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DETECTION OF LOW INTENSITY EPIDEMICITY
APPLICATION TO CLEFT LIP AND PALATE

BY

GEORGE KNOX

From the Department ofChild Health, King's College in the University of Durham, Newcastle upon Tyne

The "Encyclopaedia Americana" defines an epi-
demic as a "sudden excessive prevalence of a disease
in a population". This is a typical definition, and
although suddenness is not always considered an
essential feature of an epidemic, most would agree
that it refers to disease, and that it denotes an in-
creased prevalence. But there are two serious difficul-
ties in this concept which limit its usefulness and
unless they are recognized they may prove a serious
hindrance to the detection of epidemic properties in
several classes of disease.
The first is found when the occurrences are few in

number, sparsely scattered in time, and widely sep-
arated in relationship to thefrequency ofany supposed
fluctuations. This problem arises with uncommon
illnesses such as congenital malformations when an
apparent crop of cases poses the question how many
cases can make an epidemic. The true difficulty seems
to be the breakdown of the concept of prevalence
upon which in turn the concept of an epidemic
depends. The situation is analogous to the breakdown
of the gas laws when very few molecules are involved
and the inappropriateness there of the ordinary con-
cept of pressure; or the breakdown of the theory of
wave propagation in the study of low intensity radia-
tion. Pressure, wave motion, prevalence, and epide-
micity, are terms appropriate to the study of high
concentrations and when we are compelled to deal
with low intensities special methods of examination
must be devised.
The second difficulty arises from the assumption

implicit in the above definition, that an epidemic is
recognized on a time base. However, it is clear that
space must sometimes be taken into account as well
as time. A feature of many epidemics is that the
geographical region of maximum prevalence moves
with change in time, or stated conversely, that the
time of maximum prevalence changes with change of
place. The result is that a disease which is manifestly

epidemic on the time scale in each of a number of
small regions, may over a sum of those areas show
only equivocal evidence of epidemicity in the terms
defined above. Conversely, a disease of which the
incidence is geographically uneven during a short
period may appear more evenly distributed when a
longer period is considered.

These difficulties are not serious with a frequently
occurring disease; either the time scale or the geo-
graphical area may be divided into sufficiently small
classes to demonstrate variations of prevalence in
terms of the other. But with uncommon diseases such
as leukaemia or congenital malformations the pro-
cedure of subdivision leads back into the problems
of small numbers. It may be impossible to examine
either the space or the time variations in prevalence,
without at the same time impairing the applicability
of the concept of prevalence. This may not be for lack
of large numbers of events for analysis, but because
they occur sparsely over a large area and over a long
period of time, and accumulation of further data may
do little towards solving the problem. For these
reasons, no doubt, most of the statements to date of
low intensity space-time clustering in particular disea-
ses have been based upon impressions and anecdotes
rather than upon rigorous analysis.
A previous attempt (Knox, 1959) has been made to

analyse low intensity data on time base alone and the
present paper is an attempt to extend this to space
and time jointly. The two purposes of the present
study are to suggest a method of analysing this class
of data in a more discriminating manner than has so
far been employed and to employ the technique in the
investigation of a particular problem.

METHOD
The problems of detecting epidemicity in any par-

ticular set of data are concerned with three distinct
elements, a distribution in time, a distribution in
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space, and any interactions between the two primary
distributions. When events are s'carce and the concept
of prevalence is inappropriate, the exploration of
each element is reduced to an examination of the
distributions of interval lengths between pairs of
events, measured in terms of time or distance or both.
These distributions may form the basis of comparison
with expectations based upon a null hypothesis.

