show that these groups were formed on the basis of non=biological
factors, such as status within the human community and religion.
He might then be tempted to propose the existence of environmental
varieties of man, though the fertile unions between members of
different groups would show him that the differentiation was still
at an early level. A logical procedure for the alien would then
be to collect and examine specimens of the various groups in order

to determine whether any physical differences could be detected.

The present project attempts to analyse the relationships
between the partially segregated groups in the British class structure
from this point of view. The hypothesis to be tested is that the
various social class levels represent different environmental niches,
and that the groups occupying these niches will show some genetic
differences. Whether these differences would be detectable by the
available methods of population study was a point which could not be
decided in abstract. However examination of the relevant literature
gave some support for the undertaking. During the preparation of

of this work over 600 research papers were consulted, and though
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studies of social variables in conjunction with physical
characteristics formed only a small proportion of this total, it
was found that the majority of those concerned with this topic

were able to report positive results.

It might be argued that population differences, if
present, would be so slight as to be undetectable, but it has been
shown that spacially separate human populations tend teo differ in
their frequencies of marker genes. For example, it is possible
to draw clines of gene frequencies across the map of Europe and
the world, representing such variables as mid-digital hair and
the ABO blood group system (Brothwell & Molleson 1965, Mourant
et al, 1958). Even within the area of the British Isles it is
possible to demonstrate regional differences in inherited
characteristics, Roberts (1942) found a difference in blood group
frequencies between North and South Wales, and Morgan Watkins
found that the two frequencies differed on the two sides of Offa's
dyke. Iee (1957) has noted that there are regional differences
in intelligence in Britain, while Ashley (1968, 1969 abc) has noted
a raised incidence of certain diseases in Wales. Sunderland (1955)
found regional differences in hair pigmentation, and has also
demonstrated differences in PTC sensitivity within a single

county (1966).

Regional variation in Britain may represent basic

differences in the anthropological origins of the various areas
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of the country and so it is of doubtful value in supporting the
present hypothesis. But purely social factors such as religion
have been shown to act as an effective bar to interbreeding
between two groups. The Japanese island of Kuroshima has a
total population of only approximately 2,300; yet this total is
divided into two groups, the Buddhists and the Roman Catholics,
and Schull and co-workers (1962) showed the groups differed in
various characteristics., In America Glass has noted that
religious isolates showed different gene frequencies from the
general population (1952, Glass et al 1956). It would be valuable
in this context to examine the frequencies of genetic markers in
the Protestant and Catholic factions of Ulster and Eire, though

once again the aspect of colonization could confuse the results.

However the major divisive factor in present Western
society s that of social class success There has been a change in
attitude since Parsons (1920) was able to talk of the upper and
lower classes without need of further definition, but many class
distinctions still remain. Lipset and Bendix (1960) noted that
social class could be definied as 'strata of society composed of
individuals who accept each other as status equals, and are hence

qualified for intimate association.'

This is not to underestimate the considerable degree of
social mobility which acts to maintain the proportional stability

of the various social levels. Young and Gibson (1963) have noted
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that those sons who are more intelligent than their fathers tend to
move up the social scale relative to their parent, while the less
intelligent sons move down. Such intergenerational mobility is a
feature of most industrial societies, with the level of upward
mobility balancing that of downward mobility (Miller 1960,

Burt 1961).

Social mobility may not necessarily mean a change in the
social class attitudes of the mobile person. Goldthorpe and
co-workers (1967) noted that 'the acquisition by manual workers
of relatively high incomes and living standard does not lead to
widespread changes in the direction of middleclassness.' Mao
Tse-Tung (1966 ) has suggested that in a class society 'every
kind of thinking..... is stamped with the brand of a class.!

If these views are correct it would be expected that a proportion
at least of the socially mobile would remain separated from their
new group by retaining the previous habits. Goldthorpe and

Lockwood (1964) found that affluent workers are not accepted into

the white-collar class.

If the social class groups are to be considered as
distinct population groups showing limited interbreeding, then it
must be expected that differences in gene frequencies will occur.
Fisher (1958) has suggested that social classes tend to become
differentiated 'like local varieties of species.' He proposes

that this process is not controlled by natural selection but rather



by the factors controlling social mobility. Burt (1959) proposed
that the formation of societies where interfertile classes worked
together but did not breed together may have been responsible for
the advancement of many societies. Such a situation allows for

the segregation of individuals of above average ability.

Social class may be taken as a crude rating of success
in the present competitive society. Though social class is not
a direct measurement of intelligence, there is a strong association
between these two factors. As previously mentioned changes in
intelligence levels of offsprings relative to their parents tend
to lead to social class mobility. Thus it is possible to interpret
the effect of social mobility as sorting the different intelligence
levels within each generation to maintain an equilibrium position

within the class groups.

Intelligence is not wholly determined by heredity, though
there is a very large genetic component involved. It is therefore
of interest that marked differences in intelligence levels are found
between the various social classes. Conway (1958) suggested that
multifactorial inheritance of intelligence acting with social
mobility would explain the situation. Burt (1959) concluded that
'there must now be appreciable differences in the genetic constitution
of different social classes.' He suggests that these differences
will be manifest as variations in the mean intelligence level from

class to class. Burt suggests that class differences have been
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present in this country since before the Anglo-Saxon and Norman

Conguests, though the rigidity of the class barriers is now relaxing.

A further factor tending to segregate different levels of
intelligence is that of assortative mating. It is found that there
is a significant tendency for couples to marry assortatively with
regard to IQ, social class background and education (Garrison
et al 1969). The effect of such assortation would be to increase
the rate of selection in both directions from the median level of
ability. Assortative mating for any of the above traits will

therefore tend to perpetuate class differences.

Various studies have shown that major disabilities, such
a8 schizophrenia and chronic bronchitis are associated with lower
social class, but this may be due to the effect of the condition on
the patient. However Meadows (1961) showed that those patients
who suffered from chronic bronchitis tended to show downward social
mobility even before the full effects of the disease. In the case
of schizophrenia an excess of cases were noted in SC IV and V by
Hare (1955) and Stein (1957). Huxley and co-workers (1964) have
suggested that the condition is genetically determined, and Moran
(1965) further concludes that there are real class differences in
the frequencies of the genes controlling this trait. He also
suggests that if schizophrenia is controlled by a simple 2 allele
genetic locus, it may be that the heterozygote has some selective
advantage. This would account for the maintenance of schizophrenia

in the population.
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It is comparatively easy to accept the association of social
class with abstract concepts such as intelligence or deleterious
conditions such as schizophrenia. The possibility of associations
between social class and anatomical variations may seem at first
view to be remote. But the weight of evidence from previous workers
leads to the conclusion that physical differences between class groups
do occur, as these have been noted by the majority of investigators.
It is perhaps unfortunate that such workers have tended to concentrate
on variables such as height and weight. In view of the ongoing
'nature versus nurture! argument, social class differences in such
variables will always be open to interpretation as the results of
nutritional or other environmental differences. This view could
not be taken for the association of a factor not subject to
environmental influence with social class variation, and it is
disappointing that Dawson (1964) found negative results for his
gsocial class study of blood group data in Dublin. Most of the
previous reports of positive associations of social eclass with
physical characteristics will be discussed in their appropriate
sections, but two important studies will be mentioned here.

Schreider (1964) found that French peasants differed from other
workers in a large number of physical characteristics, the peasants
being shorter and squatter than non-agricultural workers. A study

of Flemish youths by Cliquet (1968) showed that many physical variables

including height were positively associated with upward social mobility.

Several workers have already shown that associations between

anatomical and psychological variations can occur. Schizophrenia
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has been linked with finger print patterns by Mellor (1967) though
Singh (1967) could not confirm this. Cattell and co-workers (1964)
found an association between one factor in a personality questionnaire
and the ABO blood system. Earlier workers have suggested an
association between ability and pigmentation. Ellis (1904) foumd
that on the evidence of the eye colour of portraits of famous persons,
scientists and reformers were lighter pigmented than artists, poets
and actors. Bramwell (1923) expanded this theory to propose that
the different regions of England produced different mental types.
Cattell (1946) proposed that those of Nordic and Mediterranean
appearances would differ in their abilities and personality traits,
with the Nordic type tending to gain higher social status. These
theories were revived by Vandenberg (1965), who mentions the
possibility that scientists tend to possess blue eyes while those in
the non=-scientific field are brown eyed. Vandenberg and Kelly

(1964) found evidence of hereditary components in vocational

preferences.

Thus it would seem possible to relate anatomical differences
to social clasgs differences, despite the uncertain nature of the
social class variable. Such differences could occur by reason of
an association of some success ability with a particular
characteristic, or as in the case of the religious isolates studied
by Glass and co-workers (1952, 1956) differences might occur by

separation of the gene pools of the populations.
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1B __Investigation of Human Population Differences

Having established the feasibility of the search for
genetic differences between human social class groups it remained to
decide the method of approaching the problem. Attempts to analyse
the genetic variability of human populations are often confused by
the complexities of the situation; Mather (1963) noted that classical
genetical techniques could not be used with most human populations,
though demographic analysis could give valuable data. Barnicot
(1963) has discussed the problem of defining the term race with
regard to human populations. He feels that if races are specified
as interbreeding units which differ from one another in the incidence
of one or more genes it would seem probable that some differences
could be found between any two populations studied. Barnicot
suggests that it would be possible to create a scale of differences
which could act to give arbitrary divisions of populations into races.
In the present case it would seem permissable to interpret the social
class groups as potentially different races, since they show limited
interbreeding but are thought to differ in the incidence of the

genetic factors controlling intelligence (Burt 1959).

Much of the work on the analysis of human population data
is concerned with the detection of natural selection in terms of
fitness. However it would seem reasonable to apply the same
techniques to an investigation of social fitness in terms of social
success. In present society in an industrial country fitness is

rarely expressed in terms of actual physical survival of the individual,
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but rather in terms of gaining environmental advantages. Thus
fitness in terms of social class success will ensure favourable
conditions for the offspring of the successful individual, and

though the offspring of the unsuccessful are unlikely to fail to

survive they will be relatively handicapped in any future struggle.

Various techniques for detecting human population
differences have been proposed. Van Valen (1963) suggested that
differences due to natural selection might be detected by studying
the frequencies of well established genetic polymorphisms such as
PTC tasting in different age groups. This technique was used by
Gorden and Riser (1966). Alternatively he proposed that a study
of a limited age range might allow the components of fitness to be
related to phenotypic differences. Van Valen also noted that
failures to detect selection with regard to a trait were also of

value.

Hiorns and Harrison (1970) noted that the sample sizes
required to detect population changes in genotype frequencies are
often impratically large. They agree with the proposal of Van
Valen, that age group differences could show the effects of
selection, and also suggest that differences in the mating structure
frequencies from generation to generation could follow the
differential selection. Kalmus (1963) has provided a table to
show the sample sizes needed to demonstrate significant population
differences. He shows that where the gene frequency is low, and

the difference between the populations is small, very large samples
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are required.

Morton and fellow workers (1966) gave a comprehensive
list of possible modes of analysis of population data. They
suggest that the data should be examined for differences from
Mendelian segregation ratios, and for departures from the genotype
frequencies expected by the Hardy-Weinberg equilibrium. In
addition to the comparison of various age groups they suggest
that sex differences in particular traits should be noted, and
that fertility and mortality differences between genotypes should
also be investigated. Any association between genotype and a specific
type of morbidity of susceptibility should be studied, and
environmental differences between populations of high and low gene

frequencies are also relevant.

Unfortunately many of the suggested approaches, though
valid in theory, are impracticable for any small scale undertaking.
The problem of collecting a sufficiently large sample has already
been mentioned, but in practice it is found that the major difficulty
is not the collection of data, but the subsequent analysis of that
data. Present experience has shown that even a survey initiated
with modest aims will be found to proliferate a vast quantity of
data which must then be evaluated. Though use of computer handling
of data is essential to lighten the task, there are often problems
involved in such procedures. The acquisition of large quantities
of results may also provide problems. Morton and co-workers also

point out that spurious positive associations will occur, especially
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when a large number of comparisons are being carried out. In

their work 739 tests gave 33 significant results, but as this is
rather less than would be expected by chance, Morton and ,co-workers
choge to reject these results. Such caution must always be observed,
but it would seem impossible to differentiate between real and

false significant associations in any set of results.

A further problem in investigating population differences
in man is the choice of the genetic variables for study. It has
been shown that genotypes that occur in the population in low
frequencies necessitated very large samples for the detection of
statistically significant differences. Barﬁicot (1963) advises
that workers should concentrate on single clearly defined loci as
a first approach to population studies. However, Hughes (1963)
puts the case for the use of polygenic characters, pointing to the
fact that many of the traditionally discontinuous variables such as
hair pigmentation are in fact varying in a continuous distribution.
Hughes accepts that there are difficulties involved in the analysis
of polygenic variables, but he feels that this problem may be solved

by techniques of multivariate analysis in the future.

-

At present most evidence of natural selection in man comes
from blood grouping data. Mourant (1959) and Boyd (1962) have noted
the increased susceptibilities of the different ABO blood groups to
various diseases. It has already been noted that Dawson (1964)
failed to find any association between blood groups and social class,

but it may be relevant to consider the non-random nature of Blood
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Transfusion Service Data. All surveys short of the National Census
fall short of perfection in that there is no compulsion for subjects
to take part. Thus any sample is to some extent self selected.

This is particularly true of the B.T.S. data, as blood donors form

a small minority of the general population, and may have temperamental
differences from non-donors. An apparent sex difference in B.T.S.
data was noted by Fisher and Roberts (1943). Nevertheless the

B.T.S. data is of great value, and it was hoped to use such data

in the present project as an additional measure of social class

variables. Unfortunately the time available did not allow this.

In reviewing the previous work on genetic variation it
was surprising to discover that no full investigation of possible
differences in human polymorphic traits between social classes had
been attempted. Such differences, if proven, could provide
uncompromising evidence that the social class groups were genetically
different. The majority of polymorphic traits are thought to be
less susceptible to environmental influences than are the metriec
variables such as height and intelligence, and thus the complication

of environmental differences would be avoided.

It had however been noted during the literature survey that
very little data relating to the heritability of commonly utilised
polymorphic traits was available. As an addition to the original
survey plan it was therefore felt necessary to establish the level of
heritability of any trait to be used by means of a twin study.

Though it was realised that such a study could easily form a major
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project it was felt worthwhile to incorporate a small-scale study
within the main project in order to validate any conclusions that

might be reached.

Since there was an evident lack of data relating
polymorphic traits to social class it was felt that the most
generally valuable method of testing the present hypothesis would
be to undertake such a survey. In essence this approach utilises
one of the plans suggested by Van Valen, as it was decided to use
a limited age range of subjects and include a wide range of
characteristics. In addition to the standard polymorphic traits
certain metric variables were to be included in order to provide

a point of reference with previous work.

The basic rationale of this project is the inversion of
the standard methods of the anthropologist to investigate the
possibility of population differences within the investigator's
own enviromment. Such a project is of necessity interdisciplinary
in nature; in this case aspects of sociology are to be included in
a project that is basically biological. One difficulty encountered
in attempts to integrate these two points of view is that the majority
of sociologists have no clearly defined theory on the basis of social
class, though most would relate it to the effects of environment.
While social classes may be defined by various methods the nature

of the categories defined is not clear.

From the view of the biologist it is therefore necessary

to accept the existence of the social class groups as a valid concept.



43

It is then possible to propose that the social ecology of the
individual within the social class strata may parallel the formation

of ecotypes within a plant species.

If it is possible to show that social class grouping can
be interpreted in terms of population genetics then this would be
a most valuable contribution to the whole comprehension of the
social class system. This biological approach to a problem of
sociology might ultimately play its part in developing the
interconnection between the two subjects. However owing to the
present lack of contact it is probable that any such biological
approach will be met with some apprehension by the pure sociologist.
It is important that such reservations must not hinder the full
investigation of possible population differences in the social

class system.
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2 _METHODS

2A - Design of Experiment

2A.1 Original Survey Plan

The survey reported in this account is not the original
experiment that was planned. As the original plan was only
abandoned at the end of the first year it seems appropriate that
a brief summary of it should appear in this report. It may be
‘that the original survey plan had some influence on the actual
survey that was carried out. If this work had been devised as an
original project rather than a substitute the procedure might
have differed in certain respects, for instance the definition
of the regional samples. Certainly more time would have been

available,

2A.2 Design of Original Survey

It was decided to study the population of English males
between the ages of 30 and 34 who were domiciled in Birmingham and
its environs. The object of the survey was to compare the
frequencies of a range of inherited physical traits in groups
of men from the extremes of the social prestige scale. A lower
age limit was set in order to obtain a sample of men who were
settled in their occupation, and the age range was restricted

in order to eliminate age differences as a complicating factor.

In this survey English was to be defined as having both



parents born in England and all four grandparents born within the
United Kingdom. 1In order to obtain a comparable sample of adult
females, the wives of the male survey subjects were to be included
in the sample. All the wives were to be seen, even those not
classified as English, as it was hoped to obtain information on

assortative mating for the traits under study.

The same range of traits that were to be included in the
original survey was used in the substitute survey. A full
discussion of the choice of traits is given later (see section 2E.1).
The only trait that was not appropriate to the substitute survey was
that of baldness; this feature only normally being present in

adults.

The higher prestige end of the social class scale was to
be represented by two groups of men representing the professional
elite and the business elite. It was hoped to define these groups
by use of the Registrar General's Classification of Occupation,
the Hulton Readership Classification and in some cases by income
level., These classification methods are discussed elsewhere
(see section 2B.3). A list of sample occupations to be included
in these groups is given in the appendix (table A8). Similarly
the less privileged end of the social scale was to be represented
by two groups, one of urban manual workers and one of rural manual

workers.

In addition to information on the physical traits included

in the survey it was hoped to collect background information about



the occupations of the parents of both husband and wife. Once
the data had been collected it would have been possible to extract

the following information:

i) total frequencies of the various traits in the English
population

ii) differences in frequencies between the social class
groups

iii) differences in frequencies between the sexes (non-English
wives excluded

iv) estimates of assortative mating for physical traits
v) estimates of assortative mating for background variables
vi) estimates of social mobility

vii) associations between pairs of physical characteristics.

It was hopéd to interview a total of 250 men in each of
the four groups, and it was expected that approximately 80% would
be married. In data from the Registrar General's Survey (1961) it
was found that 77% of the Birmingham males in the age range 30-34
were married. This would have given a final sample size of 1,800.
Since the total population of SC I and II males in the appropriate
age range living in Birmingham was only 5,066 (Registrar General 1961)
it may be that the survey plan was over optimistic in hoping for
interview a specialized 10% of this total. However it was
anticipated that these groups would be more co-operative than the
lower prestige groups. Only 250 manual workers were required
from the City's total of 10,096 of the right age; +this would have
meant interviewing 2.5% of the total. The remaining 250 were to be

found in the rural areas surrounding Birmingham.
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2A. 1 Methods

Any attempt to achieve random sampling in a survey such
as this is complicated by the need to bring the subject into contact
with a range of apparatus. It was therefore not possible to
undertake a simple doorstep approach. Though it would have been
theoretically possible to transport all the apparatus from door to
door this would have been a strenuous task and it would have meant
gaining the co-operation of the subjects in order to set up the
apparatus within their houses. These factors were combined with
the added difficulty of contacting employed men as they would only

be available at home during leisure hours.

