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A FIRST STUDY OF THE INHERITANCE OF VISION, AND OF THE
RELATIVE INFLUENCE OF HEREDITY AND ENVIRONMENT ON
SIGHT. By Awmy Barriverox and Kart Pearsox, Galton Eugenics
Laboratory, University of London.

(1)  Intreductory. According to Mr Galton's definition of the science of National
Eungenics, this new study is concerned with the influence not only of nature but
of nurture on racial qualities. In seeking to illustrate the relative intensity of the
two factors, heredity and environment, it oceurred to us that eyesight might form a
suitable character for investigation. We must at once confess that the suitability in
question arose from the subject matter and not from the investigators. As our attempt
may appear over bold to the specialist in the field of ophthalmology, we must IJ'l'iEf!:r"
state the reasons for our selection of this topic. In the first place a relatively large
amount of data, wholly unreduced from the standpoint of modern statistics, was
available. In the second place much of this material was associated with observations
of home and school conditions which would possibly throw light on the influence
of the environment factor. Thirdly we found a large number of statements as to age,
town and school surroundings, heredity and home, which are doubtless more or less
accurate, but appear to have been given hitherto no quantitative re]ationship, and to
be oceasionally wanting in adequate statistical basis. From this standpoint the
material possessed considerable faseination for the student of modern statistical
methods. Lastly while much of the data bearing on other human characters has been
collected by the layman, the measurement of vision has been, owing to its practical
Importance, a favourite study of the medical expert. This advantage, however, is
accompanied by the inconvenience, that our material is drawn rather more from
abnormal than normal sources.

In dealing statistically with the data available we have endeavoured to avoid
gross blunders of interpretation by appealing for technical knowledge to specialists.
Among these we have in the first place to thank Mr E. Nettleship for his ready
answers to many questions placed before him, and for his copious references to
ophthalmie literature ; it is, perhaps, needless to add that he is in nowise responsible
for any conclusions drawn or opinions expressed in this memoir, the data and methods
of which were only placed before him for his ever useful and friendly eriticism after
the completion of the manuscript.

(2) Material. The seope of this memoir being twofold, we turned first to the
question of heredity and sought for the best material available on the inheritance
G M. W 1



2 AMY BARRINGTON AND KARL PEARSON

of visual characters. This must be sought for in two directions : vision of the adult
and vision of the child. While much information as to the latter can be gained from
the reports of medical officers of schools, we must trust for the former to the work of
the ophthalmic surgeon in hospital or private practice.

The most complete statistical results that we have found from this side are due
to Dr Adolt Steiger of Ziirich. In 1895 he published :

(A) Beitriige zur Physiologic und Pathologie der Hornhoautvefraction. 1. Theil
(Wiesbaden, Bergmann),
and in 1906-7 a memoir :

(B) Studien iiber die erblichen Verhiltnisse der Hornhautbrimmung in Kuhnt
and Mechel's Zeitsehrift fir Augenheilbunde, Bd. xvi. 8. 229-42, 8. 333-59, Bd.
xXviL 8. 807-17, 444-59.

Steiger in his memoir goes so far in modern statistical methods as to give
correlation tables and even “fourfold” tables and uses them to insist in a general
way on the inheritance of corneal refraction. He has not, however, applieﬂ modern
notions of correlation, and his methods of grouping are oceasionally such as to give
considerable trouble to the statistical investigator.

At the very outset also we are encountered by the diffieulty that his material is
mtulsely selected. The normal individual is most m.ﬁleqmttel:," represented, because
in most cases one or other member of the related pair came to the ophthalmic surgeon
on aceount of defective vision. This statement is not made in order to detract from
the great merit of Steiger's work, but to guide our judgment in forming conclusions
when we come to interpret the statistical constants. Indeed the fact that Steiger's
material for adults is not a random sample of the population would we believe be
at once admitted by him® The defect is one which is common to all medically
collected data, and we ean only place against it the greater accuracy attained by
a prolonged and careful examination of the individual by a first class specialist.
Unfortunately we have in this case no means of supplementing Steiger's material
by a general knowledge of the distribution of astigmatism and corneal refraction
in the community at large. We must simply recognise that we are dealing with
heredity in highly selected material.

Steiger deals not only with material from his private practice, but with observa-
tions of Swiss school children. With regard to selool children elsewhere the reports
we have used are :

(C)  Ervors of Refraction awiong Children attending Elementary Schools n
London. By A. Hugh Thompson, M.A., M.D. (London, Bale, reprinted from
the British Medical Journal.)

Dr Thompson's conclusions as to the influence of age on refraction and astig-
matism may be correct, but they are not demonstrated by the statistical method
he lias employed. He has found that among children of defective vision, the relative

® Mein Material wurde eben nicht zu dem susgesprochenen Zwecke gesammelt, die hereditaren
Verhiltnizse o studiren, (B) Vol xvin p. 454,
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percentage of myopic children inereases with age. [t does not necessarily follow that
there is an increase of myopia with age; we require first to know whether the
number of children with defective vision is the same at each age, and no data
for answering this question is provided in the paper. It is in fact the old story,
the absence of the distribution of the normal children renders the conelusions of little
value, We shall discuss below what further data we have been able to find on
the relation of vision to growth and age in children.

(D) Eyesight of School Children. Report on the Ecamination of the Eyes of
Five Hundred Children in the Glasgow General Assemibly Normal Practising School.
By John Rowan, M.B. The Educational Times, Aprl, 1906.

This paper deals with normal as well as defective vision, and the group of
children may be taken as a fairly random sample of a Scottish urban primary school.
Dr Rowan deals with acuteness of vision as well as refraction. He has formed
a list of diseases and taken the colour of the iris. He has not, however, given
the data by which we might determine whether there is any correlation between
colour of iris and eyesight.

(E) Report of the Education Commattee to the London County Councid, 1904,
p- 31 et seq.

This gives the relation between age and acuteness of vision for 10,469 boys
and 10,275 girls (p. 32) and more roughly for large series on p. 33. We have
only used the former series, as the latter do not lend themselves to contingency
caleulations, the acuteness of vision being only classed as “good,” *“fair,” and
“bad.”

(F) Eeport on the Physical Condition of Fourteen Hundred School Childven
in the City together with some account of their Homes and Swevoundings. Uity
of Edinburgh Charity Organisation Society. (King, London, 1906.)

This appears to be a thoroughly reliable, well designed and well executed piece
of work, providing a rich quarry for the student of Eugenics. Very little reduction is
made of the immense mass of material, and our present eorrelation investigations deal
with only a relatively small part of what we hope to ultimately publish from this
gsource. While exception may possibly be taken to this or that feature of the work,
we know no collection of data which covers the same ground, or is on the whole
so statistically self-consistent as that contained in this Report. It will always be easy
to criticise * appreciations " and * qualitative statements,” but for many years to come
sociological inferences can only be drawn from estimates and classifications of this
character ; and the association of attributes deduced from them, if not as convineing
as in the case of measurable characters, is a far better director of social veform than
any purely ethical discussion, or philanthropic appeal. In the present case relatively
few schools have been examined, but the children have had their environment
exhaustively discussed, and their ailments have been medically investigated on a
uniform plan. We shall draw largely upon this memoir in our present enqguiry, and

1—2



4 AMY BARRINGTON AND KARL PEARSON

after experience of several school surveys (not here discussed) have little hesitation in
placing this Edinburgh Report easily first for completeness and reliability.

(3) On the Inheritance of Visual Claracters. The general impression among
ophthalmologists appears to be that the characteristics of vision are inherited, but
what the intensity of inheritance, and whether it is the same as that for other physical
characters does not yet appear to have been settled. Writing as late as 1907 Messrs
Swanzy and Werner® state with regard to myopia that: “ Heredity also plays a
certain part, which, however, is not quite clear; but it would seem some anatomical or
constitutional predisposition must be transmitted to the oftspring.”

Mr J. Herbert Parsonst cites from a variety of observers the percentages of
myopia “in one or both parents” of myopes, and observes that: * Alla]yﬂis of
these statistics leads to the conclusion that only 10 7/ show heveditary influence,
which is too small a number to be decisive considering the numerous factors which
are not taken into account”™ (p. 1409).

We may remark here as we have had occasion to do elsewhere that apart from
these disturbing factors, no such percentage statistics can possibly settle the problem
of the intensity of inheritance. The distribution of parents of the normal and
the proportion of myopes to normal in the general population (or at any rate in
the *universe under discussion”) must be found before any appreciation of the
effect of heredity can be made. The actual percentages of abnormal in the parents of
the abnormal may vary from one abnormality to a second and yet the force of heredity
really be the same.

Parsons has further pointed out] that myopia is not due to a single cause,
and that even the eommonest of the forms of myopia, axial myopia, has varieties,
and that we hardly yet know whether these clinical varieties differ from each other
fundamentally or only in degree. It is possible that some of these varieties are
hereditary and others due to environmental conditions. But even here the reader
must be reminded that the modern student of heredity will hardly press for the
inheritance directly of a diseased condition. We do not consider the inheritance
of phthisis or insanity, but of the constitution or diathesis, which leads to these
abnormal conditions in the course of grmx'th or in the appropriate environment. This
point will be borne in at once on the student of deaf-mutism ; he will find so-called
congenital and non-congenital cases, the latter frequently following on special environ-
mental conditions occurring in early life. But the non-congenital eases oceur largely
in special stocks and not infrﬂluﬂntl_}r in stocks where congenital cases also occur.
Thus the inheritance is one of a constitutional weakness, the defeet becoming actual
with growth or a suitable environment ; or possibly in uterine existence. Ultimately
no doubt distinetion will be made between wvarious types of myopia, but it is not
unreasonable in the present state of our knowledge to test the intensity of inheritance

* A Handbook of the Nseasex of the Eye and their Trestment, 1907,
1 Pathology of the Eye, Vol. 1v, 1908, pp. 1409, 1410.
1 doe, et Vol 1. 1904, p. D68 et seq.
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on the basis of broad classifieations. Further, if non-hereditary varieties exist and
have been ineluded in our classification it follows that we shall not be over- but
underestimating the numerical value of the heveditary factor®.

Groenouw and Abelsdorf are cited by Steigert to show that at the time of his
memoir (1906) mnheritance in the cases of myopia and astigmatism was still an
unsettled problem. Steiger himself has advanced the question immensely and our
first object will be to render his results comparable with our knowledge of heredity in
other physical characters.

Steiger deals with the two problems of refraction and astigmatism, and he
considers the distributions among parents and offspring, and among the members
of a sibship (or fraternity). The comparatively steady value of astigmatism in the
individual precludes the suggestion of a post-uterine origin of the character, and the
fact: that the father is as influential as the mother leads us, using Oceam's razor, to
accept heredity rather than an intra-uterine source for astigmatism. That Steiger
definitely demonstrates the inheritance of both refraction and astigmatism should, we
think, be fully accepted. The real problem before us is to determine what the intensity
of inheritance may be according to Steiger's data and the difliculty of solution lies in
the fact that these data do not provide a random sample of the general population.

The first mootpoint that occurs in dealing with the inheritance of refraction, con-
cerns the determination of the unit, which we shall use to obtain a quantitative
scale. The refractive power of the corrective lens is inversely as its focal distance,
and this refractive power is now universally adopted in the measurement of refraction,
the unit b&qu a lens of one metre focal distance, of which the refractive power is
termed a diopter. Under an older system the actual focal length of the lens
needed for correction was stated. In other words expressed mathematically the
character to be measured in the former case is expressed by Cjx and the latter
case by x, where C' is a mere constant due to change of scale. Now if x, and =,
be the values of the character in two individuals, it is not the same thing to
correlate x, and =z, as to correlate Cfx, and Ui, ; the resulting intensity of assoeiation
will only be the same if the deviations of  and x, from the mean values in the
population are small compared with that mean value. Now an examination of

® Further references to the heredity of visual charmctors will be found in: H, Cohn, The Hyyione
af the Eye i Sofioofs, Clmp\. x. 1883. Cohn gives percentages of myopic parents of myopic children, but
eonsiders the gquestion of the heredity of myopin not yet decided.

Opinions on the heredity of myopia without mass statistics are given by ;

Priestley Bmith: * Diagnosis, Prognosiz and Treatment of Pernicions Myopia,” Brif. Wed. Jouwrnad,
Oct. 19, 1901, p. 1162, (*Tendency to myopia frequently inherited.”)