There has been some recent attention to the distri-
bution of time intervals between successive events
and their evaluation (for example, Maguire, Pearson,
and Wynn, 1952; Cox, 1955; Bartholomew, 1956).
The recommended methods are chiefly based upon
comparison between observed distributions and the
negative exponential distribution expected if the
events occurred randomly in time. However, tests of
this kind are concerned with the form of the distribu-
tion rather than the order in which the longer and
shorter intervals occur. A number of ad hoc tests, for
example "runs tests" based on the median interval,
can be devised in order to demonstrate particular
patterns, but no single test based upon successive
intervals only, seems capable of detecting all the
epidemic patterns which can be envisaged.
The limitation of analysis to successive intervals

has disadvantages also in the study of the space-time
interaction, for here the examination resolves into a
"salesman's walk" type of problem. Quite apart from
the intractable mathematics of such an approach it is
likely to be effective only in detecting the simplest
chains of events and inefficient in detecting forked or
radiating series of events, or simultaneous indepen-
dent sequences.
For the study of simple geographical distributions,

the use of successive intervals becomes altogether
meaningless.
For these reasons the approach proposed in the

present context is the study of all possible pairs and
not just of successive pairs. Its main advantage is that
the time distribution and the geographical distribu-
tion, and therefore the space-time interaction, can be
examined simultaneously in the same terms. In addi-
tion, a prior null hypothesis can be derived for the
distribution of the time intervals and is indeed a
simpler distribution than that for successive intervals
only.

(A) THE TmE INTERVALS
A method of analysing all possible pairs was adop-

ted in another study, an analysis of tracheo-oesopha-
geal fistula (Knox, 1959). In a sufficiently long ran-
dom series the distribution of intervals between all
possible pairs is rectangular; each range of time
interval from an index case carries the same risk as

any other range of equal breadth. In the study refer-
red to, indefinite length was achieved somewhat
arbitrarily byjoining the series end to end into a circle.

In circumstances in which it is inconvenient to
consider the series circular, but rather a period of
finite length with definite end-points, the distribution
of intervals between all possible pairs of cases is
triangular (see Figure, opposite), with a linear
decrease of frequency with increasing interval
length.

It follows by simple geometry that, for a series of
events scattered at random within a period of time T,
the proportion of intervals greater than t in length
will be (T-t)2/T2. Between t1 and t2 the proportions
are [(T-tl)2-(T-t2)2i/T2. The total number of intervals
for n events is n(n-l)/2, and the expected numbers in
any interval range easily found.

Difficulties may occur in the practical application
of this reasoning, because time is necessarily counted
in units and any particular units used may result in
inaccuracies. However, it can be shown that a con-
tinuity correction of 0 * 5 time units gives a very good
approximation. The procedure is to record t1 and t2
as the means of the two units they separate. Thus the
range (for example) 70 days to 79 days inclusive
would be calculated from t1 =69 5 and t2=79 5.
When t =zero it is left uncorrected.

(B) SPACE-TIME INTERACTIONS
The use of all possible pairs simplifies the formu-

lation of the interaction concept. The question to be
answered is whether pairs ofcases which are relatively
close in time are also relatively close in space. Pairs
can be classified according to both criteria and a
Contingency Table constructed and condensed as
required.
The 2 x 2 condensation is the simplest and perhaps

expresses the nature of the technique most clearly.
Although dichotomy of the map intervals has no
exact null expectations unless we use controls, and
although the time interval dichotomy itself has some
problems in this respect, the 2 x 2 Table has a third
degree of freedom relating to interaction and this can
be demonstrated even when no prior expectations
for the two basic dimensions can be derived. Provided
that a study area has not altered over the period of
examination, it may not even be critical to the evalua-
tion ofa particular series of events that ascertainment
has been incomplete, or that the margins of the
geographical drainage area for ascertainment have
been inexact. The 2 x 2 condensation also expresses
clearly the three independent aspects of epidemicity,
emphasizing that any particular epidemic disease or
event may have its character manifest in any of the
three manners or in any combination of the three.
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4- t-I

B

A

A= f-t2)2/T2
B =- [(T-tl)2-(T-t'2)1/T2

FIGURE.-Distribution of intervals between all possible pairs of cases.

The actual analysis of data in these terms is of
course extremely laborious and inaccurate if done by
hand on a map. Therefore, a programme was written
for computer analysis of dates and map references
and the analyses which follow were carried out by this
means. The computer used was the Ferranti Pegasus.

