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since. This happened for several rea- 
sons. Stories about a few men who had 
or were presumed to have an extra Y 
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chromosome and who had committed 
serious crimes were given prominent at- 
tention in the press, suggesting the in- 

triguing idea that the single Y chromo- 
some normally found in males contrib- 
utes to "aggressive tendencies" in that 
sex and that an extra Y carries these 
tendencies beyond their usual bounds. 
Reports of antisocial behavior in XYY 
men, often based on a single case, soon 

began to appear in the scientific litera- 
ture (1) and were taken as evidence of an 

XYY-aggression linkage. The serious 
moral and legal implications of such a 

linkage attracted the interest of social 
scientists and legal groups to the XYY 
phenomenon (2), and students of genet- 
ics and psychology saw in it, as Leder- 
berg (3) has said, "one of the most tan- 
gible leads for connecting genetic consti- 
tution with behavior in man." 

A number of studies have supported 
the earlier finding of an elevated fre- 
quency of cases with an XYY com- 
plement among men in institutions, par- 
ticularly in penal-mental institutions (4- 
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8). At the same time, these studies have 
not provided clear evidence of whether 
or not there exists an "XYY syndrome" 
of which antisocial behavior is a promi- 
nent component. Neither have they pro- 
vided a definitive answer to the question 
of why men with an extra Y chromosome 
are at higher risk for institutionalization 
than XY men. For the sake of identifying 
the kind of research that is needed to 
clarify these issues, it is worth reviewing 
the main limitations of the studies on 
which our present information about 
XYY men is based, and also the lacunae 
in our knowledge. 

First, the search for XYY men has 
often been conducted in selected groups 
presumed to be likely to contain them, 
such as institutionalized men and tall 
men. Second, a number of reports now 
in the literature are based on observa- 
tions of a single case or just a few cases 
(1). Third, many studies of XYY's have 
not included control XY's; and in those 
that did, comparisons were often made 
with knowledge of the genotype of the 
individuals being evaluated (5). The con- 
trol groups used have varied in nature, 
and comparison of results from different 
studies has therefore been difficult. 
There has been a dearth of psychologi- 
cal, somatic, and social data obtained for 
the same individual XYY men. Finally, 
there do not yet exist adequate preva- 
lence data for the XYY genotype in the 
general adult population with which the 
XYY yield of any particular study may 
be compared. Though incidence data on 
neonates are available for a fairly large 
number of subjects, incidence studies of 
neonates are still few, and there are po- 
tential problems in the practice of pool- 
ing highly variable incidence findings 
from studies with populations that are 
quite different from each other or whose 
characteristics have not been adequately 
specified. 

With the evidence in its present state, 
it is not surprising to find divergent views 
about the support it provides for a link 
between XYY and aggression, as for ex- 
ample in the contradictory conclusions 
reached in recent reviews of the XYY 
literature (4-7). Whatever the inter- 
pretation of the available evidence, how- 
ever, most investigators concerned with 
the XYY problem are agreed on the re- 
search that is now required to determine 
whether the XYY complement has any 
behavioral or social consequences. What 
is needed, ideally, is an ascertainment 
study of a large population unselected 
with regard to institutionalization or 
height, and a comparison of the XYY 
cases identified with control XY's in psy- 
chological, somatic, social, and devel- 
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opmental characteristics, the evaluation 
of these characteristics in the two groups 
being made according to a double-blind 
procedure. 

The study we undertook, done in Den- 
mark because of the excellent social rec- 
ords kept there, was designed to meet 
as many of these specifications as our 
financial resources allowed. It was al- 
ready evident at the time we undertook 
the study that XYY's tend to be very tall 
(9). As a way of maximizing the chances 
of obtaining a sufficient sample of XYY's 
for intensive individual study, we decid- 
ed to do chromosomal determinations of 
all men in the top 15 percent of the height 
distribution of our Danish male popu- 
lation. A sampling of men in the bottom 
85 percent would also have been desir- 
able, but the probability of finding 
XYY's among shorter men is so small as 
to make an effective study of shorter 
XYY's too expensive to conduct. 

A first aim of this research project was 
to determine whether XYY's from the 
total general population have an elevated 
crime rate. A second aim, if an elevated 
crime rate appeared, was to identify in- 
tervening variables that may mediate the 
relation between an extra Y chromo- 
some and increased antisocial behavior. 
Three variables of particular interest are 
aggressiveness, intelligence, and height. 

A common interpretation of the find- 
ing that XYY's tend to be over- 
represented in criminal institutions is 
that aggressiveness is an intervening vari- 
able. In this view, an extra Y chromo- 
some increases aggressive tendencies 
and these, in turn, lead to increased crim- 
inal behavior. If this interpretation is 
correct, we may expect crimes com- 
mitted by XYY men to be aggressive in 
nature, involving assaultive actions 
against other persons. We designate this 
the aggression hypothesis. 

Concerning intelligence the reasoning 
is as follows: In common with most ge- 
netic aberrations, an extra Y in the male 
chromosomal complement is likely to 
have an adverse effect on development. 
Among possible dysfunctions, of particu- 
lar interest for the XYY question is dys- 
function in the intellectual domain. 
There is some evidence, although it is 
hardly consistent, of an intellectual im- 
pairment in XYY men (7, 10, 11). In- 
tellectual impairment may contribute to 
antisocial behavior. It seems plausible 
also that when individuals with impaired 
intellectual functioning commit crimes, 
they are more likely to be apprehended 
than are criminals of normal intelligence. 
This conception of intelligence as an in- 
tervening variable, mediating the rela- 
tion between the presence of an extra Y 

chromosome and antisocial behavior, 
may be designated the intellectual-dys- 
function hypothesis. 

The extreme height of XYY's may 
facilitate aggressive acts on their part. In 
addition, it may cause them to be per- 
ceived by others as dangerous, with the 
possible consequence that they are more 
likely than shorter men to be suspected 
of crimes, to be pursued and appre- 
hended, and, when tried, to be con- 
victed. The view that tallness may serve 
as an intervening variable we designate 
the height hypothesis. 