C. A, Oliver: Norris and Oliver: Syefem of fhseases of the Eye, London, 1897, Vol v p 425,

8. D. Risley : fhid. Vol n. p. 862, (¥ Therefore if heredity has any important place in the history
of the nearsighted eye, it lies in production of these anatomical defects. I am of opinion congenital
anomalies in the form of the eyeball are hereditary rather than myopin or any tendency to myopit.”

Dr Risley attributes the myopic tendency to certain distortions in the form of the akull, which affect
the shape of the orbits.)

Fuchs : Tertbook of Ophthalmology, trans by A, Duane, 3rd ed. 1908, p. 758. (Inheritance of
correlated anntomical conditions giving rise to myopin.)
T (B) Bd xvi. p. 220, :
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our table on p. 22 shows that the wvariation in corneal refraction is about 37/
of the mean wvalue. For statistical purposes therefore it would not matter
very much whether we considered the character to be measured by Clz or by .
On the other hand for corneal astigmatism the variation is 75 °/. of the mean
value, and whether we use Cjx or * may make a sensible difference®. We have
examined at some length whether the refractive power of the lens or its focal
length ought to be considered as the more fitting organic measure of the character.
In practice for both refraction and astigmatism the inverse of a certain length is
taken now as the measure of the character. This measure has been adopted for its
convenience, not because of its physiological significance. We cannot, however, assert
that the focal length itself is the better standard, merely because in eurrent anthro-
pometry we are accustomed to measuring actual lengths in the human organism, and
determining the degree of inheritance of these lengths. The lengths determined by
the correcting lenses are not simple measurable lengtha of the eye itself, but complex
funetions of the lengths of the parts of the eye (radii of curvature, thickness of the
lenses, distances of lenses apart and from the retina, ete.). Nor is it possible to
deduece from the focal length of the corrective lens, any simple dimension of the given
eye. Yet as a matter of fact values obtained for the inheritance coefficients in the
case of refraction appear to be somewhat more consonant with the values obtained
for the inheritance of other measurable characters in man, if we use direct foecal
lengths instead of the refractive powers of the mrrectiilj__:; lenses. For example : the
resemblance in corneal refraction of brothers and sisters falls from ‘63 to 40 if we
use focal lengths instead of diopters as the measure of the character. It seems,
however, better to aveid questions of *fitter” organic scale—as *“fitness” itself is
a matter of definition—by using whenever it is possible the method of contingency,
fundamentally, or for purposes of control. In this case, whether we classify by
diopters or focal lengths, our results are precisely the same.

In taking either diopters or focal lengths as the measure of the defect, we are
fully aware that we are not dealing with an anthropometrically simple character of
the eve. Bat if a quantity z be a function of any number of simple quantities
x, ¥, ...x, which are inherited at the same rate and have variabilities small relative
to their mean walues, then it has been shownt that z will be inherited at precisely
the same rate as these other simple characters, provided the coefficient of cross-
heredity is equal to the product of the coetlicient of direct heredity into the organie
correlation of any two organs. The latter condition does not appear to be absolutely
satisfied in the case of physical measurements on mang, but it is certainly approxi-
mately true, and the degree of approximation is close enough to enable us to test
heredity on complex characters as well as on simple lengths.

(4) On a measure of the Selection used when we deal with the cases of Corneal

* A similar problem arises when we use magnitude” instead of “amount of Eight- " in stellar
atatistics,

t Pearson, £ 8 Proe. Vol 62, p. 411; FPhil. Trane Vol 157, A, p. 258,

1 Pearson and Lee, Siometrika, Vol 1. pp. 383, 303,
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Astigmatism collected by the Ophthalmologist in place of a Random Sample of the
Greneral Population.
Steiger (B) Bd. xvi. 5. 236 gives a table of the distribution of 3170 Berne
school children not selected for visual defect. This includes :
{a) 882 J eyes, from a boys' secondary school, ages 11—16

[m ﬁm d # i L1 Pﬂ‘mlr:f i 1] E' = 't:’
(y) 1034 ¢ e girls' secondary w1216
(8 634 ¢ T - primary a w315

The characteristic investigated was corneal astigmatism.

Taere 1. Corneal zlsﬂ:g*ﬂmﬁmm i (Feneral Child I'ujmitaﬁun.

‘ Diop. i 05 | ~025 0 0 ! 05 [ 075 | 1 | 125 | 175 | 2638 | 35 [ Totals

! 1 : T e

| =} — (] il | 100 | 275 | 238 97 L] 26 15 | 8 882
(3 i B G ] 94 | 153 | 175 67 38 24 4 i G20

| () — 14 43 79 | 264 | 310 108 85 | 90 23 19 1034

| @ | 1 | %2 00| 1% | 26| 82| 60 | 4 10| 10 | 634

3% D to centre the last group
His previous group is 2:25—30
There results from this Table :

We have selected after some consideration
which Steiger classes as “more than 30 D.”
inclusive, and his observing unit appears to be § D.

Mean Devation  of Variatien
{a) Boys, 11—16 years......... T15+012 520 + 008 797
(B) Boys, 9—15 years......... 695 + 014 S0 4 010 T62
(y) Girls, 12—16 years......... ‘848 + 013 605 + 009 713
(8) Girls, 9—15 years.........-829+ 016 585 4011 706

We can conclude at onee from these results that:

(i) The girls are more astigmatic than the ]}U]'a and more variable, if we
judge as, I think, is needful in this case (owing to the possibility of negative
values) by the standard deviation and not the coefficient of variation.

(ii) In both cases there is possibly a slight reduction of astigmatism with
age, but it is hardly sensible and not determinable on the data provided. Change
in variability with age is doubtful, and different for the two sexes

We may conclude that for the general child population we may take for
corneal astigmatism :

Btandard Cosfticiont
Mean Dieviatbon of Variation
v ] “B2h T4:5
Girls......... 339 g FiLLE)

The question that next arises is: What change in these constants is made
when such material passes through the hands of the ophthalmologist, who selects
and deals only with that portion of his material which he considers abnormal ?

An apparent answer is given by Steiger ((B) xvi. 8. 237) 32,654 Ziirich
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school children were examined, and the boys (16.233) showed in 857/ of cases, the girls
(16,421) in 106 °/ of cases an astigmatism which alone or to a great part affected
their keenness of vision. Now if the selection were simply made on the basis of
excessive astigmatism *‘according to the rule” we should find the mean inereased
but the standard deviation decreased after the ophthalmologist had made his selection.
But this is very far from the fact. In all cases of material selected as possessing
defective vision the mean of the corneal astigmatism is raised, but at the same
time the standard deviation is very largely raised also. This follows because the
classes of astigmatism “against the rule,” ic. the persons with the greater
curvature in the horizontal meridian, noted in the above table with a minus sign,
are also largely selected. KExcess of astigmatism “according to the rule” is more
frequent than excess “against the rule™; the curve of distribution in the general
child is not very widely different from normality, but the tail “according to the
rule ” is sensibly exaggerated beyond the tail “ against the rule,” i.e. there is skew-
ness in the sense of the positive astigmatism. The selection curve is actually
U-shaped and the resulting standard deviation much inereased. Unfortunately we
have not the numbers but only Steiger's dingram of the percentages of each class
in the selected children ((B) xvr p. 247), but it is sufficient to indicate that if
these could be reduced to percentages of each class in the normal Berne population
we should find a skew U-curve for our selection curve. The following is our rough
attempt to reach this from Steiger's diagram taking Boys ((a) above) as the normal
population.

Ophthalmological selection from general boy population of 85 °/ of astigmatics :

* Apninst the Eule* | 1] ‘ 025

5 n-15| 1 | 125 | 175 |2'ﬁ£5 Orver 3
1 |

Distribution of 8:5°f ......] -I7 | 2y =33 a7 46 i3 'E.Bi o227 1-56| 1-08
_ Percentage of each class of

{  mnormal population talken| 21-2 -1 20

1-8 17 42 &9 T?E'.’i 1030 (1756

. = e = i —

This brings out the skew U-shaped nature of the selection curve. The two
last percentages exeeeding 100 °/ show that all the individuals at Zirich with
20 D or more were actually selected and that in the Berne population there were
fewer of these cases than existed in Ziirich. The mean of the selected Ziirich
boy population is 189 D and the standard deviation 108 D¥*; thus indicating
that the mean has been more than doubled, and the standard deviation not
quih\t doubled.

Of course this rough result cannot be directly applied from children to adults,
but it may suffice to indieate the direction of ophthalmological seleetion. It is not
a simple selection which cuts off one tail only of the distribution. Another point
is also to be noticed. In aectual practice the selection will most generally be of
adults, and the corneal astigmatism of these will be different from that of children.
Steiger's results ((A) p. 22) are very regular and show sensible decrease of

* Based on the values of the 85% distribution given above.
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corneal astigmatism from the year 10, onward to the end of life. His published
data do not permit of our ascertaining the exact correlation between age and
astigmatism® ; it is probably less than that between -refraction and age and will
not therefore be further considered hevet.

(3) On Pavental Inheritance. Corneal Astigmatism. Unfortunately Steiger
does not give very detailed tables for this. A correlution table is given for mothers
and sons only and this for comparatively few cases and for rather large groupings.
For the three other parental cases we have only fourfold tables.

On 8. 347 (B) xvi. we have the following table:

Tapre II.  Corieal Astigmoatise, Mothers and Sons.

Maothers
: A T R D
hRT:;rum!-E”ﬂ 196530 | 29680 B0 450 53560 Towals |
|
Againzt the mle .
and (—i-0 29 # ! e — e 40
12530 24 16 £ 1 3 — 52
] a-25—9-0 13 4 3 4 - — 2 |
§ | | | | |
0 — avh Loy
53540 10 7 4 [ a3 1 28 |
s ' |
4-25—50 4 1 3 a 2 1 15
|
52560 1 2 — s TR | | 5
1 | |
1 1 | I
Totals 83 | a1 | 18 o ! o 164
| |

Dealt with by the product-moment method we find :
sSons : Mean 2-1402, S.D. 14051 ;
Mothers : Mean 1-4390, S.D. 12282,
Correlation = -3760 4 0452,
Throwing the small groups 4'25—5°0 and 525—60 together and using mean
square contingency we find : C,=-3848. This is sufliciently close to the value of

* We have sought in vain for reducible statistics on this point.

T Steiger himself says that astigmatizm according to the rule is congenital. It has never been
found to occeur after birth, and no statistice demonstate a more intense astigmatism according to the
rule in later years. A reduction, sometimes very sensible, may oeeur in its wvalwe, (B) xvi 8. 231,

. N. Y. 2
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the corelation coefhicient to make ns conelude that 38 is a fair value of the
relationship.

The material is obviously highly selected. In the general boy population (a)
we have 87 '/ of astigmatism of 10 D or less, and 79 °f in the general girl
population (). In our present table the boys with less than 10 or 10 D are
24 °f and their mothers 51 °/ of the total. This suggests that the selection has
been by the children rather than by the mothers® It would follow from this
that we ought to obtain from the data the true regression line of mothers on
sons. Let »,,. o, o, be the unselected values of the corelation and standard

deviations of mothers and sons; »,,, o, o, the selected values, then
: = e T o el s
L s Tl T = Ty T[T ="3T60 14051 = “F2RY.

Hence, it the character were equally variable in 7 and 2, the correlation r,
would be 4. If, however, we give the variabilities the ratio determined on p. 7,
this is reduced to -29.

It must be admitted that this value, while quite significant and demonstrating
the inheritance of corneal astigmatism, is considerably less than what has been
found for ﬂtllgﬂ' physical characters in man. The data however are sparse and we
cannot be certain of the exact nature of the selection which has taken place,
t.e. there are probably cases in which the mother is the selected and the son only
the indirectly selected individual. Sueh a process it is easy to show would
substantially lower the correlation. For il the mothers had been the directly
selected individuals the slope of the regression line of sons on mothers would be
unchanged by selection or:

Vg T Oy = Ty, T T = 4301,

whence Foe= 4301 x o[, ="40.

Thus the true value of the correlation can range from 29 to *49 according to
the amount and nature of the selection. As we have seen, however, there appears
to be a greater selection of children than of mothers, and the true value probably
approaches somewhat nearver the lower limit.

We may see as far as our means extend how far the other parental relations
confirm or modify the result just reached. Steiger gives the following four four-
fold tables of which the second is the material already discussed ((B) xvi. p. 348).