APPLICATION TO CLEFT LIP AND PALATE
In the 10 years (3,652 days) 1949 to 1958, among

a total of 404,124 live births in Northumberland and
Durham, there were 574 children with clefts of lip or
palate or both. Details of ascertainment have been
published elsewhere (Knox and Braithwaite, 1963).
Of 204 Northumberland cases and 370 Durham cases,
198 and 355 could be specified exactly in terms of the
variety of lesion, whether cleft lip, cleft palate, or
both, and in terms of the date of birth and the map
reference ofthe address. The address used was usually
that given at the time of first attendance at hospital,
except in the few cases where a change had been
recorded and the prior address was known. It is
thought, however, that the great majority of addres-
ses used would be the same as the address at the time
of birth and in many cases no doubt at the time of
conception. The map references used were taken
from the National Grid which is in kilometre squares,
the least significant figure of each component repre-
senting the nearest 0 - km. For villages and other
small areas, where the exact addresses could not be
pin-pointed precisely but were within a restricted
area, the reference was taken at some central point,
usually the railway station or a prominent road
junction. The great majority of references can be
regarded as accurate to within less than 1 km.

(i) Northumberland Data - 198 Cases
A sample of the possible 19,503 pairs, consisting of

all those separated by less than 800 days, is analysed
in Table I both according to the time intervals, in
100-day bands, and according to distances apart in
the ranges 0-2, 2-4, 4-8, 8-16, and over 16 km. There
are 7,587 pairs in this sample, more than a third of
the total.

TABLE I
ANALYSIS OF ALL PAIRS LESS THAN 800 DAYS APART IN

NORTHUMBERLAND, 1949-58 (198 CLEFTS)

Time between Distance between Pairs (km.)
(days)

0-2 -4 -8 -16 > 16 Total

0- 99 74 121 174 278 410 1,057
-199 61 114 178 267 399 1,019
-299 52 94 217 263 404 1,030
-399 46 81 180 261 383 951
-499 43 90 185 236 400 954
-599 49 91 177 242 360 919
-699 51 95 143 217 348 854
-799 52 93 144 242 272 803

Total 0-799 428 799 1,398 2,006 2,976 7,587

In Table II (overleaf) the results of a particular con-
densation of Table I are shown; this Table demon-
strates a systematic fall and then a rise over a period
of 800 days, of the proportion of pairs which were
less than 4 km. apart. A X2(7) value for interaction
between the two distance ranges is also given and, if
it were acceptable as a valid test in this context,
would indicate a high level of statistical significance.

I
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TABLE II
PROPORTION OF PAIRS CLOSER THAN 4 km., BY 100-DAY
TIME-INTERVAL BANDS. NORTHUMBERLAND, 1949-58

(198 CLEFTS)

Time Apart 0-99 -199 -299 -399 -499 -599 -699 -799
(days)

Proportion less
than 4 km. .. 018 017 014 0 13 0 14 0 15 0-17 0-18

X2(7 20 03; P < 0 01.

If the phenomenon were accorded a biological ex-
planation, it would indicate local concentrations of
malformations within radii of 4 km., subsiding in a
period of about 6 months and recurring again in
about 2 years. Comparison between observed num-
bers of pairs and the expected values, calculated on
the basis of the time distribution formula already
given, suggests that the interaction has more than
one component, a fall and rise at distances 0-4 km.,
a complementary rise and fall at distances 4-8 km.
and over 16 km., and a confused picture in the range
8-16 km. It could be interpreted as a geographical
movement of high-risk areas at a rate of about 6 km.
per year with a resulting reciprocal relationship be-
tween areas this far apart and a series ofdamping and
augmenting interference patterns at other distances.

Table III shows the excesses of observed over

expected values in each of the classes shown in
Table I.