Because XXY's (Klinefelter males) al- 
so tend to be tall, we could expect our 
case-finding effort in the top 15 percent 
height group to identify a number of 
XXY's as well as XYY's. Most studies 
of XXY's have suffered from essentially 
the same limitations as those mentioned 
earlier for studies of XYY's; a study of 
XXY's is therefore of value in its own 
right. In addition, there is some evidence 
that XXY's also appear in institutions 
with disproportionate frequency. This 
raises the possibility that any sex 
chromosome aberration in males, and 
not particularly an extra Y, may be asso- 
ciated with increased risk of institution- 
alization (5). Comparison of XYY's and 
XXY's may help to assess this possi- 
bility. 

This article deals with the results of 
the case-finding study among tall men 
and with the evidence obtained to this 
point from the social records available 
for the XYY and XXY men who were 
found. An intensive individual study is 
now being conducted with these men and 
their controls (12). 

Case-Finding Procedure 

The population from which we sam- 
pled consisted of all male Danish citizens 
born to women who were residents of 
the municipality of Copenhagen, Den- 
mark, between 1 January 1944 and 31 
December 1947, inclusive. Not only did 
Copenhagen afford a very large source 
population, but available demographic 
data indicated that most men born in the 
city at that time would still be living 
there. The parish records, in which all 
births are registered, were used to identi- 
fy the males born there in the chosen 
period. They numbered 31,436. The 
folkeregister (the Danish national regis- 
ter) provided current addresses and oth- 
er information. 

Information about the height of these 
men was obtained from draft board rec- 
ords where possible. The use of the 4- 
year period between 1944 and 1947 to 
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define the target population provided us 
with a group of men who were at least 26 
years old, the age by which Danish men 
are required to report to their draft 
boards for a physical examination, at 
which time their heights are recorded. 
For the small group of men who for some 
reason had never visited their draft 
boards, height data were obtained from 
other sources, such as institutions and 
the civil defense. In the very few cases 
where such sources were not available, 
cards were addressed directly to the men 
themselves requesting that they send us 
their heights. 

By these methods, a group was com- 
posed consisting of 28,884 men who 
were still alive when the study began and 
for whom height information could be 
obtained. This group numbered 2552 few- 
er cases than the target population of 
31,436 Copenhagen-born men. Of these 
2552 cases 1791 were dead; 37 could not 
be traced for height determination; 21 
could not be located at all in thefolkereg- 
ister (probably for such reasons as name 
changes, death at birth, address change 
at birth), and 703 had emigrated and no 
record of their height was available. Of 
the 664 emigrants for whom we were 
able to determine age at emigration, 85.2 
percent had emigrated before age 18, so 
that it is probable that in many of those 
cases the decisions about emigration 
were made by parents. 

A cutoff point of 184 centimeters was 
used in composing the tall group in which 
the search for sex chromosome anomalies 
was to be conducted. The resulting 
group consisted of 4591 men, the top 
15.9 percent of the height distribution in 
the total group of 28,884. Deaths re- 
duced the tall group by 33 during the 
case-finding period, leaving a total of 
4558 men to be searched for sex chromo- 
some anomalies. An attempt was made 
to visit the homes of all 4558 for the 
purpose of obtaining blood samples and 
buccal smears to be used in determining 
chromosomal constitution. 

Before home visiting began, members 
of the study staff were interviewed by 
the news media. These interviews pro- 
vided an opportunity to publicize the 
purpose and nature of the study, with the 
result that most of the men who were 
asked to participate in the study had 
already heard of it when first ap- 
proached. The initial individual contact 
was made by a letter, which mentioned 
the nature of the study and indicated that 
someone from the study staff would visit 
at a specified time. If the subject ex- 
pected not to be at home at that time, he 
was asked to return a card on which he 
could suggest an alternative time. Men 
13 AUGUST 1976 

not found at home, and who had not 
asked for an alternative date, were subse- 
quently revisited, up to a total of 14 
times in the most extreme instance. 

When the subject was seen, he was 
shown a newspaper clipping reporting 
the interview with our staff members and 
any questions he had were answered. 
The subject was also assured that his 
anonymity would be maintained. He was 
then asked whether he would be willing 
to give a buccal smear and, if he agreed, 
whether he would be willing to give a few 
drops of blood from an earlobe as well. 
The home visitor also asked the subject 
to fill out a questionnaire, and told him 
that at a later time he might be asked to 
participate further in the study. As the 
case-finding effort progressed, various 
methods were adopted to facilitate and 
encourage participation, such as setting 
up a station at one of the centrally lo- 
cated hospitals in Copenhagen to which 
the men were invited to come during a 
wide range of daytime and evening 
hours, and offering small financial in- 
ducements. 

The 4139 men for whom sex chromo- 
some determinations were made consti- 
tuted 90.8 percent of the starting group 
of 4558 living tall men (13). Of the 419 
unexamined cases, 174 men declined to 
participate; 138 men emigrated in the 
course of the study or were sailors and 
away from Denmark; 25 were destitute 
men without identifiable homes; and 82 
men, on repeated visits, were not found 
at the official addresses listed for them in 
the folkeregister (14). Some character- 
istics of these cases, and of the 174 men 
who declined to take part, are given be- 
low. 

The buccal smears and blood samples 
were taken to the Chromosomal Labora- 
tory of Rigshospitalet, in Copenhagen, 
for analysis. The buccal smears were 
stained with hematoxylin for the detec- 
tion of X chromatin (15) and with quin- 
acrine dihydrochloride for the detection 
of Y chromatin (16). The peripheral 
blood was treated by a micromethod 
modification (17) of the method of Moor- 
head et al. (18). Chromosome prepara- 
tions were stained conventionally with 
orcein and by the method of Seabright 
(19) for G-banding and the method of 
Caspersson et al. (20) for Q-banding and 
identification of the Y chromosome (21). 

Documentary Data 

A variety of records was available for 
almost all the men in the study. The 
present report is limited to data from 
these records for five variables: height, 

convictions for criminal offenses, leve: 
of intellectual functioning as indicated b> 
scores on an army selection test and b5 
educational attainment, and parental so- 
cial class at the time of the subject's 
birth. 

The sources of information aboul 
height have already been described. 

