GENETICAL ASPECTS OF HUMAN BEHAVIOUR

A thesis presented to the

Faculty of Science and Engineering
of the :
University of Birmingham

by

Krystyna Last
for the degree of

Doctor of Philosophy -

Department of Genetics

University of Birmingham

January, 1978



IMAGING SERVICES NORTH

Boston Spa, Wetherby
West Yorkshire, LS23 7BQ

www.bl.uk

SEST COPY AVAILABLE.

VARIABLE PRINT QUALITY



IMAGING SERVICES NORTH

Boston Spa, Wetherby
West Yorkshire, LS23 7BQ
www.bl.uk

The following has been
excluded at the request of
the university

Volume 2

Pages 615-635



. . PART B
A STUDY OF SCCIAL ATTITUDES



: 301

INTRODUCTION

The study of the inheritance of intelligence has a long if
somewhat controversial history, as we have seen in Part A. In Part B,
we turn to two traits which have interested psychologists and sociologists
for some time, but have rarely been subjected to the detailed analysis
necessary to determine the causes of variation., In the past, most
theorists accepted the untested assumption that all attitudes are
developed through experience (Chein, 1948; Dooh, 1947), more through
conviction than overwhelming empirical evidence. However, the study of
evolutionary genetics suggests a biological basis for the determination
of attitudes and recognition of this may serve to illuminate certain
sociological or psychological perspectives in a more realistic light,
by suggesting possible selective advantages for the two traits, how they
may have evolved within a social structure and possible changes that may
occur in the future,

Indirect evidence for a heritable component of wvariation in
attitudes comes from studies of behavioural traits which may lead an
individual to prefer one attitude over another, For example, racial
or other prejudices often have an element of active hostility and there
is abundant evidence for a heredity component of aggression (e.g.

Carthy and Ebling, 1964; Scott and Fuller, 1965; lorenz, 1966)., In

a recent book, Dawkins (1976) makes the link between behaviour and
evolution which is central to the biological understanding of behaviour,
by expressing the distinction between motives and consequences in these

terms:
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"It is important to remember that the above definitions of altruism
and selfishness are behavioural, not subjective, I am not going to argue
about whether people who behave altruistically are 'really' doing it for
secret or subconscious selfish motives, Maybe they are and maybe they
aren't, and maybe we can never knowee..,.. My definition is concerned only
with whether the effect of an act is to lower or raise the survival
prospects of the presumed altruist and the survival prospects of the
presumed beneficiary",

It is not how we feel or think we are behaving that are of
ultimate importance, but the consequences of the actions (i.e. behaviour),
prompted by our emotions or attitudes, which are important for our own
survival and, through our offspring, of similar feelings and attitudes in
the future.

Attitudes are only of evolutionary consequence in so far as they
influence survival, Attitudes may be shaped by underlying'personality
traits, such as level of aggressiveness, which are known to have a genetic
basis., This suggests that there may be a genetic predisposition towards

Known ¥
certain attitudes, Conversely, particular forms of behaviour are knwon
to be under genetical control, and insofar as attitudes are shaping this
behaviour, it seems likely that the attitudes themselves have some
genetic mechanism, All this suggests that attitudes and personality
may have a common biological basis, which is related to survival,

The involvement of a genetic mechanism in determining attitudes does
not imply that environmental and cultural factors are unimportant,
Behavioural differences may have genetical or social consequences either
of which may modify the range of behavioural differences in future
generations, A change in social system originated by the behaviour of

individuals conditioned by that social system may have consequences for the
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genetic systems Conversely, selective pressures changing the gene
frequencies may alter the social structure, Thus, any change in a
population is the result of both genetical and envirommental changes upon
the behaviour of its members, and to suggest a genetic basis for the
attitudes determining behaviour does notPreclude the importance of
cultural change., Indeed, a new and important area of study is the
cultural transmission of social attitudes through genetical differences,
acting environmentally, producing cultural change,

Previous work on the genetics of social attitudes comprises
two twin studies, which give a consistent picture for the components of
variation which can be separated using twins reared together, The work
outlined in this thesis contains an analysis of twin data and confirms
the results of earlier studies, but also provides a unique opportunity
for the resolution of the cultural components of variation and cultural
transmission against a background of simple additive genetical differences
and the effects of the mating system,

Eysenck became interested in social attitudes and re-examined three
early studies (Thurstone, 1934; Carlson, 1934; Ferguson, 1939). In a
series of investigations (Eysenck, 1944, 1947) he showed that social
and political actioﬁs of all kinds are mediated through attitudes and
opinions, which are organised into two principal orthogonal factors. These
ﬁe labelled Radicalism and Toughmindedness, The development and
validation of these two dimensions of attitudes was carried out by
Coulter (1953), George (1954) and Melvin (1955) and is summarised by
Eysenck (1954), together with his own work, Subsequently, the validity
of this theory was demonstrated, since the two dimensions showed a
relationship with social class and were sufficient to account for the

relationship between the different political parties in this country
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(Eysenck, 1951, 1954, 1956)., He also showed that the theory could be
generalised to populations from the United States, Sweden, Germany and
other western countries (Eysenck, 19533 Dator, 1969; Bruni and Eysenck,
1976).

Later, Eysenck showed that the Radicalism-Conservatism dimension
could be usefully sub-divided into two components, social conservatism
and economic conservatism (the latter being a capitalism-socialism
dimension) (Eysenck, 1975, 1976a, b).

A lot of evidence has accumulated in support of the general theory
of social attitudes using a variety of questionnaires and types of
question (e.g. Rokeach, 1973; Wilson, 1973; Schubert, 1975). Indeed,
the data analysed here also confirm‘the relevance of Radicalism and
Toughmindedness and were obtained as responses to one of the most recent
types of questionnaire, The most recent study (Hewitt et al, 1977)
replicates the findings of the earliest étudies after 25 years with remark-
able consistency.