This initial analysis contained all forms of cleft,
but by analysing separate components it is possible
directly, or by difference, to tabulate the pattern for
each of the six possible types of pairs between the
three main varieties of malformation. The three main
malformations are cleft lip (L), cleft palate (P), and
cleft lip with palate (LP), and the six pair types are
L-L, L-P, L-LP, P-P, P-LP, and LP-LP.
Fogh-Andersen (1942) and other authors have

shown on the basis of sex ratios and genetic histories
and by other methods (MacMahon and McKeown,
1953) that cleft palate (P) is in some respects distinc-
tive, and in Table IV the pairs P-P, L-P, and P-LP
are separated from the other pairs. The greater part of
the cycle in proportions is seen to be associated with
the non-P pairs. However there is possibly a discern-
ible trace of the cycle in the P pairs and further
analysis showed other anomalies. In particular, the
LP-LP pairs showed no definite cycle, while the P-L
pairs seemed to do so. Indeed, the most striking
separation of cycled from non-cycled series of pro-
portions seems to be on the basis of the presence of
L in the pair, rather than the absence of P.

Table V (opposite) demonstrates this by compar-

ing L-L, L-LP, L-P with LP-LP, P-P and P-LP.

TABLE III
EXPECTED VALUES AND OBSERVED EXCESSES OF DIFFERENT CLASSES OF PAIRS,

NORTHUMBERLAND, 1949-58 (ALL CLEFTS)

Distance Apart (km.)
Time Apart (days) 0-2 -4 -8 -16 > 16

Expected Excess Expected Excess Expected Excess Expected Excess Expected Excess

0- 99 59-0 +15 0 107 4 +13-6 192 7 -18 7 276 4 + 1 6 410 2 - 0 2
-199 57 6 + 3 4 104 9 + 9.1 188 3 -10-3 270-2 - 3 2 400-8 - 1 8
-299 56-0 - 4-0 101-9 - 7-9 182 9 +34 1 262 5 + 0 5 389 4 +14-6
-399 54-4 - 8-4 99-0 -18 0 177-6 + 2 4 254-8 + 6 2 378-0 - 5S0
-499 52 7 - 9 7 95-9 - 5.9 172 2 +12 8 247 1 -11*1 3665 +33 5
-599 51 1 - 2 1 92-9 - 1.9 166-8 +10-2 239-3 + 2 7 355 1 + 4 9
.699 49-4 + 1 6 90.0 + 5 0 161*5 -18-5 231 8 -14 8 343 9 + 4 1
-799 47 8 + 4 2 87 0 + 6 0 156 0 -12-0 223 9 +18 1 332-2 -60-2

TABLE IV
PROPORTIONS OF PAIRS CLOSER THAN 4 KM. BY TIME INTERVAL AND BY TYPE OF PAIR (P v. NON-P),

NORTHUMBERLAND, 1949-58

Time Apart (days)
Pair Type - - (_7)_ P

-99 -199 -299 -399 -499 -599 -699 -799

P -P } Lessthan4 km... 90 82 68 68 65 59 72 62
P -L S TTotal

...
32 507 497 480 475 435 400 347 7*675 >0*1P -LP J Proportion .. .. 0-17 0-16 0-14 0-14 0-13 0 14 0-18 0-16

L -L } Less than4km... 105 93 78 59 70 81 74 83
L -LP S Total .525 512 533 471 479 484 454 406 18*082 <0 025
LP-LP J Proportion .. .. 0*20 0*18 0*15 0*12 0-15 0 17 0*16 0 20
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TABLE V
PROPORTIONS OF PAIRS CLOSER THAN 4 KM. BY TIME INTERVAL AND BY TYPE OF PAIR (L v. NON-L)

NORTHUMBERLAND, 1949-58

Time Apart (days)
Pair Type __2-__ _7 _-P

-99 -199 -299 -399 -499 -599 -699 -799

LP-LP Less than 4 km... 69 56 60 58 67 57 61 57
P -P Total .. . 418 416 435 411 426 398 368 353 3 -663
P -LP Proportion 0-16 0-13 0-14 0-14 0-16 0-14 0-17 0-16

L -L Less than 4 km. .. 126 119 86 69 66 83 85 88
L -LP Total .639 603 595 540 528 521 486 450 21*691 <0*005
L -P J Proportion .. 0-20 0-20 0 14 0 13 0-12 0 16 0 18 0O20

X'(,) for interaction between L and non-L pairs at a distance of less than 4 km. = 14 - 373; P < 005.