The source of data on convictions foi 
criminal offenses was penal certificates 
(straffeattest) obtained from penal regis- 
ters (strafferegistrene) maintained in the 
offices of local police chiefs. These cer- 
tificates are extracts of court records of 
trials and cover all violations of the penal 
code that resulted in convictions. Of- 
fenses in the Danish penal code include 
such acts as these, among others: for- 
gery, intentional arson, sexual offenses, 
premeditated homicide, attempted homi- 
cide, manslaughter, assault and battery, 
housebreaking, larceny, receiving stolen 
goods, and damage to property belong- 
ing to others. The penal certificates con- 
tain highly reliable information con- 
cerning the section of the penal law vio- 
lated and the penalty imposed. A subject 
was considered to have a criminal record 
if he was convicted of one or more crimi- 
nal offenses. 

For evaluation of level of intellectual 
functioning, two kinds of measures were 
used. One was scores from the test em- 
ployed in screening army recruits for 
intelligence, the Borge Priens PrOver 
(BPP), available from the draft-board rec- 
ords. Because the BPP was constructed 
as a screening device, it covers only a 
limited number of cognitive dimensions. 
The BPP scores are accordingly only 
rough indicators of intellectual level. The 
scores could not be obtained for some 
men; most frequent in this group were 
men who had never taken the test and 
men whose records were not available 
because they were in the army. 

The second measure of intellectual 
functioning was educational level 
achieved. In Denmark examinations are 
given at the end of the 9th, 10th, and 13th 
years of schooling. From the available 
social records it was possible to deter- 
mine which, if any, of these examina- 
tions was passed. For our "educational 
index" subjects who passed no examina- 
tion were given a score of 0, and those 
who passed the first-, second-, and third- 
level examinations were given scores of 
1, 2, and 3, respectively. It should be 
noted that the maximum rating assigned 
was 3 regardless of how many additional 
years of education the individual may 
have had (22). In a very small number of 
cases information needed for determin- 
ing the educational index could not be 
obtained. 
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Table 1. Crime rates and mean values for background variables of XY's, XYY's, and XXY's. Significance level pertains to comparison with the 
control group (XY) using a two-sided test. For criminality rate an exact binomial test was used; for all other variables a t-test was used. 

CriminalitArmy selection Educational Parental SES Height test (BPP) index 
Group 

Rate (%) N Mean S.D. N Mean S.D. N Mean S.D. N Mean S.D. N 

XY 9.3 4096 43.7 11.4 3759 1.55 1.18 4084 3.7 1.7 4058 187.1 3.0 4096 
XYY 41.7* 12 29.7t 8.2 12 0.58* 0.86 12 3.2 1.5 12 190.81 4.6 12 
XXY 18.8 16 28.4t 14.1 16 0.81: 0.88 16 4.2 1.8 16 189.8t 3.6 16 

*P < .01. tP < .001. tP < .05. 

Parental socioeconomic status (SES) 
was classified primarily according to fa- 
ther's occupation at the time of the sub- 

ject's birth. In a small number of cases 
the father or his occupation was not 
known; in some of these instances moth- 
er's occupation was known and was used 
instead. A seven-point SES classifica- 
tion was used, modified from a nine- 

point classification devised by Svalas- 
toga (23). 

Frequency of XYY's and XXY's 

and of Criminals Among Them 

Among the 4139 men for whom sex 
chromosome determinations were made, 
12 XYY's and 16 XXY's were identified. 
These frequencies represent prevalence 
rates of 2.9/ 1 000 and 3.9/1000, respective- 
ly. Thirteen men were identified as XY's 
with other chromosomal anomalies. The 
remainder, all identified as having the 
normal XY complement, constituted the 
control group (13). 

A search in the penal registers showed 
that 41.7 percent of the XYY's (5 of 12 
cases), 18.8 percent of the XXY's (3 of 
16 cases), and 9.3 percent of the XY 
controls had been convicted of one or 
more criminal offenses (Table 1). The 
difference between the percentages for 
the XYY's and the XY controls is statisti- 
cally significant (P < .01, exact binomial 
test). The rate for the XXY's is some- 
what higher than the rate for the XY 
controls, but that difference is not signifi- 
cant; neither is the difference in rates 
between the XYY's and XXY's. 

A first approach to evaluation of the 

aggression hypothesis was to examine 
the nature of the crimes of which the five 
XYY's had been convicted (Table 2). 
Their offenses were not particularly acts 
of aggression against people. Only in 
case 2 do we find an instance of such an 
act. The difference between the XYY's 
and XY's in percentage of cases with one 
or more convictions for crimes of vio- 
lence against another person-8.4 per- 
cent (one man out of the 12) versus 1.8 

percent (71 out of 4096)-is not statistical- 
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ly significant (one-tailed exact binomial 
test). If we compare only those who had 
criminal convictions, the XYY's and 
XY's are again very similar in per- 
centage of convictions that involved 
crimes of violence against a person (20.0 
and 19.4 percent, respectively). These 
data provide no evidence that XYY's are 
more likely to commit crimes of violence 
than XY's (24). 

The generally mild penalties imposed 
on the convicted XYY's (Table 2) in- 
dicate that their crimes were not ex- 
tremely serious. By far the most severe 
sentence was imprisonment for some- 
what less than a year (25), imposed on 
case 2. Also suggesting that the XYY's 
with records of criminal convictions are 
not serious criminals is the fact that for 
one (case 5) the last conviction was 10 
years ago, for another (case 3) 5 years 
ago, and for a third (case 7) 5 years 
ago. Of the remaining two XYY's, both 
of whom had extensive criminal records, 
one (case 12) is mentally retarded. In 
fact, all five of these XYY's have BPP's 
below the average of 43.7 (Table 1) for the 
XY controls, all but one of them well 
below that average. 

There is a suggestion in our data that 
several of the crimes of XYY's were 
committed under circumstances which 
made detection of the crime and appre- 
hension of the perpetrator particularly 
likely. Thus, one man sent in a false 
alarm directly to the police about a pre- 
sumably serious traffic accident. Anoth- 
er man committed many burglaries of 
homes while the owners were on the 
premises. 

Turning to the three XXY's with crimi- 
nal records (Table 3), we find that one, in 
the single crime he committed, assaulted 
his wife in an extremely brutal way, 
while under the influence of alcohol. The 
other two had short periods of juvenile 
delinquency, and the penalties imposed 
on them were slight. The last conviction 
of one was 7 years ago, of the other 
10 years ago. All three have BPP scores 
well below the XY average. Finally, in 

percentage of cases with one or more 
convictions for crimes of violence 

against another person, the difference 
between the XXY's and the XY controls 
(6.2 percent versus 1.8 percent) was not 
statistically significant (one-tailed exact 
binomial test) (26). 