The Centre for Urban and Regional Studies of Birmingham
University were contacted for advice on this problem. They
suggested that use of the Census Enumeration data would enable the
investigator to select small areas of the city where there was a
high probability of finding the desired social class groups. These
areas would then be sampled using the Voters' Register. But although
this method would have narrowed the search area it did not solve
the basic transport difficulties. The narrow age range required
in the survey meant that even using the Voters' Register and the Census
Enumeration Data the majority of the households contacted would not
meet the survey requirements. It was hoped at this stage to obtain
a truly random sample and there was some doubt about sampling only

from selected areas of the city.

It was realised that the most economical method of



collecting the data would be to arrange for the subjects to come to
the apparatus rather than vice versa. However it was not possible
to pay fees and travel expenses to the subjects, and so the survey
could not be based at the University. It was decided to approach
employers in order to ask for their permission to interview

appropriate members of their staff.

A random sample of the employers in Birmingham was required.
On contacting the Area Office of the Ministry of Labour the officials
offered to allow the investigator to copy names of employers from
their lists. These lists divided the city into six areas, but
the firms on each list were scattered throughout the area. It
would have been possible to obtain a random sample of firms from
this list, but it was decided that the transportation of the

apparatus would still present difficulties.

It was decided that it would facilitate the survey procedure
if areas of the city were randomly sampled and then the firms within
these areas were contacted. A map of the city was obtained and the
area within the city boundaries was divided into small sectors of
between 1/6 and 1/3 square miles.  The total number of sectors in
the city was 258. The boundaries of each sector followed the paths
of roads and road junctions where possible. Each sector was given
a number and then 10% of the sectors (26) were chosen by means of
random number tables. The streets within each area were defined
from the map and then the names and addresses of employers with

premises on these streets were obtained from the current edition of

Kelly's Directory (1967-68). This Directory lists all the
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occupants of all but the most recently built streets.

A letter was prepared explaining the survey and asking
permission to interview a small number of workers at some convenient
time. This letter was sent to the Public Relations Officer at each
firm approached. In the letter it was emphasized that only a few
of the firm's employees would be required, and each one would only
be needed for approximately ten minutes. It was also suggested
that the survey could take place during the dinner hour or rest

breaks if preferred. (specimen copy table A2)

A first batch of 30 letters to firms produced only two
refusals, the remainder ignoring the approach completely. A
further 25 letters produced a single offer of one subject. It was
therefore decided that the random sampling technique would have to
be abandoned as this involved contacting mainly small sized firms
whom it appeared were not co-operative. Since there are almost
4,000 different employers in Birmingham but only 200 with more than
500 employees (Ministry of Labour data 1968) the chances of these

large scale employers being included in a random sample is remote.

It was decided to contact the largest firms and organizations
in Birmingham, and also to approach specialist firms such as
Industrial Cleaners almost all of those employees would have been
classified as unskilled or semi-skilled. It was decided to
concentrate at first on obtaining the urban manual group, as it

was felt that a group of professional men could be obtained from
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the city's two Universities with comparative ease. In some cases
the approach to large firms met with initial success, as the Publie
Relations Officer agreed to the survey in principle. However when
the suggestion reached the shop floor there was a unanimous refusal.
Even firms with normally good public relations were unwilling to
allow the survey to take place. A list of employers contacted is
given in the appendix (see table A1). As a final attempt the
working mens' clubs in the city were contacted and asked whether
the survey could be carried out on their premises during their
opening hours., None of the clubs would agree to this, though a

free lecture was offered as an incentive.

During attempts to obtain a rural group of manual workers
the National Farmers' Union and the National Federation of Womens
Institutes were contacted. Neither of these organizations was

prepared to offer any assistance in the survey.

It was therefore decided that the survey plan would have
to be modified, as there was no prospect of obtaining a sample of
manual workers. Since the basic motive of the survey was to compare
different social class groups, the lack of adult manual worker groups

meant that it was purposeless to collect an adult professional group.

The negotiations with employers took place during the whole
of the first year of the project. At the same time the experimental
methods were being worked out and tested and a computer program was
written to cope with the expected data. The pilot survey took place

towards the end of this period.
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2A.4 Substitute Experiment

Since it proved impossible to obtain adult samples of
different social class this left two possible sources of subjects;
students and schoolchildren. Neither of these populations was
ideally suited to a study of social class as both are classified
on the social class rating of their father, having no social class

rating of their own.

Although the student population was easily accessible
it was decided that it could not be used in the present survey.
Students are a very highly selected group and on the basie
hypothesis of this investigation the student population would be
expected to be more homogeneous than the general population. It
would therefore have been unwise to use the University population,
particularly as a previous survey (Wheatcroft 1967) had only found

social class differences for one trait in astudent survey.

The only remaining source of subjects was the school
system. One advantage of using secondary school children as opposed
to students is that it is possible to classify them by the type of
school they attend. This gives an indication of the child's
ability and so it can be used as a partial substitute for social
class. Though it is possible to classify children according to
their father's soeial class this method of division takes no
account of the children who will be socially mobile in either

direction.
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It was decided to sample children at the maximum age that
an unselected sample can be obtained. In practice this meant the
age range fourteen to fifteen, as the least able children tended to
leave the secondary modern school at fifteen and the grammar schools
at sixteen. It was felt that for ease in conducting the survey the
children should be as 0ld as possible in order to obtain accurate

answers and full co=-operation.

24, Or zation of Sampl

A list of all the secondary schools in Birmingham was
obtained from the Local Education Authority. It was decided to
exclude specifically Roman Catholic Schools as these schools in
Birmingham have a very large proportion of children from Eire.
Since the majority of the immigrants from Eire are manual workers,
it was felt that the inclusion of many of their offspring in the

gample would confuse the social class issue.

This left a total of 33 grammar schools and 72 secondary
modern schools. It was decided that comprehensive and bilateral
schools would not be included (see schools visited table A4). The
majority of the city's 33 grammar schools are single sex schools,
whereas the secondary modern schools are approximately equally

divided into boys, girls’ and mixed schools.

The approach to the schools was the same in all cases.

A letter explaining the survey to the Head Teacher was prepared.
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Xerox copies of this letter were made and then the Head's name and
address were filled in as appropriate. The total effect was very
near to that of an individually typed letter. 1In the original
contact letters the schools were offered a free lecture in return

for their co-operation. (specimen copy table A5)

A very good response was obtained from the grammar schools.
Many laid down strict conditions about the times of the visits.
In some cases the survey was only allowed during Biology periods
or during the lunch hour. In all visits were made to 8 boys'
grammar schools, 6 girls' grammar schools and 3 mixed schools.
In fact it was discovered that one comprehensive school had been
misclassified as a grammar school but in this case the sample was

taken from the grammar school stream.

In approaching the secondary modern schools preference
was given to the mixed schools. ILetters were sent to the Head
Teachers of all the mixed secondary modern schools first, and then
when it was found that more schools would be needed some of the
single sex schools were used. A total of 20 secondary modern
schools was visited, of these 17 were mixed, 1 boys' and 2 girls'

only.

In many cases it was necessary to make more than one
visit to a school. This was ﬁaually the case where very strict
rules had been laid down about the timing of the visits. 1In all
59 visits were made to the schools, however this includes one

fruitless visit paid to a school who had forgotten that the
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appointment had been made. It was found that the secondary modern
schools were less rigidly bound by the time-table than were the
grammar schools, and they were more prepared to disrupt lessons

so that the survey could proceed. In some schools a pupil was
withdrawn from classes and told to act as a rumner fetching other

pupils to the survey room.

When the Head of a school gave a favourable reply to
the initial letter he or she was contacted and a date and time
for the visit was arranged. In some cases this was not possible
as the school wished to hold the survey in reserve for a rainy
games day, while others could not give any long term plans for
their pupils and asked that they should be contacted again later.
School examinations were another complicating factor as some schools
wanted no distractions at these times while others preferred that
the survey should take place while the school time-table was
disrupted. After the arrangements for the visit had been made
the Head was sent a set of explanatory letters to distribute to
the childrens' parents by way of the children. These letters
asked for the parents to sign a consent slip and return the slip

to the school. (see specimen copy table A6)

It was hoped to obtain about 20 subjects from each school
visited and in practice it was calculated that approximately
eighteen subjects was the average per school. There was a range
of variation between thirty subjects from the most productive schools

and only one from a school in a very deprived area, Absenteeism
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was mentioned by staff as a problem in the non-selective schools,

but not in the grammar schools.

2A.6 Survey Procedure

It was found advisable to telephone the schools the day
before the visit to check that all the arrangements were in order.
Apart from sending the parental consent slips to the schools the
basic organization of the interviewing at the schools was done by
the various members of staff to who much gratitude is owed. The
interviewer arrived at the school fifteen to twenty minutes before
the interviewing was due to start. The apparatus required for the
survey was carried in a large suitcase and a large holdall; the
folding height measure being carried separately. The interviewer's
own van was used for transporting the apparatus in most cases, the
vehicle having been purchased expressly for this purpose. When the
van was under repair owing to a breakdown the interviewer and the
survey apparatus were transported to the schools by the University
minibus, technician's private cars or, exceptionally, by taxi. The
large quantity of survey apparatus made it impossible to use public
transport. (see table A8 List of Apparatus). On arrival at the
school pupils were often deputed to help carry the apparatus into
the building. This was fortunate owing to the complex patterns of
some of the school buildings. Since most of the schools visited
were acutely short of space the survey was carried out in whatever
room was available. This included the headmistress's study, the

library, the preparation room, the sick bay and the back of the
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laboratory in which the remainder of the class were being taught.
Sick bays and laboratories were most convenient to work in as they
had easily accessible power points and sinks. When no sink was
available it was necessary to keep the discarded PTC solutions in
a 'slop bowl' and either dispose of this waste liquid at some
interval in the interviewing or else pour it into specially
labelled waste bottles and take it back to the University for

disposal.

The pupils were interviewed singly. In general the school
staff provided a list of names and the first person to be interviewed
fetched the next on the list. At some schools an appointments
system was worked out by the staff. Though it would not have been
reasonable to expect this service of all the schools it was noted
that the schools where the pupils were given appointments managed
to provide the largest samples. In schools where the organization
was less good there was sometimes some confusion and time-lags
between the subjects. One case occurred where a boy was sent along
to the survey room and completed the survey before it was discovered
that he was not in fact the boy whose consent fo:m had been received

but merely another of the same name.

2B - Background Data

2B.1 Collection of Data

It was necessary to establish whether the subjects could

be included in a sample representing a British population, and
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also the nature of the survey made it imperative that the subjects'
social class background should be known. These two questions
(which were included in the survey as 'parents' birthplaces' and
'father's occupation') represented the minimum possible social
enquiry necessary for the survey. Nevertheless even this apparent
attempt to probe into the subjects' background provoked some very
hostile reactions, not from the subjects but from their teachers.
In fact an explanatory letter was sent out to all the parents

(see table A6) and those children who did not wish to do the survey

simply did not return the consent slips on their letters.,

The consent slip attached to the letter asked firstly
for the parent's signature, and then asked the parents to provide
if possible details of their and their parents' places of birth,
and also the occupation of the child's father. It was thought that
this information would be more accurately obtained directly from the
parents, and that the parents should be given a chance to object
to the questions if they wished. The majority of the consent forms
that were returned were filled in most conscientiously, sometimes
with full addresses for place of birth. When the child had lost
or soiled the consent form this was often carefully copied out
onto a piece of clean paper and presented to the interviewer with
great pride. The age of the child was also filled in on the
consent form. The object of this was to avoid children putting
down the wrong age on the consent form in order to be included in
the survey. It was found that the majority of the children

welcomed the disruptive effect of the survey.
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There were therefore four main sections of background
information for each child. Geographical origin (in terms of
parents' and grandparents' birthplaces) and social class background
were obtained from the parental information. The type of school
attended, grammar or secondary modern, was recorded at the time
of the survey, and the sex of the pupil was also recorded at this

time.

2B.2 Geographical Background

It was decided to classify the birthplaces of those
born inside the UK as Midland, English or British. 1In this
classification Midland included all those born within the counties
of Staffordshire, Worcestershire, Warwickshire, Shropshire,
Herefordshire, Derbyshire, Nottinghamshire, Leicestershire and
Northamptonshire. The original reason for this classification
was that this was the area covered by the local regional offices
of the Ministry of Labour and it was hoped in the first survey
plan to sample from workers in this area. The 'Midland' area
defined in this survey therefore contains the whole of the Midland
Region and a part of the North Midland Region of the Registrar
General's Classification (1961). ‘'English' was defined as being
born within England but not in the area defined as Midland, and
'British' was defined as being born inside the United Kingdom or

Eire but not in England. (see fig.1)

Those who were born outside the United Kingdom were
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classified into three main groups: Asians (including Kenyan Asians),
West Indians of negro ancestry and miscellaneous Europeans. No
Chinese or Africans were encountered despite the city's small

population of these groups.

Since each child has two parents the classification of
his or her origins needed to take into account both their
birthplaces. The parents could both be Midland, English or British,
or they could be one Midland and one English, one Midland one British
or one English and one British. In other cases one parent could be
Midland, English or British while the other was Asian, West Indian
or European. It was also expected that some of the subjects would
be of Asian or West Indian descent alone. If the parents' place of
birth was not known this was counted as being not United Kingdom

unless further information could be obtained at the interview.

As the efficient working of the survey depended on the
goodwill of the subjects it was decided that the interviewer would
accept any subject who offered his or herself with a filled in
consent form. 1In practice this meant interviewing a small number
of children who had only one parent born within the U.K. and who
would therefore be rejected from the survey sample. Asians and
West Indians were accepted for use in a separate sub=-survey, but

in fact very few of these groups were seen.

In order to simplify the classification of the parents'
birthplaces for statistical purposes the classes of United Kingdom

origin were summed together to form parentage groups. The Midland
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group included only those with both parents born in the Midlands.
The English group contained those with two English parents or one
English parent and one Midland parent. The British group contained
the remainder of the U.K sample: those with two British parents or

one British and either one English or one Midland parent.

Each child also had four grandparents and therefore the
comparable system for classification of grandparents' birthplaces
becomes somewhat complex. The full system will therefore not be

given here but may be found in the appendix (see table A9).

2B.3 __ Social Class Background

In working with children it is not possible to give them
a social class rating by any of the accepted methods, as all these
depend on occupation and earning power. It was therefore necessary
to classify the children by their father's occupation as indicating

their social class background.

The most commonly used system of classification is the
Registrar General's Classification of Occupations (1961). This
provides a comprehensive list of occupations and divides them into
five social class groups. I professional; II managerial;

IIT skilled manual; IV semi-skilled manual; and V unskilled
manual (see Table A3 for list of sample occupations included in
each social class). This classification is comparatively easy

to use and it requires only the minimum of information. It has

been hoped to also include another method of classification, the
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Hulton Readership Survey Classification, which is used by the
British Market Research Bureau. However when the British Market
Research Bureau were contacted they were unwilling to give more
than an outline of their system, and it was therefore not possible
to use this. In practice it was found that the total in SC I
and V were sometimes too low to allow statistical analysis. If
this was the case SC I and II were summed to form a group named as
'professional', SC III remained as 'middle class' and SC IV and V
were summed to form a 'manual'! group.
2B. %4,
School e and Sex

As it was not possible to give the children their own
social class ratings it was decided to compare their school type
instead. 1In order to clarify the situation it was decided to take
samples only from the grammar schools and the non-selective
secondary schools in Birmingham, leaving out the comprehensive
and bi-lateral schools. The reason for this procedure was to
obtain the maximum possible differences between the two groups
of children, as there may be a tendency for the children of most
ability to be 'creamed off' into the grammar schools, despite the

equal status of the top streams of comprehensive schools.

Although some of the names of the children would have
given no clues as to their sex in a postal survey, there was no

possibility of confusion in the actual interview.
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2C = Method of Analysis of Data

2C.1 Handling of Data

In the original survey plan it was hoped to collect
information on 42 variables from a total sample of two thousand.
The failure of the first survey plan meant that the sample size had
to be reduced, but this was still too large to handle without some
mechanical aid. The possibility of putting the data onto punched
cards and then using a card-sorting machine was investigated. A
visit was made to the Cancer Records Unit of the Queen Elizabeth
Hospital in Birmingham. This showed that although this method
would have been usable it would have needed a long period to carry

out all the tabulations desired.

It was therefore decided to use a computer to handle the
survey data. The University Computer Centre advisory service
were consulted, but although they were most helpful they were more
familiar with mathematical problems than with survey work. They
suggested that it would be useful to consult the computer specialist
of the Applied Psychology Department at the University, a Mrs. Jean
Abbott, who had wide experience of handling survey data. DIMrs. Abbott
suggested that the present survey data should be handled using the
Multiple Variate Counter Program, which had recently been devised

by the University of London Atlas Computing Service.

2C.2 The Multiple Variate Counter Program

The Multiple Variate Counter program is a general purpose



by

program designed for use with surveys such as the present one. The
purpose of the program is to allow even the novice investigator to
make use of computer facilities in survey work. As it now stands
the MVC program is a most valuable tool. However some difficulties
were found when it was first used as there were program system
changes from week to week. Certain facilities in the original

program were withdrawn and these have not been replaced.

The MVC system accepts both data and program as punched
cards. The standard card is divided lengthwise into 80 columns,
and each column is subdivided into twelve parts. These twelve
hole sites are knom as U, L, 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9;

U being the top hole site. This gives a total of 960 possible
hole sites on each card. ©Each hole site on the card is identified
by its column number and its hole site number. The uppermost

hole site in the first column is therefore identified as 1/U. (see

£ig.2)

2C.3 MVC Specification

The first step in using the MVC system is to describe
the expected data in terms that will be acceptable to the computer.
The data may be either "raw" or "derived" variables. If a variable
is raw this means that it corresponds directly to the value obtained
from the subject and fed into the computer via the punched cards.
A derived variable is one that is formed from raw variables appearing

on the questionnaire; the derived variable is not obtained directly
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Fig, 2, Illustration of punched card
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from the subject.

Three types of variable are allowed in the MVC system,
and each type can either be raw or derived. Numerical variables
are those which have ordinary numeric values. In defining a raw
numeric variable one column is allowed for each digit of the
variable, and the number is punched onto the card using only the
0 to 9 hole sitess In the present survey height, weight and
other continuous variables were defined as numerical variables.
Ponderal index is an example of a derived numerical variable.
This was not obtained from the questionnaire but is formed by

the computer from the relevant data.