* Steiger writes ((B) xvi. po 234): * Unser Material stammt zom Teil aus der Sprechstunde, zam
wiitans grissten Teil aber aus den stidtischen Schulen von Ziirich, und besteht in erster Linie aus
den Schulkindern selbat, dann aber aneh aus begleitenden Eltern oder Geschwistern,”  In all matérial
of this sort it is for statistical purposes essential that the “ directly selected ™ and the not directly selected
individuals should be distinguished in the data.
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Tasre III.  Inheritance of Corneal Astigmetism,

(i) Fathers {ii] AMothers
‘ Up to 20 1 More than 2-0 1) Taotals Lp o240 1d | More than 240 1» Totals
!
Up to 20 I &3 17 LELLL k| 13 92
= |
E | More than 20 D 45 17 G2 15 27 72
{ Tatals 128 G4 162 124 0 14
(iti} Fathers {iv) Mothers
| | J E
Upta 20D | More than 2-0 D Totals ! Up to 20 I | More than 2-0 D Totals
|
|
% Up to 240 11 95 19 114 | 126 a3 1459
= |8 - LOELELY g PN b :
=
2 | More than 20 D 5l 149 70 i 40 a5 |
Taotals 146 ag 184 1=1 G4 244

These give for uncorrected correlation coeflicients :
-'l:nll'= .445#-‘

Fog = 4T 8.

Th="218,

5 SEEY
rpa= 220,

The correction, supposing we take as before the offspring as selected, becomes
more hypothetical in this case because we have no values for &, or 7,. It is
elear that the o, whether found from the son or daughter table will be much the
same ; this also applies to o,. Further &; as found from the father table will
he prnlmhl}* much the same as that found from the mother table: this is suggested
by the ratio of the frequeney in the two classes remaining much the same in the
two tables in which each individual appears. But this is not the case for the
song in the tables of fathers and mothers.  Still we have no |'Im+5“]-i|it}' af fin:iing T,
from the father table and can only assume it equal to the value found from the
mother table in its extended formt. The best we ean do to find a value for o,
is to take the known &, and inerease it in the ratio of sex variabilities, and to
find a value for o, to take the known &, and reduce it in the ratio of the sex
variabilities. Thus we have:
o= 10837, T = 12 28E,

&,= 14051, F,= 15924,

* This is considerably in excess of the value found by the product-moment method, Lo 378
t Table ITT (i) suggests from ite row totals that the son in the father-son series was less frequently
the selected member than in the case of the mother-son series,
wp i

—t
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For fathers and sons, assuming as before that gr=a,, of which we have no
satisfactory evidence :

Yau=—Th ==

ar T Oy Tp\ T Oy
T~ Tm_ .on
?‘.-'.u' — .‘Imr! — Tmr.l — 3"'5}'
o Td

The results for father with son and for father with daughter are consistent
with each other, and the two results for mother with son and with daunghter are
fairly elose and not so widely divergent from that previously found by a different
method. But one can hardly aceept as final these low values nor believe that this is
an exceptional case, where the influence of mother is twice as great as that of the
father. It seems more reasonable to suppose that the selection has not been
made wholly by children, and that the divect selection of pavents has been greater in
the case of fathers than in that of mothers.

(6) On Fraternel Inheritance, Corneal Astigmatism. The most satisfactory
table given by Steiger for our present purposes is the following® ((B) xvr p. 218):

Tavre IV, FResemblance of Sisters.

Astigmatic’s Hister

Apmnst | o, | 125 r as_ s | E2Bamd || o
therale | 925—1 | 126—2 | 235-8 | 020—4 | 4255 — Totals
Aguninst the riale 1 --— —_— e —_ — — 1 .
e |
I 0-25—1 4 3% 1 . — — B a8
= 1-35—2 4 7 37 5 L | = 2 05
= o e =y = |
E 2853 1 i R R 19 3 Hi = ()
E:' |
2 15 | 11 T |
= 325—4 —_ 15 30 32 8 — = 85
355 - i 10 10 7 2 39
5-25 and over = = b1 1 : 1 | 1 — 12
| |
Totals 10 121 | 1 | 67 | 21 ‘ 3 - 353

* In reducing this table Sheppaed's coreections were used ; they seemed hardly legitimate in
Table IT, owing to wani of high contaet, Tf used the correlntion is 3952 instead of 3760 ns entered,
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Mean of astigmatics = 2'656, 8.1, =1:2451.
Mean of their sisters = 1'560, S.D.=-9342.
Jorrelation = 5848,

W

="4d8,

r -
iy x = " ”
ar aE i —

T, L

Thus we find a substantial relation between sisters in the unselected population,
but somewhat below the value *5 we are accustomed to find for physical characters
in man.

For a fivefold x fivefold table the use of mean square contingency gave (=536,
which is in quite good agreement with the value given for #. To test the influence
of neglecting the fact that the material is an ophthalmological selection of one
member of the pair, we destroyed the difference between the two sisters by making
the table symmetrical. We found »=-2504 or the correlation has fallen more than
50 °/ . This effectively illustrates how great the influence in destroying the traces
of heredity must be if there be a partial selection of unknown amount from both
the correlated groups.

For pairs of brothers Steiger unfortunately only gives a 3 x 3 fold table, namely
{{(B) xvi p. 240):

Tapre V. Resemblonee of Brothers,

Astigmatic’s Brother

10 and below 1-25—4-0 Chyer A= Totals
1+ and below 33 - i feo 33 |

s
& — |
= 17254 04 105 159
- 3. 3 Ca s e 0 =+
< | overso i 18 2 26

|

| |

i Tatals 93 123 | 2 £ ]

This does not lend itself to a satisfactory fourfold division. It shows, perhaps,
higher correlation than in the case of sister and sister, but the value by a four-
fold table will depend largely on where the division is made®.

For brother and sister Steiger ((B) xvi. p. 835) gives a table, which would
have been useful had he indicated the selected individuals,

* The mean value does not differ much from that of sister pairs, but the moge is roughly from
about ‘E4 to -30!
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TapLe VI. Resemblance of Brother and Sister.

Sister
= : : I =
i 02510 | 125—20 | DRE—F0 B0 | 42000 | 52560 | Totals

0 EH 14 9 1 3 — —_ 32
02510 1 43 47 2 5 3 ' 130
185 i) . 28 i 43 46 [ — 180

i [T =
*-E 2530 1 11 36 Lk 25 & 2 100

= o s
2540 — 5 26 | 16 25 7 4 23
42550 - 4 a | G i 3 — 19
525—60 - - I [ =— - = — 3
|

Totals b3 105 188 | 116 a7 31 5 553

We find :

Mean of brothers: 1891, 5.D. = 12250,
Mean of sisters: 2193, S5.D. =1-2204.
Clorrelation = 3503,

Comparing this with the Berne results we see that there has been very con-
siderable selection. But there is no means of correcting for this, because we have
no measure of how many or which individuals have been directly selected. We
liave seen that in the case of the sisters (p. 13), the effect of confusing the
divectly and indirectly selected material reduced the uncorrected corvelation from
‘58 to 25, or to less than half. Henee it is not unreasonable to suppose that the
uncorrected corvelation is over *6, or at least as great as between sister and sister.

(7) Genernl Conclusions as to the Tikeritance of Corneal Astigmatism. There
is certainly inheritance of corneal astigmatism, as evidenced by minimum limits
of 3 to the parental and of 4 to the fraternal coeflicients. But the present
material is neither sufficient nor sufficiently classified to enable us to determine
with any degree of certainty the accurate value of the inheritance coefficients.

It is ophthalmologically selected, and although it would be possible to allow
for this, if we had the raw data, and were told in each case which member of the
pair was the “selected” individual, this information is not really given in any of
Steiger's tables® and can only be roughly asswmed in the case of a few of them.

* We are not certnin that the “astiomatic " is in all cases the selected individual, although it is
generally the individual with the execess of astigmatism.
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Steiger has enormously advanced the conception of what the ophthalmologist
can do for heredity by taking the ophthalmic characters of the relatives of his
patients. But for statistical reduction it is needful in every case to separate
* patient,” the “selected” individual, from the relative the * indirectly selected "
individual. Tables correlating the characters of these two will not in themselves
suftice to demonstrate the intensity of heredity, as Steiger occasionally seems to
assert, but they will serve to determine when properly corrected for the * selection”
the values of the inheritance coefficients.

The present discussion will at any rate sutlice to indicate two conclusions :

(i) That there is a splendid field for a man who will measure the eorneal
astigmatism in a non-selected population.

(ii) That failing this the ophthalmologist can provide useful results, if he will
carefully distinguish between “ patient” and relative.

(8) Own the fuheritance of Corneal Refraction. Steiger has treated his data
on this point with more detail than his material for astigmatism. He has indicated
that there is not only a sexual difference, but a change with age.

From his data we reach the following results *.

TavLe VII. Adge. Sex and Corieal Refraction.

Males Frmales
Giroup of Ages To 5 YA Po—1is 16—=48 To & voars 10186 L B4
| N of E}'H:H a4R HED 232 253 1034 S63
| Mean.......... 4288 | 4271 | 4242 | 4359 | 4314 200
| &1, 1-324 1-287 1-289 | 1451 1204 1-364
Clomeral Menn « 42705 General Mean = 43-17

General 5.0, = 1-291

Correlation of Refroction

and Age r="1id

General 5.1 = 1293 |

g sean |
Correlation of Refraction |
|

and Age = 155

* The following is the Table of Frequencies, reconstructed from Steiger’s percentages :

: Mnlas Fopmnles
| T 8 vears'  10—1G 16—H8 | ToB years|  10—16 16--BR
‘ Up to 40 # 21 11 4 G h
40:25—41 14 fidk B L3 45 28
4125 —42 41 184 h] 34 155 T2
42-25—43 T8 27 Th 46 204 110
43-25—44 G 194 ahn fid B [
44-25—45 Aa 120 a4 a3 154 oy
Over 45 5 28 4 14 i ]
Tuatals 248 Ealabls s a52 1054 Blikh

t Bteiger gives on his diagram (A, p. 46) 365, but we think this must

be n misprine,
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Now these results show that there is less than { diopter difference between
the sexes, and that as a whole they are almost equally variable. The females show
rather more change in their variability with age, extveme childhood and age are
the more variable periods. While the decreasing value of the refraction with age
15 well marked and the correlation, about -16, quite sensible, it is not of a value
to involve serious corrections in the inheritance correlations. For the ecorrection
will depend upon ("16F, or introduce only modifications of order 02 to ‘03 into the
coefficient, and these are in this case of the order of the probable errors of the results.

HLHigEt‘ gives us throughout no information as to which individual is the
“selected " member of a pair. 'We shall now proceed to disenss his data.

(9) Parental Tnleritance.  Corneal Refraction.  Steiger has given four tables
of parental heredity. They are reproduced as VIII, IX, X and XI below. We find
the statistical constants tabled in XIT on p. 18.

Fables of Pavental Hevedity, Corneal Refroction. Steiger.

Taere VIII. Father and Son,

Father
- = : |
= — oair =3 e —= = = = W |
g 0 Ll e o (8 e S e Y ||
| 2 [8 el s e e dEaREEHlE
g 12| = | = 2|2 |7 | = ©
| | |
| Btr25—i0 = 3 ! 1 2|l == | = = | = ﬁ‘
| - = e — SN
s | |
A0 5—d1 — | 3| = 1 1| — | = — | = 5
41254175 1 | 3 i 4 | & 1 i @ | SR [ | 15
R 2 I I  — = = jEedee L
- |
3 | 420—s —‘-.z|7:sl1| 10 s A
.......... |- -_ | = :_':__
wa—awnl = | 2| 9| s 8| 8| 1| | =] 28
BT e es 2
iﬂ-sﬁ—iﬁ SN I 1| 2 4 i 21 2 17 |
L el i i - —
| 45 25—46 — - — —_ | = | 3 2 | & : - 7
— - - I ! | - o ——
i 26 and over] — - — — — | Sl =Sl | R e
Tatals 1 | 18 ‘ 14 | 20 | 21 i a9 | 18 |11 | 2 |14
|




TarLe TX.