Study of the inter-relationship of social attitudes and the whole
personality showed that Toughmindedness is related to extraversion and
Psychoticism (e.g.'Eaves and Eysenck, 1974). In particular there is a
distinct tendency for Toughmindedness to be associated with aggressiveness
and dominance, Wilson (1975) has suggested personality correlates of
Radicalism,

Eaves and Eysenck (1974) also studiedthe causes of trait variation
and covariation in three personality variables and the two dimensions
of social attitudes, in order to determine the extent to which variation
in personality and opinion share a common genetic basis. They were able
to discriminate between simple genetical and simple envirommental models

and show a heritable component of the observed variation and covariation,



The possibility of common environmental influences was suggested.
Genetical differences might account for as much as 65 per cent of
variation in Radicalism scores and 54 per cent in Toughmindedness
scores, .Despite this, parental attitudes will be relatively poor
predictors of offspring attitudes, since on the basis of the simple
genetical model, given random mating, the parent offspring correlations
are expected to be roughly between 0,2 and 0,3, This is substantially
lower than correlations reported earlier (e.g. Fuller and Thomson,
1960). Eaves and Eysenck (1974) suggest that if the change is real,

it might reflect cultural change over the last 30-40 years and could
result from increased social mobility minimising the importance of the
family environment, and increasing the importance of genetical differences
and environmental experiences unique to the individual., This suggests
that attitudes are sensitive to cultural change and may be subject to
cultural transmission which is the particular interest of the present
work,

Hewitt (1974) analysed the individual dimensions of social
attitudes and showed that specific environmental influences, the family
environment or the effects of the mating system and additive genetical
differences may each account for approximately one third of the total
variation in Radicalism. Almost identical results were obtained for the
relative contributions of the different sources of variation in a later
twin study (Martin,.1976; Martin and FEysenck, 1976). Similarly, both
twin studies were consistent with a model for Toughmindedness in which
the expression of genes and the effects of the environment are dependent
on sex, suggesting that underlying variation in toughmindedness, there is

some mechanism of sex limitation mediated genetically or culturally., The
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possibility of a cultural component for both traits (demonstrated by
Eaves (1977) for Toughmindedness in the earlier twin study), means that
some variation in each trait could be produced by the cultural
transmission of phenotypic differences. Twin data are unsuitable for
the study of cultural transmission since cultural differences and the
effects of the mating system are confounded., Thus the earlier studies
could only suggest a tempting line of future research, Adoption

data is probably the most relevant for the solution of the problem of
cultural change and in Part B of this thesis a large body of twin and
adoption data are analysed, We hope that this will enable some advance
to be made in understanding the inter-relationshipsdfthe genetical
predisposition of individuals, the different types of environmental
factors influencing them and the structure of society and cultural

change,
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SECTION 1: DESCRIPTION OF THE STUDY

1l THE QUESTIONNAIRE

The structure of the questionnaire used in this study differs
radically from that of questionnaires previously used in attempts
to elucidate the-genetical and environmental components of variation
in social attitudes., Eysenck (1957) publishes, in full, an example
of the earlier type of questionnaire - the 60 item Public Opinion
Inventory - together with its scoring key and a discussion,
Questionnaires used in the work described in the Introduction differ
from this only in detail. Subjects respond to explicit statements
regarding spécific attitudes. Wilson and Patterson (1968) describe
semantic problems associated with the conventional mammer of framing
the questions. They suggest that presenting single nouns with which
subjects can agree or disagree ﬁight overcome these problems. This
led to the development of the Wilson-Patterson Attitudes Questionnaire,
presented in Table Bl. Wilson (1973) found that responses to this
questionnaire could be summarised adequately by reference to two
major factors, identified as "Radicalism" and "Toughmindedness",

Eysenck'performed detailed analysis, using responses to a 68
item Wilson-Patteréon Attitudes Questionnaire, of a quota sample of
1442 adult subjects whose age and sex distributions closely followed
those of the whole population. He identified a number of meaningful
primary factors, resembling those found in previous studies, whose
inter~correlations gave rise to two major higher order factors,

These were closely similar in content to the Radicalism and Toughmindedness
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TABLE B 1 : ITEMS OF THE WILSON-PATTERSON ATTITUDES QUESTIONNAIRE

Subjects were asked to circle "Yes","?", or "No", depending on whether they
agree with, are uncertain about, or disagree with the following topics.

l. Death Penalty 35. Empire Building

2. Evolution Theory 36. Licensing Laws

3e  School Uniforms 37. Space Research

4. Striptease Shows 8. Strikes

5. Council Housing 39, Common Market

6. Sunday observance 40, Computer Music

7. Hippies 41, Chastity

8. VWomen's Lib 42, Royalty

9. Student Protest 43, Women Judges

10. Police 44, Capitalism

11. Surtax 45, Conventional Clothing
12, Wife-swapping 46, Teenage Drivers

13, Foreign Aid 47. Apartheid

14. Pop Music 48, Nudist Camps

15. Velfare State 49, Church Authority

16, Tradition 50. Inheritance Tax

17. Conscription 51. Astrology

18, The Pill 52, Disarmament

19, Patriotism 53. Censorship

20. Modern Art 54. Birching

21, United Nations 55. Mixed Marriage

22, Self Denial 56, Strict Rules

23, VWorking Mothers - 57. Arab Politics

24, Militery Drill 58, Pacifism

25. Co-Education 59. Llaw and Order

26. Law Reform 60, Casual Living

27. Divine Law €l. Divorce

28. Socialism 62. Profit sharing ]
29, White superiority " 63. Inborn Conscience
30. Cousin Marriage 64. Coloured Immigration
31. Moral Training 65. Bible Truth

32, Suicide 66. Trade Unions

33. Political Systems 67. Supersonic Airliners

34. Legalised Abortion 68. Liberals
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factors previously described using conventional types of questionnaire
items. Evidence suggests éhat these factors are partly determined by
heredity and are related, genetically and environmentally, to
personality variables (Faves and Fysenck, 1974; Martin, 1976).

Despite the novelty of the Questionnaire used, we hope to identify the
same factors as previous workers and to compare our genotype-environment
analysis of variation in attitudes in society with similar earliex

analyses,
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2 THE SUBJECTS

The Wilson-Patterson Attitudes Questionnaire was sent, together
with questionnaires on neuroticism, impulsivenegs and smoking and
drinking behaviour, to twins from the Maudsley Twin Register, This
register of twins from the London area has been built up over the
yearsvfrom volunteers who responded to advertisements in the press and
Journals and have agreed to assist the work of the Institute of
Psychiatry (University of London) by occasionally filling in postal
questionnaires., The responses to the Wilson-Patterson Attitudes
Questionnaire of those twins who returned the forms are the basis of this
study.

The present study included 587 pairs of twins from the register
whose breakdown by zygosity and sex is gifen in Table B2, 2ygosity
was determined on the basis of responses to a questionnaire on physical
similarity and mistaken identity in childhood, similar to that described
by Kasirel and Faves (1976). They found an accuracy of 96.1% for
their questionnaire method compared with blood-typing, using a sample
of 178 pairs of twins and fifteen different blood group systems.