When a variable can take only one answer out of several
possible answers this is defined as a polylog variable. In the
present survey eye colour was a polylog variable. A raw polylog
variable is defined by stating the column and hole site in which
it begins, the number of possible answers, and if required the
names of the various answers. Thus in eye colour the answer
names were blue, blue-grey, grey, etc. A derived polylog is
usually formed by a modification of one or more raw polylogs in
the computer to form a new variable. In the present survey eye
colours were lumped together into light, mixed anddark by this
method. It is also possible to obtain derived polylog variables
by dividing up a continuous, numerical variable into classes.
This was also done in the present survey when it was necessary

to compare continuous and discontinuous variables.
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The third and simplest type of variable is the binary
variable. This represents a question that only has one of two
possible answers. A raw binary variable is defined by giving a
single hole site identification number. For example in the present
sample each subject either had or had not given a hair sample. This
was defined in the program as Hair Sample 36/0. If this hole was
punched it meant that there was a hair sample for the subject and
if it was not punched, there was not. No derived binary variables
were used in the present survey, though it would have been possible
to use one in defining the population as United Kingdom or not

United Kingdom.

When all the variables have been defined they are added
together to form the survey specification. This specification
defines and names each variable and states the positions on the
punched card in which the raw variables will be punched, and the

origins of the derived variables.

It is possible to use computer instructions (system
words) to skip various parts of the specification in certain cases.
In the present survey some subjects did not provide a hair sample.
The specification allowed for this by skipping the relevant variables
if the hair sample was absent. In defining derived numerical
variables it is possible to use arithmetic relations and
expressions. Various instructions are used in defining derived

polylogs and binary variables.

2C.4 Questionnaire Preparation

The questionnaire, or rather in this particular survey
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the record sheet, is prepared in such a way that the details of the
various traits can be punched onto cards by the punch operator.

In this case the right hand margin of each record sheet was devoted
to answer boxes. Each box had the appropriate column number for
the numerical variables, and in the case of polylogs and binary
variables both the column number and the hole site number were
provided. Answer boxes were provided for all the possible polylog
answers with their names beside them. In the actual interview
the numerical answers were written in the appropriate boxes and
the polylog and binary answers were noted by means of a tick in

the appropriate answer box. The program only accepts numerical
variables as positive whole numbers. It was therefore necessary
to put in the continuous variables as ten times their actual value
and then adjust this by deriving new numerical variables from the

raw originals (see specimen Survey Sheet table A7).

2C.5 TNumber of Cards Per Person

In the present survey only one card per person was required
to carry all the necessary information. However the first program
that was written using the MVC system was designed to cope with
the expected husband and wife pairs of the original survey plan.

This was a more complex programme than the present one, but even this
only required two cards per couple. In larger surveys many cards

may be needed for a single case.

2C.6 Analysis of Data
Once the specification of the variables has been completed
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it is possible to request any tables of results to be printed by the
computer. This is done by means of table specifications. Certain
gsystem words are used to instruct the computer to form and print

the tables required. It is possible to exclude classes from the
tables as necessary, and it is also possible to obtain other results
in terms of percentages. In practice it was found that the use

of the percentage facility required much forethought, as it was
possible to obtain percentages expressed in terms of rows, column

or entire tables. The presence of individuals with unknown responses
also complicated the percentage situation, as such tables had to be

repeated after removing these cases.

In the case of numerical variables it is possible to
obtain the means and standard deviations of the groups required
by specifying these calculations in a table. The correlation
between any two or more numerical variables can also be given.
For statistical analysis of the discontinuous data the chisquare
test can be specified. If the program receives a list of polylog
names with the appropriate chisquare instructions it forms a
contingency table for each possible comparison and then prints
a triangular matrix of chisquare values. Yates' correction is
applied when a 2 x 2 contingency table is calculated. If the
theoretical value for any cell of a contingency table falls below

five a question mark is printed beside the answer.

The significance of the results in the chisquare and

correlation table is indicated by means of asterisks. No



asterisk means that the result is not significant, one asterisk
means 0.05 > p > 0.01, two asterisks means 0.01 > p >0.001 and

three asterisks mean that p < 0.001.

2C.7 Use of the MVC Program and Computer Facilities in the Present Survey

After it had been decided to use the MVC program an immediate
start was made on writing the program, as it was felt that the
maximum time should be allowed for the writing and testing of the
program in view of the inexperience of the investigator, who had not
previously used any form of computer. The writing of the program
for the original social class survey was carried on at the same time
as attempis were being made to obtain an adult sample and survey

methods were being devised.

A program was written and checked by Mrs. Abbott. This
was then punched onto tape by the Aston Computer Centre as the
ability to accept the program specification on cards was a later
addition to the original MVC system. The tape was then corrected
and sent to the Science Research Council Atlas Computer at Chilton,
Berks. Another useful facility of the MVC program system is that
it will check new programs and print out any errors with their line
number and a comment of the type of fault present. A number of
errors were detected in this way, and so the program was returned
to Aston for correction. Several computer checks were necessary
before the program was fully accepted, as each correction session

gave rise to further errors.
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When the program was correct a few data cards were fed in
and then rejected whereupon all their data was printed out. The
purpose of this was to obtain a complete record of the data for
each case as it was interpreted by the computer. These records
were then checked against the original data to make certain that
no errors had occurred. It was found for example that the values
for height and weight had become reversed at some stage, so that
the computer was interpreting the value for weight as height and
vice versa. This was corrected, and then the first run of the
program was carried out using the data from the pilot survey.

(The pilot survey had been carried out towards the end of the
program testing). Satisfactory results were obtained from this
first run and so it was hoped to use the program in the main

survey.

However it then became apparent that the original survey
plan could not be used. This made it necessary to rewrite the
original program to fit the new survey plan. Fortunately this
was a matter of simplification rather than expansion as the new
survey covered single individuals rather than linked couples. The
program was then re-~tested and the pilot survey data was re-run as

a check.

Concurrently with this the collection of the main survey
data was going on. The major part of the data was filled into
the answer boxes at the time of the interview. The information

about the subject's background was added at a later date, as this



was presented on a separate strip of paper. There were also answer
boxes relating to the reflectance spectrophotometry of the hair
sample which could not be filled in until the analysis had been

completed.

When the collection of the sample was finished the record
sheets were checked for errors and missing data. Owing to
difficulties the reflectance values for hair colour could not
be filled in at this stage, and so it was decided to put the data
onto cards and then add the hair-colour values later. The record
sheets were therefore passed on to the University of Aston Computer

Centre, who punched the cards.

When the cards were returned they were checked to ensure
that the cases were in order, (this is a requirements of the MVC
system), and then sent to the SRC Atlas. In addition to checking
the program for errors the MVC system also checks for errors in the
data and rejects the faulty data with an indication of its faults.
Some of the data was rejected on the first run and sent back to
Aston for correction. These faults were corrected by the investigator
and the cards were then replaced in order in the main body of the

data and returned to the Atlas.

The first batch of tables was soon received. From this
time until the final stages of the project new sets of tables were
being sent to the Atlas and new results received. The reflectance

measurements of hair colour that were expected were unfortunately not
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available. It was necessary therefore to re-write the short section
of program that would have dealt with these values, substituting
specifications of the Munsell colour system values that were used.
Some further derived values were added to the basic specification
during the course of the study. Throughout the whole period of

use of the Atlas Computer, the MRC specialist there, Mrs. Judith lay,

gave invaluable help and advice.

There was only one inconvenient point in the use of the
MRC system. For some reason that none of the Atlas advisers could
explain, the chisquare matrices were formed with every number
accompanied by a question mark. As mentioned above (2C.6) this
is supposed to indicate that the comparison has some theoretical
value below five, but in this case the question marks bore no
relation to the theoretical values. This meant that it was
necessary to repeat the calculations for all the significant
chisquare answers in order to check this by use of less sophisticated

calculating facilities.

2C.8 TUse of The Olivetti Programma 101

At about the same time as the project was started, the
Department acquired a desk top computer, the Olivetti 101. This
machine has a limited memory and can be programmed to perform
statistical and other calculations. It was decided that as the
investigator would be using the calculator extensively she should

attend a four-day training course run by Olivetti, in oxder to
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learn to program the machine.

In bagsis the Programma has ten registers, three which
are used in calculation, five which store numbers and two memory
stores. Instructions are stored in the memory but can overflow
into three of the five number storing registers. Each number
sorting register can hold two 11 digit figures, and each memory
store can hold 24 instructions. A program can be transferred
from the memory onto a program card and stored in a similar manner

to tape recording.

Programming this machine involves the use of the basic
mathematical expressions +, -, X, - and square root, and
manipulating the sub totals among the available registers so as
to obtain the desired result. This machine proved very useful and
many programs were written for it. These included a 3xn chisquare,
Kolmogorov-Smirnov test, Ponderal Index, Heritability (and variance
ratio) and a 't' test using means, standard deviations and totals.
This last test was used to test for significant differences in the
continuous variables, as only means and standard deviations were
available from the MVC system. The 3 x n chisquare, the
2 x n chisquare (from the Olivetti programme library) and a
2 x 2 chisquare with Yates modification produced by the investigator
were all used in checking the chisquare results from the computer
and also in the twin survey. The Kolmogorov-Smirnov Test was
used in certain comparisons where a continuous variable was being

compared with a discontinuous one. At a later stage of the
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project a small sample of twin pairs was collected. The programs
for Heritability and Ponderal Index were used in analysis of the
twin sample as it was not thought worthwhile to write a computer

program for a sample of 58 pairs.

2C.9 Negative Results in Associations Between Characteristics

Except in special circumstances it has not been thought
necessary to include details of non-significant associations in
this account, In the case of the non-continuous variables and
the divided continuous variables all the possible chisquare
comparisons were carried out. The total UK sample was analysed
first, and then the male and female sub samples were separately
examined. The majority of the variables were included in the
testing both in their full form and in at least one shortened
form. For instance PTC tasting was included as a 14 class variable
giving the subject's threshold number, and also as a 2 class

variable dividing the range into tasters and non-tasters.

When a significant result was obtained from the computer
analysis the relevant table and associated tables were requested
from the computer. The significance was then checked as stated
above. If an association was found to be present in one sex only
the comparative data for the other sex and the total sample were
examined, and this data has been quoted in the report. Cases where
previous reports have shown significance but this has not been

confirmed by the present survey are also noted.



2D =~ Pilot Survey

2D.1 Background to Pilot Survey

In order to test the experimental methods and to provide
data for the computer program to run on it was decided to undertake
a small pilot survey. At this point the original survey plan was
still in action, and it was hoped to obtain a sample of employed
men and their wives. This proved impossible and so it was decided

to use students of the University as subjects.

+2 Organization of Pilot Survey

A room was booked at the Students' Union and all the
apparatus was set up. Subjects were collected by simply accosting
any person passing the room, and when this supply failed the
students'! common room was visited and subjects were persuaded to
help. No attempt was made to obtain a random sample as this was
a purely practical exercise. It had been intended that approximately
equal numbers of males and females would be collected but owing to
the sex distribution of the student population on the Aston campus
this proved difficult, as the majority of those willing to undertake

the survey were male.

2D.3 Experimental Methods of Pilot Survey

In general the methods used in the pilot survey were

continued into the main survey and so may be found under the
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appropriate sections. In some cases modifications were made in
the original methods owing to the experience of the pilot survey.
These changes, which occurred in classification of ocular defect,
hair colour measurement, height measurement, PTC tasting and

laterality, are discussed in the relevant sections.

It was also decided to investigate the possibility
of using Sheldon's Somatotype classification on the pilot survey
data. In Sheldon's book "Atlas of Men" (1954) he provides a
scale for transforming ponderal indices into somatotype classifications.
This method of classification is not free from defects as there
are often several possible somatotypes for one ponderal index
class. However it was decided to attempt to use this scale,
though in fact it should only be applied to males, the deposition
of fat in females meaning that they would require a separate scale

of ponderal index transformations.

2E =~ Traits Considered for Inclusion in the Survey but Rejected

2E.1 Collection of Traits for the Survey

When it was decided to undertake a survey of inherited
characteristics an extensive search of the literature was made.
Prom this a list of possible traits was prepared. As it was
realised that the time available per person for the survey interview
would be limited, it was necessary to choose certain characteristics
known to be genetically determined for study, and discard the

remainder. In general, the criteria used in this choice were the



degree of establishment of the trait in the literature and the
methods used to test for this trait. Although many traits were
rejected it seems appropriate to give a brief account of these
traits and the reasons why they were considered inappropriate in

the present survey.

2B.2 Variations in Taste and Odour Sensitivity

Wiggers (1949) noted that sodium benzoate, which is
often used as a food preservative, has a definite sweet or bitter
taste to approximately 25% of the population. Harris (1952)
suggested that this could be due to a Mendelian recessive factor,
but this has not been confirmed. Gorman (1964) also mentions
this taste difference. In the present investigation sodium
benzoate crystals were tasted by a number of subjects in a
preliminary trial, but there was no clear differentiation of the
responses into two classes. Since it seemed that a full testing
programme was needed to develop a technique of taste testing for
sodium benzoate it was decided not to include this trait in the

survey.

In a very limited sample of five persons, Lasselle and
Williams (1926) and Williams (1931) found that creatine tasted
bitter to one subject while the remainder found it tasteless.
They noted that this taste difference must affect the taste properties
of meats, as there is a large proportion of creatine in muscle.

Papp and Makara (1965) found that there was a taste difference



between the L and D forms of amino acids, the L form tending to be
bitter and the D form sweet, but they did not note any difference

between persons.

Some workers have found that there is great variation
in the ability to smell potassium cyanide. Kirk and Stenhouse
(1953) used 20% KCN on cotton wool in a test tube which the subjects
sniffed and compared with distilled water. They suggested that
the lack of ability to smell KCN might be inherited as a sex linked
recessive factor. However Brown and Robinette (1967) found that
their data did not support this hypothesis and concluded that the
trait was not a simple sex linked Mendelian recessive. Both
Brown and Robinette (1967) and Brown and co-workers (1968) note
that the distribution of smell threshold for KCN is trimodal when
a serial dilution of KCN is used. It was decided not to include
this trait in the survey because of the possible hazard of
transporting the cyanide solutions around schools. Since it had
already been decided to include PTC tasting in the survey it was
not considered safe to carry toxic solutions in the same kit of

equipment as solutions to be tasted, in case of spillage.

In preliminary trials some tests were made on the smell
properties of n-butyl mercapton. Patterson and Lauder (1948) had
reported that some persons were unable to smell this substance, but
the proportion of non-smellers was very small. The trials for the
current survey showed that this test could not be made acceptable

for use outside research laboratories, as the dominant scent of



n-butyl mercaptan is that of skunk.

A difference in ability to smell verbena was noted by
Blakeslee and Salmon (1931). They established that two thirds
of the population found the red verbena to be scented, but not the
pink, while the remaining third could smell the pink but not the
red. Though this is an interesting polymorphism it was not
possible to include it in the present survey owing to the difficulty
of maintaining a supply of flowers for the test. It also seems
likely that there are rare instances of hereditary absence of
olfaction. ILygonis (1969) noted a family of 52 Farne islanders
of whom half were unable to detect any odour from amyl acetate,

benzine, clove o0il, peppermint oil or ammonia.

2E.3 Ear Variations

The most commonly studied ear type variation is the
degree of adherence of the ear lobe. This trait was included
in the main survey. A further ear polymorphism which has been the
subject of recent survey work is the presence of hairs on the ears.
However the major part of this work has been carried out in Asian,
Israeli, Aboriginal or Japanese populations. (Cates et al 1962,
Stern et al 1964, Basu 1965, Chattopadhyay 1966 ab, Slatis and
Apelbaum 1963, Abbie and Ras 1965, Stern and Tokunaga 1965). It
is uncertain whether this trait appears with any appreciable
frequency in European populations. Slatis (1964) found that only
11% of a sample of American white males under 39 showed this

character.
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Many authors have suggested that ear hair may be determined
by a factor of the Y chromosome. Some pedigree data supports this
view (Gates et al 1962) but other workers do not agree with this
hypothesis (Stern et al 1964). However it has been established
that in general the trait does not appear in females, though Sarkar
and Ghosh (1963) noted its occurrence in Bengalese girls at a Deaf
and Dumb school. The frequency of ear hair in the populations
studied increases with age (Chattopadhyay 1966a, Stern et al 1964).
Basu (1965) found that there were no males with this trait under the
age of 20, while Slatis and Apelbaum (1963) found that only 1.1% of
those between the ages of 18 and 29 showed this trait. In this
case it seemed that there were two major objections to the inclusion
of ear hair as a survey variable. The frequency of the trait in
the country was uncertain, but even if the trait did occur the age
range of the sample would have excluded the possibility of detecting

the trait.

Another interesting ear variation was reported by Linder
(1948) who suggested that the ability to move the ears was inherited.
However it was not thought practicable to include this trait in the
survey owing to the practice factor in the ability, and to the

difficulty of demonstrating the required movement.

Variations in ear shape include the presence of the
Darwinian point of the pinna (Winchester 1904) which is comparatively
rare. Small pits are sometimes found on the side of the head just

anterior to the ear. These pits may represent an opening to the
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upper anterior end of the helix. The hereditary nature of the ear
pit trait has been confirmed by the pedigree studies of Whitney (1939),
Cannon (1941), McDonough (1941) and Pipkin and Pipkin (1943).

However the penetrance of the trait is low, most affected subjects
showing ear pits on only one side. McDonough reports a pedigree

of ear pits including discordant monozygotic twins. However the

son of the unaffected twin was found to have ear pits.

It has also been noted (Matsundga 1962) that ear wax
type is polymorphic, being either soft and sticky or hard and
brittle. The trait has been extensively studied in Japan, where
the majority of the population are of the hard ear wax type. But
in European groups the majority have soft ear wax. Matsungga (1962)
reports a survey of a German population where only 3+1% showed this
trait. It was decided not to include ear wax type in the survey
owing to the difficulty of obtaining and handling the samples of
ear wax. Kalmus et al (1964) have suggested that a small wire
loop is used to extract the wax, specimens then being stuck to index
cards by sellotape. This type of activity was known to cause some

embarrassment among the subjects.

2E.4 _Variations in Hand and Foot

In the present survey the relative lengths of the second
and fourth fingers was noted, but a number of other hand variations
were not examined., One of the most widely known of these is the
'hitch-hiker's! thumb. In this condition the distal thumb joint

shows hyperextensibility, it being possible to bend the joint
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backwards at least 50°. The difference may be skeletal (Glass

and Kistler 1953) and it is not affected by age or sex. Glass

et al (1952) found that 24.7% of the white US population showed

this characteristic in comparison with 16.8% of a religious isolate.
A further study by Glass (1956) showed the proportion of 'hitch
hiker's' thumb in an isolate to vary between 11.4% and 15%)

according to the generation. However Wheatcroft (1967) found

that only 6.1% of a sample of British students could be classified

as possessing a 'hitch hiker's' thumb. This low frequency of

the trait meant that there would be difficulty in obtaining
statistically significant results without a very large sample size.
It was also found in a preliminary trial that it was comparatively
difficult to explain the trait to those subjects who had not
encountered anyone with a 'hitch hiker's' thumb. Some possibility
of alewrning effect was also noted as those most anxious to demonstrate
the hyperextensibility were able to produce a larger angle of bending

of the joint than those who had not been aware of their ability.