Mother and Sou.
Maother

S

= - — = - - e b= El gl
e i o U O
CR o ] S - R T
= Ligulls | T 5 S
| ] | .
i Up to 40 2 i - - | Y - — — — 6 |
' | I— e —
4025 i1 Tl [ 1 3 | o [ ul 4
| |
- I —| _I _; S
sl 1 | 1 | = 1 1 1 | — (et [ = 5 i
= . L U] |
a3 |1 |5 |=|16] 8] 2 ‘ 2 34 |
432544 I P} & | 00| ol 4 I R R e (0
4254k blas | 2 | = 4 3 1 — It =& lina
- o || | | e ks ||
| .
[ 452546 | e | | ] D] T T [P 1
| LI PR L B = A e |
| | | 1
A6 25—d T - —_ - | 1 1 —— — | - 2
[ | |
1 — | I.._ S PUS [— _| — —
(4725 and over = | e | s ;. | 1 4
{ | | {
1 | | |
Totals li"il'|5|:‘l:§: a7 ]1|f- g llg | o8
TapLe X. Father and Dauglter.,
Father
| R T R T A e
= - - | = [ | - | * --
GRS R A R
o e R B
2|2 |5 |= |8 |3 |3 |2 |§
Up 1o 41 — 2 = 1 — s — £l | i a
412542 2 fih=a 3| &8l=<=|=}= | - n
[P s e T _ 4 — 2 2 e ——— -— 5
el = ) e = — 8
ho o e | T S | (AT S |
) |
2 |4za5—44 - 3 sl A = I 2 |18
o 153 I___ _I_ [T e I ;_ ]
25— 455 ¥ = | = » 9 | | 4 25 IL
| 459547 — | - S 4 TR P = e 10
| A || et | 4
i ! '
| AT - —_ - - == 2 - i
4825 and over] — —_— —_— —_— — 13 —_— —_— — 2 |
Totals 2 13| 8| 8|25 |ax| o | o | 8|350

1
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TavLe X1 Mother and Davgliter.
Maother
] = 5
..:, : = = - '-|l -E (-] E -
i S i s T W B OO e S el
= ) L ap: 7 [ e [t Ll =]
. — w = ) =1 =i = T - =
= = - ol = - -+ = b -
Up to 40 - = = . o
AaE—41 1 3 1 1 | - T
S | —— —
srasdzas| — 5 | B 5 1 | — il
- — I. E— —_— — — —
- [
= 425143 1 1| = 8 — | = | = — 13
g B
& e sl e el sl S
|
sas—g52s]| — L = | 1 E] (] o 3 3 I TH
45-5—AB - I 2 3 5 S a 3 15
g1 | — i 8] St e s e | |y
AT 25 nnd over = I —— - - 1 1 -
1 |
Totals 2 10 13 10 | 44 a1 6 | T |15 128
Taewe XII. Coefficients of Inheritance, Corneal Refraction.
Corralation
Clnas No. Means  Staodend Deviations —-
Prodost Moment Continpgenaey
Fathers of Sons ... 124 $2-905 1 -5635)
v 10 601 (5 = B)
Homs of Fathers ... 124 §2-90) 1405
Mothers of Sons ... ... L 4313 1-G99)
- 510 585 {5 = 5)
Bong of Mothers ......... s g 15710}
Fathers of Daughters .. T PR | 384
5 g e ! 584 623 (D « B)
| Daughters of Fathers ... 1] 43578 1-542)
{ Mothers of Daughters ..., 128 43571 1 -G
| g } 18 G46 (5= 0)
Daughters of Mothers ... 128 4585 | 1665 |
; -
Mean.........| G0 | Hl4
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Now it must be at once admitted that two factors affect the striking heredity
exhibited in these results. The first is the remarkable system of sub-ranges selected
by Steiger to tabulate his results. No reasonable explanation is given of this system,
and it is utterly unsuited to statistical reduction. The group ranges are occasionally
1-25, oceasionally ‘75, oecasionally 1, and again 5. And these ranges vary from
table to table, even when one of the pair is the same. [t would appear as if’ some
attempt had been made to smooth the frequencies in this manner, possibly in order
to get rid of a tendeney to read to § instead of | diopters., from which Steiger, not-
withstanding his eriticism of Chauvel (A, p. 18), does not himselt seem wholly free.
Whatever the source ot this choice of sub-ranges ®, it enormously increases the labour
of the statistician and renders his correction of the moments of doubtful application f.

SBecondly, there are anomalies of which no explanations are forthcoming.
We should expect to find roughly mothers of sons and of daughters to be alike,
approximately fathers of sons and of daughters give the same constants; but the
mothers of daughters have sensibly higher refraction than mothers of sons.  Again, we
note that sons of mothers are sensibly more varinble than sons of fathers, and
danghters of fathers sensibly more variable than daughters of mothers. This increased
variability when we deal with the offspring of the opposite sex may be the source of
the reduced heredity, in this case between the opposite sexes. It is impossible to say
whether this result—important if it were true—is in whole or part produced by
the changing of sub-range systems to which we have just referred.

We have verified the generally high values of the correlation between parents
and offspring by recaleulating the coeflicients by mean square contingency. Their
high values are thus confirmed. The high values of the variabilities for refraction
in Table XII compared with those in Table VII, show that we are iluuliug with
highty selected material, but the slight changes of means seem to indicate that the
selection is largely one of extremes. The parental variability is raised almost as much
as that of the offspring and one hesitates to assert that parents have in the bulk been
indirectly selected by selection of their offspring, or that offspring have been indirectly
selected by direct selection of their parents. There is nothing in the text to assist us
to n conelusion.

In the discussion on corneal astigmatism we noticed that at a maximum the
correction for selection might reduce the correlation by about 25°/. This would
reduce our rough value of ‘61 to "46, a value strikingly close to the average value
found for other physical characters in man ;.

We may safely conclude that corneal refraction is inherited at the same rate
as other physical characters in man.

Of course the same point impresses itself upon us here as in dealing with
astigmatism, the urgent need to measure a large random sample, not an ophthal-
mological selection, of the general population of parents and offspring. Such a system
of measurements combining astigmatism and refraction would offer splendid material
also for testing theories of cross heredity.

* We find no justification for it in Steiger’s remarks in (B) xvin po 445

t SBheppard’s eorrection has been made for an approximate average sub-range.
1 Btature 51, span 48, forearm -42, eye colour =50, each based on 4000 to 5000 measnrements,

42
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(10y  Collateral Hervedity, Corneal Refraction. Steiger provided three tables
of fraternal resemblance, which we reproduce as Tables XIII, XIV and XV. The
following table, Table XVI on p. 22, sums up the values of the deduced statistical
constants.  As we could find no consistent difference between the pairs tabled by
Steiger, nor any evidence as to the *selected” member, we have made Tables X111
and XTIV symmetrical. Thus they contain twice the numbers in Table XVI.

Teildes of Frateriol Resemablanee.  Corneal Refraction. Hheig:—:r,
Tagre XIII. Pairs 15}" Birothers.
Izt Brother
AERERE T EAE REREEE N
L | ! | i | =
= = = = b5 = = = =5 = ||
2 = = e B = | % g | e | @ 200
| dg-25i—dn]| 6 } A R | -- e 11
I =l :
| dom2i—41 2 P B R B B — | == || = - al
e =
| 41254z 1 0 16 | 11 T 5 2 3 — | = it |
;.__
ligosas] 2| s (11 |22 | v oe]| 2| 3 [ =1]=1[ 75|
&l
= | [
B asas—u = 1 (] 17 | 2] il - #1
g T =il
& | ddes—gn] — B 14 21 3 3 1 47
| 462510 @ 2 i 3 1 o i
as—47 = L 3 2 1 L]
P | BRI PRE) (PRRGY GRS (= o[ 3
| d8-25—d0 ] — g e 2 = | = - 2
| |
Tistalu 11 ] | T Tk =1 47 L5 9 3 2 1320




TavLe XIV. Pairs of Sisters.

Ist Sigter

= TP =T = P T T [
I [ gl o [ el e | -3 |
s|8|8|2|8 a8 | 85]|&|
0 [ ) R ) ] [
|mn2s—41] 4 | 4 | 1 | — - [ s 13
[ - | | B | 9 B } 4 |
L [
A5 A3 I | 9 | 30 25 15 11 g
% laposnnl & |24 | 28 | 42| s¢| 7| 6| 2187
o | |
= |
Si | gden 4 3 | 15 34 | 38| 12 2 a 1106 |
| 1
| 46-36—46 ] — k] 11 T 12 = o 4 ek
[
w7 — | — . i a T |— 1i
vl = | = | 2 L W &
Talalx 13 41 | 3¢ | 137 | 106 | 53 16 L T
Tapre XV. Brother and Sester,
Frother
= - ] [ = S " = = oA
- | - - - - l 7 - - | - =
J.l_| J!‘- J'lj | Wt | i w l.%- .-'E
S (& (3|8 |5 [ (218 |8z
8 | 5 = = 2 | = = = = =
3A—40 3 3 3 | 1 — — ‘ — e | s 10
ras—41f 4 4] L 3 d | — | = | = | = 2]
1-35aqn] 3 | T 15 | 91 E — 2 — 11}
i | e | et
sgar—as] 5| 8 |15 |20 |13 2| 2 S B \E T
= [
= | = )
ol — | = |3 18| 2| 9| 8] =] 2] 72
[ =
e S 1 T |3 | 20|15 a9 4| =1 M
x P 2k (e
4520—i8] — a 1 5|14 1| 8 =
e (= | I L L
w17 — | — 3| - 2 3 — L
1.
754 — | =l | @' = 4 | 1 E | = 12
Totals | 15 | 26 | 61 |96 | 87 | 45 | 22 | 14 | 4 |376
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It is a noteworthy feature of these tables that whereas 10 sisters out of 376
with brothers have a refraction 40 D or under, not a single sister out of 468 with a
sister oceurs in this group. It is difficult to see how the existence of a brother
could lower the sister's refraction, but as we indicate later there is something
anomalons about Table XIV.

Taepre XVI. Corneal Refraction. Fraternol Resemblance.

Correlations
!;::J:'_T:"l Contingenoy

Pairs of Brothers.......... 160 4314 1316 628 A58 (D= b) :
Pairs of Sisters............. 23 4374 1-397 407 423 (Hwd) |
Brother 43-10 1652 |

Brother and Sister ... .| 576 | ']Hiubm' 1364 |.ﬂ?][ G632 | 5T (5= 0} |
| | | Mean .., Sl A |

| i &) 1

Again we mark the same sort of anomalies arising as in the parental tables, when
we compare members of different sexes, the variabilities being greater with different
sexes than with like sexes. The low value of the sister-sister correlation is remark-
able, but we see no explanation of the result in the tabled data.

We have here also no possibility of correcting for selection, but the reduction
will be less than in the case of the parental tables. The sister pairs are the weak
point, but on the whole the constants may be said to be in good agreement with
those hitherto found for fraternal resemblance®.

The results taken all round are quite sufficient to indicate that corneal refraction
falls well into line with other human characteristics and would amply repay full
investigation not only by the scientific value of the results, but by the importance of
the subject from the eugenie standpoint.

(11)  Interrelations of Refraction, Keenness of Vision and Age, The chief
objection to Steiger’s data lies in the fact that it consists of an ophthalmological
selection and that the individuals selected are not defined. There is in the material
cited by us in Section (1) data for approaching the problem from the side of collateral
heredity without the difficulty of this selective action. That material also provides us
with interesting relations between age, keenness of vision and refraction. It seems
desirable to consider these interrelations before returning to the problem of heredity.

(a) Keenness of Vision and Refraction.

We take first Keenness of Vision and Refraction in its various forms. Table
XVII for boys and Table XVIII for girls are based on the material provided in (F)

* Bitature 51, span 08, forearm 49, eve colour G2
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ey

the Fdinburgh Charity Organisation Report.  The children ave classed under
Emmetropin, Hypermetvopia, Hypermetropic Astigmeatism, Mived Astigmetizm,
Myopia and Myopic Astigmatism. We have two methods of determining the

TavrLe XVII. Keenness of Vision and Refraction.  Boys.

Eeennass of Vislon

| Refvaction i 5.8

1 E:'-ﬁ ﬁii".l I iz LHEE Ii-..“:l [Hpt 1 l Totals
| , d Sl =

|

| Bmmetropia ..o L) [ T & 21 ] 1 438
| Hypsrmetropin..........covveenn T T - | ] 9 - 1 102

| Hypermetropic Astigmatism ... 2] 1+ 10 18 1 - G5
| Mixed Astigmatism............... 3 4 2 3 2 L 20
I Myopiz Astigmatiam ............ — 2 2 i = - LU

0 | 1 1 2l 1 3 ]

I D e A m e 460 G9 25 3 i1 9 G4z

Tavue XVIIL.  Keenness of Vision and Refraction.  (fivls.