The Attitudes Questionnaire was also sent to individuals who were
part of an adoption study, The families, containing adopted individuals,
volunteered to take part in research, in response to advertisements in
newspapers and women's journals, There are data on 445 individuals who
returned the questionnaire, This brings the fotal number of subjects
in the study, including the twin and adoption studies, up to 1619
individuals, Table B3 shows the numbers of each type of individual in

the adoption study. They are mainly adopted individuals and adopting
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TABLE B 2 : BREAKDOWN OF TWIN SAMPLE BY ZYGOSITY AND SEX

MZ DZ Total Number
of Pairs
MALES 83 52 135
FEMALES 233 147 380
OPPOSITE-SEX - 72 72
TOTAL NUMBER
OF PAIRS 316 271 587

KEY: MZ - monozygotic twin pair

DZ - dizygotic twin pair
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TABLE B3 ¢ INDIVIDUALS IN THE ADOPTION STUDY

TYPE OF INDIVIDUAL NUMBER
Adopfed son 31
Adopted daughter 239
Adopting father 62
Adopting mother * 11
Natural son of adopting parents 12
Natural daughter of adopting parents 13
Second adopted son of adopting parents 9

Second adopted daughter of adopting parents 2

" Total number of individuals 445

Various Group Totals

Total number of adopted individuals 281

Total number of parents 139
Total number of natural children 25
Total number of males 114

Total number of females 331
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parentg, but 25 natural children of these parents also took part,
Relationghips among thegse 445 individuals are presented in Table

B4. The groups shown are not independent, since an individual may

be included in more than one group. This precludes any simple analysis
of all the summary statistics based on these groups simultaneously,

However, the table does provide a useful summary of the sample structure,
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TABLIE B 4 : RELATIONSHIPSAMONG INDIVIDUALS OF THE ADOPTION STUDY

TYPE OF RELATIONSHIP ' NUMBER OF PAIRS

Spouses A ‘ 61
Adopting father ~ sdopted son ' 8
Adopting father -~ adopted daughter 34
Adopting mother - adopted son 21
Adopting mother - edopted daughter 40

Families including one adopted individual
and one or both parents 61

Families including one adopted individual

.and both parents 32
FPeamilies including one edopted individual

and one parent only 29
Father - son 3
Father - daughter 5
Mother - son 4
Mother -~ daughter 3
Families including natural child and one

or both parents ‘ 13
Families including natural child and both

parents 9
Pamilies including natural child snd one

parent only 4
Adopted child -~ natural child 10

Families with more than two children reared
by same parents 15



3 ADEQUACY OF SAMPLING

This is not a random sample, since the subjects were
volunteers, Females are clearly over-represented in both parts of
the sample (see Tablés B2 and B3). It is thought that the lower
gsocio-econonic status groups are under-represented. These biases
probably reflect the nature of the journals in which advertisements
wvere placed: many were placed in women's magazines,

There is an excess of monozygotic twing; same~sex dizygotic
twins are over-represented compared with opposite-sex twins, since we
expect equal numbers of the two types of non-identical pair,

The practical consequences of these biases, for the sampling
of Radicalism and Toughmindedness from the population, are not known,
However, the sample may not be representative of the population as
a whole, There may be a restricted range of genotypes and environments,
which could lead to the underestimation of between families effects,
This problem will be further discussed when interpreting analyses
of the genetical and environmental factors producing variation in

attitudes.
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4 AGE DISTRIBUTION IN THE SAMPLE

The age range in the s;mﬁle, from 15 to 82 years, is wide,

The mean age is 32,91 4 14.88 years, The age distributions ink
different sub=-groups of the data are illustrated in Figure Bl,

The overall female mean is significantly greater than the male mean
(X 21 - 6.13). We notice, also, a tendency for dizygotic twins to
be younger than monozygotic twins, The mean ages of the adopted
individuals and the twins are similar, but as expected, the adopting
parents are much older, Thus, the age structure of the data is such
that any relationship between test score and age will make
interpretation of the analyses meaningless,

Eysenck (1954) reports evidence that scores on an earlier
version of the questionnaire are not age-related, However, we cannot
assume that this is true for the present study, since the quéstionnaire
and sample structure ére very different, Dependence of at‘titude score

on age will be tested and the appropriate age-corrections“made.



FIGURE B1: MEAN AND RANGE OF AGES IN DIFFERENT SUB-GROUPS OF ThHE DATA
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5 ADVANTAGES OF THE DESIGN OF THIS STUDY

The structure of this study has considerable advantages,
The large number of twins will enable us to test certain basic
models of variation and to compare this study with previous studies.
(Eaves and Eysenck, 19743 Martin, 1977). The weakness of the
classical twin study of identical and non-identical twins reared
together is that it does not allow discrimination between certain
hypotheses about the nature of between pairs variation, cruéial to
our understanding of individual differences in attitudes, The
adopfion data will enable us to assess the relative importance of
cultural effects and assortative mating in producing between families
variation and to test the hypothesis of cultural transmission for
these traits. Thus, the analysis of individual differences in attitudes

will be taken further in this study than has been possible before,
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SECTION 2: - THE STRUCTURE OF ATTITUDES IN THESE DATA

1 REASONS FOR PERFORMING THE FACTOR ANALYSIS

Previous work with the Wilson-Patterson Attitudes Questionnaire
involved large quota samples, Since there may be a restricted range
of phenotypes in this study, items may not discriminate adequately
between subjects and separation of individuals on the basis of the
two major dimensions of Radicalism and Toughmindedness, similar to
that achieved in previous studies, may not be possible, Therefore,
we will seek evidence that the Radicalism and Toughmindedness scales

are appropriate for these data,
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2 THE FACTOR ANALYSIS

A general description 61‘ the concepts and theory of factor analysis
is giveh .in Appendix C, The particular methods used here will be
briefly described, but more detail of Principal Factoring can be found
in Section 2 of Part A. _

Responses of the 1619 individuals to £he 68 items of the Wilson-
Patterson Attitudes Questionnaire (coded as O = Disagree, 1 = Don't
know, 2 = Agree) were entered into the analysis, There were no missing
obsexrvations, All the computations were carried out on the University
of Birmingham's ICL 1906A computer using a program from the library
of Biomedical Computier Programs (rm) (dixon, 1973). -

Principal facturing with Interaction was used, The advantages and
disadvantages of this method are discussed elsewhe:re. A 68 x 68 matrix
of correlatfions among the items was 'calculated. Its' leading diagonal '
- elements were replaced by estimates of the communality for eaéh item.