As a first step toward evaluating the 
intellectual-dysfunction hypothesis, the 
intellectual level of each of the two pro- 
band groups was compared to that of the 
XY controls, scores on the army selec- 
tion test (BPP) and the educational index 
being used for this purpose. For both 
kinds of measures the mean for the con- 
trol group (Table 1) is significantly higher 
than the means for either the XYY or the 
XXY group (P < .05 in each instance, t- 
test). The means for the two proband 
groups are not significantly different 
from each other. (It should be noted that 
the two indicators of intellectual level we 
used are highly related; for the control 
group the correlation between BPP 
scores and educational index is .59 
[P < .00005, t-test].) 

Having established that the proband 
groups are significantly lower than the 
XY controls on both measures of in- 
tellectual level, we next examine the rela- 
tion of these measures to criminality. 
Our data show, first, that BPP scores are 
significantly related to frequency of oc- 
currence of registered crimes leading to 
convictions. In the control group, men 
with no record of such crimes had a 
mean BPP of 44.5, whereas those with 
one or more such crimes had a mean 
BPP of 35.5 (P < .00001, t-test). The 
educational index showed a similar rela- 
tion to criminality (means of 1.62 for 
noncriminals and 0.74 for criminals 
[P < .00001, t-test]). 

Overall, then, the pattern of results on 
intellectual functioning provides support 
for the intellectual-dysfunction hypothe- 
sis. 

Both proband groups are significantly 
taller than the XY control groups (Table 
1). Within the restricted height range of 
the XY's, however, noncriminals (mean 
height 187.1 centimeters) were slightly 
taller (P = .0013, t-test) than criminals 
(mean height, 186.7 centimeters), a finding 
contrary to the hypothesis that tallness 
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may mediate the relation between the 
extra Y chromosome and the likelihood 
of criminal convictions. 

In neither proband group is parental 
SES significantly different from that of 
the XY control group (Table 1). As ex- 
pected, parental SES was significantly 
higher (P < .0001, t-test) for non- 
criminals (mean = 3.71) than for crimi- 
nals (mean = 3.02). 

Criminal Rates After Adjustment for 

Background Variables 

We next compare the criminal rates of 
XYY's and XXY's with that of XY's 
equivalent to them in level of intellectual 
functioning, height, and parental SES. 
Only subjects for whom complete data 
were available are included (all 12 
XYY's, all 16 XXY's, and 3738 XY's). 
The analysis consists of three stages: the 
first step establishes the probability that 
an XY with a particular set of values for 
the background variables is a criminal; 
the second step establishes for each 
XYY or XXY the probability that he 
would be a criminal if he were an XY 
with his background-variable values; the 
third step compares the observed fre- 
quency of criminals in the proband group 
with the frequency predicted in the sec- 
ond step. 

To permit use of existing programs for 
the log-linear analysis we employed, it 
was necessary to make the two contin- 
uous variables, BPP and height, cate- 
gorical. Past work (27) with simpler prob- 
lems suggests that five or six categories 
often provide a very good representation 
of a continuous variable. Because height 
showed a very low relation to criminality 
in our sample of tall men, we used only 
five categories for height. The finding 
that BPP is strongly related to criminal- 
ity, particularly within the restricted 
range of low BPP scores, made it advis- 
able to use more categories for BPP. Ac- 
cordingly, seven categories were em- 
ployed for this variable. 

In the 980-cell contingency table repre- 
senting all combinations of the 5 x 
7 x 4 x 7 categories for height, BPP, 
educational index, and parental SES, re- 
spectively, let us consider a particular 
cell. Ifn + n2 of the 3738 XY's (n being 
criminals and n2 noncriminals) fall in that 
cell, the proportion n1/(n1 + n2) gives a 
good estimate of the probability that a 
new XY in that cell will be a criminal, 
provided the value of n1 + n2 is large. In 
many of the 980 cells, however, both n, 
and n2 are small; in fact in 376 cells both 
ni and n2 are zero. But it is not necessary 
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to consider each cell independently. In- 
stead, a model may be built for these 
probabilities which lets us "borrow 
strength" from similar cells. Critical in 
building such a model is the definition of 

similarity. The method we used in con- 
structing a model for our contingency 
table has been described by Bishop, 
Fienberg, and Holland (28). This method 
is based on log-linear models that are 

Table 2. Nature of offenses of XYY's convicted on one or more criminal charges. 

Case No. 2 

This man is a chronic criminal who, since early adolescence, has spent 9 of 15 years in youth 
prisons and regular prisons. By far his most frequent criminal offense, especially in his youth, 
has been theft or attempted theft of a motor vehicle. Other charges included burglary, embezzle- 
ment, and procuring for prostitution. On a single occasion he committed a mild form of violence 
against an unoffending person; for this together with one case of burglary he received a sentence 
of around three-quarters of a year. This aggressive act was an isolated incident in a long period 
of chronic criminality. Except for this act, and the charge of procuring, all his nearly 50 offenses 
were against property, predominantly larceny and burglary. His single most severe penalty was 
somewhat less than a year in prison. Most of his crimes were committed in the company of 
other persons (BPP, 27). 

Case No. 3 

This man committed two thefts, one in late adolescence, the second in his early 20's. The penal- 
ties for both were mild-a small fine for the first, and less than 3 months in prison for the 
second. His last offense was 7 years ago (BPP, 37). 

Case No. 5 

This man committed two petty offenses as a young adult, within a short time of each other (one 
the theft of a motor-assisted cycle, the other a petty civil offense), for which the penalties were 
detentions of approximately 2 weeks and less than 2 weeks, respectively. His last offense 
was committed 10 years ago (BPP, 28). 

Case No. 7 

This man committed his only criminal offenses in his 20's, within a short period of time: falsely 
reporting a traffic accident to the police and causing a small fire. On both occasions he was 
intoxicated. The penalty was probation. His last offense was committed 5 years ago (BPP, 
25). 