In the 'hitch hiker's' thumb trait the hyperflexibility
appears to be confined to a single joint. However Sturkie (1941)
noted that hyperflexibility of a large number of joints (particularly
of the hand) was inherited. This type of hypermobility can give
the ability to reverse the proximal joints of the thumb, a trick
sometimes illustrated in text books of genetics. Wheateroft (1967)
used this second thumb ability in her survey of a British student
group and found that 8,5% could demonstrate this ability. There

was again some difficulty in explaining what was required, and the
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learning element was probably also present.

Reports of rare finger abnormalities, such as the
triphalangeal thumb pedigree noted by Swanson and Brown (1962)
cannot be considered for a survey of this nature. Similarly,
comparatively rare polymorphic traits could not be used. One
trait which fell into this latter category was the inherited radial
curvature of the little finger (5th digit). In this hand variation
the 5th and sometimes the 2nd finger have their top joints bent
radially +though this curvature is not sufficient to impair
normal functioning (Glass and Magee, 1935, Stiles and Schalk 1945,
Dutta 1965). It was decided that this trait was not sufficiently

widespread to be of use in the present survey.

A further trait involving the relative lengths of fingers
was used by Glass (1956) in his study of the religious isolate.
He classified hand types according to the length of the fifth
digit in relation to the fourth digit. It seems possible that
this variation represents a different method of recording the
second/fourth finger variation that was used in the survey. It
was decided to use the second/fourth finger polymorphism rather
than the fourth/fifth polymorphism because the former variation
was more widely used in research projects. However in retrospect
it is realised it would have been advantageous to include both
variables, as this would have established whether they represent

the same bagic difference in hand patternm.

Similar surveys of relative toe length were conducted by
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Kaplan (1963, 1964). He suggests that there is a single locus
responsible for producing a long hallux (1964), and also proposes
that the pattern of relative length of the first three toes may be
inherited (1963). The investigation of toe lengths would have
involved the children removing their socks, though it would have
been possible to assess this through stockings. Since there was
gome resistance to removing shoes for the purpose of measuring foot
length it was felt that further investigation would lead to refusals.
Another toe variable noted by Venning (1956) involved the number of
phalanges in the 5th toe. This can be either two or three, but in
order to determine this with accuracy it is necessary to x-ray the

foot.

2E. Hand Clasping and Arm Foldi

When subjects are asked to clasp their hands together with
fingers interlocked it is possible to classify them into two groups
according to their thumb position. Some persons habitually interlock
their hands so that the right thumb is over the left, while in others
the situation is reversed. Similarly arm folding gives rise to two
groups; those who fold right over left and those who fold left over

right.

Various authors have considered the frequency of the hand
clasping types in different ethnic groups (Freire-Maia et al 1958,
Pons 1961, lai and Walsh 1965, Freire-Maia and Almeida 1966, Tiwari

and Bhasin 1969). Most of the frequencies of right hand clasp type
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are in the range of 50% to 60%. Arm folding has received less
attention, but Freire-Maia and Alm eida (1966) quote various
populations where the frequencies of right dominant arm fold range
from 40.5% to 44.0% . The exception to this pattern is a small
Russian sample, where 91.23% were right arm folders. This

difference is probably cultural.

Though the high frequency of occurrence of these
variations would seem to make hand clasping and arm folding
suitable for use in the present survey it was decided that they
could not be used owing to uncertainty about their genetic status.
Iutz (1908) found that there was no simple Mendelian explanation
for the family data on hand clasping, though the children of right
hand clasp parents were more likely to be right handed in this
trait than left handed. Wicner (1932) found no evidence of the
two traits being inherited or associated with laterality, and
concluded that the differences probably resulted from habits formed
in early life. This view was also taken by Lai and Walsh (1965),
who found that the hand clasp types of offspring were distributed
at random in the parental hand clasp types. Freire-Maia and
co-workers (1958) suggest that there may be parental influence
possibly including prenatal factors. Hand clasp and arm fold were
not found to be significantly associated with each other or with

laterality in writing in a study of British students (Wheatcroft

1967).
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2E.6 Variations in Tongue

Most reported tongue variations concern the ability to
perform various unusual activities with the tongue. The most
common of these is tongue rolling. In this the sides of the
tongue are rolled upwards inside the mouth to give a tube effect.
This ability is said by Winchester (1964) to be inherited as a
dominant Mendelic factor. However Scheinfeld (1965) notes that
MZ twins may show discordance for this trait. Kloepfer (1946)
carried out a large scale family survey, classifying three grades
of ability in tongue rolling. He found that some subjects who
were unable to roll their tongue at a first interview were later
taught the ability by other members of their families. From this
it must be concluded that the ability to roll the tongue is subject
to strong environmental pressures and teaching effects. It was
decided not to include the trait in the survey for this reason,
though the high frequency of positive cases would have made the
potential variation easy to study. Scheinfeld (1965) reported that
about two thirds of the population had this ability, and this was
confirmed by Wheateroft (1967) who found that 61% of a British group
were tongue rollers. This is also in agreement with Liu and Hsu

(1949) who found that 62.2% of a Chinese population could roll their

tongues.

Another similar tongue variation is of rare occurrence.
This trait involves the ability to fold the tip of the tongue back

against the main part of the tongue, without using the teeth or
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roof of the mouth. Whitney (1949) found the trait present in 1.4%
of Americans, while Liu and Hsu (1949) noted a frequency of 5.2% in
China. Hsu (1948) quotes pedigree data which indicates that the
trait is probably determined by recessive factors. A further rare
tongue ability was noted by Hoch (1949) who found three persons in
the USA who were able to change the shape of their tongues to form
a 'clover leaf' shape. These traits were considered to be too rare
to be usefully included in the present survey. There was also the

difficulty of demonstrating the required tongue position.

Spuhler (1950) suggested that pattern differences in the
vallate papillae of the tongue could be used as an anthropological
variable. In his study of Navaho Indians he counted the number of
papillae and found that they could be classified as forming V, Y
and W shapes. However in order to investigate this trait it is
necessary to pull the tongue of the subject forward before counting
the papillae which are 1mm in length and diameter. In practice
this is far from easy, and it was felt that attempts would be
resented by the subjects, so it was decided to abandon further

investigations of this trait.

2B.7 Variations in Hair Patterms

Setty (1961, 1962, 1964, 1966ab, 1969), has contributed
many studies in the variations of pattern in the body hair of white
American males, and Slatis (1964) has noted the association of

body hair and baldness. Both Baldness and body hair patterns would
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be useful characteristics for study in a mature sample, but the
present survey was confined to the age range 14-15, so neither of

these traits could be used.

The directional patterms of the down hairs of the forehead
were studied by Kiil (1948ab). He was able to classify his subjects
into three pattern types, and found that MZ twins were concordant for

the character. One of the pattern types was not present in a

group of Mongols.

Though preliminary trials were carried out to test the
suitability of this trait it proved too difficult to classify the
hair pattern types, so it was decided to abandon this trait.
Catatrichy was a hair condition that was not included in the survey
because of its low frequency. In this inherited condition there
is an area of hair at the front of the head that falls out when it

reaches about five inches in length (Stoddard 1939).

2E.8 Facial Variations

In an ideal study one would wish to include variations in
the face as a whole in addition to the simpler single organ differences.
But such a study includes the use either of extensive anthropological
measurements or photographic records. The former technique was used
by Brues (1946), who showed that there were differences correlated
with national extraction within the American population. Brothwell
and Harvey (1965) made many measurements and photographs of the

inhabitants of Tristan da Cunha, and noted the value of this procedure.
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In a more complex approach Iu (1965) devised 3 cycled Fourier equations
to represent the frontal and lateral aspects of the human face.
Unfortunately the time available for interviewing each subject in

the present survey was limited, and so it was not possible to
undertake a detailed programme of facial measurements. Nor was

standardised photographic equipment available at the time the survey

began.

Purther variations which have been noted by Post (1969ab)
are only dianosable from skull specimens. Post has noted population
differences in nasal septa and in tear duct channels and he correlated
these differences with selective pressures. It might be possible
to devise some method of investigating these variables in the living

subject, but such methods would need clinical abilities.

2E.,9 Blood Group Systems

The blood group systems are well known to have a very
high level of heritability, and so they would seem ideally suited
to use in surveys such as the present study. However in practice
the situation is complicated by the need to obtain a blood sample,
and then by the problem of blood-typing the specimen. A finger prick
will give sufficient blood to use for immediate testing with anti-A
and anti~-B, or Eldon cards, but further investigation needs a sample
of venous blood. This means that a qualified person much be
available to take the blood, and that consent for the sample to be

taken must be obtained from the subjects' parents where minors are
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being used. There is also some loss of volunteers when blood

samples are required.

Having obtained the blood ssmples it is necessary to
send them to a blood grouping centre for typing, as the blood
group antisera are only available at these establishments, This
requires the consent and cooperation of the staff of the establishment,
and as these workers are usually under pressure it is often impossible
for them to undertake large scale surveys. It will be seen (Section
4B.7) that in the present twin survey some difficulty was experienced
in finding an establishment willing to blood type 58 twin pairs. If
blood typing of 700 specimens had been required it is unlikely that

any cooperation would have been obtained.

Even using the finger prick technique the ABO system alone
would have required large amounts of antisera. The alternative
would have been to use Eldon cards which also allow for testing for
the D factor of the Rhesus system in addition to the ABO systems.
However the cost of the necessary Eldon cards was prohibitive.

Another factor in the use of blood typing is that of time. Extracting
the sample from the subject would take a variable length of time, and
with comparatively small samples it would be necessary to test them

as soon as possible,

It is notable that the major part of blood group work comes
from workers who use the National Blood Transfusion Service data, or
from hospital records. Dawson (1964) used BTS data in a study of

occupational groups and blood groups, as did Roberts (1942), Mourant
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and Morgan Watkin (1952), Morgan Watkin (1965) and Hatt and Parsons
(1965) in their anthropologically based surveys. In the present
project it was hoped to look at blood group frequencies in social
class groups, using BTS data, but this aspect of the project was
abandoned owing to lack of time. Though it was impossible to use
direct blood grouping in the main survey it was hoped to obtain the
ABO blood group of the secretors of the sample by testing their
saliva. Unfortunately it was not possible to obtain sufficient

saliva, and so no blood types could be undertaken.

2E.10 _Biochemical Variations

One polymorphic trait often used in class demonstration
is the variation in the exeretion of red pigment in the urine after
consumption of beetroot. Allison and McWhirter (1956) suggested
that the factor producing pigment excretion is probably a simple
Mendelian recessive and Saldanha (1962) confirms this. Saldanha
(1960) also found that pH affected the pigment, and that there was
no sex difference in its expression. However the application of
this trait in a large scale survey would present difficulties, as
it is necessary to obtain cooked beetroot, weigh this into portions
and supervise its consumption by the subjects. Then, three to
four hours later it is necessary to collect urine samples from the
subjects. This sequence of activities would not be compatible
with a survey undertaken during school time. The same

disqualification would apply to excretion of methyl-mercaptan after

consumption of asparagus, which was also reported by Allison and
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MeWhirter.

A naturally occurring variant that might be used in general
surveys is the excretion of beta-amino-isobutyric acid (BAIB) in the
urine. Harris (1953) noted that 9.6% of a British group were high
excretors of BAIB, and Calchi-Novati and co-workers (1953) suggested
that high excretion might be due to a recessive factor. Further
study would have involved collection of urine samples and
chromotographic analysis of these samples, possible using the
methods of Berry and co-workers (1955) and Gartler and co-workers
(1955). However it was decided that in view of the adverse reaction
of subjects when asked to provide a saliva sample it would not be
advisable to ask for urine samples. This might have caused excessive
embarrassment to the subjects as much of the survey was done in
laboratory prep rooms or at the back of the main class, and the
disruption of the class by children visiting the lavatory would not

have been appreciated by staff.

2E.11 Anatomical Variants

Montague (1947) describes a condition in which the palmaris
longis muscle of the forearm is missing. He ascribes this
deficiency to the effect of a single gene which acts to inhibit
the muscle's development. The presence or absence of the muscle
can be diagnosed in the living subject, though postmortem data gives
a clearer picture. A similar deficiency is found in the leg, where

the petroneus tertius muscle is sometimes lacking. (Spuhler 1950).
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It was not felt that these traits could be included in the survey

owing to the anatomical inexperience of the interviewer.

A further variation suggested for investigation by
Spuhler (1950) is the pattern of the superficial veins of the
anterior thorax. There are two pattern types, transverse and
longitudinal, and Spuhler records that seven pairs of twins were
concordant for this variation. TUnfortunately it is necessary
to record the vein pattern by infra-red photography before
classification, and this made it impossible to use the variable

in the present survey.

2E.12 Dermatoglyphics

Dermatoglyphics have been the subject of extensive studies
since the work of Bonnevie (1924). It is now comparatively easy
to take finger and palm prints using the new non-inked systems which
employ chemical developer and sensitised paper. These new developments
have simplified the basic technique, but there are still many factors

involved in producing useful prints.

There were two potential associations of dermatoglyphics
that could usefully have been investigated in the present survey.
It has been noted by previous authors that lateral dominance and
derma toglyphics show an association (Cummins et al 1931, Newman 1934,
Cummins 1940, Cromwell & Rife 1942, Holt 1953, Rife 1955). This
could have been further investigated. 1In addition there has been

a report that schizophrenia shows an association with ridge count
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(Meller 1967). Though this has been challenged by Singh (1967)
it would have been interesting to examine the possible relationship
between social class and fingerprints, as a fall in social class

has been shown to be associated with schizophrenia.

Preliminary trials showed that it was not easy to obtain
usable finger and palm prints, and the process was very time
consuming. It was felt that dermatoglyphics could not be combined
with the other variables of the survey because of this time factor.
It was not possible to gauge the amount of time needed per child
as there was great variation in the ease with which hands could be
printed. This would have complicated the organization of the
survey to an extreme degree, and so it was decided that

dermatoglyphics should not be used.

2E,13 Skin Colour

Human skin colour shows great variation even within menbers

of one racial group. Ainsworth Harrison and Owen (1964) studied the
skin colour of mixed African/Buropean hybrids in Liverpool, and

Sunderland (1967) investigated skin colour in Eastern Jordan. In
both cases the apparatus used was an EEL portable reflectance
spectrophotometer. Such a machine was available at the University
of Aston and it would have been used in the present survey. This
idea was not put into practice, the reasons for its rejection being
in part the time consuming nature of the testing and the size of the

apparatus. The deciding factor against an investigation of skin
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colour in Birmingham was the potential problem of racial tension.
Though race relations in the city are good it was felt that an

investigation of skin colour might be misinterpreted by the subjects.

2F - Introduction to the Methods Used for Determining the Survey Traits

It is now proposed to discuss the methods used for each
of the traits included in the survey, with a full account of methods
used by previous workers. Reports concerning the inheritance of
the traits in question will also be discussed in each section, as
these were considered during the choice of traits to be included in
the survey. A list of suppliers of certain pieces of apparatus has

been included in the appendix (table A10).

2G_ - Eye Colour

2G.1 Physical Basis of Eye Colour

The term 'eye colour' in fact refers to differences of
iris colour, since the colour of the sclera and the apparent colour
of the pupil are constant. The appearance of the iris is determined
by its structure and pigmentation. In most mammals the iris is
made up of three layers, but in man the outermost layer is lost
(Carter 1962). The outer of the two remaining layers, the stroma,
is formed from muscle and connective tissue, while the inner layer
is epithelial. If the inner alone is pigmented the eye appears
light-coloured, usually either blue or grey. If there is pigment

in both layers the eye appears dark, either brown or a mixture of
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colours (Davenport 1927). Davenport (1927) suggests that red
haired persons have yellow pigment in addition to the dark melanitic
pigment. This gives a green effect in eyes that would otherwise

be blue, and produces a warm reddish brown in dark eyes.

2G.2 Genetic Determination of Eye Colour

In general the factors producing dark eyes are dominant
over those producing light eyes (Davenport 1927, Scheinfeld 1966).
However there is considerable variability of the actual colour and
appearance of the iris in the human population, and it seems
unlikely that eye colour is determined by any very simple genetic
system. Brues (1946) has suggested that there are six genetic
factors responsible for eye colour. She proposes that the factors
for the colour and the pattern of relative smoothness of the iris
are inherited separately, though their visual effects are inter=-
related. Brues first factor mediates for heavy pigmentation if
the iris is smooth, and her second factor determines whether the
pigment in a smooth iris is brown or mixed in colour. She proposes
two sex linked dominant factors, one producing non-light eyes and
one affecting the iris patterm. Her fifth factor would change the
pigmented areas of a mixed eye from yellow to brown, and the last
factor gives the rare effect of dark non-smooth eyes. In 1950,

Brues noted the association of sex and eye colour again.

It has been suggested that the colour of the iris rim

may differ from the rest of the iris. However Bernstein & Berks
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(1948) found that 78.6% of their sample had iris rims of the same
colour as the main part. Davenport (1927) in a review of previous
survey work, noted that some workers had found a sex difference, in
that there was an excess of blue-eyed males. This result would be
expected if Brues' theory was correct, however Davenport's reports

refer to the British Isles whereas Brues' subjects were American.

2Ge3 Nominal Classification of Eye Colour

The most common method of determining eye colour in survey
work is simply for the observer to inspect the eye and classify it
according to some nominal scale., This method was used by Hooton
& Dupertuis (1955) in their anthropological study of Ireland. In
their investigation eye colour was classified as pure brown, green-
brown, grey-brown, blue-brown, grey plus grey-blue or blue. Kloepfer
(1947), MacConnaill (1942) Sewall (1939) and Davenport (1927) merely
classified eyes as light or dark. Riddell (1941) quotes Tochers
classification which gives four groups; pure blue, light blue and
grey, mixed colours and brown or hazel homogenous at two feet away.
Riddell himself suggests a more complex system in which eye colour
is coded asa three digit number, the first figure giving the main
colour of the iris, the second figure representing any diffuse
colour present and the last figure signifying the presence of spots
of another colour. The six colours proposed by Riddell are coded
as follows: 1) blue, 2) grey, 3) green, 4) yellow, 5) tan, and
6) chocolate. Thus an eye coded as 120 would be mainly blue with

some grey colour but no pigment spots.
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2G.4 Comparative Classification of Eye Colour

The classification of eye colour by a nominal scale must
of necessity be somewhat subjective. Many workers have used
standard scales for comparison with the subject's eye in order to
reduce this source of error. In a study of phenylketonuric
children, Berg: < Stern (1958) used the Martin scale of glass eyes,
but this scale is not easily available in Britain. The Munsell
Colour Company produce standard paper colour charts which can be
used for characterising eye colours. However these plain paper
slips are most unlike the majority of eye coloursas in the eye
the overall impression of colour is made up from heterogenous

streaks and patterns of different colours.