A solution for a specific, predetermined number of factors was then
sought, and new communalities were calculated from the multiple_
correlation with the factors. This procedure was iterated until a
specified criterion of convergence was achieved, The problem was to
decide the appropriate number of factors and the convergence criterion,
In this case, convergence was assumed when the maximum change in the
commmality estimates wés less than 0.001,_ assuming a two factor model,
- The final communality estimates, which are estimates of the variance of
each item shared in common with the other items are given in Table

B5 for the two factor model,
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TABLE B 5 : FINAL ITEM COMMUNALITIES FOR A TWO FACTOR MODEL

ITE COMMUNALITY ITEM

COMMUNALITIES
1 224 35 099
2 072 36 150
3 210 >7 033
4 153 38 287
5 092 79 079
6 202 40 061
7 341 41 212
8 159 42 249
9 345 43 118
10 138 44 074
11 148 45 120
12 213 46 053
15 188 47 114
14 060 48 222
15 111 49 223
16 198 50 114
17 257 51 o0T
18 076 52 159
19 232 53 148
20 172 54 184
21 098 55 228
22 133 56 2%2
23 056 57 040
24 204 58 168
25 093 59 128
26 036 60 255
27 256 61 087
28 225 62 107
29 181 63 055
20 069 64 279
31 202 65 257
32 112 66 201
23 051 67T - 000
34 071 68 101
NOTE: Decimal points are omitted from the communalities.
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Two factors were extracted because we wished to test the

hypothesis, suggested by previous work,that the two factor model is
appropriate for our data , Inspection of the proportion of the

total variation accounted for by the first few principal components
showed that this was a reasonable procedure., The first principal
component accounted for 10,6% of the total variation and the second forl
4,4%. The third component accounted for 3.6% of the total variation,
and all subsequent components accounted for substantially 1es_s than

2%, The dominance of f.he first component probably reflects the weight
given, when constructing the questionnaire, to discriminating between
Radicalism and. Conservatism, .

Factor loadings for the two orthogonal unrotated factors are
given in Table B6, Oblique rotation of these factors for simple
loadings was performed by attempting to minimise the squared loadings
on each factor using an iterative process, This solution of the factor
rotation problem has 'be.en called direct quartimin, The oblique_ rotated
factor loadings for each item are given in Table B7,.

A correlation of 0,199 was found between the two factors, _ This
is fairly high since earlier work suggested that Radicalism and
Toughmindedness aré orthogonal, However, it is in 1ine with the
correlation of 0,18 found by Eyserick in his quota sample, The ;two _
factors obtained were easily itientified as Radicalism and Toughminded- _
ness from thelir item content, Thus, despite earlier misgivings about _
the unrepresentative nature of the sémple, these two major dimensicins of
attitudes, identified by earlier workers, may be appropriafe for our

data.
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TABLE B 6 ¢+ UNROTATED ORTEHOGONAL FACTOR LOADINGS FOR A TWO FACTOR VNODEL

FACTOR FACTOR

ITEM 1 ' 2 ITEM 1 2

1 -388 -27 35 -286 -131
2 256 078 36 -290 256
3 -422 180 37 133 125
4 351 -173 38 529 086
5 194 233 39 018 280
6 ~381 238 40 239 064
7 582 051 41 =367 279
8 378 126 42 -445 226
9 565 161 43 053 340
10 ~258 268 44 ~272 016
11 228 310 45 =318 137
12 352 -299 46 215 084
13 218 375 47 ~216 -260
14 244 024 48 463 -085
15 .200 267 49 ~388 269
16 ~329 299 50 294 167
17 ~502 ~069 51 -058 -057
18 274 039 52 330 225
19 -439 198 53 -329 198
20 396 121 54 ~407 =137
21 033 312 55 418 230
22 -194 309 56 ~464 129
23 236 028 57 129 153
24 ~452 015 58 336 234
25 223 207 59 ~260 246
26 053 182 60 483 ~148
27 -432 264 61 295 ~009
28 440 179 62 162 284
29 ~244 -349 63 ~161 171
30 262 =020 64 391 355
31 ~306 329 65 ~437 257
32 319 -101 66 360 268
33 050 220 67 020 . =006
34 266 ~015 68 064 311

NOTE: Decimal points are omitted from the factor loadings.
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TADLE B 7 : OBLIQUE ROTATED FACTOR LOADINGS FOR THE TWO FACTOR MODEL
AND COMPARISON WITH LOADINGS OBTAINED BY E SENCK

R T
ITEM , This Study FEysencks Study This Study Eysencks Study
1 Death Penalty =44 ~29 -11 ~16
2 Evolution Theory 20 42 14 =03
5 School Uniforms =05 -02 -44 -29
4 Striptease Shows 02 45 39 15
5 Council Housing 30 13 -01 -06
6 Sunday Observance 02 -28 -45 =31
7 Hippies 34 49 41 20
8 Women's Lib 30 35 20 -18
9  Student Protest 43 46 32 08
10 Police 1 . 03 -38 -30
11 Surtax 39 35 =03 -19
12 Wife-swapping -09 22 47 40
13 Foreign Aid 44 32 ' -09 -14
14 Pop Music 14 35 17 15
15 Welfare State 34 i8 =03 ' -12
16 Tradition 10 17 -45 -39
17 Conscription =32 -18 =34 -25
18 The Pill 17 50 18 =00
19 Patriotism ‘ ~05 19 =47 -48
20 Modern Art 31 32 22 o7
21 United Nations 29 36 -18 =37
22 Self Denial 18 12 =36 ~43
23 Working Mothers 14 21 16 ~05
24 Military Drill . . =22 -08 -36 =32
25 Co-Education 30 37 03 ~13
26 Law Reform 19 33 =08 ~14
27 Divine Law 02 ' -08 -51 -39
28 Socialism .38 ‘ 21 22 05
29 White superiority =43 =35 05 13
30 Cousin Marriage 16 24 21 28
31 Moral Training 14 20 -46 -44
32 Suicide 07 26 31 20
33 Political Systems 22 33 -11 =32
34 Legelised Abortion 12 43 21 04

contdeee



TABLE B 7 continued.

ITEM
35 Empire Building ~20
36 Licensing Laws 08
37 Space Research - 18
28 Strikes 34
29 Common Market 26
40 Computer Music 18
41 Chastity 06
42 Royalty ~03
4% Women Judges 33
44 Capitalisnm =12
45 Conventional _
Clothing ~-04
46 Teenage Drivers 18
47 Apartheid =34
48 Nudist Camps 16
49 Church Authority 04
50 Inheritgnce Tax 20
51 Astrology -08
52 Disarmament 27
53 Censorship 0l
54 3Birching -3
55 DMixed Msrriage 42
56 Striet Rules -12
57 Aradb Politics 20
58 Pacifism 38
59 Law and Order 09
60 Casual Living 11
61 Divorce 14
62 Profit Sharing 33
63 Inborn Conscience Q7
64 Coloured ImmigrationS51
65 Bible Truth Ol
66 Trade Unions 42
67 Sﬁpersonic Airliner’S00
68 Liberals 31
Note:

This_Study Eysencké Study

-31
-16
47
41
25

- 28

04
02
26
12

05
35

- =28

54
-15
19
10

~13
-39
02

35
17
14

Decimal points are omitted from the factor loadings.