Eeetness of Vision

Befraction [ _ I
6/ /9 612 618 624 636 Totals
|
Emmetropit ...........occoceeaneaa| 281 13 - ] ] 3 339
Hypermetropi.....c...coooieee-s| 43 | 21 | 15 3 — = 82
Hypermetropic Astigmatism ... o | = ‘ 12 | 9 w - Fi
Mixed Astigmation ..............| 3 ‘ 5 T L 2 1 22
Myopic Astigmatism _......_.... = 3 3 1 2 - 9
MEPOPIR ......ovmsisemmsinmmnannmmnnne] = 1 3 3 — 1 T
| T L R T - R 36 I8 3 | s 537

relationship between these classes of refraction and keenness of vision as measured
in the usual way by Snellen’s test type at 6 metres. Namely we may treat the
material as a contingency table without using quantitative measures, or we may
look upon keenness of vision as a continuous quantity—not very well determined
indeed by existing ophthalmological methods—and find the mean value of each
refraction class and thenee the correlation ratio.
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We have the following results.
TasLe XIX. Refraction and Keenness of Vision.

- e il . Correlation nl H..ul'ruhnl and
! Ketnnoas of Vison Keeness of Vislon
Mean LA Contingeney (5= G} | Correlation Ratio
| |
Boys ... 850 | 249 582 H69 !
Girls ..., -E3D 204 i 36 431 *
- e f.'lnya. | iprdi
I E': = 1-:|||1:|1|~I.m!5i:ll. N Wl e aial =S QRN | B15
E EE | Hypermetvopin ....oooeeeee oo aane. =0 799
‘":"g_g Hypermetropic Astigmatism ......... 650 T2
& oy - -
-EE & | Mixed Astigmatism......cocoiecennnnn | 478 63
a1
£’ E | Myopic Astigmatism ....ccoeeenninns | 41T 482
= T o P P e W 1 (IGE1) J

DIAGRAM 1.
Keegnness of Vision and Refroction Cluss.
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Emmetropia  Hypormetropia Hypermetropic _J:[il:l:l]: :'.'_llh'l'dp[!: Myopin
Asfigmatism  Astigmatism  Astigmatism

Refraction Class

* Reworked, but we failed to discover any ervor in this curiously low value.
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We may conclude from these results that the vision of the girls is possibly
slightly less keen than that of the boys; both are equally variable. The two methods,
while leading to somewhat different results for the girls, show that there is a close
relationship between refraction and keenness of vision ; in girls it may be slightly less
than boys, but till further data are forthcoming we may take the degree of con-
tingency as "36 for both sexes. The accompanying Diagram I expresses graphically
the relationship ; of course no attempt at m]}rthing of the nature of a horizontal scale
is supposed to exist in this diagram.

The results show at once how much more influence myopia has on keenness
of vision than hypermetropia, and they indicate that vefraction defects contribute
more than half the abnormality of keenness of vision.

(b) Age and Refraction.

We have already found (p. 15) a relation between corneal refraction and age.
We have now to consider the relationship between the various types of refraction and
age. It is well known that young children are hypermetropic and tend with age to
become emmetropic or occasionally myopic. We have three sets of data we can use
here : (i) Tables formed from the Edinburgh data with the six classes of Tables X VII
and XVIII. In Tables XX and XXI the data are given for boys and girls re-
spectively. This material is from rather poor class schools, but there is no selection
whatever. (ii) Rowan's material cited as (D) on p. 3. There appears to have been no
selection of the children, but the results show more defective sight than the Edin-
burgh returns.  (iti) Thompson’s material cited as (C) on p. 2. This is “selected ”
material ; no returns are unfortunately made of the number of nermal children of
each age in the schools examined, and we have again all the difficulties conneeted
with Steiger’s data. Rowan's material is given in Tables XXII and XXIII, and
Thompson's in Tables XXIV and XXV. Unfortunately Rowan only gives three age
groups.

TasLe XX. Refraction Class and Age.  Edinburgh Boys.

| Age |-

| Refraction Clss -[

47 —i 1—11 11—13 1g—14 Tokals |

O ar Al s e as] 04 112 134 114 i 455 |
Hypermetropia. ... ..o vaneeioaas 14 24 2% 26 i 14K3
Hypermebropie Astigmatism ......... 12 19 1 13 10 G4
Mixed Astigmatism .......oooi vieeenes i fi 1 1 1 19
Myopia and Myopic Astigmatism ... (1] ] b 4 4 1=
L e e e e 166G 180 161 fid Ghd

e —————————— ———— e e i = —
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TasLe XXI. Refraction Class and Age. Edinburgh Girls,

Befraction Class

|

| Ly T e e

e e e e
Hypermabropia .. ccocemnmnecncnnrensass
Hypermetropic Astigmatism ...._..
Mixed Astigmatism .......ccocvevannns
] Myopia and Myopic Astigmatism _..

B% 7—8
i &3

' 15 23

o T 2]

|

| 1 4
] 4

Age
a—11 -1z 18—15 Totals
107 76 29 351
28 12 6 &1
10 15 6 76
¢ | 3 1 22
S 3 20
ey i)
151 17 45 553

TapLe XX his®. Refraction Class and Age. Edinburgh Boys.

Eefraction Class

i Emmetropin ....oocvvenne

| Hypermetropia ... .ccoocooeioiiin.
: Hypermetropic Astigmatism .........

Mixod Astigmabism .....................
| Myopic Astigmatism and Myopia ..

# The Tables XX and XXI are drawn from the *Summary of Facts” under column * Eyes"

these detailed necounts of individual children apparvently a less stringent standard of defective sight was
taken, many children being recorded as normsl in whom slight amounts of hypermetropin, or myopia or
astigmatism oceurpsd, Tables XX bis and XXT fis are taken from Table XT “Eyes,” of the Tables
of Medical Inspection, amul they represent a more stringent clnssifieation,
of Vision results in Tables XXXIT and XXXIIT taken from the ©General Summary™ differ, but to

a less extent, from the Table XT of the Medical Inspection just referred to.

—

Ao
5—7 b - | 8-11 1113 17—15 Tatals
23 66 84 73 a4 270
37 % | 56 8 | 19 206
20 30 | 18 o8 | 12 108
15 v | & 5 0 ‘3 30
- 5 | 10 5 ag
95 | 154 175 164 63 651

In the same way the Keenness
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TapLe XXI bis. Refraction Class and Age.

Refraction Class

LTy T U S e
Hyperinetropia .....coovveciniiinnnnas.

Hypermetropic Astigmatism

Mixed Astigmakism ..........ooveeeeee.
Myopic Astigmatism and Myopia ...

TapLes XXII axp XXIIL

Refraction Class

Hypormatropif .....oaseemeesiereiinannes

Hypermetropie Astigmatism
Mixed Astigmatism _..........,

Myopic Astigmatism and Myopia ...

e e e R

..............................

Feidwrgh Givls,

A
| 5—7 7—1 11—13 | 1815 | Totals
[ | e
1
! 16 | 45 | a7 | B 203 |
| =28 | 40 19 12 148 |
i 34 a5 8 137
1G I 9 | g | 3 41
|
8 | il Wil
102 | 136 | 161 | 119 | 18 566 |
| | |
Refraction Class and Age.  (Hlasgow.
Boys Girls
o = ; |
Age Apge
Gt J =12 [12-—15 | Tu"ﬂi. =43 | =12 I‘I‘E-—-IE Tolals
|
1 - L -l | =
33 | 60 | 29 52 | 70| 37 | 149 |
22 | a5 3 15 | 16 34
11 2 8| 10 ap |
= 3 o 7 5 12
s | 3 6 1 i ‘ 13
6 | 99 | 75 63 | 101 | 64 | 228

432
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TapLe XXIV. Refiaction Class and Age.  London Boys *,

Ao
Belvaction Class g , ————— ———

T—H B0 9—10 | 10—11 ] 1118 13— 13 | 1-5--—1-1! Totals

E I ; | (R & - |
Hypermedtopit ..o vrnaserecneciicinnias| 11 | o4 32 20 I 32 LT | bl 174
Hypermetropic Astigmatism ......... [ 12 35 37 | o4 26 27 | 25 | 186
Mixed Astigmatism........coeeeeiinnn 5 | 40 24 25 26 I - | g
Myopin and Myopic Astigmatism ...| § 33 | il 43 47 | 56 | 248
| - | -|
I e e ] [ 1352 110 1} 135 |3 | 1:41 | i

Tapue XXV. Refraction Cluss and Age.  Lowdon Givls *®,

Ape
Relvaction Class
|
7—4 | &8 | 9—10 | 10—11  ¥1—12 lﬂ—la_lﬂ—lﬂiTnulu

Hypermetropis .....ccoooiiiiiiin. 1 i HE 32 bl 64 | 52 | 263
Hypormetropic Astigmatism ......... 15§ a3 30 Al 26 30 | 25 | 208
Mixed Asbigmodism ..o 14 40 30 ]| 18 30 | 36 | 228
Myopin and Myopic Astigumtizm ... 12 v b 41 14 iy 40 | 260

152 ! HHT |
|

1 15 | e e s W11 (NES B8 [ 132 134 155 104}

In order to veduee the material the method of contingency was first applied
and we obtained the results given in Table XXVI.

Thompson’s data, except in so far as they confirm the result that the refraction
class is correlated with age, ave of little service, since they exclude the normals.
It will be elear that the corvelation between age and refraction class is about -20—25

* Amuming these Tables to give the whole numbers of defective refraction cases in 10,416 hoys and
11,498 girls, we have the following percentages from Thompson’s Tables ;

Boys airls
A L e e e e i
Hypermetropia ......iiieieseeemamunne s 17 2:3
Hypermetropic Astigmatism............ 18 17
Mixed Astigmatism .......ocooooeneee. 17 240
Myopic Astigmatism and Myopia ... 23 3

Thus it will be seen that while all the defective categories are below the Scottish, i s the
]-prennctrupia and Hypermetropic Astigmatism which in the Scottish returns so vastly exceed the
Eunglish. Thompson allowed anything under 2 diopters in Hypermetropia to be * normal.” We are not
told what was used at Edinburgh. In Glasgow 1 diopter was the test,  Howan and Thoempson both used
1 Id for Hypermetropic Astigmatizm, Mixed Astigmatism and Myopin, This difference in the test for
Hypermetropia explains partly but far from entirely the grost divergence batween th Engligh and
Heottish resules,
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for boys and somewhat greater, ‘30 to -85, for girls. This is quite a sensible amount
and should have some influence on the values of fraternal corvelation. If we may

Tarre XXVI.  Refraction and ge.

Characters Materind | Mathad | i 7
Oorneal Refraciion  Fiirich (Steiger: | Product Moment o i1 d 1i
see our p. 15)
Refraction Class " Edinburgh | Contingeney A5 17y | 34 2E)"
o i Gilasgow { Bowan) i a7 3G
! 0 - Lomdon {Thompson ) = . | 7

accept the values deduced from Steiger's material, the effect of age on corneal
vefraction is not the sole source of the high value between refraction class and
age. [t should be noticed, however, that Steiger's material only provides three
age groups, one of which is adult.

We can arrange our material in two other ways whieh show less concisely
the relutionship of age to refraction class,

TapLe XXVIL. Mean Age of each Refraction Class.