Case No. 12 

This man was under welfare care as a child and has spent only three to four of the last 20 years 
outside of institutions for the retarded. He is an episodic criminal. When very young he com- 
mitted arson. Later his crimes included theft of motor vehicles, burglary, larceny, and embezzle- 
ment. His more than 90 registered offenses were all against property, mostly theft and burglary. 
For crimes committed while he was out of an institution, the penalty imposed was placement in 
an institution for the mentally retarded. For crimes committed while he was in such an institu- 
tion-once theft of a bicycle, another time theft of a quantity of beverage- he was continued in 
the institution (BPP, 18).* 
*Since this man was mentally retarded and spent many years in an institution for the retarded, he was not 
given a BPP at the draft board. The BPP of 18 was estimated by a stepwise linear regression, using a double 
cross-validity design, from the correlation between BPP scores and scores for the Wechsler Adult In- 
telligence Scale for the men in the individual case study. 

Table 3. Nature of offenses of XXY's convicted on one or more criminal charges. 

Case No. 17 
This man's only criminal offense, committed when he was well into his 20's, was that he at- 
tacked his wife in an exceptionally brutal way, without any provocation from her. This hap- 
pened twice, within a very short interval, while he was under the influence of liquor. For this he 
was imprisoned for somewhat more than a year (BPP, 26). 

Case No. 25 
The criminal career of this man consisted of two offenses: the first, in late adolescence, a theft of 
edibles from a food store, for which he was placed on probation, the second the theft of a motor 
vehicle, for which he was given less than 3 weeks of simple detention. Both crimes were 
committed in company with others. The last occurred 7 years ago (BPP, 11). 

Case No. 27 
This man had a short period of juvenile delinquency. His offenses included attempted theft and 
theft of a motor vehicle and a bicycle, burglary, and theft from a vending machine. On his first 
offense, in early adolescence, the charge was withdrawn and he was put under the care of child 
welfare authorities. His two other penalties consisted of withdrawal of charge on payment of a 
fine. Several of his offenses were committed in company with another person. The last occurred 
10 years ago (BPP, 16). 
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analogous to the usual linear models 
(that is, regression and analysis of vari- 
ance). The difference between them is 
that log-linear models are appropriate for 
categorical dependent variables (such as 
criminal/noncriminal), whereas linear 
models are appropriate for continuous 
dependent variables. For those familiar 
with linear models, it is appropriate to 
think of the analyses performed here as if 
they were regressions, with criminality 
taken as the dependent variable and 
BPP, height, parental SES, and educa- 
tional index as independent variables, 
even though in fact the computations re- 
quired for the log-linear analyses are 
quite different. We present here only the 
final results of our analyses. 

For the 3738 tall XY's used in the anal- 
yses, the proportion of criminals in each 
of the 980 cells of the contingency table 
can be very accurately predicted from a 
model with only six parameters: a grand 
mean parameter, reflecting the overall 
level of criminality in the population; one 
regression parameter reflecting the ten- 
dency of criminality to increase as pa- 
rental SES decreases; two regression pa- 
rameters (for linear and quadratic com- 
ponents) reflecting the tendency of 
criminality to increase more and more 
rapidly as educational index decreases; 
and two regression parameters (for linear 
and quadratic components) reflecting the 
tendency of criminality to increase more 
and more rapidly as BPP decreases. The 

Table 4. Individual XYY's. Values of background variables, observed criminality (1 = record of 
one or more convictions, 0 = no record), and probability of criminality predicted from the XY 
model. 

Criminality 

Case Educa- Parental Height Predicted 
No. tional SES BPP (cm) Ob- 

index served Proba- Standard 
bility error 

1 0 2 41 201 0 .14 .013 
2 0 1 27 188 1 .21 .018 
3 2 6 37 194 1 .05 .008 
4 1 3 23 188 0 .22 .026 
5 0 3 28 191 1 .18 .012 
6 0 3 19 191 0 .27 .022 
7 0 4 25 193 1 .16 .013 
8 2 4 44 192 0 .05 .005 
9 0 4 24 187 0 .25 .024 

10 2 2 37 184 0 .07 .009 
11 0 5 33 196 0 .15 .016 
12 0 1 18* 185 1 .31 .027 

N = 5 N = 2.06 

*Estimated (see Table 2, footnote). 

Table 5. Individual XXY's. Values of background variables, observed criminality (1 = record 
of one or more convictions, 0 = no record), and probability of criminality predicted from the 
XY model. 

Criminality 

Case Educa- Parental Height Predicted 
No. tional SES BPP (cm) Ob- 

index served Proba- Standard 
bility error 

13 1 4 27 188 0 .13 .014 
14 2 5 47 185 0 .04 .005 
15 0 4 35 191 0 .16 .013 
16 0 3 23 184 0 .27 .022 
17 1 3 26 187 1 .14 .014 
18 2 4 50 195 0 .05 .005 
19 0 5 14 192 0 .37 .058 
20 2 7 49 186 0 .04 .006 
21 0 3 14 188 0 .41 .054 
22 0 5 9 197 0 .37 .057 
23 1 1 39 191 0 .12 .015 
24 2 7 33 188 0 .07 .013 
25 0 4 11 190 1 .39 .055 
26 0 1 15 195 0 .31 .027 
27 0 4 16 190 1 .25 .024 
28 2 7 46 189 0 .04 .006 

N = 3 N = 3.16 
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absence of two kinds of parameters 
should be noted. There are no parame- 
ters relating criminality to height, in- 
dicating that the presence of the compo- 
nents for parental SES, BPP, and educa- 
tional index there is no additional effect 
attributable to height. Also, there are no 
parameters reflecting interactions among 
these variables, because their effects on 
criminality are independent. 

The fit of this six-parameter model to 
the full contingency table is extremely 
good. Globally, the adequacy of the fit is 
indicated by the log-likelihood ratio crite- 
rion divided by its degrees of freedom. 
(In fact, this corresponds to an F test in 
the analysis of variance or multiple re- 
gression. Under the null hypothesis that 
the model reflects the true state of nature 
the ratio should be about unity, and it 
should be larger than unity if the model 
does not fit.) This criterion for the six-pa- 
rameter model and our four-way table is 
491.65/(980-376-6) or 0.82. The signifi- 
cance test of the adequacy of the model 
follows from the fact that under the six- 
parameter model the log-likelihood crite- 
rion is distributed as X2 with 598 degrees 
of freedom. Hence, the significance level 
for the test of the adequacy of the six-pa- 
rameter model, as opposed to the alterna- 
tive one-parameter-per-cell model, is 
P > .99. The six-parameter model thus 
cannot be rejected. 