This Study EysencKs Study

-08
-23
05
11
~20
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3 COMPARISON OF THIS AND AN FARLIFR ANALYSIS

For the purpose of comparison, the rotated factor loadings
obtained in this study are followed, in Table B7, by those obtained
by Eysenck, using the quota sample described in Section 1, Simple

inspection shows a striking correspondence between the two sets of

factor loadings., Where differences exist, they reflect the ability of
the items to discriminate between individuals in the two studies.

However, the loadings are so similar on the majority of items, that the

‘organisation of the attitudes tested by the Wilson-Patterson Attitudes
Questionnaire along two dimensions broadly similar to those identified

by Eysenck (see Section 1) seems to be appropriate in these data,



4 FACTOR SCORES

The scores of each individual on the Radicalism and
Toughmindedness dimensions were estimated and printed by the
BMD Library program,7used to perform the factor analysis, These

- "factor scores" are used in all the following analyses of

individual differences in social attitudes,
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SECTION 3¢ THE SCALE OF MEASUREMENT

1 CHOICE OF A SCALE

The Radicalism (R) and Toughmindedness (T) scores are a
function ofﬁthe individuals!'! response to each item and the items!
factor loading, summed over items, Thus, the R and T scales are in
gome sense arbitrary, produced as an artefact of the statistical
complexities of factor analysis, Psychological or genetical criterié
might lead us to transform the scores if this would facilitate analysis
and interpretation of the data, without introducing undesirable
gstatistical properties;

The problem of choosing the most appropriate scale of measurement
is discussed in general by Mather and Jinks (1971) and in the context of
human behaviour by Eaves et al (1977). Sevefal criteria may be

employed in seeking the best scale, Which'simplifies the analysis and
interpretation of data and maximises the predictive wvalue of the

results.

1,1 Statistical Criteria

Test scores for continuously varying traits, such as Radicalism
and Toughmindedness, are expected to follow the normal disiributiom,
approximately at least, Statistical techniques employéd in analysing
continuous data are based on the ndrmal distribution and may be
inappropriate when significant deviations from normality occur,

Biases in estimates of the components of variation may be produced and
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the power of significance tests is usually reduced, Therefore, on
statistical grounds, we should seek scales which are normally
distributed. However, normality is of secondary importance, compared

with psychological and genetical properties of the scale,

1,2 Psychological and Genetical Criteria

Psychological and genetical criteria for choosing a scale of
measurement overlap to a large extent, A useful descriptive model for
variation in the trait, which allows prediction about behaviour in .
other situations, is needed on psychological grounds, We are also
looking for a scale which facilitates genetical analysis and
interpretation of the data and allows predictions to be made about the
gegree of similarity of other relatives, In both cases, we need a
measure where non-additivity is minimised, Psychologically this means
that we are looking for a scale with equal intervals SO that the
éiscriminating power of the test is equal in all parts of the scale,
Reliability should not vary in different parts of the scale, 'Genetically,

we require that the sensitivity of the organism to its environment

should be independent of its genotype (i.e, there should be no
genotypes x environment interaction.) Finding a scale which satisfies

these criteria and minimises non-additivity will increase the predictive

value of our results within an economical model,
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2 DISTRIBUTION OF RADICALISM AND TOUGHMINDEDNESS

Two tests for deviations from normality, using third and fourth
moments about the mean, were described in detail in Section 2 of Part A,
coefficients of skewness and kurtosis were calculated for the total
sample and for vérious sub-groups of the data; using theﬂ Statis.tical
Package for the Social Sclences (SPSS) (Nie et al, 1970); The
prcbabilities of obtaining these coefficients or larger by chance,'
bagsed on the null hypothesis of normality of the data, 'werje found
from Tables in Snedecor and Cochran (1967). The results of these
calculations are summarised in ’I‘able B8, .

There is evidencle of negative skewness for Radicalism in the total

sample, but no evidence of kurtosis, The negative skewness indicates

an excess of individuals below the mean for RadiCalism. Two facto_rs
are probably contributing to this excess, Eyéenck has.shown a
éorrelation between conservatism and social class (see Eysenck, 1957).
Thus, skewness could be produced by the under-representation of the lower
socio-economic status groups. Age effects are probably also contribﬁting
to skewness, since the mean age of this sample is high, and it is known
that Ccnservatism increases with agé (Eysenck, 1954)._

If we cohsider the sub-groups, skewness is only highly
significant where we have pooled over two or mdre basic groups, although
there is some evidence for skewness, significant at the five per cent level,
in MZ males and DZ females, This suggests thét the. overall skewﬁeSS may
have been l_argely produced by pooling over heterogeneous groups, Since

statistics will be calculated separately for each sub-group, most of
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PABLE B 8 : COEFFICIENTS OF SKEWNESS AND KURTOSIS FOR THE RAW FACTOR SCORES

RADICALISK TOUGIIMIN DEDIESS

Skevness  Kurtosis Skewness  Kurtosis
Total Sample 1619 -0.331 ** (00,0202 NS 0,355 #0605 ##
All Females 1162 -0,292 ** (Q,183 K5 0.750 **- 0;837 e
All Males o 457 ~0.,428 ** (,222 NS 0.252 * ~0,097 NS
MZ Males 166 -6.341 * 0,334 NS  0.416 * 0,097 NS
MZ Females 466  =0.178 NS 0.033 NS  0.740 ** 0,627 *
DZ Males 104  -0.050 NS -0,582 NS  0.103 NS =0.336 NS
DZ Females . 294 ~0.258 . -0.275 NG 0.589 ** - 0.272 NS

DZ Opposite-sex 144 -0.213 NS -0,588 * 0.343 * ~0,119 KNS
Adopted individu- 270  ~0.800 ** 1,834 #* 0,979 #* 1,612 #=»
- als

Adopting mothers 77 -0.303 NS 0.181 RS 2,248 #* 7,616
Adopting fathers 62  0.014 NS -0.429 NS 1,077 ** 1,387 *
Natural sons 12 ~0.355 NS =1.,171 %*#% 0.542 NS =1.155 #»
Natural daughters 13 0.075 NS -1,581 #** 0.437 NS =1,178 *»
KEBY : * Significant at the 5% level

*% Significant at the 1‘}3 level

NS Not significant



which show no significant skewness, the observed deviation from

normality in the total sample may not present problems in the analysis

of Radicalism, The observed kurtosis in one or two groups is not

reflected by kurtosis in the total sample and should not seriousiy bias

ocur analyses,

For Toughmindedness, there is highly significanf skemess and
kurtosis in the total sample and evidence for non-normality in nearly
. every sub-group, Problems produced by non-normality are likely to be
far more serious than for Radicalism, o

These deviations from normality could reflect the underlying
non-normality of the distributions of genetical or envirommental effects,
However, variation between "item difficulties" or eise sampling bias -

are more likely explanations.