Even when a standard scale is obtained there may still
be difficulties. Grieve & Mourant (1947) found that paper scales
faded and that plastic and glass eyes tended to vaxry from set to
set. They also found two observers might classify the same person
differently even when using the same set of artificial eyes for
comparison. It seems that the use of a comparative scale of some
gsort in the classification of eye colour can reduce intra-observer

variation, but it cannot eliminate variation between observers.

2G.5 Artificial Eye Colour-Scale

In spite of the limitations of the standard scale method
it was decided to obtain a standard range of artificial eyes for

use in the survey. All of the artificial eye makers whose



loD

addresses could be found were contacted; a total of seven firms.
These were all most helpful, one offering photographs of his patients,
or a selection of a hundred glass eyes to pick those that would be
most useful in the survey. Only one of the firms produced a
standard colour range for use by the prescribing optician. This

was the largest firm, Art Eye Ltd., whose artificial eyes are not
glass but plastic. Instead of producing a standard range of whole
eyes, Art Eye have a standard range of 72 iris buttons (they also
produce a range of 72 sclera but these were not required in the

present survey).

Each iris button is a 11mm diameter disc of clear plastic,
flat on one side and convex on the other, reaching a depth of 3mm
at its central point. The flat side of the button is painted with
a black disc 3mm in diameter in the centre to represent the pupil.
This remaining circular portion of the iris button is painted to
represent the iris, various combinations of colours and patterns
being useds The effect of this painted iris when viewed from the
convex surface is most life-like. In fact many of the children
interviewed became somewhat apprehensive when they saw the eye

colour scale, believing the iris buttons to be real eyes.

The iris buttons are presented by the manufacturers in
a case which contains a white plastic plate with rows of numbered
indentations. Bach iris button is numbered on its underside and
rests in the appropriate indentation without any permanent attachment.

This arrangement is presumably to facilitate the removal of a single
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iris button for matching in a clinical situation.

It was originally hoped to match eye colours in the
survey by taking out a single iris button, placing it in a neutral
artificial sclera and comparing it with the eyes of the subject.

However it was found that this procedure tended to be time
consuming and there was also a danger of mislaying or losing the
iris buttons. It was therefore decided to saw up the original
white background to give strips of indented white plastic, and
then stick the eyes into the indentations using a removable
fixative (Cow gum). These strips each contained up to ten
iris buttons, arranged in colour groups (see below). It was
therefore possible to choose the appropriate strip and compare
this with the eyes of the subject by removing the strip from the
box and putting it in a vertical position to one side of the

subject's face.

Since it was not possible to keep a tabulation of 72
different iris colours in the survey, it was decided to put the
72 buttons into groups. The buttons were inspected using the
standard colour matching lamp, (see 2H.10), and it was found that
twelve divisions could be made. These were: blue, blue-grey, grey,
grey-green with brown centre, green-brown, grey-brown, light brown,
mid-brown and dark brown. A number of trials were carried out
in which the buttons were mixed up and then sorted out into the
twelve groups using the standard colour lamp. It was found that

the majority of the iris buttons were classified as the same colour
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in six successive trials. Vhen there was any variation in
classification it was either between the shades of pure brown

or between grey-green and green. Even when this variation did
occur it was still possible to decide in which group the button
should be included, as all the variable cases showed a clear majority
of classification into one of their two possible groups. In the
statistical examination of the eye colour data it was found that
all twelve colour groups could not be used singly, owing to the
low totals in some. They were therefore combined to give three
main colour divisions; 1light (blue or blue-grey), mixed (grey,
or green, or grey-green, or grey-green with brown centre), and
dark (green-brown, or grey-brown, or light brown, or mid-brown,

or dark brown).

Trials were carried out to check whether the 72 colours
were enough to cover the range of human eye colour likely to be
met in the survey. Forty subjects were used, mainly students
and staff of the University. Each person's eye colour was
classified on three occasions by the same observer, using the
colour matching lamp. Both the number of the iris button and the
colour groups were noteds In fact 95% of the subjects were given
the same classification by number of all three occasions, the others
obtaining the same number of two of the trials. All the subjects
were placed in the same colour group in all three trials. It was
therefore concluded that this iris matching set could be used as a
standard in the main survey. It was noted that there were a few

persons with very pale homogenous blue eyes whose equivalent could
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not be found in the original range. Art Eye were contacted, and they
agreed that there was a fairly common pale blue eye that was not
included in the range but which was often added to the range by their
customers. This iris button was therefore purchased and added to

the original 72 iris buttons. This supplemented range of iris
colours was used in the pilot survey and it was then possible to
classify all the subjects' eye colours with ease. This method

was therefore carried on to the main survey.

2H - Colour Vision Defects

2H,1  History of Colour Vision Defects

Though some authorities attribute the discovery of
differences in colour vision to Plato (Kalmus 1965) the defect
only gained general recognition following its investigation by
Dalton in 1798 (Kalmus 1965). Dalton himself had defective colour
vision. Since that time it has been established that there are
various forms of colour defect, some hereditary and some acquired.
0f the hereditary defects the most common are the red green colour

defects.

The system of definition of colour vision defects can be
considered to refer to three main colour stimuli, red, blue and green.
In normal vision combinations these three colours are required to
match all shades perceived. Those who require the three main colour
stimuli in the average proportions are known as trichromats.

However a small proportion of the population require three colours
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for colour matching but the relative intensities of the colours in
their matching tests differ from the normal population. Such people
are known as anomalous trichromats. If more red stimulation is
necessary the patient is said to be protanomalous, if more green
stimulation he is deuteranomalous and if the blue perception is

deficient he is said to be tritanomalous,

Dichromats are able to match any colour by means of only
two of the main colour stimuli. This is the more severe form of
colour defect. Persons with this grade of defect are called protanopes,
deuteranopes and tritanopes respectively. In discussing the types
of defect without specifying the grade it is usual to speak of
deutan, protan and tritan defects. (Kalmus 1965). In the protan
defect red and blue-green are confused, and in the deutan defect the

confused colours are red-purple and green (Hardy et al 1964).

2H,2 Heredity of Colour Vision Defects

Both protan and deutan defects are sex linked, the genes
responsible being located on the X chromosome., This means that
the incidence of red/green colour vision defects is much higher in
males than in females. Most workers hold the view that there are
two loci, one responsible for deutan defects and one for protan
defects (Pickford 1964). In order to account for the variation
in the degree of defect it is necessary to postulate a series of
alleles at each locus. At least three alleles would be necessary

in order to give rise to normal colour vision, anomalous trichromats



and dichromats (Wald 1966). It has also been suggested that there
may be two loci responsible for protan defects. Wald (1966) also

thought that tritan defects were due to a rare autosomal gene.

2H.3 Physiology of Colour Vision Defects

The nature of the defects in protan and deutan subjects
has not yet been fully elucidated. Walls (1955) suggests that the
human retina contains three kinds of cones, and that the visual
defects are due to deficient neural pathways. Dvorine (1965)
says that defects could be due to abnormal development of either
the retinal receptors, the optic nerves or the neural pathways
between the retina and the cerebral cortex. However Wald (1966)
thought that the defects could be due to lack or deficiency of one

of the visual pigments.

2H.4 Methods of Testing Colour Vision

There are three main methods of investigating colour
vigion defects: +the anomaloscope, sorting tests and
pseudoisochromatic plates Lakowski (1969b) has suggested that the
most reliable results are obtained by using a battery of tests
including all three methods. He also suggests that the
anomaloscope comes closest to testing pure colour sensation, and
notes that pseudoisochromatic plates give a complex colour stimulus.
Vies (1966) found that different results were obtained when various

tests were carried out on the same children, and Sweeney and
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co-workers (1964) found differences between the diagmwses from
pseudoisochromatic plates and the anomaloscope method. In
general the method used tends to be determined by the time and
apparatus available to the investigator.
Anomaloscope Testing

The anomaloscope is an instrument designed to measure the
colour matching ability of the subject. In investigating red/green
defects the subject is asked to observe a small illuminated
field. This field is divided in half, one half being fixed yellow
light and the other being variable in colour by the subject. The
subject is asked to match the yellow half of the field by means of a
mixture of red and green light. For any particular shade of yellow
the proportions of red and green required to provide a match are
fairly constant in normal trichromats. In those with protan or
deutan defects the 'match' for the yellow is found to be different
from the average match (Kalmus 1965). The anomaloscopes available
commercially tend to be both bulky and expensive, but Pickford
and Lakowski (1960) have described a machine that could be built
in a laboratory workshop. Other areas of colour vision than the
red/green differences can be explored by using different colour

filters in this anomaloscope.

Though anomaloscope testing may be the best measurement
of visual sensation (Lakowski 1969), such testing requires more
time and facilities than other types of test. Schmidt (1955) has
shown it was necessary to allow a neutral adaptation period for the

subjects before and between making colour matches. He also found
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a considerable learning effect which meant that the first two results
of a sgeries must be rejected. The lighting and circumstances of

the test are also very important.

2H.6 __ Sorting Tests

These vary in complexity from the simple naming of
colours as in coloured wool tests, to the complex lMunsell 100
Hue Test (Kalmus 1965). Children have been tested with toy bricks,
balloons and standard colour charts to see if they could name
colours correctly (Vies 1966). In the Munsell 100 Hue Test the
subject is presented with 85 coloured discs which are related to
each other to form a closed circle of colours. The subject is
asked to arrange the discs in their natural sequence by colour.
This test is said to be very time-consuming (Kalmus 1965) but it

enables the whole field of colour perception to be examined.

2H.7 Pseudoisochromatic Plates

The third type of test involves the use of pseudoisochromatic
plates. A number of these plates are usually combined in book form.
Each plate has a neutral background, usually broken up into an all-
over pattern of dots of varying size and brightness. Figures or
shapes are formed by the replacement of certain areas of neutral dots
by dots in the confusion colours that will not be distinguishable by
colour defectives. In some tests the coloured dots are so arranged
that those with normal sight read one figure while those with

defective colour vision see another figure not easily recognised by
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the normal group. Although there are many different versions of
the pseudoisochromatic test, two of these, the Ishihara test and the
HRR test, are most commonly used. Since both these tests were
available for us in the present survey it was necessary to decide
which test should be used. Ideally it would have been of interest
to use both tests and compare their results, however time did not

allow this.

2H.8 The Ighihara Test

The Ishihara test was used almost exclusively prior to the
Second World War, and this test is still used extensively. (Ishihara
1964). This set of pseudoisochromatic plates contains seventeen
numerical plates. Of these one is a control plate, showing a
number visible to both normal and defective colour vision, two
contain numbers visible only to defectives and the remainder each
have one or two digits which may appear unrecognisable or altered to
colour defectives. A further seven plates show 'mazes' to be traced
by illiterates or young children. The colour of the background dots

varies, the plates having green, orange or grey as their basis.

The Ishihara test is designed to be administered either
in daylight or in electric light adjusted to resemble daylight.
The plates are shown to the subject at a recommended distance of
T5cm, and at such a slope that the plane of the plate is at right
angles to the line of vision. In the case of a subject who is

able to recognise and name numerals, the seventeen numerical plates
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are then shown. Each plate is exposed for not more than three
seconds, and the subject's reading of the number is noted. The
subject's answers are then checked against a key, and a diagnosis
is made. It is possible to diagnose the subjects as being normal
or having protan or deutan defects by use of this test. However
in the case of large scale surveys it is suggested by the Ishihara
handbook that it might be possible to use only six of the plates
(including the control) as a simplified test. This curtailed
test might not be adequate for the diagnosis of the type of colour

vision defect.

In tests using the whole range of numerical plates, the
Ishihara manual suggests that subjects should be considered to
have colour vision defects if nine or less plates are correctly
read. One of the main problems of the Ishihara test is that a
large number of colour normal subjects make mistakes in reading the
plates. Belcher et al (1958) found that 46% of normal subjects
made between one and six errors in the test. Two plates in
particular (fourteen and fifteen) gave so many errors in normals
that a theory was produced by Dronamraju (1963) to explain this
as a x-linked characteristic. However Krill et al (1966)
concluded that this effect was probably due to a fault in the test.
They also found that a number of subjects who were diagnosed as
~ normal by anomaloscope, were classified as defective by the Ishihara
plates, obtaining twelve or more errors. It has been suggested
that subjects showing errors in six to fifteen plates should be

classified as having mild defects and those with more errors as
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definitely defective (Cole 1963). In all the situation regarding
the permissible level of errors in the Ishihara test in a normal

subject is far from clear.

2H.9  The Hardy-Rand-Rittler (HRR) Tests

The Ishihara plates have always been manufactured in
Japan and it was realised during the Second World War that it would
be advisable to set up another source of pseudoisochromatic plates.
A team was set up to devise an American version of the test. The
resulting set of plates, produced by the American Optical Company,
are now widely used. They are commonly called the HRR plates,
from the names of the team who produced them; Harvey, Rand and

Rittler.

The HRR plates all have a neutral background of grey dots,
and instead of figures the confusion colours occur in three shapes,
a ring, a cross and a hollow triangle. The HRR set of plates
consists of four control plates, six screening plates (including
two for diagnosis of blue/yellow colour vision defects) a series
of ten plates for further diagnosis of red/green defects, and a
further four plates for blue/yellow defects. Each plate (except
one control) shows one or two of the three shapes. Where there
are two shapes in the red/green plates, one is coloured to be
confused by protans and one by deutans, so that it is possible
to differentiate between the two types of defect. The diagnostic

plates for both red/green and blue/yellow colour vision defects are
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arranged in a graded series of increasing saturation (increasing

visual difference from grey).

When the test is being used the subject views the plates
at a distance of approximately 30 inches. The interviewer turns the
pages allowing two or three seconds viewing of each page. The
subject is asked to state how many symbols he sees, name and symbols
and point to the symbol. In most cases it is only necessary
to use the first four control plates and the six screening plates,
those who give correct responses to the screening tests being
classified as having normal colour vision. When errors occur
in the screening test the subject is tested further using the more
extensive diagnostic ranges of red/green or blue/yellow plates as
appropriate. The grading of the diagnostic ranges by intensity
enables a diagnosis to be made of the degree of the colour vision

defect in addition to the division into protan or deutan defect.

The HRR test has been said to be 'possibly too meat' by
one group of researchers (Belcher et al 1958). They also noted
that none of the pseudoisochromatic plate tests that they
investigated was without defect. Vies (1966) found that some
children who gave false positive results with the Ishihara and
other numerical plates were correctly diagnosed by the HRR plates.
In an evaluation of the use of the HRR plates in testing servicemen,
Seefelt (1964) found that only 1.7% of the subjects were mis-
classified when the tests were used in a clinical interview

gituation. However when the tests were used with an 'assembly



nt

line' technique, 5.4% were misclassified. The originators of the
plates claim 100% success for screening out colour defectives and
a 97% success in classifying the defectives into types. They
quote comparable figures of 98% classified for anomaloscope and
only 74% for the Ishihara plates (Hardy et al 1954b). The same
workers also claim that the test has good retest reliability,

and that it takes less than three minutes to administer, so it
would appear that they would expect the test to be used in the

'assembly line' situation (1954a).

The neatness of the HRR test, its swiftness of administration
and ease of diagnosis made it preferable to the Ishihara tests
in the present situation, where testing for colour vision defects
was being included in a battery of other tests. The only disadvantage
of the HRR test in the present survey is that it should only be
administered using a standard illuminant. This should be Source C
of the Commission Internationale de l'Eclairage, which has a colour
temperature of 6700°K, and is an approximate representation of
daylight. The HRER manual suggests that a Macbeth Easel lamp can
be used to illuminate the plates, but it was found that these lamps
were only available in America. Hardy (1945) gives the method of
producing Source C from a gas filled lamp and two liquid filters
but it was necessary to obtain portable equipment for the present

survey.
2H.,10 Standard Illuminant

It was discovered that there was a British Standard
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(BS No 950 Part I 1967) concerning artificial daylight fittings for
colour matching. This suggested a revised standard illuminant
instead of Source C. This new standard is called Standard Illuminant
D6500 and it has a colour temperature of 6500°K instead of 6700°K.

It was decided that the HRR plates could be used with the new
standard illuminant without loss of accuracy, and subsequently
Phillips Electrical Ltd were contacted for advice., Phillips Ltd
proved most helpful, and sent a representative of their lighting
design department, Mr. Cruikshank, to discuss the problem.

Mr. Cruikshank advised that a lamp should be built in the department,
using two two-foot colour matching fluorescent tubes. However in
practice it was found that this was not possible owing to technical

difficulties.

It was then discovered that there was a lamp designed for
technical drawing which would take eighteen inch fluorescent tubes.
This lamp, the Linora Spotline Type SL 18/2, is extremely heavy,
and rather difficult to transport as it measures at its extremities
19" by 19" even when fully folded. It is not designed as a portable
lamp and should in fact be clamped into the working surface so as to
obtain full benefit from the cantilever arm. However in spite of
these difficulties this lamp with two Phillips 18" colour matching
55 fluorescent tubes provided a most useful standard illumination
both for colour vision testing and for the eye and hair colour

comparisons.
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2H,11 __ Sex Differences in Colour Vision Defects

The incidence of colour vision defects in females is very
low, about 0.04% (Pickford 1969). It was therefore decided to
include only males in the testing for colour vision defects. If the
females had been included it was expected that only one with colour
vision defects would have been detected out of the total of 317.

It seemed legitimate in this case to test only the male subjects.

2I - Ocular Defects

In order to undertake a full survey of ocular defects one
would need either testing facilities (with appropriately qualified
assistance), or, as in the work of Jevons (1957), access to medical

records.

In the present survey it was not possible to test the
subject's vision, nor could the school medical records be examined.
However it was decided that useful, though limited, information might
be obtained from the subjects' own reports of their ocular defects.
The experience of the pilot survey showed that most subjects were
vague as to the nature of their defects if any were present. It
was therefore decided to score the subjects as wearing glasses (ox
contact lenses) all day, wearing glasses for certain activities
only, or not needing to wear glasses. This classification is of
course dependant on the honesty of the response, but there was no
reason to suppose that the subjects would wish to mislead the

interviewer on this point. In fact many subjects volunteered
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the information that they were supposed to wear glasses but had

abandoned them for reasons of vanity or convenience.

2J =~ Hair Colour

2J.1 __Anatomical Basis of Hair Colour

Human hair colour is determined by the presence of pigment
granules within the keratin shell of the hair. Barnicot and
co-workers (1955) studied cross section of hairs of different
colours by electron microscope. They noted that the pigment granules
in dark hair were apparently solid, whereas those in rather lighter
hair had a less dense core. Light coloured hair contained smaller
and rounder granules, and the pigment granules from red hair were

not homogenous in shape.