Locally, the fit of the six-parameter 
model is also very good. In individual 
cells with reasonably large n1 + n2 val- 
ues, the estimated probability is close 
to the observed proportion; and in collec- 
tions of cells in which the total n, + n2 is 

large, the estimated probability is also 
close to the observed proportion. 

We now apply this model to the XYY 
and XXY probands. Tables 4 and 5 show 
the educational index, parental SES, 
BPP, and height of each proband and 
whether or not he had a criminal record. 
Also shown is the probability, predicted 
from the six-parameter model, that he 
would be a criminal if he were an XY. 
The last column gives the estimated 
standard errors of the estimated propor- 
tions. Since the sample size for the mod- 
el (3738) is very large compared to the 
number of parameters used, these esti- 
mated standard errors are probably very 
accurate. It should be noted that for both 
XYY's and XXY's, the standard error is 
less than 16 percent of the estimated pro- 
portion except in one case (an XXY), in 
which it is 19 percent. Hence, the pre- 
dicted probabilities are very accurate, 
particularly for the XYY's and may be 
considered exact for our purposes. 

The number of criminals to be ex- 

pected in each of the proband groups if 
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their crime rate was the same as that of 
XY's equivalent in parental SES, educa- 
tional index, BPP, and height is given by 
the sum of the predicted probabilities 
(column 7 of each table); the observed 
number of criminals is given by the sum 
of the 0 and 1 values (column 6). 

The result of adjustments for BPP, pa- 
rental SES, and educational index in- 
dicates that these variables account for 
some of the raw difference in criminality 
between the XYY and XY groups. How- 
ever, an elevation in crime rate among 
the XYY's remains (P = .037; one-sided 
exact binomial test) even after these ad- 
justments are made, the observed and 
the predicted number of criminals in the 
XYY group being 5 and 2.06, respective- 
ly. The XXY's are not significantly differ- 
ent in criminality from the XY group 
(P = .41) after the adjustment for back- 
ground variables is made, as is shown by 
the agreement between observed and 
predicted number of criminals (3 versus 
3.16). 

Discussion and Conclusions 

A first question to consider is the valid- 
ity of the ascertainment data of 2.9/1000 
XYY's and 3.9/1000 XXY's among the 
tall men sampled in the study. 

For XYY's other prevalence data are 
available from two recent large-scale 
studies of tall men, but comparison with 
ours is made difficult by differences in 
source populations and in the heights tak- 
en as cutoff points. In one of these stud- 
ies (29) the prevalence rate for the tall 
normal men sampled appears to be a 
good deal higher than our own, whereas 
in the other (11) it seems not very differ- 
ent. 

Studies of the incidence of XYY in ne- 
onates are still few in number and their 
results variable. Two recent reviews 
have tentatively suggested an incidence 
rate of about 1/1000 live-bom males (6, 
7), another (5) a rate in the range of 
1/1500 to 1/3000. On the basis of these 
values the expected number of XYY's in 
our total population at birth would be 
about 9 to about 29. For several reasons 
it is difficult to determine the proportion 
of these who would be likely to be present 
in the tall segment we sampled in adult- 
hood. There are uncertainties about the 
rate of attrition through death among 
XYY's (30). There are also uncertainties 
about how many XYY's there might be 
among the unexamined tall men in our 
study (those who refused to participate, 
who emigrated, or who could not be lo- 
cated) (31) and among the shorter men we 
did not examine. Though our obtained 
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frequency falls well within the range esti- 
mated from neonatal studies, given all 
the limitations and uncertainties in- 
volved in generating those estimates the 
correspondence must be interpreted with 
caution. At the same time, there seem to 
be no grounds in these figures for sus- 
pecting a bias in our prevalence findings. 

An evaluation of our XXY prevalence 
figure of 3.9/1000 presents the same 
problems as our XYY data: there are no 
satisfactory prevalence data for com- 
parison, and incidence data are not yet 
adequate. 

As to the rate of criminality, our find- 
ing is consistent with past findings from 
studies of institutionalized populations, 
in that the XYY's we identified had a 
higher mean rate of criminal convictions 
than the XY controls. 

With regard to the possible correlates 
of the elevated XYY crime rate, the hy- 
pothesis we considered that height may 
be an intervening variable was not con- 
firmed. In fact, within our tall XY group 
height showed a small but statistically 
significant negative relation to criminal- 
ity. 

On the other hand, the evidence from 
this study is consistent with a second hy- 
pothesis we considered, the intellectual- 
dysfunction hypothesis. The XYY's had 
an appreciably lower mean on the BPP, 
the army selection intelligence test, than 
did the XY's, and they also had a sub- 
stantially lower mean on the related in- 
dex of educational level attained, al- 
though some of the XYY's were within 
or not far out of the normal range on 
these variables. Moreover, in our XY 
sample criminality showed a substantial 
relation to both measures of level of in- 
tellectual functioning. 

While intellectual functioning is thus 
clearly implicated as an important medi- 
ating variable, we cannot at this time say 
whether it is the only factor involved. 
When the two intelligence indicators 
were controlled, along with parental SES 
and height, in order to determine how 
these variables account for the ob- 
served XYY-XY difference in crime 
rate, an elevation in the XYY crime rate 
remained, though the difference was re- 
duced. However, the BPP is not a com- 
prehensive test of intelligence. It is pos- 
sible that there are areas of cognitive dys- 
function in XYY's that it does not tap 
and that a more comprehensive battery 
of cognitive tests would increase the ex- 
planatory power of the intellectual-dys- 
function hypothesis (32). 

In evaluating that hypothesis it is im- 
portant to recall that the crime data we 
used were derived from records of indi- 
viduals who were actually apprehended. 

People of lower intelligence may be less 
adept at escaping detection and so be 
likely to have a higher representation in a 
classificatory system based on registered 
crimes. The elevated crime rate found in 
our XYY group may therefore reflect a 
higher detection rate rather than simply a 
higher rate of commission of crimes. 