3 INTERNAL STRUCTURE OF THE SCALES

Jinks and Fulker (1970) propose séaling tests for the detection
of systematic genotype-environment interaction, employing third degree 1
statistics. Interat:tions between the genotype and within families. -
variation can be.detected using identical twins reared together. '
Data on MZ twins reared apart are required to detect" similar'inter-
actions with the between families environméntal component (Ez). - These
GE2 interactions, if present, will be COn.f'ounded with esfimates of
genetical and environmental components of variation, since they cannot
be detected in these data.

Intej:action of the between families genetical ¢ompohent. (G2) and

B will be confounded with the between families effect. Int_eraction

2
of within families genetical differences (Gl) and E, will be confounded

with the Gl 'componeht (Eaves, 1976), _

The scaling test of Jinks and Fulker (1970) not only detects
systematic G x E, but also demonstrates psychometric inadequacies of J,
the scaie, since it uses the regression of pair sums onto absdlute pair
differences, Differences within pairs of MZ twins are produced by
both unreliability of measurement and specific environmental differences
(El)' Therefore, any systematic relationship of pa.ir differences with
the pair sums (which provide a measure of the genotype and the common
family environment) shows that either the reliability varies in some -
systematic way in different parts of the SCale, or that the magnitude
of El depends on the genotype of the individual it is affecting (i.e,
there is “G x E interactiOn); Thus, this sca'ling test provides a test

of both genetical and psychological criteria for the adequacy of the

‘gcale simultaneously.



Further discussion of the fest mgy be found in Section 6 of
Part A, together sith details of the methods, Pair sums and absolute
paid differences were calculated for all the same-sex twins. Pair*sums.
were regressed onto pair differences using a pre‘gr'am from the E-’L‘D.
library. The significance of any linear or quadratic components was
tested, Higher order interactions were not calculated since these
ﬁould be difficult to interpret biologically and psychologically. The
analysis was carried out separately for all MZ twins end then
separately for males and females, These analyses were repeated for
the DZ twins for reasons which will become clear later, .The outcome
of these analyses is summarised in Table B9,

No significant quadratic regressions were found. .A.'lihear
component, significant .at the 5% level only, was found for Radicalism
in the MZ twins as a whole, But strong evidence for a linear component
was found in all groups, including the DZ twin groups, for .
Toughmindedness, ‘

Since there was a relationship between within pairs differences |
and pair sums in MZ twins, we also expect a regression in DZ twins, '
The test was made for DZ iwins, because a regression in the DZ twins,
with no corresponding regression in the MZ twins, woﬁld be of great
| interest. The absence of a regression in the MZ twins would show that
the DZ regression was not produced by "G x E" interaction, Therefore,
a DZ regression would be produced_by the regression of_ palir sum on
genetical differences within pairs, If genetical differences within
DZ pairs depend on the scale, then non-additive genetical effects

such as dominance and épistasis or unequal gene frequencies must be

responsible,



TABLE B 9 : SUMVARY OF SUM-DIFFERZNCE REGRESSIONS FOR RAW FAGTOR SCORES

RADICALISM - TOUGHMINDEDNESS
Linéar Quadratic Linear_ Quadratic

All monozygotic twins * - _ e -
Monozygotic males - - =
Monozygotic females - - * o
All dizygotic_twins - - *e - .
Dizygotic males - | - R J_ .
Dizygotic females ' - - ' # -

<
>0

#  Significant at the 5% level

#* Significant at the 1% level
#x% Sjionificant at the 0.1% level

_  No significant regression -
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Since we found no sum-difference regression in-DZ twins, there
is no evidence for genetical non-additivity in {;hese data, Non-
additivity is not precluded, however, since the power of this test is
probably low and only a substantial amount of non-additivity could be
detected using 'I:his test or any'other test based on first degree
collateral relatives.

In summary, there is little evidence of scalar problems for
Radicalisme, The slight linear regressi_on in MZ twins taken-as a whole
might be produced by pooling over sexes, However, absolute differences
within pairs increase significantly with Toughmindedness score,

Either unreliability increases with Toughmindedness score, or there
is genuine G x E interaction, such that the development of
Toughmindedness is more susceptible to specific environmental
influences, Both alternative.s a're plausible and we are unable to
discriminate between them, Whichever is true, analysis of Tough-
mindedness on this scale might produce results which are difficult to
interpret and require many parameters to procure Batisfa'ctoi-y '
predictions.

These conclusions are similar to thbse based on the distributions
of Radicalism and Toughmindedness scores; Therefore, we shall analyse
the raw Radicalism scale, Bul since the Toughmindedness scale is i

clearly inadequate, we shall seek a new scale of measurement for this
trait, which minimises the problems of the present scale, We shall do

this by making a suitable transformation of the raw scoresa
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4 TRANSFORMATION OF THE DATA

Logarithms and square roots of the factor scores were
calculated, These transformations are ccmmonly employed with this
type of data (Snedecor and Cochran, 1967), Tests for deviations

from normality were performed on the transformed data and the results

are summarised in Table B1O, Transformation has produced non-normal
distributions for Radicalism, suggesting that the originai scale is -
more appropriate. For Toughmindedness, the IOgarithmic transformation
produces no improvemént over the original scale, However, on the .
square Lroot scale deviations from normality have largely disappeared,
Skewness for males as a whole may be due to pooling data over
heterogeneous groups of males. Generally, however, the distribution
of test scores on the square root scale is more satisfactory than on the
original scale, -

Pair sums were regressed onto absolute pair differences in order |
to determine whether transformation had changed non-additivity in the
gscales. The iesults a.re briefly summarised in Table Bl1l, Both- .
transformations produced sum-difference regressibns for Hadiéalism;

A regression remains for Tou@mindedness on the logarithmic scale, but
the square root transformation has reirnoved the relationship between pair
sums and absolute pair differenceé. -