Vernall (1963ab) studied the distribution of pigment
granules in hairs of four races and found that there were both
racial and individual differences. There are also colour differences
between the individual hairs from the same person (Nicholls 1968).
Age may also influence hair pigmentation. It has been noted that
hair tends to darken with increasing age (Steggarda 1941, Trotter

1930), though eventually there is a loss of pigment in old age.

2J.2 Heredity of Hair Colour

Hanna (1953) found that MZ twins showed significantly

more similarity in hair colour than DZ twins. Rostrand and Tetry



16

(1965) have suggested that the factors producing dark and red hair
are dominant over those producing light hair. Hanna (1956) proposed
that the continuous variation of human hair colour could be the result

of the interaction of many genes.

The inheritance of red hair has been investigated by a
number of workers. Reed (1962) confirmed that the trait was
inherited but could not fit his family data to any simple Mendelian
relationship. Other workers suggested that a single major gene
determined the redness of the hair, but that there were also several
modifiers (Singleton and Ellis (1964). Neel (1943) thought that
the presence of red hair depended on a single incompletely recessive
factor which was hypostatic to the factor producing dark hair. This
red hair factor could occasionally show penetrance in the heterozygote.
Scheinfeld (1965) noted that the effects of the factor for red hair

may be masked by the basic melanin producing genes.

MacConaill (1942) suggested that there were developmental
differences in pigmentation in the population of the British Isles.
Dividing eye colour and hair colour into light and dark classes he
suggests that, besides the four classes specified by this division,
further factors affect the rate of development of pigment. These
factors give rise to nine possible classes differing in developmental

pattern, though the ultimate phenotypes may be equivalent.

2J.3 _Methods of Classifying Hair Colour

Hair colour differences have been utilized in many
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anthropological surveys ranging from that of Fleure and James in

1916 to the microspectrophotometry of single hairs by Nicholls (1968).
There are three main types of hair colour classification. Of these
the most simple is the use of either a nominal scale or a standard
reference range to clagsify the hair sample. A second method
involves the investigation of the spectrophotometric properties of
the subjects' hair. Thirdly attempts have been made to extract

the pigment from hair samples.

2J.4 TUse of Comparison Scale in Hair Colour Classification

Parsons (1920) suggests that most observers would divide
the range of hair colours into five tints; fair, red, brown, dark
brown and black. As previously noted MacConnail (1942) merely
divided hair colour into light and dark classes. Trotter (1939)
in a review article notes the difficulty of using a subjective
classification of hair colours and quotes descriptive phrases used
by many workers. She reports the use of the Fischer-Saller Hair
Colour range. This colour range has been used extensively
(Steggarda 1941, Hanna 1961). The original range was of artificial
hair but this was later changed to real hair artificially coloured.
Hanna (1961) used the Fischer-Saller artificial hair scale and notes
that there are two series of colours, one ranging from grey to black
and one from yellow to brown. Sunderland (1965) used the Fischer-
Saller hair colour scale in a study of the hair colour of the

population of Tristran da Cunha.
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Other comparison methods involve the use of standard
colour ranges other than hair or pseudo-hair samples. In 1930
Bellamy suggested the use of a colour wheel. The hair sample was
to be placed in the centre of the wheel and an appropriate colour
disc around the perimeter. When the wheel was rotated the textured
effects of the hair were eliminated and it could be compared with

a matt colour standard.

Though the use of the Lowibond tintometer may appear a
sophisticated method of determining hair colour this is basically
a simple comparison of the hair colour with colour standards.
Trotter (1939) notes the use of a Lovibond instrument for this
purpose as early as 1908. Another standard colour range is
produced by the Munsell Colour Company. This company provide
standard colour ranges for all purposes including the classification

of hair colour.

2J.5 Extraction of Hair Pigment

Hanna (1953, 1956, 1961) has prepared a pigment solution
from hair samples by refluxing the samples in 0.2N KOH. He
prepares his samples by a lengthy process of de-fatting and drying.
The presence of keratin in the pigment solution is allowed for by
reading the optical density of the samples against a blank of
hydrolysed keratin from fingermails. Only 50mg of hair was required

to produce a sample, though Hanna used duplicate samples in all cases.

Lea (1954) suggested that hair pigment solutions could be
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prepared by refluxing the hair sample with urea in xylol for three
hours. Water was then added to the sample and the optical denisty
of the resultant solution was read. Only 10mg of hair was needed

for this method.

A red pigment has been extracted from human hair by means
of acid hydrolysis. Hair samples are refluxed in 0,1N HCI until
no further pigment is extracted (Lee and Penrose 1947), or for up
to ten days (Armow 1938). Arnow suggested that the pigment thus
extracted is the factor responsible for human red hair, and Flesch
and Rothman (1945) found it was only present in red human hair.
Barnicot (1952) tested samples of red hair from Africans for the
presence of this red pigment which he called tricosiderin. He
later suggested that while tricosiderin is extracted by acid, its
precursor may be extracted by alkali. (1956a). However Barnicot
also found that the tricosiderin pigment could be extracted from a
whole range of hair colours, and that some red samples did not
possess this pigment (1956b). Lee and Penrose (1947) found the
pigment present in persons with grey or white hair and even in

albinos.

All these methods were comnsidered in the planning of the
present survey. The advantages of a pigment extraction method
are that a comparatively small hair sample is required, and that
a suitable pigment solution can be diluted or concentrated at the
convenience of the investigator. It is possible to measure the

optical density of a solution with a high degree of accuracy.



However, when the methods quoted were discussed with biochemists
within the department they advised against the use of any of these
procedures. Their view was that all the methods were so crude as

to open the possibility that by-products of the reactions of the hair
sample and the solvent agent would give spurious results. Certainly
these misgivings seem to be justified in the case of tricosiderin.
Since the development of a new assay for hair pigment would be a
research project in itself it was decided that it would not be

possible to use any extraction technique for determining hair colour.

2J.6 __Spectrophotometry of Hair Pigments

Though several workers have measured the optical densities
of pigment extracts from hair it is uncertain whether differences
in pigment extract represent differences in visual colour effect.
In order to measure the visible colour of hair sample reflectance
spectrophotonetry has been used. The earliest use of this method
was by Gardner and MacAdam in 1934. They measured the percentage
reflectance between 400 and 700q;; There was a difference in
the shape of the curves for red and brown hair in the blue and
green bands. In general the non-red hair showed a straight line
increase in reflectance from 400 to TOOmy» whereas the red hair
reflectance results followed a curve with the point of maximum
curvature at 546my4. The increased reflectance after this point
is the result of reflectance from red pigment present in the hairs
which is absent in the hair of non-red subjects. They recommend

that one can discriminate between red and non-red hair sample by
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means of the ratio between the percentage reflectances at 546 and
700 mu multiplied by 100.  If this Gardner/MacAdam index is below
40 the specimen is taken to be a true red, if between 40 and 47 it is
classified ags red-brown, while those with hair indices over 47 are

said to have non-red hair.

In 1952 Reed used spectrophotometric reflectance curves in
an investigation of the inheritance of red hair. He took the
percentage reflectance for wavelengths between 400 and 700 mis
using a sample of hair to cover a circle 3cm in diameter. The hair
was held between two pieces of cardboard. He suggested a redness

index, the R index, as follows:

R = 100(y530 - 0.243y400)

y = reflectance at the

y650 given wavelength.

R values between 30 and 35 came from bright copper red hair, those
from 36 - 40 were light red and those between 41 and 48 were red=-
brown. All those with larger R values were classified as non-red,
but though this index was found to be in good agreement with eye
judgement there was a 7% overlap between visually judged red and
non-red in the classification by the R results. The hair in the

samples was randomly arranged for the tests.

In studies of hair colour in phelylketonuria and the
Fanconi syndrome Cowie and Penrose (1950) and Cowie (1956) used
the E.E.L portable spectrophotometer. They recorded the percentage

reflectance of hair samples at wavelengths between 400 and 700 F>A~
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A hair sample was taken sufficient to cover a disc one and a quarter

inches in diameter.

The most extensive study of hair colour reflectance is
that of Sunderland (1955). In this survey 1000 hair samples from
young men were examined. The hair samples were washed in dilute
soap solution and mounted on pieces of black card with another
black card covering the hair sample except for a 2.0cm diameter
circle. The reflectance curves of the samples were measured by a
Hardy Recording Spectrophotometer, at the National Physical Laboratory,
and the readings were taken at ten wavelengths between 400 and 700 mi o
These values were converted to logarithmic equivalents for further
calculation. The total of the ten untransformed valusé was taken
as a measure of the total light reflectance of the sample. The
shape of the reflectance curve gave an estimate of the colour of
the hair sample. Sunderland (1955) noted that the curves for
non-red hair were straight whereas the curves of the visually red
hair samples were sigmoid shapes. However some light hair samples
had curves that could be confused with the shape of the red samples.
Both the R index and the Gardner-MacAdam index were used by
Sunderland, who also calculated a discriminant function to

differentiate between red and non-red hair.

2J.7 Present Survey Methods

It was decided to use the reflectance method of determining

hair colour. Enquiries were made within the University about a
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suitable reflectance spectrophotometer, and it was found that the
Physics Department possessed an E.E.L. spectrophotometer such as
had been used by Cowie and Penrose (1950) and Cowie (1956). It

was decided to carry out a trial investigation using this machine.

2J.8 Use of E.E.L. Spectrophotometer

The E.E.L. portable spectrophotometer has been used for
hair colour studies as previously stated, and it has also been used
in skin colour examination (Ainsworth Harrison and Owen 1964). The
E.E.L. instrument is comparatively small as it is designed to be
portable. The main body of the instrument contains the apparatus
for registering light intensities, differences of which are shown
on an external dial. A movable head is connected to this main
body by means of a cable. In the head there is a light source
which shines downwards at an angle of 45°. A 2cm diameter circular
aperture in the base of the head permits the light to fall on the
sample which is either placed under the head or has the head placed
upon it according to size. The light reflected back from the sample
is measured by a photocell ingide the head, and this information
is passed back to the main body of the spectrophotometer where it
registers on the dial. A series of nine filters are fitted in the
head of the machine such that any filter can be placed in the path
of the light descending on the sample. The dominant wave lengths
of these filters were 425 LTI 465 my , 485 mu , 515 mu 545 M
575 mm 5 595 mer 5 655 meu 4 and 685 mu o
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A total of 51 hair samples were collected from members of
the department and students. These were washed in dilute Teepol,
rinsed and dried. The samples were then arranged on cards such that
the light would strike the majority of the hairs longitudinally.

It had been realised that the orientation of the hairs might affeect
the reflectance results owing to the arrangement of the photocell
and illumination. The correct placement of the hair sample in
relation to the light aperture of the spectrophotometer head was
achieved by means of attaching the hair sample in the appropriate
position on a card of the same dimensions as the base of the head.
When the card was aligned with the base, the hair sample was known

to be aligned with the light aperture.

Each sample was tested twice at each of the nine
wavelengths. The differing intensities of the filtered lights
meant that it was necessary to adjust the reading of reflectance
whenever a filter was changed. A standard block of chalk is
used to give 100% reflectance. The surface of this block is
freshly prepared by glasspaper sanding and then the head is placed
directly upon the surface. The reading on the reflectance dial
is then adjusted to 100, The total of the nine reflectance
values was found in each case, and modified versions of the R
index and Gardner-MacAdam index were calculated, It was
unfortunately not possible to calculate these indices in their
original form as only limited wavelength values were available.

In the Gardner-MacAdam index 545 my was substituted for 546 mu ,

and 685 for 700 mi e But in the R index the substitution
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was less satisfactory. Instead of 400 my it was necessary to use
425 mp , and for 530 mm there was the possibility of using either
520 %u or 550 M e 0f these 520 mu4 would on first sight appear
the better choice, but in fact the point of inflection of the curve
in red hair tends to be of a wavelength higher than 530 W

rather than lower. However in these calculations 520 qﬁn was used

as the substitute for 530 ep..

2J.9 Difficulties of E.E.L. Spectrophotometer Use

The results of the preliminary trials with the E.E.L.
spectrophotometer are reported fully later (Section 3H). However
in order to preserve the continuity of this hair colour method a

brief summary of the results will be presented here.

The first difficulty encountered was the low percentage
reflectance found in the hair samples. The maximum reflectance was
found at 685 ms o In the darkest sample this was only 3%
reflectance and in the fairest hair sample the maximum reflectance
was 36.0%. The minimum reflectances of the samples were at 425 eﬁt,
and the reflectances of the darkest and lightest samples at this
point were only 2% and 15%. It was felt that owing to the relative
crudity of the measurement there would be inaccuracies in measuring

such small reflectances.

When the R values were calculated it was found that
according to the class divisions suggested by Reed (1952) the sample

contained 4 subjects with copper red hair, 11 with light red hair
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and 20 with red-brown out of a total of 51. Though the sample had
been selected for the extremes of hair colour rather than as a
representative cross section of the population these figures could
not be accepted as various samples classified as copper red oxr
light red were in fact visually red-brown, and some visually blond
samples were classified as light red. The Gardner-MacAdam index
gave more satisfactory proportions, classifying the samples as

3 true reds, 13 red-brown and 35 bioun. However one of the samples
classified as a true red was in fact visually on the borderline
between red-brown and brown, and several of the 'red-brown' samples

had no visually noticeable red.

2J.,10 _ Attempts to Obtain Access to Another Spectrophotometer

It was decided to attempt to find a more sophisticated
spectrophotometer. A visit was paid to Dr.Sunderland of Durham
University who gave very useful advice on the matter. The National
Physical Laboratory, who had measured the reflectances of Dr.Sunderland's
samples in 1955, were contacted. It was found that they no longer
used the instrument that had been used in Dr.Sunderland's work, and
that the new version of the spectrophotometer required a skilled
user, In order to have the samples read upon this machine a charge
of two pounds per sample would have been made. It was not possible

to afford this sum.

A number of possible sources were contacted, including

the University of Birmingham, the West Midland Forensic Science
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laboratory and the Toilet Preparations Federation., This last
organization suggested that the Unilever company might be able to
advise. A visit was made to the London laboratories of the Unilever
company where hair and toilet preparations, are developed. The
staff of this centre were most helpful, and would have co-operated
in measuring the reflectances of hair samples, but the problem was
the size of the hair samples. All the apparatus in the Unilever
laboratories required large samples of hair - far more than could
be obtained in a voluntary survey. The only apparatus that would
have been useable with the size of hair samples available was used
for skin colour measurements by Unilever. In brief trials in the
Iondon visit it was found that hair samples only registered very
low reflectance percentages. It was also suggested that it might
be possible to use a new Lovibond tintometer with flexible optical
light guides. This would have enabled the hair colour to be
measured without taking a sample from the head as the light guide
could be held on the subject's head while the colour comparison
was done. However this was not a reflectance method but merely
a complex comparative method, and it would not have been possible
to purchase one of these new comparators for reasons of finance.
It would have been necessary to send the samples to London where
an experienced technician would have made the comparison. Since
it was hoped to obtain true reflectance readings for the hair samples

it was decided to decline this most generous offer from Unilever.

In a further attempt to find a suitable instrument the
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Interlab Scheme was used. This is a government organization designed
to facilitate the communal use of specialized pieces of equipment.

A directory of organizations with specialised apparatus is held by
the organisers and persons wishing to make use of some obscure
equipment are able to contact the appropriate source. In this case
it was found that two Midland colleges were concerned with colour
measurements, the Lanchester College of Technology in Coventry and
the North Staffordshire College of Technology in Stoke-on-Trent.
Enquiries were sent to both these colleges; the Lanchester College
gave no reply, but a favourable response was obtained from Stoke-

on=-Trent.

A visit was paid to Stoke-on-Trent and the problem was
discussed with Mr. D.S. Dodd of the Physics Department. IMr. Dodd
was most helpful and provided a set of the duplicated notes on
colour measurement that he gave to his students. Though most of
the apparatus at the College required large size samples, the
department being concerned chiefly with colour in ceramics, there
was one machine, the Hilger-Watts J 40 Colourmaster that only
required a sample of 1 cm in diameter. IMr.Dodds suggested that
this machine should be used. In addition to the small sample size
requirements the J 40 had the further advantages of an intermal
standard white surface for scale adjustment and an annular photocell,
which meant that the orientation of the hair sample was not
important. A set of 10 filters was available giving the wave-
lengths of 390, 420, 470, 500, 520, 550, 580, 610 and 660 mA- .

In practice only the nine filters from 420 m were used as it was
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found that the reflectance at 390 m4 was very low, and the previous
workers had not used wavelengths below 400 mu . It was suggested
by Mr. Dodd that the accuracy of the measurement could be improved
by adjusting the reflectance scale such that 100% reflectance was
obtained from a grey tile. This was done in all the readings of the
hair samples and the real reflectances were calculated later. In
fact it was not possible to obtain 100% reflectance for the grey
tile with all the filters and various correction factors had to be
used in the calculations. The tile used was a standard Pilkington
Mountain Grey 55.15, one of a range of standard colours used at the

college.

2J,11 __Use of Tristimulus Values

In addition to measuring the reflectances of specified
wavelengths the J 40 would also be used to obtain tristimulus values
for colours samples. The Unilever workers had suggested that it
might be useful to measure the tristimulus values of the hair as
an indication of its colour, and Mr. Dodds also advised that this

would be a logical development.

In explanation of the relationship of tristimulus values
to colour it is necessary to consider the colour triangle effect.
If three standard primary light sources (red, green, blue) are
mixed in various proportions the colours formed may be representated
in a triangular diagram. The three primary sources are known as

tristimuli. In the triangle the colour cornmer positions represent
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100% of the primary stimulus while the side opposite to the cormer
represents 0% of that colour. The central point of the triangle
where equal quantities of each of the three colours are mixed
represents white. All the possible colours that can be formed by
the three colour stimuli by addition are enclosed within the triangle.
However it is found that for any set of red, green and blue there

are some colours that cannot be matched by additive combinations

of the three colours. These lie outside the colour triangle and

can only be matched by using a negative value of one or more of

the standard colours.

In order to avoid using a measurement system with
negative colour values it is necessary to use tristimuli which
will provide a colour triangle that encloses the whole of the
spectral locus. This meant that 'imaginary' tristimuli X, Y and
Z had to be useds X, Y and Z are not physically realisable colours.
By mathematical transformation the final effect is that the whole
spectral locus from 380 to 700 mw is enclosed in a right angled
triangle defined in terms of X, Y and Z. Any colour may be
specified by stating its tristimulus values. It is usual to
derive chromaticity co-ordinates from the tristimulus values,
rather than using the tristimulus values directly. The chromaticity
co=ordinates are in fact simple ratios of each tristimulus value to

the total of the three tristimulus value.
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Thus : chromaticily co=ordinate x TX

X + TY + T3

o R

- ———

X + TY + T2

Z = TZ
X + Y + %2

where TX, TY and TZ are the tristimuli values for the three primary

stimali X, Y and Z.