There seem to be two ways of interpreting this
finding. It is possible to postulate that some epidemic
agent may be capable of causing either of the three
malformations in different proportions, say of the
order L 0 -5, LP 0 -3, P 0-2, and that the relative
frequency of short-time short-distance pairs of each
class will depend upon binomial probabilities. Thus,
for the above proportionate frequencies, L-L is 0 25,
L-LP 0 -30, L-P 0-20; by contrast P-P is 0 04, LP-LP
0 -09, P-LP 0 12. This gives a total of 0 75 for the
L pairs and 0-25 for the non-L pairs. Superimposi-
tion of these effects upon a background of malfor-
mations otherwise determined might well render the
concentration detectable in the one group of pairs
and not in the other. Alternatively it is possible that
local space and time clusterings of epidemic cleft lip,
designated Le, could react with a fortuitously adja-
cent random clusters of mixed L, LP, and P, and
could produce a group of short-distance short-time
pairs of the varieties Le-L, Le-LP, and Le,P, as well
as the more directly related Le-Le pairs.

In either case the results suggest space-time inter-
actions involving L, with or without a lesser effect
upon the other groups of malformations.

(ii) Durham Data - 355 Cases
The results of an analysis similar to that for North-

umberland in Table I, are given in Table VI. The
interpretative problems seem to be of quite a different
nature. First there is no suggestion of fluctuating
proportions of short distances in terms of varying
time and moreover the X2 values for individual
columns of the Table are remarkably small. Similar
analyses were carried out for different sub-groups of
cases, and for L-L pairs, P-P pairs, non-L pairs, and
non-P pairs the same feature of low X2 values, often
significant at the high probability end of the scale,
was found (Table VII). In case there should be some
curious particular regional effect, for example a poly-
phased circus-movement around a county whose
population, in contrast with Northumberland, is

TABLE VI
ANALYSIS OF ALL PAIRS LESS THAN 800 DAYS APART

DURHAM, 1949-58 (355 CLEFTS)

Time between Distance between Pairs (km.)
Pairs (days) - _ _ *-_ _ _ _ _ _ _ __ -

0-2 -4 -8 -16 > 16 Total

0- 49 70 24 93 361 1,151 1,699
- 99 55 32 99 368 1,118 1,672
-199 120 56 186 678 2,175 3,215
-299 188 53 185 668 2,095 3,119
-399 117 52 167 646 1,965 2,947
-499 122 56 175 573 1,993 2,919
-599 89 47 169 617 1,890 2,812
-699 102 41 146 557 1,810 2,656
-799 110 38 147 531 1,683 2,509

Total 0-799 903 399 1,367 4,999 15,880 23,548

x2() 807 3 11 1 38 5.43 098 -

x2ca) = 18-96; P > 0 95

TABLE VII
NON-P PAIRS BY TIME AND DISTANCE INTERVALS

DURHAM, 1949-58

Time between Distance between Pairs (km.)
Pairs (days) l

0-2 -8 -16 > 16 Total

0- 49 28 9 40 161 510 748
- 99 21 9 40 165 446 681
-199 44 22 77 311 908 1,362
-299 52 21 83 305 788 1,249
-399 44 17 66 277 767 1,171
-499 54 22 70 260 809 1,215
-599 38 20 74 294 789 1,215

0-799 281 120 450 1,773 5,017 7,641

X2ce 5 39 161 195 4 42 2 45 -

Non-P pairs X'()= 15-82; P > 0-9
P pairs* X2,o=1266; P > 095

* Found by Table of differences between Table VI and Table VII.

centrifugally distributed, analysis was carried out
separately for the elongated industrial area north of
the grid line 560, an area corresponding approxi-
mately to the southern half of the Tyneside conur-
bation. The same sub-Poissonian variance was found.

It may be possible to construct biological hypo-
theses to explain reduced variances in a Table of this
kind, based for example on fixed incubation periods.
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However, this is highly speculative and for the time
being it must be concluded that reduced variances
may be a natural property of tables produced in this
manner from non-epidemic data.