All further analysis will therefore be based on the | untransformed
 Radicalism scores and square roois of the Toughmindedness scores, since

non-normality and non-additivity vere minimised on these scales,



TABLE B 10: SUMMARY OF TISTS OF NORMALITY FOCR THE TRANSFORMED SCALES

TOUGHMINDEDNESS RADICALISM
Square root  Logarithm Square root Logari thn
S K S K S K S K
Total ;;mple NS NS ***. ¥ 9 ERE R R W
All meles %% NS LA o L N R % L2 .4 SN 1 2
All females NS NS ®H% NG 43 %3 % HRE R
MZ Males NS NS  *%% %4 wEx NS #%k NS
M2 Females NS NS **% NS B e R weR
DZ Males NS NS x¥% NS NS NS * NS
DZ Females NS NS ##% NG 5 3 NS HEE
DZ Opposite-sex NS NS LA A * * NS *R® NS
Adoption study NS NS ®#% NS e wee wxk ke

KEY ¢ S - skewness ( negative in all cases where significant)

K - kurtoﬂis ( positive in all cases where significant)

NS = not significant
* _ significant at the 5% level
*e¥_ gionificant at the 1% level
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TABLE B 11 : SUNMMARY CF SUM=DIFFERENCE REGRESSIONS FOR TRANSFORMED SCALES

TOUGHMINDEDRESS RADICALISM

Sguare Root Logarithm Square Root = Logarithm

L @ L @ L Q@ L Qq
All MZ Twins - 5 ool - e Lt B -
MZ Males - - - - * - L g 2 -
¥Z Females - - s e L ke -
All DZ Twins - - L o - 2 2
DZ Males - - - I - -
DZ Females = I . S T

L - linear component of regression

5

Q - quadratic component of regression

- no significant regression
*  regression significant at the 5% level
** regression significant at the 1% level

% % % ?egression s.ignificant at the 0.1‘}; level
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SECTION 4: AGE EFFECTS IN THESK DATA
1 ' INTRODUCTION

Since we have a wide age range in these data a'nd_'the mean ages
of the sub—groups differ, any covariation between attitudes score
and age may bias our analyses, A regression of test ‘'score on age
within groups coupled with a mean difference in age between groups,
will produce a mean difference in test score between gToups,
Significance tests for differences in raw score between groups will,
therefore, be meaningless, . Thus,_ we must correct the test scores for
any significant relationship with 'age. This will eliminate one
gource of bias in our analyses and facilitate interpretation of the

datae
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2 ANALYSIS OF COVARIANCE

We will consider differences in mean age between groups and
their effect on mean differences in RadicaliSm and Toughmindedness
scores, using the analySis of covariance, This statistical technique
tests the significance of mean differences in age and test score
between groups and also the significance of any regression.of test
score on age, The means may then be adjusted to remove the age effect
and re-~tested to see whether any mean differences in test score
remain after the age adjustment, The analysis of covariance, thus,
combines features of both regression analysis and the aﬁalysis of
variance, It is discussed by Snedecor and Cochran (1967). Details of
the calculations actually performed were described in Section 2 of
part A, We shall confine ourselves to presenting the results of the
analysis and discussing their interpretation, The analysis was based
on six groups: MJ males, MZ females, DZ males, DZ females, DZ .
opposite~sex pairs and the individuals-of the Adoption Study, The
results of this analysis are outlined in the top part of Table.Bl2,
(labelled: "1, BASED ON.ALL GROUPS"). Since the Adoption Study
included both adopted individuals and their adopting parents, the
age range was wider than in other more restricted groups and the .
analysis was repeated using the twin groups only. The results are
- sunmarised in the bottom part of Table B12,

Mean differences in age between groups were significant, The

Adoption Study included both adopted individuals and their adopting

parents, The mean agé (Eadopted = 41,569) was much higher than that
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TABLE B 12 ¢« SUMMARY OF RESULTS OF AN ANALYSIS OF COVARIANCE

R T
1. BASED ON ALL GRCUPS “
Significance of differences in mean age  **# -
Significance of differences in mean
test score _ T "
Significance of differences tnmean = T
test score after age-correction 22
2. BASED ON TWIN GROUPS
Significance of differences in mean age el 3 %
Significance of differences in mean _
test score - * | %3t 3¢
Significance of differences in mean '1"
test score after age-correction ) . _ it 3

R e« Radicalism _

T - Toughmindedness

LAt Significant at”the O.M%qlevei
* Significant at the 5% level
+- Significant at the 10% level

ALL GROUPGS INCLUDED s MZ males, M4 females, D2 males, DZ females,
” DZ 0pposité—sex pairs and.tﬁe adoption study
(i.e. 6 groups)
™IN GROUPS INCLUDLD :'HZlmales, MNZ females, D2 males, DZ females and

D4 opposite-sex pairs,
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of the twins (X = 29,625), The significant mean differences in

twins
age might be attributable to this group alone., However, significant
mean differences in age persisted when the group comprisihg the
Adoption Study was eliminated from the analysis,

In order to determine the source of the observed mean differences
in age between the sub-groups of our sample, some simple comparisons
were made amongst group means, The female mean was higher than the
male mean (t1617 = 2,682 p £ 0,01) and the MZ twin mean was higher
than that of the DZ twins (tlo28 = 2,719, p <i 0,01),

The female mean (Ef = 33,538) could be greater than the

emales

male mean (Ema = 31,216) because the mean lifespan of females is

les
greater than that of males, However, samples such as this are not likely
to be reflecting population trends, especially since the difference in
mean between males and females (2322 years) is rather big. It is
more likely that non-random sampling is introducing a bias, Many
individuals volunteered to take part in the study through advertisements
in newspapers and women's magazines, The mean age of the readership of
the type of magazine in which the advertisements appeared is likely
to be higher than that of all women betiween the age of 18 and 82, This
would produce a bias towards older women in the sample, In the case
of men replying to.newspaper advertisements, the age range was nqt 80
likely to be restricted, |

It is more difficult to see why monozygotic twins were significantly
older than dizygotic twins, but it is almost certainly due to biased
sampling, We would suggest that this mean difference may be due to the

sex difference in mean age, There are a lot more female monozygotic

twins than female dizygotic twins in the sample, This would produce a higher
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mean age in.monozygotic twins as a function of the sex difference,
Significant mean differences in Radicalism and Toughmindedness
scores, which might be attributed to the significant mean differences
in age between the groups, were found; SO0 the group means were
adjusted for the age effect. - Highly significant mean differences
in Toughmindedness score persisted afier age-adjustment, Inspection
of the data suggested that these were mainly sex differences, males
being more Toughminded than.femeles0
The age-adjustment reduced the significance of mean differences
in Radicalism beiween groups to the ten per cent level, Although
these mean differences are not statistically significant, inspection

of the means reveals a tendency for females to score less than males

on the Radicalism scale,



3 REGRESSION OF ABSOLUTE PATR DIFFERENCES ON AGE

Any regression of absolute pair differences on age would sho#r
a tendency for pair similarity to change with age. For example, in
the case of monozygbtic twins, a significant, positive linear
regression might imply that environmental differences within pairs '
were making twins less alike as they got older, - It could also imply
that specific environmental influences were mdre important in the
past producing larger differences between members of the older pairs
in the sample. Only a 1ongitudinal.study could discriminate befween'
these alternatives, A change in the magnitude of differences within
pairs of dizygotic twins with age could be produced by specific
environmehtal effects, but also by genetical differences within pairs,
(E‘aves and'Eysen.ck, 1976). A regresSion in DZ twins, unacC:ompanied
by a similar regression in M twins, would imPly that within families
genetiCal effects differ with age, Cenes with different propéx:ties -
might be producing variation at different éges. -