From this it will be seen that a colour may be defined
by two of its chromaticity co-ordinates since these are ratios not
real numbers and x + ¥y + 2z is always equal to one. The original
X, Y and Z tristimuli were devised such that Y represented the total
darkness of the sample, so it is possible to plot colour in terms of
three dimensions by the use of x, y and Y. In order to visualise
the colour a line may be drawn from the point on the triangle
representing the colour of the illuminant to x, y point and then
continued to cut the spectral locus. The point where this line
cuts is taken to represent the dominant wavelength of the colour

being measured.

It was decided to try out the J.40 apparatus in the pilot
survey and to measure both the tristimulus values and reflectance
values at nine wavelengths. In fact the X tristimulus is measured
by two separate filters in the J.40 colourimeter whereas the Y and Z

only require one. This meant a total of 13 measurements for each

sample.
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2J.12 Hair Colour Determination in Pilot Survey

The samples were taken from the pilot survey subjects
and placed in small envelopes. It was possible to obtain quite
large samples as the majority of the student subjects had long hair.
The samples were washed in dilute Teepol, rinsed, dried and mounted
on small pieces of card. It was found that if cards 1" by 23" were
used, with the hair sample mounted in the centre, the whole card
could ﬁe placed inside the top cap of the J 40 and the specimen was
thus automatically placed on top of the light aperture. The hair
was attached to the card by transparent adhesive tape at both ends
of the lock. Care was taken that no tape was in a position to
affect the reflectance measurements. Black paper was placed under
the sample to minimise the effects of possible spaces in the sample

not covered by hair.

A total of 50 samples were collected and taken to
Stoke-on-Trent, where the 13 reflectance values were measured. Owing
to pressure of time it was not possible to repeat the wavelength
measurements but the four tristimulus readings for each sample were

taken twice.

2J.13 _Standard Hair Colour Range

A standard hair colour range was prepared from the original
trial samples and further samples from suitable volunteers. This was
made up of nine hair samples divided into three sets according to

their degree of red colouration. Each set contained three grades
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of darkness. On the darkness scale hair was recorded a lighter

than or equal to the first sample, between sample 1 = 2, between 2

and 3 or darker than sample 3, the darkness of the samples increasing
from 1 to 3. The redness levels were described as no red, slight

red and definite red. Samples were classified as 'no red' if they
were less red than the slightly red sample set, 'slightly red' if they
were less red than the definitely red samples and 'definitely red!

if they equalled or exceeded the redness of the definitely red set.

2J.14 Treatment of Pilot Survey Data

The data from the standard colour range comparison was
treated as an ordinary discontinuous variable. The reflectance
values were used to calculate the tristimulus values and chromaticity
co-ordinates. Approximations of the R index and the Gardner-MacAdam

Index were also calculated.

When the chromaticity co-ordinates had been calculated
they were plotted on a colour triangle with the spectral locus.
The co-ordinates of the spectral locus were obtained from Wysecki
and Stiles (1967) (see fig.3). When the dominant wavelength of the
samples were estimated it was found that several obtained values in
the green part of the spectrum. No explanation for this could be
found, as there was good agreement between the duplicate readings in

each case. [None of the samples was visibly green.

It was possible to calculate 4 approximations of the R

index, in each case using reflectance on 660 D~ as the divisor.
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3

Fig., 3., Spectral locus plotied to show distribution of chromaticity

co~ordinates of pilot survey hair samples

Chromaticity co-ordinate y
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Chromaticity co-ordinate x

A = Source C.
Wavelenpths indicated at points on spectral locus,

Note: in the most densely occupied area of the graph a small

nunber of points have been omitted for the sake of clarity.
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For the 530 mm reflectance, 520 mjx and 550 mA were substituted
and for 400 M the values at 420 ms and 440 my were used. Of

the 50 samples obtained from the pilot survey only two were visually
red. However in each of the four R value calculations it was found
that the majority of the population appeared to be red haired. Even
if the division points had been modified from those suggested by
Reed (1952) there would still have been a considerable overlap with
non-red hair being classified with the red samples. The Gardner-
MacAdam index was calculated as reflectance 550 qﬂy/reflectance at
600, None of the samples was scored as a true red, but the two red
samples were classified as red-brown along with a very neutral non-
red colour sample. In view of the rather unsatisfactory nature of
these results it was decided to enquire further about the possibility

of using some other spectrophotometer.

2K.15 Apparatus at University of Aston Optics Department

At this stage it was discovered that there had been an
earlier gap in communication. When the Physics Department at Aston
had stated that their only colour-measuring apparatus was the E.E.L.
Spectrophotometer, they had not been speaking for the sub-department
of Ophthalmic Optics. It was found that this sub-department
possessed a variety of colour measuring apparatus, including the

Hilger J 50 that had been used in Stoke-on-Trent.

However in a full discussion of the problem with

Mr, H.C. Yorke of the Optics Department it was concluded that use
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of complex measuring apparatus was in fact inferior to visual colour
matching. 1In this case the hair samples were in general of dark
shade and of low colour intensity. It was decided that
classification by means of the Munsell system of colour notation

would give as meaningful results as reflectance spectrophotometry.

2J.16 _ Munsell System of Colour Notation

In this system colours are identified in terms of three
attributes: hue, value and chroma. The hue of a specimen is related
to the major wavelengths reflected from the surface when illuminated
by white light. 1In the Munsell system there are 10 major hues,

Red, Yellow Red, Yellow, Green=-Yellow, Green, Blue-Green, Blue,
Purple Blue, Purple and Red-Purple. There are 4 main divisions

with each hue, for example the division from almost green-yellow

to almost blue-green. The hue divisions are specified by the
initial letter or letters of the hue, plus one of the numbers

2.5, 5.0, 7.5, 10.0. It is possible to obtain standard hues between
these divisions but for general work the total colour range is thus

divided into 40 parts.

The value of the sample indicates its lightness or darkmess.
This is measured in relation to a neutral grey scale which extends from
absolute black to absolute white. The symbol O/ indicates black,

5/ mid-grey and 10/ white.

The chroma of the sample indicates the colour intensity

of the sample within a given hue division. In other words this is
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the degree of departure of a given hue from a neutral grey of the same
value (or darkness). The chroma can range from /0 for neutral grey

as far as /12 or /14 for very vivid colours.

The Munsell System therefore specifies a colour in three
dimensions: ‘hnﬂ, darkness and colour intensity. A colour is
specified by its hue, value and chroma as a shorthand notation.

A rose-pink might be specified as 5R 5/4. This gives rise to the
concept of a colour space in which the vertical axis caries from
black to white, while the 10 major hues are equally spaced around
this axis to form a colour cylinder. The chroma or colour intensity
is represented by the colour's distance from the central axis along
a radius of the hue cigle., In fact a regular cylinder is not

formed owing to the difference in potential colour intensities.

In the lMunsell colour charts each page represents a
vertiéal gslice down a radius of the colour cylinder. The standard
colours are represented by small 'colour chips' of paper stuck onto
the page in appropriate positions. The left hand edge of the page
bears the /1 chroma range (nearly neutral) and the chroma or colour
intensity increased from left to right. The value or darkmess
increases from the top to the bottom of the page. Thus a page of
a typical Munsell colour book might have colour chips for values
from 2/ to 8/ and chroma levels from /1 to /8. Similar pages

would be available for every hue division.

2J.17 _ Use of lMunsell Colour Notation in Present Sample

It was decided to try out the use of the Munsell system
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using the pilot survey samples and a few of the more extreme colour
samples from the main survey. The samples were classified using a
set of Munsell colour charts intended for soil classification,

which was borrowed from the Optics Department. In fact Munsell

do produce sets of charts for classifying hair, eye and skin colours,
but in this case only the yellow/brown/red range was required and these

charts were available in the soil range.

Bach chart of the soil series contained the colour chips
arranged on a neutral grey background with a 1 cm diameter hole
cutting the edge of each chip. A further neutral grey sheet was
positioned under the sheet bearing the colour chips. 1In order to
match the sample the small card with the hair attached was placed
under the perforated sheet with the colour chips and moved until it
was in contact with the most similar of the colour chips. While
this operation was in progress the majority of the colour chips were
masked with a neutral grey card with a hole in it, so that only 4
colour chips could be seen at any one time. This method was used
to avoid confusion owing to the large number of shades of brown that

were present.

It was found that all the yellow to brown hair colours
could be classified in terms of Hue 10 Y R. Only the visually red
colours required another Hue Chart. In addition it was found that
all the red samples could be classified by the use of three further
colour chips, Hue 7.5YR 3/3, 4/4 and 5/6. The 10 YR chart and the

three supplementary ehips were purchased for use in the survey.
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The samples from the pilot survey and the specially selected
red and fair samples were classified according to the Munsell system,
and the classification was then repeated on two successive days.

The same standard colour matching lamp that had been used during the
eye colour, colour vision and hair sample range comparisons was used.
It was found that the hair colour classificatiomson the Munsell
system were reproducable and that the only values that varied from
day to day were those that were in fact borderline between two colour

chips.

It was decided to use the system in the main survey. 1In
practice this meant that hair colour could be analysed in terms of
hue, chroma and value in addition to the assessment of hair colour
by visual comparison with a range of standard hair colours. Though
the Munsell colour classification system is dependant on the accuracy
of the eye of the observer it is probable that this system is of
equivalent accuracy to the Lovibond system, which also requires human

assessment.

The decision to use the Munsell System rather than a
reflectance system was taken with regret as it was hoped to obtain
a truly objective measure of hair colour. However owing to the lack
of success with use of spectrophotometers it was felt that more
information would be obtained from the use of a simple comparative

gsystem rather than concealing the data in more complex mathematics.

All the samples from the main survey were prepared by

washing,etc., as in the pilot survey. In view of the number of
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samples this was a somewhat complex operation. As each hair sample
was cut it was placed in a small envelope that had previously been
marked with the subject's reference number. At the time of cleaning
the hair sample it was necessary to wash, rinse, dry and mount each
hair sample without losing its reference number. This was

successfully achieved in all but a very few cases.

Though it was hoped to obtain a lock of hair wide enough
to cover a postage stamp and 1" long it was found that many of the
schoolchildren were unwilling to give so large a sample. In some
cases they were unable to provide this length of hair owing to the
then current fashion for a very short "skinhead" haircut. Many
samples would have had to be discarded owing to their small size if
the reflectance values were measured, but it was possible to classify

even these small samples by the Munsell method.

2k - Hair Form

2K.1 Heredity of Hair e

It has been suggested (Hill and Hill, (1955) that the
degree of curl of a hair depends on its shape in cross section.
Hairs which are round in cross section tend to be straighter than
those which are oval. This difference may be due to a single
gene pair showing incomplete dominance in the heterozygote. Rostrand
& Tetry (1965) propose that the factor producing curly hair dominates

those producing wavy or straight hair, and the factor for wavy hair

is dominant over that producing straight hair.
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2K,2 Studies of Human Hair Shape in Cross Section

Luell & Archer (1964) noted that the diameter of human head
hair increased with age. Seibert & Steggarda (1943) noted that the
cross section area of the subject' hair increased rapidly between the
ages of ten and thirty but then decreased until the childhood size was
reached again at sixty. It was also noted (Steggarda & Seibert 1941)
that hairs from males tended to be rounder than hairs from females, and
that hair from negroes was more elliptical in cross section than that
of other races. A sex difference was also noted by Walsh & Chapman
(1966). Duggins & Trotter (1951) noted that there was greater
variation in shape of the cross sections of hairs of any individual,
though it would seem difficult to establish this in view of the
problem of alignment of the hairs when the sections are cut.‘ Spearman
& Barnicot (1960) found that the curved hairs of negroes had a greater
concentration of melanin on the inside of the curve in comparison with

straight hair where the pigment was evenly distributed.

2K.3 Classification of Hair Types

Montague (1960) has suggested that it might be possible
to measure the curve that the hair follows. This method would present
problems in comparing subjects with hair of different lengths as
gravity also affects long hair. In a family study Kloepfer (1946)
drew a sketch of the hair type of each subject and then classified

the drawing by a standard scale.

In the present survey it was decided to use a four point
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scale for classifying hair type. A standard range of hair forms
representing the four classes was made up from humen hair samples
obtained from a wig manufacturer. This standard range was held
close to the subject's hair and their hair type was noted as
straight, slight wave, deep wave or curly. Subjects were asked
whether their hair was in its natural state. None were found to
have had any permanent wave treatment at the time of the interview,
though some girls stated that they had set their hair on rollers.
None of these cases would have been classified as deeply-waved even
if the possibly artificial nature of the hair type had not been known.
These girls were asked to give an honest assessment of their natural
hair type, and the report was entered on their record sheet. It
was not felt that this would introduce much bias into the survey.
Any bias would probably be in the direction of an excess of straight
haired females, as it was found that even females with observable
slightly wavy hair would report that their hair was straight during

the interview.

2L - Hair Line (Widow's Peak)

2L.1 Heredity of Hairline e

In a certain proportion of the population there is a
glight downward extension in the centre of the hair line. This
gives the effect of a "peak" of hair, thus giving rise to the common
name of this characteristic. The extent of the peak varies from

very slight irregularities in the hair line to true peaks of
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measureable length.

Scheinfeld (1965) states that the presence of a widow's
peak is due to a dominant gene, and Winchester (1964) includes this
trait in a group of inherited characteristics. However in the twin
survey included in the present project the trait was only found to
have a heritability of 0.39. Though it appears that other factors
than heredity may influence hair line type it was decided to include

the trait in the survey because of its easy recognition.

2L.2 Method of Classifying Hair Line Type

There is no accepted method of classifying hair line types.
It was therefore decided to use a standard scale of drawings of hair
line types and classify the subjects by comparison with this scale.
In a previous study (Wheatproft 1967) hair lines had been classified
as having a definite widow's peak present or absent. This meant
that intermediate types were included in the absent class, but in
the present survey it was decided to keep the intermediate hair

line types as a separate category. (see fig.4)

2M - Ear lobe Type

2M,1  Genetic Background of Ear Lobe Type

Observation of any human population will show that there
is considerable variation in the degree of attachment of the lobe

part of the outer ear., In some cases there is a flap of tissue
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which hangs freely from the tragus of the ear, while in others this
lobe is either attached as is the main part of the ear, or entirely
absent. In a family study, Powell & Whitney (1937) concluded that
the factor producing attached lobes was a single Mendelian recessive.
However ear lobes do not conform to two distinet types, there is
rather a continuous range of types between two extremes. Dutta

& Ganguly (1965) have suggested that polygenic factors may determine
ear lobe type. In another family study in 1937, Wicner found
that although there was a definite correlation between the ear lobe
types of parents and children the data did not agree with simple
Mendelian inheritance. More recently lai and Walsh (1966) agreed
that family data collected from many countries was not consistent

with single gene inheritance.

2M.2 Classification of Ear lobe Types

It seems likely that the best method of characterising
ear lobe type would be to take comprehensive measurements of the ear.
Vollmer (1937) suggested that one could measure ear lobe attachment
and this measurement has been included in anthropological surveys
(Hertzberg et al 1963). There are considerable difficulties in
measuring the length of the ear lobe as it is both flexible and
compressible. This lack of rigidity makes it hard to obtain
consistent results. A small scale trial was carried out to test
the reproducability of results of ear measurements using a small
anthropometer. These results were not encouraging, and so it was

decided not to use measurements in this survey.
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The alternative method is to classify ear lobe types
either by a simple nominal scale such as free, intermediate, attached,
or by a series of standard pictures of ear types. The nominal
classification method has been used in the majority of the surveys
so far., In many surveys ear lobes are classified simply as attached
or free. 'This method was used by Glass in his study of Uunkers
(1956, Glass et al 1952), Riddell (1941) in Scottish children,

Dutta (1963) in a study of different races, Bhasin (1969) in a
study of Nepalese and Lai and Walsh (1966) in a comparison of racial
group. Other workers have preferred to divide ear lobe type into
three groups: free, intermediate and attached. Those using this
scheme of classification include Dutta and Ganguly (1965),
Dronamraju (1966), Tiwari and Bhasin (1969), Das (1967) and Brues
(1950).  Wicner (1937) suggested that there should be a four part
gscale of ear lobe type, there being two classes of intermediate.
Hooton and Dupertuis (1955) recognised two types of attached ear lobe;
the simple attached lobe and the lobe that was almost absent. This
latter type is often referred to in the literature as 'soldered' or

'fused'.

Vollmer (1937) gives drawings of different ear lobe types,
but only one investigator using drawings of ears has heen noted.
Kloepfer (1947) made drawings of the subjects' ear lobe type at the
time of the interview and then classified the drawings later. It
was decided to use a standard range of pictures of ear lobe types
in the present survey (see fig.5). The ear lobes were drawn to

represent the four main types of ear lobe that were noted in the
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population; free, intermediate, attached and fused. The pilot
survey showed that it was possible to classify subjects by comparison

with this standard range and it was therefore used in the main survey.

2N.1 Previous Studies in Chin Type

A certain proportion of the population possess a central
vertical indentation in the lower mergin of their chin. This is
commonly known as a "cleft" chin. This characteristic is more
commonly referred to in popular and general genetic texts than in
surveys of an anthropological nature. However these texts that
mention this characteristic are unanimous in their view that it is
inherited, and that the inheritance follows Mendelian segregation
Hill and Hill (1955), Rostrend and Tetry (1965) and Scheinfeld (1965)
agree that the factor determining a cleft chin is inherited as a

dominant over that for a non-cleft chin.

In a collection of photographs of seven generations of a
family, Lebow and Sawin (1941) noted that the factor producing a
cleft chin appeared to be recessive. However Krogman (1967) in a
review article on the genetic factors influencing the face notes
that cleft chin is said to be inherited as a simple dominant. In
a twin survey he quotes a vertical chin groove was found to be an
autosomal dominant with penetrance of 100%. It is difficult to

reconcile these two views, and it may be that the inheritance of



chin type is complex.

2N.2 Classification of Chin Types

There are in practice a whole range of chin types. The
simple vertical cleft occurs in wide range of depths ranging from
a slight indentation to a definite furrow. There are also some
cases where there is an isolated indentation mid-way between the
lower lip and the lower margin of the chin. Such cases are commonly
gaid to have a dimple in their chin. Though it may well be that
these different types of chin indentation represent the variable
expression of a single factor, it was thought worthwhile to collect

the frequencies of the various chin types separately.

It might be possible to define the type and extent of a
chin indentation by means of extensive and detailed anthropometry.
In this survey the time taken to interview each subject was very
limited and so this method could not be attempted. It was decided
to classify the chin types by comparison with a simple pictorial
scale, Originally the intention was to provide a photographic
scale, but photography of the chins of suitable volunteers showed
that it was not possible to obtain a clear representation of the
degree of indentation. A standard scale was therefore drawn, the
types of chin represented being whole, slight cleft, definite cleft
and dimple. (see fig.6) The pilot survey showed that this scale
was usable and it was therefore employed in the main survey. All

subjects' chins were examined with great care, using supplementary
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Fig. 6, Chin type scale
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lighting to ensure that even slight indentations were noticed.