DIscussIoN

The main present difficulty with this method of
analysis is the assessment of statistical significance of
the results. Since pairs are not independent of each
other, x2 and similar tests are not necessarily applic-
able. For a particular type of interaction with a
simple excess of short-time short-distance pairs, a
large contingency table could supply enough cells to
assess the variance of columns and rows on a para-
metric basis and thus to evaluate the significance of a
specific cell. The present study has shown, however,
that this approach may resolve itself into a more
generalised wave form analysis, itself requiring fur-
ther validation.
A question arising from the presented analysis is

whether the low variances of the Durham data
augment the validity of the X2 probabilities estimated
for Northumberland. This would be so if low vari-
ances are eventually shown to be a recurring charac-
teristic in non-epidemic data. On the other hand an
alternative augument can be advanced that the
variances of the presentation may be unstable in
either direction rather than systematically low, and
that this tends to invalidate rather than support the
apparent Northumbrian cycle. These questions must
await further theoretical examination, perhaps further
development of the method, as well as further ex-
perience of its application, but it is hoped that these
first experiences with it may at least specify some of
the questions which need to be answered.
Looking at the Northumbrian results on their own

merits, it is of course disquieting that a similar
interaction could not be confirmed in Durham, yet
the nature of the hypothesis envisaged does not
necessarily require that it should be so confirmed.
We have found that cleft lip was distinctive in a
number of features. It exhibited a significant varia-
tion between the different local areas of this region
and it had a significant year-to-year variation over
the area as a whole (Knox and Braithwaite, 1963).
It was the only variety of cleft to vary significantly in
incidence between this investigation and the only
other large recent British study, undertaken in Bir-
mingham by MacMahon and McKeown (1953).
There is a good deal of circumstantial evidence from
such other sources that the incidence of cleft lip in
particular is labile. That the apparent cyclical inter-
action was evident only in Northumberland, within
which the incidence varied geographically between

two regional extremes and where the density of popu-
lation likewise varies the most, could be because it is
within this area that special problems of epidemio-
logical stability are particularly important.
No directly comparable demonstration of space-

time interactions in cleft lip and palate have been
found in the literature, but there are some indications
of time fluctuations in limited areas and of geographi-
cal variations over limited periods of time. Pleydell
(1957) gained the impression that clefts of lip and
palate as a whole in Northamptonshire did in fact
occur in clusters. His presented results do not permit
re-analysis in the manner described here but for the
years 1944 to 1955 his data show some evidence of
annual alternation, with 52 cases in the even years
and with 31 cases in the odd years. This periodicity
is comparable with the local fluctuations inferred in
Northumberland. Annual data in Helsinki, again
for all clefts together, are given by Gylling and
Soivio (1962), and these too show significant varia-
tions between years.
There is very little to be found in the literature on

local geographical variations. Fogh-Anderson (1942)
looked at this carefully in Denmark and failed to find
any special concentrations there. Rank and Thomson
(1960), however, studying the malformation in Tas-
mania, remarked that the incidence was maximum
in the North-east of the island, and scrutiny of their
data suggests that the incidence may indeed have
been significantly higher in the Northern parts of the
island than in the Midland, South-eastern, Southern,
and Western regions.
On the question of the basic methodology proposed

in this paper, I have not been able to find any
previous formulations of a similar nature. Pleydell
(1957), presented groupings of malformations in the
Northamptonshire area and on what was basically
an intuitive basis thought he detected epidemiological
associations in various groups of malformations but
especially between the births of mongols. Kellett
(1937) made similar inferences in the case of acute
leukaemia and this disease has since been the basis of
a number of statements of this kind. Methodologi-
cally, however, almost all have been simply intuitive.