In order to see whethér there is any evidence for environmental
effects altering the degree of similarity between twins, or for
different genetical systems opéi*a‘hing at different ages, absolute
differences between pairé of twins were calculated and i‘egresSed onto
ége using a 'prdgram from the BMD library of computer progréms (Dixon,
1973). - The analysis was carried out separately for all mOnozyg,‘otic'
twins and allx dizygotic twins and then repeated for each zngSity-sex

group separately, . -
' 'Only one significant regressiOn was found _for Toughmindedness:

a quadratic component, significant at the 5% level in MZ males. Specific
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environmental influences might make males more dissimilar up to- a

certain age, after which they become more gimilar again, It is
difficult to visualise a mechanism for thig and since the effect was

only significant at the %% level and was not reflected in the
DZ males, we shall not consider it fu_'r'lzher.

Radicalism was more 1nteresting, There was no evidence for a
significant regression in the Mz twins, but a quadratic component
significant at the 5% level was found in the dizygotic twins taken as |
a whole and was repeated in both males and females, Although, the
regressions were only significant at the 5% level, the consistency over-
sexes suggests that we may be looking at a real effect, -

Sincé 'there was no regression in the monozygotic twins, changes
in pair similarity with age were probably not produced by specific
environmental effects, Therefore, genetical differences within families
may be implicated. The pairs are most similar at the age of 15,
Differences between members of a pair increaée until about 40 years
of age, when the twing become more similar again, Two possible mechanisms

may be visualised,

i, Developmental rate is the same in both members of the pair i,e, the
same operating at a given age, However, they have differerit alleles of
these genes, This produces a dlfference, at any age, between the
individuals, But, at different times in an individual's life, diffefent )
genes ai'e expressed, If the genes expressed at different times have o .
different non—additive properties (eog. dominance), then the D7 difference
may vary with age as a function of the non-addltinty, 'I’his seems

unlikely for two reasons, Genes controlling developmental rate are _
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unlikely to be the same in both members of the pair and the non;
additive properties of thegenes operating would have to change
consistently, For 1examp1e, the dominance of genes being expressed
at different times would have to increase up to the age of forty when
the maximum DZ difference occurs, After the age of forty, the

gradual return to the expression of genes with less non-additivity
would have to occur, This situation is illustrated in Figure B2, It
implies that the genetic architecture of the trait varies in a
consistent manner with age, This is possible but more complex than

the second alternative,

ii, This hypothesis suggests that genes producing changes in 'Radicalism
with age are different in the two individuals, Therefore, different
genes will be operating in the pair at any time., How this produces
the observed relationship between pair difference and age is illustrated_
- in Figure B3,

Both these hypotheses abdut the origin of the quadratic relationship
between absolute pair differences assume that there is a change in

Radicalism score with age, and also that this change is proba’blyhnot

linear.



FIGURE B2: CHANGES IN GENETIC ARCHITECTURE WITH AGE
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FIGURE B3: CHANGE IN PAIR DIFFERENCE AS A FUNCTION OF DEVELOPMENTAL RATE
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NOTE: This graph implies that the increase in Conservatism with

age is higher in individuals whose Conservatism score is

higher iiE- there -is genotypeSx ages interaction, e
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4 RECRESSION OF REAL DIFFERENCES IN OPPOSITE-SEX PATRS ON AGE

We have already seen that age-adjustment, using the analysis of

covariance, does not remove differences in mean Toughmindedness score
between sexes. Therefore, the effects of age and sex on test score
were exémined in more detail, using the opposite-sex pairs, The
differences in“-Radicali'sm and Toughmindedness scores between malegs and
females were calculated as (Male score - Female score), These

differences were then regressed onto pair age,

No significant liziear or quadratic component was found for the
reg;ression of real differences in Radicalism between members of opposite-~
gsex pairs on age. 1.e. the male-feﬁlale difference does not change with
age, This implies that the regression of test score dn age will have
the same slope in males and females,

Although there 'was no significant linear component to the
regression of differences between membei's of 0pposite-Sex pairs on age
for Toughmindedness, there was a highly significant quadratic component, '
Males were less toughminded than females bélow 17 years of age, Then,
they gradually become more toughminded compared \Jith females until about
26=40 years of age, when the difference between the sexes bégins to
" decline until, at about 53 years, males are again less Toughminded than
fenﬁlesg" Thus, males are more Toughminded than females through
adulthood, but are less Toughminded in youth and old age,

This regression in opposite-sex pa.irs Z.Leadsl us to postulate
~ different regressions of Toughmindedness score on age in the two sexes,

which are likely to be non-linear (sée Figure B4), This is in faet



FIGURE B4: REGRESSION OF TEST SCORE ON AGE IN MALES AND FEMALES,
PREDICTED ON THE BASIS OF THE OPPOSITE-SEX PAIRS
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vhat we find in a 1ater_section. Again, we have found an interesting
relationship between age, tést score and sex for Toughmindedness.,

We shall now attempt to clarify the relationships between these three
effects, by performing an analysis of variance of the opposite-sex '

pairse



5 ANALYSIS OF VARIANCE OF THE OPPOSITE-SEX PATRS

Thé total variation.(l43 d.f,) in the opposite-sex pairs may
be partitioned into the between pairs (71 d.f.) and the within-pairs
(72 d.f,) mean squares, The betweenkpairsmean.square may be further
pqrtioned into the variation between pairs produced by the linear
.regression of score on age (1 d.f,) and the remaining variation between
ﬁairs(TO def,) The within palirs mean square was partitioned intb
variation within pairs produced by the sex difference (1 def.), by the

interaction between age and sex.(l d.f.) and the interaction between
‘pairs and sex (70 dof.)s This analysis of variance is given in
Table Bl3. '

' Significant variation between pairs was found for Radicalism
and Toughmindedness, but the age effect does not reach significance in
the opposite-sex pairs (although later we fill find a'significanti
regression of test score on age in the data taken as a whole),

Mean differences between the sexes were removed by age~-adjustment
in the analysis of covariande for Radicalism, but notlToughmindedness.
But i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>