20 =~ Freckling

20,1 Heredity of Freckling

A proportion of the population have small patches of skin
that produce more pigment than the surrounding area. These patches,
commonly called freckles, are stimulated to produce extra pigment by
sunlight. Freckles are therefore most apparent on the areas of the
body that receive more exposure, usually the face and arms (Auerbach,
1962), Nicholls (1968) suggested that this effect is due to a type
of mosaicism. He noted that red hair and freckles were associated,
and that there was a variation in colour between different hairs from
a red haired freckled person. This might be interpreted as another

manifestation of mosaicism.

In a family study Nicholls (1969) found that his data
supported the hypothesis that this trait is determined by a gene
which produces dark hair with freckles in the heterozygote and red
hair with freckles in the homozygote. He also noted that the
frequency of pigmented birthmarks in the different groups supported
the theory that these marks arise by somatic mutation of the

freckling gene.

20.2 Method of Classification of Skin Types

Hooton and Dupertuis (1955) divided their survey population

into two groups, those with freckles and those without. This simple
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classification does not take into account the wide range or density
of freckling that occurs in most populations. Brues (1950) noted
three skin types; those without freckles, those with few freckles

and those with many.

It is difficult to devise an accurate method of measuring
density of freckling in an individual. 1In theory it would be
possible to mark off a standard area of the face and count the
number of freckles within this area. Such a method would certainly
try the patience of the subject, but it would in any case be
inaccurate as the areas in which freckles are present may differ
in persons having the same density of freckles. In most persons
with freckles the area containing the majority of the freckles is
centred on the nose. The nose and upper cheeks are freckled but
the rest of the face is not. 1In others the whole of the face is
evenly covered with freckles and there is less concentration in the

centre of the face.

In the present survey it was decided to classify the
subjects as having no freckles, light freckling or heavy freckling.
Those with light freckling had the freckles concentrated in the
centre of the face while those with heavy freckling had the freckles

distributed more evenly over the whole face.

2P - Mid-Digital Hair

2P.1 _Background and Heredity of Mid-Digital Hair

A majority of the British population have hairs on the
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second phalanges of their fingers (Brothwell & Molleson 1965). The
number of fingers possessing this characteristic is variable, but

the presence of hair appears to centre upon the 4th digit (Garm 1950,
Saldanka & Guinsberg 1961). All the usual patterns of presence of
hair include the 4th digit. Hairs may be present on the fourth
digit alone, the third and fourth, the third, fourth and fifth digits
or on all digits excluding the thumb (Danforth 1921). Occasional
cases are found that do not fit any of these patterns, but it is
probable that these differences are due to loss of hair from one or
more digits. Garn (1950) has noted that all the hairs potentially
present may not be seen owing to their cycle of growth and replacement.
In females it is possible that some hairs are rudimentary (Danforth
1921) or lost owing to constant manual work (Bernstein and Burks

1941).

Rostrand and Tetry (1965) suggest that the presence of
mid-digital hair is a dominant lMendelian characteristic. The
variability of this characteristic requires a more complex explanation
than this. Glass (1952) suggested that there is a multiple allelic
series responsible for the characteristic. He postulates a series
of five alleles, Mﬂb to Hd4, controlling the number of fingers with
mid-digital hair. Dominance would be in ascending order from
M (no MDH) to Md, (all four fingers with hair). A similar theory
was put forward by Bernstein and Burks (1942) and Bernmstein (1942,
1949). Sib data was found to fit either the hypothesis of monogenic
recessivity or more random combination. (Saldanha and Guinsberg

1961). Beckman and Book (1959) noted that presence of MDH was
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inherited as a dominant factor. Hair is also present on the middle
phalanges of the toes, but Rakshit (1965) noted that the frequencies
of the various patterms differed from the finger pattern distribution.
Setty (1966ab) noted that the presence of MDH on the hand was
associated with MDH on the toes. He also suggested that there was
a possibility that MDH patterns were associated with the hair patterns

of the hand, and the arm (1964).

2P,2 Method of Classification of MDH Types

It is necessary to examine the fingers of both hands and
note the presence or absence of hairs on each digit. Basu (1967),
Srivastara (1966) and Saldanha and Guinsberg (1961) recommend that
a pocket lens should be used for close examination. Basu also
suggests that the fingers should previously be cleaned using a
mixture of absolute alcohol and carbon tetrachloride, and Srivastara

suggests using spirit alone as a cleansing agent.

In the present survey the fingers of the subject were
examined using a x 10 lens, and supplementary lighting. It was
not found necessary to clean the fingers of the majority of the
subjects, though a small phial of absolute alcohol was included in
the survey apparatus for this purpose. Occasionally subjects came
to the interview directly after games or art periods, in which case
it was necessary to remove excess mud or paint. When one finger was
obgcured by a bandage that could not be removed this was noted as a

query, and classification was carried out using the equivalent finger
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of the other hand.

The classification of the MDH type in the present survey
took account of both the subjects' hands. When hair was present on
a finger of one hand but not on the corresponding finger of the other
hand this was scored as a positive result. It seems probable that
some subjects would have lost hairs on one hand while retaining the
basic pattern on the other hand. Saldanha and Guinsberg (1961) noted
that small differences between hands could be enyironmentﬁl or hormonal.
Ganguly and Pal (1963) noted that the differences between the hands

of an individual were negligibly small.

In the interests of clarity it was decided to refer to
the different mid-digital hair types as MDH O, MDH 1, MDH 2, MDH 3,
MDH 4, according to the number of fingers with hair, This nomenclature
has been used throughout the report. A full key to these abbreviations

is given below:

MDHO = no mid-digital hair

MDH1 = MDH on digit 4 only

MDH 2 = MDH on digits 3 & 4

MDH 3 = MDH on digits 3, 4 and 5

MDH 4 = MDH on digits 2, 3, 4 and 5.

MDH X =  MDH pattern other than one of the above

(see fig.7) (lumped with MDH 4 in tabulation).
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2Q = TFinger length

2Q0.1 Variations in Relative Finger Length

When the hand is placed palm downwards on a flat surface
the relative lengths of the index finger (2nd digit) and ring finger
(4th digit) may be classified. Three patterns are found: 2nd digit
longer than 4th, both equal or 4th longer. (George 1930), Phelps
1952, Blincoe 1962) (see fig.8). Another hand variation sometimes
studies is the relative lengths of the fourth and fifth digits, the
fifth digit being classified according to its relation to the distal
joint of the fourth finger (Glass et al 1952, Glass 1956, Blincoe
1962). It is not known whether there is any association between these
two traits but it is probable that they are different manifestations

of the same basic difference in hand type.

2Q.2 Methods of Classifying Hand Type

It was decided to include only the index/ring-finger
comparison in the present survey (Wheatcroft 1967) had shown that
the range of variation in the 4th/5th digit types was on average

small, This meant that classification was sometime uncertain.

George (1930) devised a special 'finger board' for
measuring the relative lengths of the 2nd and 4th digits. This
consisted of a flat board with a fixed block for the 3rd digit to
rest against and scaled markers which slip down to meet the 2nd

and 4th digits. Only right hands were measured in this survey.
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In 1952 Phelps classified hand types by tracing the subject's left
hand and then measuring the tracing with a pivot ruler. This
method would seem to introduce various problems of accuracy, however
a similar method was used by Rosler (1957). Other surveys
(Kloepfer 1946, Blincoe 1962) merely examined the subject's hand

when it was resting on a flat surface.

In the present survey it was decided that tracing the
outline of the hand would be too time-consuming and also that it
would be difficult to obtain an accurate tracing. The finger
board designed by George (1930) was considered, but this device
appeared to make classification more complex, without providing
a measurement of the actual finger lengths. It was decided to
assess hand type by inspection of the subject's left hand laid flat
on the working surface. In any cases of doubt a clear plastic
protractor was available. This was laid on the back of the subject's
hand with the base line towards the finger-tips and the perpendicular
along the length of the 3rd digit. By moving the protractor along
the finger the positions of the 2nd and 4th fingers in relation to
the basic line could be seen, and from their relative lengths could
be noted. The left hand was used in order to minimise the
environmental effects of muscle building noted by Rosler (1957),
though it was accepted that this might lead to some inaccuracy in

left-handed subjects.

Ideally the different hand types would be studied by

examination of x-ray photographs of the subjects' hands. This method
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was used in astudy of toe types Venning (1956), but Kaplan (1963,
1964) classified various toe types by examination only. It is
possible that the visible differences in hand type are not in fact

skeletal in origin but rather due to differences in musculature.

2R~ PIC Tasting

2R.1  Discovery of PTC Tasting

R

The taste properties of phenylthiocarbamide were first
noted by Fox (1932). In fact it was a colleague of Fox's who
noticed that the dust from the PTC Fox was using had a bitter taste.
Fox himself was unable to detect any taste in the €rystals, though
he later made the experiment of dissolving PTC crystals in saliva

from a person able to taste PIC (Fox 1932).

2R.2  Chemistry of Compounds Showing the PTC Taste Reaction

Fox found that all compounds containing the grouping
NH - C - NE showed the dame taste dichtomy as PIC. Harris and
;

Kalmus (1949) found that seven other thio-compounds were similar

to PTC in their taste reactions. Eighteen more compounds were tested
by Barnicot and co-workers in 1951. They concluded that the grouping
N =C =S is necessary for the PIC taste reaction, but N =C = 0

does not give the same effect. Goedde and Oligmacher (1965, 1966)

found that anetholtrithion, which does not contain the N = C = S
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grouping, have a taste reaction. This was confirmed as similar to the

PTC reaction by Dawson and co-workers in 1967.

2R.3 Genetics of PTC Tasting

Blakeslee (1932 ab) suggested that the ability to taste
PTC was inherited as a single Mendelian dominant, with non-tasters
forming the double recessive class. However Levine and Anderson
(1932) noted that some parents with low taste sensitivity had taster
children. ILater work has shown that the situation is far from simple.
Das (1956a) found that the data from sib pairs agreed better with
the Mendelian inheritance theory than with a theory of random
combination of taste acuities. He suggested that there might be
incomplete penetrance of the factors determining the ability to
taste PTC, and proposed that the penetrance might be 90% (Das 1958).
Pons (1960) found that sib pair data was in agreement with the simple
recessive character being responsible for the lack of ability to taste
PTIC. But Harris and Kalmus (1950) were ungble to confirm the
simple recessive character theory as their sib pair data did not
fit this theory, nor could their results be explained as random
combinations of taste ability. Merton (1958) found that family
data on PI'C tasting fitted Mendelian inheritance, but sib pair data

did not.

The data of PTC tasting in twins is fully discussed in
the twin section (4D.14). However the general conclusion from the

twin data is that there is often considerable variation in taste
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sensitivity between the members of a monozygotic twin pair. If
incomplete penetrance for this factor is the case, this may explain

the twin differences in PTC tasting.

The variation in range of taste sensitivities in different
populations has led some workers to suggest that there may be a third
allele responsible for extremely sensitive taste ability (Rychkov
and Borodina 1969). Imgg (1962, 1966) has noted the distribution
of PIC taste abilities is probably multimodal., He suggests that
this could be interpreted as supporting a multi-allelic system of

PTC taste factors.

2R.4 Methods of PTC Taste Testing

Ever since it was established that PTC tasting was an
inherited characteristic, the trait has been used in anthropological
surveys at many levels of complexity. These will be described more
fully in the discussion section. Various methods have been devised
for testing the PTC taste reaction and in many cases the method used

is decided by the circumstances of the survey.

In the earliest surveys PIC crystals were used, either
alone or in comparison with a PTC solution (Fox 1932, Blakeslee
1932ab, Cohen and Ogden 19492, Riddell and Wybar 1944). Attempts
to standardize the PIC taste test by using PTC paper have had some
success, and this method has been used as recently as 1969. (Parr
1934, Terry and Segall 1947, Hutt 1947, Hoover 1956, Hoyne 1955,

Soltan and Bracken 1958, Taylor 1961, Johnson et al 1966 and
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Milunicova et al 1969)., Hartmann (1939) compared PIC papers, crystals
and solutions and found that rather more persons were classified as

tasters using crystals or paper than using solutions.

Some surveys have used a single PTC solution to divide
groups into tasters and non-tasters. Riddell and Wybar (1944)
used 0,005% PIC solution, while Cohen and Ogden (1949) used a
saturated solution. Bhattachary:. (1964) used a solution of 1300 ppm,
Guttman and co-workers used 1 g per litre (1000 ppm), Hauge and
Helweg larsen (1953) used 40 ppm and Mann (1969) used 50 ppm.
Blakeslee (1932) used four concentrations of PTC while Sanghvi and
Khanolkar (1950) used three concentrations. In a survey of students
Wheateroft (1967) used PTC solution of 80 ppm made up as a jelly for

eagse of transport.

A more detailed method of determination of the taste
threshold uses a serial dilution of a PTC solution. In this method
the resulting distribution of PTC taste thresholds is usually
bimodal, one mode represents the taster population and one the
non-tasters. This method was first used by Hartmann in 1939. She
used a starting concentration of 2600 ppm, and dilutions of this and
resulting solutions by a half to give a series of 14 dilutions.
Falconer (1947) also used serial dilutions of PIC but in this case
the initial concentration was 1800 ppm. Eleven dilutions were used
in this case. Beach (1953) used a series of dilution from 1600 ppm.
The most commonly employed procedure for estimating the taste
threshold for PTC is that devised by Harris and Kalmus (1949). They

used an initial concentration of 1300ppm. This solution was then
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diluted by half to give a series of 13 solutions, the weakest

containing 0.32 ppm.

In the testing procedure in the Harris and Kalmus method
the subject is asked to taste each of the dilutions in turn, starting
from the most dilute solution. When the subject is able to detect
a definite taste in a solution this solution is used in a sorting
test to determine whether the subject is able to sort the PIC
solution from water. Eight cups or beakers are offered to the
subject, four containing water and four the PTC solution. The cups
are marked so that the tester knows the contents, and presented to
the subject in a random order, If the subject is able to sort the
PTC solutions from the water correctly, the sorting test is repeated
using the next weakest dilution, and the testing is continued until
a dilution is found that the subject cannot sort out from water.

When the subject is not able to carry out the first sorting test
correctly the next most concentrated solution is used in a second
sorting test, and testing is continued until a concentration is
reached that can be distinguished from water. The taste threshold
is taken as the lowest concentration that can be distinguished from
water is a sorting test. While the testing is being carried out the
subject is allowed an unlimited amount of the PTC solution s and

water, the beakers being refilled if necessary.

Since the Harris and Kalmus method required a large number
of solutions to be tasted it is somewhat time-consuming. Various

modifications of this procedure have been used. Sunderland (1966)
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uses only eight solutions out of the Harris and Kalmus range (1, 3,
4y 5, 6, Ty 95 11), including those which cover the possible placing
of the antimode. This procedure is also used by Cartwright and
Sunderland (1967) and Sunderland and Ryman (1968). Allison (1951)
and Allison and Nevanlinna (1952) compromise by using alternate
solutions of the Harris and Kalmus series. Thus they have a series
of seven solutions equivalent to Harris and Kalmus's 1, 3, 5, 7, 9,
11, 13. Giles and co-workers (1968) used Harris and Kalmus

solutions 2 to 8, as did Azevedo (1965).

Other workers have used the whole range of solutions but
used a less exacting method of administering the solution to be
tasted. Azevedo (1965) used plastic squirt bottles, with the PTC
solution in a cellophane liner inside. The solution was then
squirted directly into the mouths of the subjects. Lugg and White
(1955) used a spoon or a dropping pipette to give the subjects
2.5cc of the PIC solution or water. This was then rinsed round
the mouth and spat out. In the preliminary testing the sequence
of administration was water, PTC, water, and in the sorting tests
the sequence was water, PTC, water, PIC. This method was used
by Lugg in later papers (1963, 1964a, 1968). ILugg (1968) has
also increased the number of dilutions used in the Harris and Kalmus
procedure, using up to 24 dilutions in some cases. Kalmus (1958)
suggested the use of quinine tasting to distinguish those subjects

of overall low taste sensitivity.
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2R.5 Testing Procedure in the Present Survey

It was decided to use the full 13 dilution range of the
Harris and Kalmus method, as it was felt that shortening the range
might result in a loss of valuable data. Although Dr. E. Sunderland
had advised the use of glass beakers for taste testing it was found
that this was not practicable in this particular field situation,
as the survey was being carried out single handed. Since numbers
of up to thirty subjects per day were being interviewed it would
have been necessary to transport 240 small glass beakers from school
to school. However when a visit was made to Professor H. Kalmus
he suggested that empty plastic yoghurt pots could be used in taste
testing. In lieu of an adequate number of such vessels it was
decided to purchase a large number of small disposable plastic cups,
which could be used once and then discarded. This eliminated the
cleaning problem. Initially 20z plastic cups were used but later
10z cups were found to be adequate. The cups were counted out into
gsets of eight in the pilot survey and five in the main survey, and
numbered before the testing commenced. It was found convenient to
make up boxes of thirty sets of cups in advance so that these could
be used as required. The PTC solutions were stored in rigid
polypropylene bottles either 500ml or 250ml. Though some doubt was
felt over the possibility of the solutions acquiring a taste from the
polypropylene bottles preliminary trials showed that the taste change
over periods of a few days were not appreciable. In fact during the
periods of active surveying the PTC solutions were used up at such a

rate that it was necessary to refill each bottle at least every second
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day. VWhen refilling the bottles any remaining PTC solution was
discarded and freshly made up PTC used to fill the bottle. The
stock solution of 1300 pmm was kept in a glass bottle. The stock
solution was prepared by dissolving 1.3g of British Drug Houses
Laboratory Reagent Grade phenylthiocarbamide in distilled water

and then making the resulting solution up to one litre. Distilled
water was used rather than tap water as it was found that in certain
concentrations of PTC in tap water a loose brown precipitate was
formed. This may have been due to the chelating action of the

PTC on dissolved metal ions in the water. The remaining PTC
solutions were prepared by a serial dilution of the stock 1300 ppm
gsolution by one half. Distilled water was used as the diluting
agent in each case. Distilled water was also used as the control
in the sorting test. The distilled water for this purpose was
carried in the same type of 500ml polypropylene bottles as the PIC
solutions. Although it would have been possible to carry a larger
reservoir of distilled water it was felt that there might be

temperature differences between different volumes of liquid.

In general it was found that 500cc of PTC solutions
7=13 and 250ce of solutions 1-6 was ample for a day's sampling.
In some cases there was an unusual distribution of taste thresholds
at a particular school and it was necessary to refill one of the
PIC bottles in the fie