Edinburgh (ilasgow | Londoan
Eefraction Class : = it
Boys | Girla ¢ Boys Girls Boys Girly
Emmetropin ....oooooeeeinaeaas 1L (10-0) 87 (10-2) | 104 Ly ! 1
| Hypermetropin ................... 96 (96)| 83 (93} 114 i || L LR ""JE 169
! Hypermetropic Astigmatism | 97 (9°7) | 89 (80| 113 1171 - m.ﬂj T %
Mixed Astigmatism...........| 91 (27)| 83 (=7)| 124 11-75 106 | 108
Myopie Astigmatism ... 10T} 10-3) L35 &
(110 106 117 (L 10 }u-.—«. 110
AP L T Rt BT AL TV {' : _ ][
| AN ChlIee .ensismseer e amaens 100 (29 %40 (D6 1049 104 1091 10-9 §

The Edinburgh data (see Diagram II) appear here to give the smoothest and
most reasonable results, namely the hypermetropic and mixed astigmatic are below
the mean age; the myopic are above and the normals at the mean age. Howan and
Thompsen's abnormals give the myopic at or above the mean age, but do not indicate
decisively that the hypermetropic are below the mean age. To obtain any very definite

* The first. values are from Talles XX and X X1, and the bracketed values from Tables XX s and
XXT bis

T The figures in brackets are from Tables XX bix and XXI bis, and serve to confivm the other
rissults
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DIAGRAM 1L

J_!.Femryﬂ r;,!" Rq,l"rrmﬁfm Cliegs with Ane.
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1+
7 - -0
T I 8:'"" ’,.D‘ Bas
= et - —_0\‘\. 7

9_ 1== -D_ .l'

- '-D"
2 O-—0Boys
6 O~ --0Girls
Emmetropia Hypermetropia Hypermetropic Mixed : Myopic Myopia

Astigmatism  Astigmatiom  Astipmatism

Refraction Class

results from this method of approaching the problem much larger numbers would be
required.  We may also consider the problem from the standpoint of the percentages
of each ¢lass at each age (Tables XXVIII and XXIX). Thompson's statistics cannot
be dealt with as we have not the number of normals at each age, He found 778 cases
of defective vision on a register of 10,416 boys and 954 on a register of 11,498 girls.
In Edinburgh 204 cases of defective sight occurred among 659 boys and 202 among
553 givls; in Glasgow 98 among 220 boys and 79 among 228 girls. Hence either
defects of rvefraction are far greater in number among the Secotch, or a much higher
standard of what ought to be classified as emmetropia was used in Scotland. On both
counts : the absence of normals and the wide difference of percentages, it does not
seem possible to compare Thompson's with our other data. Unfortunately Rowan's
data only provide three age classes.

Now if we were to take the Glasgow results as typical we should certainly have
an apparently very bad ease against school environment. It amounts to asserting that
normal eye-sight decreases by almost 50 °/, between 6 and 15 years of age, and that
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The above disgrom shows graphically the results of Tables XXVIIT and XXTX.
will see at onee the rapid gain in Emmetropia between the ages of 6 and 10, and recognise that
this gain must be chiefly due to the loss in the hypermetropic eategories. The partinl Eall again in
the Emmetropin i3 due to two sourees @ (i) o rise in the amount of Myopin and Myopic Astigmatism,
and (ii) a hardly less serious rise in the Hypermetropic Astigmatism, The Hj'pnrnm:mpin ttaelf continues

7 8

9 1 I 12 13

Apes,

to fall and there is but little change after the age of 8 in the mixed Astizmatism.

To face p. 31.

The reader
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TapLe XXVIIL Percentages at cach Age of each Cluss.  Boys.

Age. Edinburgh
Befmmetion Class - S

Age. Glasgow

4T [ 7—a | S—I11 (10—18 [ DE—15 | All ages| 6% | 9—12 12—05 | All ages

_I”:IIIH'!I:IJE;_...... .......... ................. | 607 | 675 | T4 | TO-8 | G571 | B9-05 || 17 | 606 | 35T | 555
| Hypermetropia ......oooiveeiniaennnaas 21-3 | 145 | 150 | 161 | 1141 | 156 174 ! 23-2 | 333 | 250
| Hypermetropic Astigmatism ...... 135 | 114 a6 g1 | 159 | 87 65 | 1141 | 120 | 104
[ Mixed Astigmatison .........coccoee 45 6 23 25 16 | 29 0 | &0 67 a4
Myopin and Myopic Astigmatism [ 00 | 30| 28| 25| 63 | 275l 44 | 30 | 93 | 55

TasLe XXIX. Percentuges at each Age of each Class. Givls,

’ Age. Edinburgh Age  Glasgow
Hafraction Class
1 : 5=7 | =9 | 311 11—15 | 13—15 | Allages|| G—0 | 812 Il‘-’ —15 | Allnges
Marmall coeeeeee i ceneeea] O3 3 | G- | TOQ | 850 | 845 | 635 || 825 | 883 | 422 | 653
HYPermetropia 1u..-. ooveeromsieeess 143 | 170 | 186 | 108 | 133 | 151 | 48 | 149 | 250 | 149
Hypermetropic Astigmatism ... 229 | 1@h EG | d2 | 134 | 13T &2 70| 156 | BR
Mixed Astigmatism ..., 05 30 R 26 I 5.9 : 50 -0 (] T8 Bk ]
Myopia and Myopie Astigmatism L] 30 -3 L ‘ 67 36 95 10 a4 | 57

practically every form of eye defect increases, especially the hypermetropic®. The
Edinburgh data show that it is only in the young children, possibly in those below
Rowan's minimum age, that there are reductions in the two hypermetropie contingents,
which apparently swell the number of normal eyes.  After the earlier ages, however,
hypermetropic astigmatism steadily increases in the Edinburgh as well as in the
Glasgow series. This increase is almost as marked as in the myopic class and shows
that the conelusion reached by Thompson, namely : that there is a deerease of hyper-
metropic astigmatism with age, is not universally truet. The enormous increase in
defective sight indicated by Rowan is not borne out by the Edinburgh material ; we
find at Edinburgh a larger number of normals between 13—15 than between 4—7,
although the maximum of emmetropia is reached between 9—11. From the merely
statistical standpoint the Edinburgh data appear to be the smoother and the more
self-consistent. But we venture to think that while there is not the least doubt of a
sensible relationship of age to each of the several categories of eye defect, yet the
problem of the nature of this age relationship has not at present been properly

® It is significant that the London, Glasgow and Edinburgh stetisties agree in not showing the
murked decrease in hypermetropin with age, which has been recorded in German and Russinn returns

Is this & real nations] difference, or due to the use of different standards of cmmetropia

t Hix proof is not statistically valid, as the percentages ought to have been based on the number
exnmined at cnch age,  See our p, 3.
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thrashed out.  As long as such widely divergent results as those provided by London,
Edinburgh and Glasgow remain unreconciled, we are not in a position to determine
how far: (i) simple growth and (i) environment, especially school environment, affect
the refractive power of the eves. It will not be easy to separate (i) from (ii). The
Edinburgh statistics seem to show that school life—taking the range 5 to 15 years—
does not increase the total amount of defective sight, the Glasgow data show that it
nearly doubles it. Comparing the London and Glasgow data we see either (a) that
the Scottish race has very much worse eyesight than the English, or (b) that the
Scottish ophthalmologist takes a much higher standard for emmetropia®.  As far as it

* In forming our Taldes XX and XX1 we have taken our material straight from the Eum::mry
of Facts reganling Home Life and Health of Children,” Plate 5 et seq.  In this summary, as we have
already remarked, o wider range has been given to * Normal © than to the term * Hmlllet-mpi& " in the
Medical Summary in the Edinburgh Report, Table XI. The latter table shows more cnses of hyper-
metpopia, myopia, and astigmatism than appear under the description in the summary of each individual
child. Table XT of the Report reduced to percentages gives us Tables XXX and XXXT:

Tapee XXX, Peresntage af cach Age of each Rofraction Cless,  Howy.

Age |
Rafvnction Class
of BG61 Baya
51 7—a 911 11—13 | 13—15 | Tolals

Emmetropis ........ccccueennno 3402 49:9 42-0 | 445 J8-1 415
Hypermetropia .oeeeinne,| 3849 [29:9 320 | 29-3 B | 6
"J’I"'—'"“""""I’i" ;‘I.sligmml,inln 211 [ 19:5 103 | 171 150 166
Mixed Astigmatism ........... 158 | 40 g | R 45 ' G0
Mvyopic Astipmatism  ......... () 15} 25 43 48] el

ittt boo| Plsa! *%lue }ﬁ‘l s “les|
MYCPIR ~.e.cuisvensinrsssnnisanssa 00 13§ 23/ 18 3-2| 151 7|

Tante XXXT. FPorcenfage af eech Adge of each Beafraction (e, il

Age |
Clinn af
i gila ; |
=1 7—8 3—11 11—13 13—15 | Tolals
[
Emmetropis .. ooooocanen| 1897 331 447 I 470 350
Hypermetropis ..o ciaenn [ 27k 294 304 L0 250 | 281
H}'IH.':I’III.I:':'TUPE‘-: Aﬂtigmﬂixlll | ek 2540 168 2205 167 | 22 |
Mixed Astigmatism ..., ) G+(3 25 76 62 (i
] i irmati S5 et 1 22} 31 fiii -2 G4
FCpIDRNG SRS 1+ 50 }-El--ti ligs }'l"-* }E'ﬁ |
My oA sy s s camduasranns 00 37) 2:5) 76} o0l T| 34

These percentages confirm the results previously deduced, i.e. there is less defect at 9—11 than at
earlier ages, and if school from 10 to 15 does damage sight, yet at 15 there is less bad sight than when
the children first come to school. Hypermetropie Astigmatism tends to increase after the 9—11 group, at
least for boys; Hypermetropin remaing fairly constant afier this age, so does Mixed Astigmatism, but
Myopia incronses,
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is legitimate to draw conclusions at all, our Edinburgh data would thus lead us to
say, that a great deal of hypermetropia, hypermetropic and mixed astigmatism dis-
appears, probably owing to growth, between 6 and 10, thus swelling the number
of emmetropie eyes; that after this age there is not sufficient evidence to say whether
these categories remain steady or slightly vary. Myopia and myopic astigmatism
increase throughout, but this increase does not balance the total gain, due to rectifi-
cation by growth ; thus on leaving school there are more normal sighted individuals
than on entering it. This is not in accordance with Rowan's Glasgow data, but the
number of eyes dealt with by him was eomparatively small and there were probably
special conditions eonnected with his Glasgow school.

An almost similar result to the above was reached long ago by Erismann®
who gave the data reproduced in Table XXXII below, which, although it exhibits
some carelessness in caleulating percentages, still tells precisely the same tale.

Here we have with different absolute numbers the same increase during school
life of the emmetropic class, owing to the decrease of hypermetropia, so that at
the end of school life there are practically as many emmetropie as at the start of
school life, the change taking place by the hypermetropic having passed through
emmetropia to myopia, which has increased in amount to three times its original

TaeLe XXXII. School Class.
I i 1l v v | %1 | vm | vmn | Ix

Emmetropia ...... 186 | 28 | 264 | 273 | 264 | 242 | 25 | 2 183 |
Hypermetropia... 678 | 55-8 | 50:5 | 413 | 347 | 345 | 324 362 | 40
Myopis <oocoveeed] 156 | 156 | 224 | 307 | 3844 | 40:3 | 42 | 428 | 417 |

prevalency. The absolute percentages are quite incomparable with British data,
but they show the same common drift. It would be as reasonable to call the
decrease in hypermetropia an effect of school environment as to adduce Erismann’s
results as evidence of the “hot-bed theory” as expressed on p. 34 below.

* The data are from tests made at 3t Petersburg in 1871 ; they are cited hy Cohn (o, o), who
gives further data to the same effect.  Erismann's statistics are quoted by Risley in the form of o graph
(Norris and Niver, Syatem of Diseases of the Eye, Vol 1, p. 353 et=eq. ). Risley also gives atatistics of his
own from FPhiladelphia schools showing that the amount of emmetropin is not lessened bt actually
inereases from 7017/ to 1288 "/ during school Jife, the incrense in myopia being due to the decrease in
hypermetropin. Risley takes strongly the view that the change is pathological and not physislogical,
and nsserts that the hypermetropia will only disappear under the stress of employments which require
the protracted uwse of the eyes at mear work., The copions statistics collected by Randal (Adwerican
Soerral of e Wedical Seienees, Ju!:r, 1885) eontribute little to our present CROWITY, a8 ﬂu-}' do not give
the age distribution of the population providing the percentages in each local examination. On the
whole, notwithstanding different examining standards, these statistics serve to show as markedly as those
of Colin that refraction is & racial character, It is difficult to grasp how a chardcter can have racial
differentintion and yet be largely free of the hereditary factor,

c. NV [
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The conelusion reached above as to ehange by growth must not be taken as a
dogmatic assertion that eyes are not damaged by school environment®. We might
have a mueh larger percentage of normal vision, if there were no school environment ;
all we can say is that the school influence does not dominate the apparent tendency
of the eye to grow normal. Taking the Tables XXX and XXXI in our footnote
(pp. 31-2) we may s=ay that the hypermetropic, the hypermetropic-astigmatic and
mixed astigmatic classes have for boys decreased by 24 °/ and for girls decreased
by 36 °/ , while for boys the myopic and myopic-astigmatie classes have inereazed by
77/, and for givls by 87/, Isit legitimate to assert that the loss of the hypermetropie
character is wholly due to natural growth and the gain in myopia to school environ-
ment ! May not the school environment be partially effective in the former case and
natural growth partially contributory in the latter? If so, it will not be possible to
establish without much further research a grave charge against school environment
on the grmmcl of its effect on eyesight. It may, indeed, be doubted whether the
problem can be solved at all until elaborate observations have been made on the
childven of an uneivilised race at various ages. It would be interesting if an ophthal-
mologist beyond the range of schools would take up the question; in Africa or in
distriets of India, the man and the material may possibly yet be found.