It should be stressed that finding a rela- 
tion between the presence of an extra Y 
chromosome and impaired intellectual 
functioning does not mean that the Y 
chromosome is ordinarily implicated in 
intellectual functioning and that a specif- 
ic genetic basis for intelligence has there- 
by been established. That is no more true 
than would be the conclusion that, be- 
cause trisomy 21 is associated with the 
markedly impaired intellectual function- 
ing found in Down's syndrome, auto- 
some 21 must make a direct genetic con- 
tribution to ordinary intellectual devel- 
opment. Chromosomes and genes exert 
their influence on development in con- 
cert; altering any one of them may ac- 
cordingly affect the overall organization 
of the individual's genetic material, with 
consequences beyond the specific contri- 
bution each component may make indi- 
vidually. The potentially serious con- 
sequences of altering the organization of 
genetic material is reflected in the finding 
that chromosomal abnormalities are evi- 
dent in about half of all spontaneous 
abortions in the first trimester of preg- 
nancy, the period when such abortions 
are most frequent (33). In the case of the 
XYY complement, as in the case of 
Down's syndrome, it seems more plau- 
sible that the intellectual deficit found is 
one manifestation of altered ontogenetic 
development, resulting from a change in 
overall organization of genetic material, 
than that the particular chromosome in- 
volved (the Y chromosome or autosome 
21) is directly implicated in ordinary in- 
tellectual functioning. A finding that has 
already emerged from the individual case 
studies we are conducting of the XYY's 
and the XY controls seems consistent 
with the view that the aberrant XYY 
complement may have broad adverse de- 
velopmental consequences. In waking 
electroencephalograms (EEG's) the 
XYY's showed a significantly lower 
average frequency of alpha rhythm than 
matched XY controls (34). Slower EEG 
frequencies are normally predominant at 
an earlier age (35); our finding can there- 
fore be viewed as suggesting a develop- 
mental lag. 

The third hypothesis we examined, the 
aggression hypothesis, received little 
support in an examination of the criminal 
records of the XYY's. Among all of- 
fenses committed by XYY's there was 
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only a single instance of an aggressive 
act against another person; and in that 
case the aggression was not severe. Thus 
the frequency of crimes of violence 
against another person was not statisti- 
cally significantly higher in the XYY's 
than in the XY's. The elevated crime 
rate in our XYY sample reflects an ele- 
vated rate of property offenses. This pic- 
ture is in keeping with results of previous 
studies, most of which have also found 
that XYY's are not more likely to commit 
crimes against people than are XY's (5). 
The infrequency of violent criminal acts 
among our XYY's is in line as well with 
the observation that XYY's show less ag- 
gressive behavior while in prison than do 
XY prisoners (36). Also consistent is our 
finding that XYY's were no more likely 
to decline to participate in this study 
than XY's. The aggression hypothesis 
cannot be ruled out by the analyses done 
thus far, but the evidence from the per- 
sonality evaluations and the social-de- 
velopmental histories in the individual 
case studies now being analyzed will al- 
low a further and more direct assessment 
of that hypothesis. 

We did not examine shorter XYY's in 
this study, but such men appear to be un- 
common in institutions, even when ascer- 
tainment has been done with men unse- 
lected for height. Further, a recent study 
by Owen (37), based on the entire group 
of approximately 28,000 men who served 
as the source population for this study, 
has shown a slight inverse relation be- 
tween height and criminal offenses. Thus 
height differences would not explain why 
short XYY's should appear less fre- 
quently in institutions than tall ones. 
Whether they do not appear because 
they are uncommon or because they do 
not commit detectable crimes, with re- 
gard to aggression shorter XYY's need 
be of no greater concern to society than 
the general run of men. 

In addition to the variables of height, 
intellectual functioning, and aggression 
thus far examined as possible mediators 
in the relation between the XYY com- 
plement and an elevated crime rate, oth- 
er variables are being considered in the 
individual case studies. These include 
characteristics of endocrine, neurologi- 
cal, and neuropsychological functioning. 

The picture of the XXY's that has 
emerged to this point is in most ways sim- 
ilar to that of the XYY's. The XXY's 
showed a somewhat elevated crime rate 
compared to the XY's, but below that of 
the XYY's. The difference in crime rate 
between the XXY's and XYY's was not 
statistically significant. Though the XXY 
crime rate was slightly higher than that 
of the XY's, the difference was not statis- 
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tically significant and the elevation dis- 
appeared when background variables 
were controlled. As to aggression, only 
one of the XXY's was convicted for an 
act of aggression, which was severe in 
nature. The XXY's were not significant- 
ly different from the XY's in frequency 
of crimes of violence against other per- 
sons. The XXY evidence thus does not 
provide any more impressive support for 
the aggression hypothesis than the XYY 
evidence does. With regard to intelli- 
gence, the XXY's, like the XYY's, had 
a substantially lower mean BPP and 
mean intellectual index than XY's did. 
The similarities between the XYY's and 
the XXY's suggest that, with regard to 
the characteristics considered thus far, 
the consequences of an extra Y chromo- 
some may not be specific to that chromo- 
somal aberration but may result from an 
extra X chromosome as well. 

The data from the documentary rec- 
ords we have examined speak on so- 
ciety's legitimate concern about aggres- 
sion among XYY and XXY men. No evi- 
dence has been found that men with 
either of these sex chromosome com- 
plements are especially aggressive. Be- 
cause such men do not appear to contrib- 
ute particularly to society's problem 
with aggressive crimes, their identifica- 
tion would not serve to ameliorate this 
problem. 
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bility is that among the 97 men with one or more 
criminal convictions in the unexamined tall 
group there is only one XYY. Because the crime 
rate of the unexamined group may understate 
the case, and because of uncertainties about 
some of the extrapolations made, this pattern of 
results cannot of course be taken as definitive. 