Pinkel and Nefzger (1959) made a more sophisti-
cated attempt to analyse leukaemia in New York
State and they conducted a combinatorial analysis
based upon a three-dimentional contingency block
with the same dimensions as that used in the present
analysis namely latitude, longitude and time. They
overcame the problem of irregularities of geographi-
cal distribution in the population as a whole by using
census tracts with approximately equal numbers in
each; but they did not, so far as I interpret their
presentation, separate the space-time concentration
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they detected into its three separate components
namely, space concentration, time concentration,
and space-time interaction. A more recent study of
tumours in children in New York State (Pinkel,
Dowd, and Bross, 1962), uses a method more analo-
gous to the present one, but uses a control series
(traffic accidents in this case); full details of the
method are not yet published, but it does not seem to
specify explicitly the triplecomponents ofan epidemic.

SUMMARY
The concept of epidemicity is analysed and found

to have three components, a time distribution, a space
distribution, and a space-time interaction. It is found
to depend in turn upon the concept of prevalence.
Orthodox analysis for the detection of space-time
interaction requires breakdown in terms either of
geography or of time and results in a series of small
subdivisions where the concept of prevalence may
break down. A computer method of analysis is
suggested which depends upon simultaneous mea-
surement and classification of the time and distance
intervals between all possible pairs of events.

This method is applied to clefts of lip and palate
and the results and difficulties are described. Isolated
cleft lip is interpreted as probably showing irregular
epidemic properties in Northumberland in the period
1949 to 1958, but not in County Durham. The other
clefts did not show any epidemic characters.

REFERENCES
Bartholomew, D. J. (1956). Biometrika, 43, 64.
Cox, D. R. (1955), J. roy stat. Soc., Series B, 17, 129.
Fogh-Anderson, P. (1942). "Inheritance of Hare Lip and

Cleft Palate". Busck, Copenhagen.
Gylling, U., and Soivio, A. I. (1962). Acta chir. scand.,

123, 1.
Kellett, C. E. (1937). Arch. Dis. Childh., 12, 239.
Knox, G. (1959). Brit. J. prev. soc. Med., 13, 222.

and Braithwaite, F. (1963). Arch. Dis. Childh., 38,
66.

MacMagon, B., and McKeown, T. (1953). Amer. J. hum.
Genet., 5, 176.

Maguire, B. A., Pearson, E. S., and Wynn, A. H. A.
(1952). Biometrika, 39, 168.

Pinkel, D., Dowd, J. E., and Bross, I. D. J. (1962).
Personal communication.

and Nefzger, D. (1959). Cancer, 12, 351.
Pleydell, M. J. (1957). Lancet, 1, 1314.
Rank, B. K., and Thomson, J. A. (1960). Med. J. Aust.,

2, 681.

APPENDIX

An empirical test of the utility of X2 was made as
follows. The group of 97 cases (all clefts) occurring
in County Durham north of the grid line 560 was
re-examined after detaching the map references from
the dates, randomizing the order of the references,
and re-attaching them to the dates. This was done by
shuffling cards with the references marked upon
them. Five different randomized lists were re-assem-
bled and each was analysed. Pairs were classified on
a 4-point distance scale (0-4, -8, -16, and > 16 km.)
and on a six-point time scale (0-99, -199, -299, -399,
-499, -599 days). Components of X2 were calculated
for each cell, using the row and column totals to
obtain the expected values. Summed values for each
column of six time intervals, in each of the five tests,
are given as values of X2(6) in Table A.
The results seem to confirm the supposition that

low x2 values are a usual characteristic of non-
epidemic data analysed in this way, and that high
values are rare and to be accorded somewhat greater

significance than the probability values of the X2
Table suggest. With this reasoning the analysis of
results for County Durham can be regarded as show-
ing no evidence ofan interaction, while the (statistical)
reality of the Northumberland reaction is enhanced.

TABLE A
X'C) VALUES OBTAINED FROM RANDOM TESTS

Distance Apart (km.)
Test Number

0-4 -8 -16 Over 16

l 4-431 5659 1 514 1551
2 7 599 0-780t 3-846 2907
3 2-757 1*433 1*528 1.083*
4 3-324 2 902 1.128* 4-178
5 5-588 2 407 3 857 2-363

Summed X'u25) 23-699 13*181t 11-873t 12 076t

*P > 0.95 t P > 0 975
The X20C) value for P= O * 05 is 11 07, and for P= l* 1 it is 9 24.
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