To sum up, we have to note that the refractive class does change with age,
and accordingly this must influence the hereditary resemblance of brothers, if these
brothers are not measured at the same age but at the same epoch. This last is
all that our present material provides,

Origin of the “hot-bed” theory. The theory that schools are the real source of
short-sightedness is very widespread and some account of its origin and acceptance
may not be considered out of place in this paper. The vast bulk of the evidence in
its favour is German, and this evidence, were it be_'gmnd statistical repmach, 15 not
directly applicable to English conditions. The persistent use by the Germans of non-
hygienic characters for their type is based solely on a mistaken notion of patriotism,
and possibly a want of historical knowledge. This use renders all comparison of
English and German conditions unprofitablet.  Fuchs (loc. eit. p. 763) writes :

“Schools are the main hot-beds for the propagation of near-sightedness. Cohmn
by his extensive researches was the first to direct general attention to this fact.
New-born children are almost without exception hypermetropic. Near-sightedness
is acquired later in life through straining the eyes and henee fails to occur when
the strain is absent. Again in the lowest order of schools, the common schools,
there are extremely few near-sighted persons and the same is true of the rural
population. The school most dangerous to the eyes is the high school. It is in
this that myopin develops and then inereases both as regards its intensity and
the number of myopes in proportion as we ascend the classes. In Germany above

# B the brief critical and historical notes which follow in the next paragraphs.

f It is only the non-German who can properly judge of the effect of German type, and in his ease be
must compare the result of several days' work on German books in German charncters with the like
period of work on German books in Homan churactirs.
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20 °/ are myopic in the lowest classes of the lligh schools and 60 7/ in the highest
classes. In the university the condition of affairs is still more unfavourable. Among
lithographers Cohn found 45 °/ and among compositors 51 7/ to be myopic.”

Nothing can better express the environmental theory than this extiact, but
every fact stated needs cautious consideration. The percentages of myopes in
no way apply to England. The savage is stated not to be near-sighted, but then
for generations his survival has largely depended on his farsight®. In the same
way a particular class of eye may well be suited to work at a particular trade
o pl‘:}l’ﬂaaima, or be at least unsuited to other professions+.  Extreme short sight
unfits a man for the By Or Davy, but it would be erroneous to attribute to
environment the fact that more myopes are to be found ameng authors than in
those outdoor occupations. Again the average age at the university is higher
than at the high school, and in this higher than in the common school, and very
often it is higher in the urban than in the rural district school. Arguments from
school statisties cannot possibly be valid unless the age factor is fivst allowed for,
and the data provided is often too inadequate to admit this]. It will, we think, be
clear that no argument in which (i) the age factor has not been allowed for, and
(ii) the problem of possible selection fully considered, is valid when it attributes myopia
to o :;pec[sﬂ environment. Even if the increase of myopia with age be really due
to environmental conditions, it does not follow that those conditions are summed
up in the length of school life.

Curiously enough while Cohn's data are always appealed to when the theory
of the school as the * hot-bed for the propagation of short-sightedness ™ is propounded
there are certain statistics of Cohn, which properly investigated, might have caused
some hesitation in the acceptance of this doctrine. Cohn gives the distribution
of the degrees of myopia for 1004 school children according to (a) their ages,
{6) the number of years of school lifeg.

We reproduce these tables as Tables XXXIIL ¢ and XXXIITh  Unfortunately
Cohn does not give a table correlating age and number of years at school, but

® Survival for an animal may depend on far or near sight, and dogs have boen differentisted by their
sight in this manner. Compare the dogs that hunt by sight with those that bunt by seent. No one
wonld attribute this difference to direct effect of environment.

T A good illustration of a possible inversion of the eause of associntion is provided by Emmert, who,
finding much eye-defect in four Swiss watchmaking schools, attributed it to museular irvegularity due to
the use of the magnifying lens, this irveelarvity being especially apt to beeome heveditary.

+ For example an important table for our present purposes is given in Mr Arnold Lawson's Report
vit the FVision of Children attending London Elementary Sehools (British Medical Journal, June 18, |898,
pe 1014), namely, Table VI, From this table he deaws the conclusion that gootdness of school construetion
and the healthy character of the district appear to have little to do with the amount of myopia ; but the
age distribution of the children in the compared schools, whereby thiz result might be cffectively established,
in not available,  The some absenee of age distribution appears in J, Ackworth Menzies' = The Vision of
School Children,” British Medical Jowrnal, Jan. 14, 1899, p, 77, amd in many other pablications of an
earlier date.

§ Untersuchungen der dugm gon 10,060 Schielkindern nebst Vorsehlidgen sy Verbesserwmgon dev den
ugene ﬁllL'!‘IﬁB#uw r"gl."ﬁit-;ﬂ'ﬂritﬁﬁt:rryfm, 5, 51 u 53, F.a::i|uig. 1867,
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we are able to draw a very decided conclusion from the data as it is. If school
environment is the source of myopia, then we should expeet to find a high relation
between degree of myopia and number of years at school. The relationship between
age and myopia would only be a secondary result of the relation between age

Tapre XXXIIT oo Myopia and Age.
Degree of Myopin, foral length in inches,

| Age 35—24 216 15—12 | 1—8| 7 | & |Touls
| G O - e —- - - h
| i [t L R s
8 i 14+ 9 — - — 1]
R (ol PR
T 5 T e (S e
T T o T ORGEL = ir| 96
18 | s | 42 | 1= || & — |
13 | 7a | ae | 2| 5| 2| = | 1%
14 | s (52 | el & | 2| | m2
15 | 29 | o7 ‘ g P || S e T
w6 | 1w | 22 | 16 | 12 [ e
7 8 M 1 T el
1957 Ol O 0l 0 [ O
1% fi 1 3 3 — o 15
B R 7|
gl el e s R 1
Totals -iﬁ-i.|305

150 | 76 B 3 -mmi

Tapre XXXII b Myopia and Years of School Life.
Digree of Myopin, foeal length in inches,

| g | epeis | mpimal || MW 7 6 Totals
1—2 93 i 10 TR R S
$—i 99 i 19 ¢ = s 186
5—6 | 126 81 | 40 7 = = | e
T 96 63 | 30 28 O I 993
910 3l 37 33 e | — ‘ 121
11—12 | 15 11 14 e oA RO
13—14 1 ) R g Ty - 17

Totnls 464 205 150 Th i & 100 |
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and number of years at school. If on the other hand age iz the chief source of
the relationship we should expect age and degree of myopia to be more closely
correlated than number of years of school life and myopia, the association of the
latter being then merely a secondary result of myopia inereasing with age.

These tables are based on the old system of recording the focal length of the
correcting lens. The range of the sub-groups are badly chosen for statistical
purposes, and the number of divisions differ considerably in the two eases. Aceord-
ing[}r as the matter iz very important three separate methods were used to test
the relative degree of relationship between the two pairs of characters, i.e. the
correlation coefficients (r), the correlation ratios (n), and the mean square con-
tingency coefficients (C,)* were found. The results are as follows

Degree of Myopia and Age. Degree of Myopic and Years at School.

it =331 4019, =244 4 020,
7 = ‘356, % ="'319,
C, =364, = 328.

Now these values show that the associations between degree of myopia and age
and degree of myopia and years of school life, while quite sensible, are not by any
means very marked. Further, whichever test be applied it indicates that the relation-
ship between age and degree of myopia is closer than that between the latter and
the number of school years. In fact a correlation of -8 to -9 between age and number
of years of school life would make the association of :]eg‘rﬂe of myopia and years
at school for a constant age practically zero. Cohn provides no data by which we
could determine this correlation of age and school life for his material. But in
the London schools the children practically rise a standard a year, and it has been
found by Mr Heron that the relationship of standard and age is practically of the
above magnitude. Accordingly Cohn's statistics seem to indicate thac the moderate
association they exhibit between school environment and degree of myopia is solely
a secondary result of a primary relation between age and degree of myopia.

This increase of myopia with age may be due to the continued action of
some environmental factor or to a growth factor. Cohn's statisties, however, do not
demonstrate, as has been assumed by many ophthalmologieal writers, that sehool
is the hot-bed for the production of myopia. Even with the moderate association
now found between degree of myopia and age, we must remember the possibility
of some portion of it being spurious, i.e. myopia frequently makes the child backward

and thus keeps the child to a later age at school.

{l:'-] ..J‘l_:’_,rr: el Keenness :ff Vision.

For this most interesting relationship we have three sets of data :

(i) Material taken from the Edinburgh Report. Here we have again followed
the “ Summary of Facts” and find returns for 671 boys and 566 girls. The Report
itself, Table XI, “Summary of Medical Evidence,” gives somewhat divergent tables.
Tables XXXV e and XXXV b contain our material.

* Clare was taken to have a table of 20 1o 24 compartments in both cases.
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(ii) Rowan's Glasgow data. He gives 184 boys and 175 girls, unfortunately
only in three age classes. See Tables XXXVIa and XXXVIb

(iii) London County Council Report (E), p. 32. The material is from the
LS. B days. A later veport, p. 33, only provides three vision classes, and is
hardly suited to bring out the full relationship. These data will be found in Tables
XXXVII and XXXVIIIL

The eollected results are given in Table XXXIV.

TavLe XXXIV. Adge and Keenness of Vision Contingency.

Dintn from . Boys | (rirls

|
Edinburgh...... a3 ‘18
Glasgow.........| -2l 19
T 1 ‘17 <13

TapLe XXXV dge and Keenness of Vision.  Boys, Edinburgh.

Age
Vision |

47 T—1 911 11—1% | 18—15 Totals

/6 56 115 142 123 49 485

H 17 17 17 [ ] Ta

6/12 6 10 ol g = 28

G/18 15 1% 11 i 12 G [

6/24 2 i 1 3 st 11

G360 and under — & ] 2 3 12
Totals 96 169 | 180 150 i I 671

TasLe XXXV b Adge and Keenness of Vision. Girls, Edinburgh.

Age
Vision ot

57 J—8 | 8—11 | 11—18 | 18-16 | Totals |

6/ [HH HE 113 e . a3 SEG

6/9 18 19 12 20 1 78

6/12 10 8 10 7 5 40

/18 11 ¥ 13 12 P

ey a 3 g 3 = | ]

G306 anmd under 1 | 2 3 1| 1 H
Totals | 108 | 138 133 | 121 | 48 566 |
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TapLes XXXVIa axp XXXVIL Age and Keenness of Vision. (flasgow.

Baoy= irls
I Ago Ager !
Vision ! - I . —
68 I g—12 | 13—15 | Tousls -9 | 31 | 1o Tutals
| 1
(i ! 3o G4 4 143 | &7 i ‘ 32 125
Gia 4 L 0 11 IR 5 & & 19
6/12 1 g 1 | 1 6 | 2 14
fif18 | | 3 a (1 | a2 4 @ =
G/24 bl 1 2 | 2 1 1 i
G356 and under 1 —_ 4 6 | 3 | [
|

B s | — I - — =+

Totals | 43 | 20 | 8l | 184 | 55 75 ‘ 45 173
| | | ]

TagLe XXXVIL  Age qnd Keenness of Vision.  Boys, London.,

| Age
Vinion - |
! 6 ! 7 8 o | w | w | 1e | as |[Maedipg,
| | g —r = — —— i = T
i 6/ o | 172 | 633 | 1046 | 1325 | 1433 | 1546 | 1482 | 389 | sose
69 15 | & | 210 | 220 | 219 | 169 173 180 | 35 | 1305
f 612 | 2 ‘ 28 | 56| es| 81| 78| 78| 8| 12 | 481
! 6/18 | 10| 38| 50| 63| o8| 68| 60| 18 | 366
i 6/24 | R ) (LT
' /36 - g |l | az| 1w | owl 6| 8l
6/60 and under|  — ; — i 6| 4 0| 18| 21| 4| e8|
| Totals 97 | 2p4 | 959 | 1415 | 1728 | 1775 | 1981 | 1870 470 | 10469

Tasue XXXVIIL Age and Keenness of Vision. Girls, London.