32. In fact, in our individual case study we do have 
data from a wider assortment of cognitive tests 
for the probands and their matched XY controls 
which indicate that this may be true. These data 
suggest that more of the difference in rate of 
criminality between the XYY's and the XY's 
might have been accounted for had they been 
tested for an additional cognitive factor, figure 
fluency (FF) [R. B. Ekstrom, J. W. French, H. 
H. Harman, Technical Report No. 8, Office of 
Naval Research contract N 00014-71-C-0117, 
HR 150 329 (1975)]. A test of the FF factor was 
included in the battery used in the individual 
case study, but this factor is not well represent- 
ed in the BPP, as is shown by a low, non- 
significant correlation of .28 between scores 
from the test of this factor and BPP scores. After 
adjusting for BPP and other background vari- 
ables by the analysis of covariance, we find FF 
means of 32.5, 24.0, and 26.0 for XY's, XYY's, 
and XXY's, respectively. The F test for differ- 
ence of means is significant at the .05 level. 
Especially significant (P = .02, two-tailed) is the 
t-test for the difference between the XYY ad- 
justed mean and the XY adjusted mean, in- 
dicating that the average scores of XYY's on FF 
are lower even with BPP and the other back- 
ground variables controlled. Furthermore, 
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The auditorium of the National Insti- 
tutes of Health (NIH) has been redeco- 
rated recently, its once "institutional 
pale" walls now covered with a fabric of 
vivid Chinese red. A subtle but per- 
ceptible glare makes you blink a couple 
of times as your eyes adjust to the star- 
tling light. 

On the afternoon of 29 July, there was 
in that auditorium an event as startling as 
the surroundings. The director of the 
National Cancer Institute (NCI) was 
standing on a stage before an assembly 
of some 400 female NIH employees, ask- 
ing them what he should do about a 
controversial breast cancer screening 
program. 

At issue was the use of mammography 
(x-rays of the breast) as a tool for detect- 
ing cancer in asymptomatic women be- 
tween the ages of 35 and 49. The NCI, in 
collaboration with the American Cancer 
Society (ACS), supports breast screen- 
ing programs at 27 centers throughout 
the United States. During the past 4 
years, some 270,000 women have had 
one or more breast x-rays and numbers 
of experts have pronounced mammogra- 
phy an invaluable technique for finding 
13 AUGUST 1976 

The auditorium of the National Insti- 
tutes of Health (NIH) has been redeco- 
rated recently, its once "institutional 
pale" walls now covered with a fabric of 
vivid Chinese red. A subtle but per- 
ceptible glare makes you blink a couple 
of times as your eyes adjust to the star- 
tling light. 

On the afternoon of 29 July, there was 
in that auditorium an event as startling as 
the surroundings. The director of the 
National Cancer Institute (NCI) was 
standing on a stage before an assembly 
of some 400 female NIH employees, ask- 
ing them what he should do about a 
controversial breast cancer screening 
program. 

At issue was the use of mammography 
(x-rays of the breast) as a tool for detect- 
ing cancer in asymptomatic women be- 
tween the ages of 35 and 49. The NCI, in 
collaboration with the American Cancer 
Society (ACS), supports breast screen- 
ing programs at 27 centers throughout 
the United States. During the past 4 
years, some 270,000 women have had 
one or more breast x-rays and numbers 
of experts have pronounced mammogra- 
phy an invaluable technique for finding 
13 AUGUST 1976 

breast tumors while they are still small 
enough to cure. 

That happy assessment of mammogra- 
phy was challenged recently by a panel 
of scientists who were appointed by the 
NCI itself to assess the benefits of breast 
x-rays versus the risks. Led by epidemio- 
logist Lester Breslow, dean of the 
School of Public Health at the University 
of California at Los Angeles, that panel 
saw more evidence of risk than of benefit 
when it comes to younger women and, 
with no equivocation, called for "Imme- 
diate cessation of routine mammography 
for screening women under 50 years of 
age." 

However, interpretation of the avail- 
able data is very much a matter of judg- 
ment. So far, NCI director Frank J. 
Rauscher, Jr., who must decide whether 
to accept the Breslow recommendation 
or not, is not sure what course to take. 
He calls the data "frankly confusing," 
and said as much to the women of NIH. 
"I said in my memo [calling this meeting] 
that 'I need your help,' and I do," Raus- 
cher declared in his opening remarks. 

For those who are so used to the all- 
knowing physician telling an uncompre- 
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hending but compliant patient what to 
do-the doctor as God-the sight of the 
NCI director, standing in that bright red 
room, asking so-called "ordinary" wom- 
en to contribute their two cents worth to 
a difficult decision was something extra- 
ordinary. 

The script for the unprecedented meet- 
ing was simple. Rauscher, a Ph.D., and 
NCI deputy director Guy R. Newell, an 
M.D., would tell the women all the rea- 
sons they had for continuing the screen- 
ing program in its present form and all 
the reasons for modifying it, which 
would mean calling a halt to routine 
mammograms for asymptomatic women 
who are younger than 50. There would 
be questions from the floor (which, as 
often as not, were answered, "We just 
don't know.") Then, the women could 
fill in a questionnaire, reporting whether, 
on the basis of what they had heard, they 
would or would not have a mammogram, 
or whether they were too confused to 
decide. 

This was not meant to be scientific 
decision-making by plebiscite. Rauscher 
made it clear that the women's views 
would simply be one of many "inputs" 
to a decision that is his responsibility, 
but he also made it plain that he asked 
because he really wanted to hear. This 
was no pro forma concession to public 
participation and many of the women 
present, including those who found the 
whole thing terribly confusing, agreed 
with one participant who said, "I think 
everyone appreciates the fact that we 
were being taken into the equation." 

555 

hending but compliant patient what to 
do-the doctor as God-the sight of the 
NCI director, standing in that bright red 
room, asking so-called "ordinary" wom- 
en to contribute their two cents worth to 
a difficult decision was something extra- 
ordinary. 

The script for the unprecedented meet- 
ing was simple. Rauscher, a Ph.D., and 
NCI deputy director Guy R. Newell, an 
M.D., would tell the women all the rea- 
sons they had for continuing the screen- 
ing program in its present form and all 
the reasons for modifying it, which 
would mean calling a halt to routine 
mammograms for asymptomatic women 
who are younger than 50. There would 
be questions from the floor (which, as 
often as not, were answered, "We just 
don't know.") Then, the women could 
fill in a questionnaire, reporting whether, 
on the basis of what they had heard, they 
would or would not have a mammogram, 
or whether they were too confused to 
decide. 

This was not meant to be scientific 
decision-making by plebiscite. Rauscher 
made it clear that the women's views 
would simply be one of many "inputs" 
to a decision that is his responsibility, 
but he also made it plain that he asked 
because he really wanted to hear. This 
was no pro forma concession to public 
participation and many of the women 
present, including those who found the 
whole thing terribly confusing, agreed 
with one participant who said, "I think 
everyone appreciates the fact that we 
were being taken into the equation." 

555 