[ | Ags |
Yirion
| e 7 & 9 10 w | 13 | ":Tt:“d | Totals
= - e e[ | NSO Sl W
i 6/6 23 | 155 | 566 | 887 | 1268 | 1306 1439 | 1243 | 3g4 | 7300
. G0 12 | 90 | 120 | 224 | 245| 232 | 210 | 203 | 51 | 1478
| &2 o | 26| 56 ( 93| o8| 124| w6 11| 2| en
_ 6/18 1| as | se| so| | 81| es| 2| 18| 4m
‘ 624 = 4| 2| s| 98| 3| 40| s9| 9| 1as
, 6/36 £ 1 O (B T T R T T T T
| 8/60 and under | — 3 i i3] =1 23| 20 : 37| 10 | 122
Totals | 40 | 207 ! 907 | 1309 | 1746 | 1850 | 1926 | 1720 | 480 .109::,J‘
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It will be seen at once that the two sets of Scottish data are in excellent
agreement, and although the London material is immensely greater, I believe that
on this very account it is not so reliable. [ think we may say that the relation-
ship between and age keenness of vision is about 20, being slightly above this
value for boys and below it for girls, It is possible that oncoming puberty in girls
disturbs the |'E|ut-iﬂ'|18hip more than in the case of hoys. The London statistics
confirm the lesser value for girls.

DIAGRAM IIL

Age and Keenness of Vision,

-4
-
é
06 o—0Boys
O-=---0Girls
05+ ——— Smoothed Lines|
0-4-]
5 & F 8 o i i e e

Age

The question now arises: Does goodness of vision inerease eontinuously with
age ! We find, exaectly as we should expect from the refraction results®, that
this is not so; there are cross tendencies at work. Taking the boys we see that
coodness of vision (Diagram TIT) increases uniformly up to 95 years and then
remains stationary. With the girls the inerease is less regular and decisive, but
this is probably due to the paucity of data. We may look at the matter from
the standpoint of percentages as follows :

* i.o becanse the correlation betwesn refraction class and vision is so lurge,
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TapLe XXXIX. Percentages of Good Vision.
Ages

P e -—

| Bovs | Girls

=7 T=3 | P=11 ]1—]-.‘1!I3—'I.-'ri Al || d4—7 T=H B—11 | 1113 18—1& All

Good, 6/ hE-3 GE=0 THY T | 748 | T3:3 Gl | 664 T8 G445 73-3 G677
Fain, 8811 240 | 160 | 117 | 131 | 122 | 149 | 259 | 194 | 144 | 223 | 200 | 200
= ol i 1

| | |
Bud, 618 e | > : A a0 | 1q.~ : o - '
and cwerf | 177 | 160 | 94 wn::‘ 136 | 128 | 130 | 137 | 118 ,;,_,| 67 | 123

The boys show exactly the same result here as in the age and refraction classes,
e improvement of vision up to 10 and then a falling off, leaving the boy population,
however, with better vision on leaving school than when it came. The same remarks
apply to the girls although the paucity of data does not enable us to’follow clearly
the irregularity at 12 and 14; it may possibly have to do with the general physical
development of girls at this age.

Thus the Edinburgh statistics seem to show that whether the change at
10 vears be peculiar to growth or the effect of school environment, it does not
counteract the earlier tendeney to improved wvision. As far, therefore, as these
statistics reach—and the childrven are not from the best stocks—there doez not
appear to be definite and econclusive evidence of o 1||:;1‘kmﬂ}' bad effect of school
life on eyesight.

We may look at this from the standpoint of diseases of the eye and evelids.
Table XI of the Edinburgh Report provides us with the following results :

Tavre XL. dge and Kye-Disease.
Agres

|
i Boys, 715 Girls, 616 !

| =6 | 7—8 | 0—10 |11—1% (1314 | Al G=t | 7—=8 | 8=10 | 13—12| 13—14| All

|
Normal HLE | 163 | 171 162 50 I [ a7 133 1510) 114 4u 1+ !
Discased | 11 15 | 20 12 8 | GG 12 19 15 agi ) 7r=|
|

Percentage -
Diseased | 107

L
s
=}
=
ey
=

g4 | 103 | 60 114 | 22 114k | 134 | 10

The vesults ave very irregular and show no definite relationship between age and
amount of eye-disease®. They present no proof that school environment is in any
way responsible for eye disease,

Thus the assertion that school environment is the source of defective vision
is not borne out by the Edinburgh statisties, although the sight of these school
children is distinctly bad and some forms of eye disease ave widely spread.

* They appear to indicate that more female than wale children are diseased,
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(12) Heredity as a factor in Refraction Cluss. Having seen in the previous
section, that the refraction class is correlated with age, and possibly more highly
than the simple corneal refraction, we now turn to the heredity factor as far as it
concerns refraction class. The Edinburgh data provide 206 pairs of brothers, 162
pairs of sisters, and 325 pairs of brothers and sisters. The tables in the first two
cases being made symmetrical gave 412 and 324 pairs respectively.

The relationship was caleulated by contingency involving 5 x 5-fold tables and
by a fourfold division into emmetropic and ametropic individuals. The results
are given in Table XLIV. The actual tables are given as XLI, XLII, XLIII;
and the excess or defect of each category from an independent chance distribution
in italic figures.

TaprLe XLI Refraction Class. Brother and Brother.

1st Brother
MNormal 230 {+ 342) B 17 15 (= 14-2) 4 (— I-F) b (= 4y 284 |
;| Ilrr-rmwmiri: 30 ( _.F-F-f.-'}l 24 (+ 12:4) R 8 (= ;v:} 3 {+ 17) | (= r:} i |
,_:?;- 'L{é;‘;:ﬂ}:‘f}*'_ ]"{- ;f:-:} r.tr; _:-r;} | 10 (+ :_,--.:]. 1{+ -9 ! 4 (+ 28) 38 |
3 asiigusiisn | 4G | s | 16 9| oc 1| o 2| 8 |
i;fg'ggi'!;{;;;if;“_- !i:-i‘"} 4+ M}i 4{: ,:311_ _up ,z.;-] II 0{— 41} 13 |
| reass | o84 : 69 2 ! 38 | & 13 an |
Tapre XLI1I.  Refraction Class.  Sister and Sister.
1st Sister
Class Normal | Hypermetropia Hﬂmﬁmt Mt';:miim H{:ﬂa:{?‘:;ﬁm Totals |
Normal 168 (+ 337) | 28(-—238) | 12(-138) | (- 41) 3 (= 15) 200 I
d llmmu;;iu_ ."l{_—hr_; 18(+ 80) | 11+ ,;-n}-_ 3(+ I'D) ] 2(+ &) 5?__
~ — ————— e _— —_— —_ _I
% permationic | 12(=138) | 1+ 40) | 12(+ 72) | 4(+296) 1(+ 1) 10 !
g . . : LATEE Sy
V| i N s gpy| s rn| 4G 26| o cp | 1¢ @ T
[FE e e )| e ®| e B e ;l 0(- 2) o
Totals 0% 07 40 11 | 7 324 lr
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Brother and Sister.

TapLe XLIII. Refraction Class,

Brother
o % 5 Hypermetropic _:;Il'i'!:l:‘_ﬁ_. | ]-I}'np;r: ﬁ;:ligm. |
I Class SROTTURS Hypermetropia | * jotimmatism | Astigmatism | and Myopia Totals |
| | | |
Normul | 190 (+ 245) | 28(-98) | 12(=76) | 2(-43) | o628 ag7 |
L | 4 H | e |
Hypermotropia | 23 (= 7} | T(+ 148) J (= 1) O+ 50 Of= ) 38
|
= | > | Pht g T - — =
% Eypermenomic | 14 (— 159) i 14 (+ 81) 9 (+ 5:5) 2+ ) 2 (+ 1-5) 41
- i —— | ——— - B - —
. |
sl o I 3¢ 38| 1 9 4 (+ 22) Of- %) | 1(+ 9) 9
e " B = -— - i —
e R R R R
L | | as I 8 ; 325
|

TasrLe XLIV. Resemblance of Siblings i Refraction Class.

| Pair Contingpency {5 = &) Correlation [Fourlold)

Brother and Brother | 41 -39

Hister and Sigter... ... ‘ 44 L |
Brother and Sister . <of g 5T
e — i 1
Mean...... | 54 il

On examining Table XLIV we notice the relatively higher values obtained

by adopting a fourfold division, and we can trace possibly the source of this
difference. The fourfold tables are given below :
lst Brother st Sister
| Emmetrapie | Amstropia Totals Emmetrapto | Amelrapio Tatala i
| |
=1 el
< Emmetopic| 230 | 54 284 £| Emmetropic| 168 41 200 |
£l — ' — |
= Ametrapio i [ T4 128 :_-E|: Amelrome 41 74 115
= l
Totaly 284 128 412 | Totals 209 115 324
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Brother
Emmetropie | Amatropio Totnls
_ | Emmatropic 1490 | a7 237 |
2 | |
3 =
92| Ametropic 47 ! a1 a5
|
Totalz 237 b d25

The eross product is swollen because of the considerable number of ametropic
pairs in which one brother is hypermetropic and the other myopic. That is to
say, under the broader category of ametropia we have classed a number of things
as “like,” which at first sight are really unlike. [If we accept the view that a
considerable number of the hypermetropic become merely normal, we eould not
put this appearance of hypermetropic and myopic siblings down to a growth
effect ; we should have to say that it was an illustration of the principle of the
corvelation of “unlike imperfections” in heredity*. Examining the italic figures
in Tables XLI—XLIII we find : (i) that a normal individual has always brothers
and sisters with a defect of frequency in the hypermetropic and myopic classes.
(it} That hypermetropic brothers have a defect of normal brothers and not only
an excess of hypermetropic brothers but of brothers with mixed astigmatism and
t:||_'|_.l'u|:|':l.' ustigmuLEH!n and of HI}"!I'IJILEI.. This 1s alzo true of the I|}'|hﬂt‘l1!ittl'c}]|iu gister's
sisters, It is trme on the whole—there are certain L:xﬂi‘ljtilﬂlﬁ. due probably to
pancity of data—in the pairs of brothers and sisters. Again a mixed astigmatie
or a myopie individual has an excess of hypermetropic or hypermetropic astigmatie
brothers and sisters.  His or her excess of myopic brothers and sisters iz slight
and becomes even a defect in the brother-brother table. Now we really want tenfold
lavger numbers to reach a definite conelusion, but taken in conjunction with the
fucts observed in our discussion of e and refraction class, it does seem |:1:HH'13'}]|.?
to make a suggestion of the following character. The fact that hypermetropie
eves decrease in number with age and the myopic increase, whereas the hyper-
metropic individual has a redundancy of myopic siblings, suggests that there are
two broad eclasses of eyes in children, those that vary their refraction and those
that do not. The former are in infancy hypermetropic and tend to become myopic
with age, passing beyond the normal stage; the bulk of the normal in infancy do
not change. A large part—say § of the resemblance between siblings—would thus
be due to the fact that pairs of siblings belong to stocks in which the refraction
starts normal and remains normal, or to stocks in which a continuous change from
hypermetropia to myopia goes on during childhood. This is a suggestion only,

* Pearson, The Scope and Tmportance to the State of the Scisnee of National Bugenics, p. 38, Note
also Risley's very definite statement : “ Myopic children have quite as frequently had parents afflicted
with hypermetropic as myopie refraction. It is rare, however, to tind myopic children in families where
both parents have normal eyes.”  (Norvis and Oliver, System of’ Dissases of the Eye, Vol. 1. p. 362,)
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but if demonstrated on large numbers would suffice to explain the excess of
myopic siblings of hypermetropie individuals. If it were the longer school environ-
ment which made the elder sibling myopie, we should expect to find normal
brothers with an excess of myopic brothers, but this is not the case, it is essentially
the hypermetropic individuals who have this excess.

Of 51 cases in which one of a pair of siblings was hypermetropic or possessed
hypermetropic astigmatism and the other sibling myopia, myopic astigmatism or
mixed astigmatism, the younger sibling was the hypermetropic individual in 30
cases and the elder in 21 cases only. This is not conclusive, but it indicates that
the suggestion is worth fuller consideration.

Finally it may be noted that we have worked out the partial correlation co-
efficient between refraction classes of two brothers for constant age of each. This
required the following additional coefficients : y

Correlation of ages of two brothers =-635.
Correlation of age of elder and refraction of younger =-18 |

; : - Mean -23.
Correlation of age of younger and refraction of elder =-29 |

If 7, be the correlation between refraction classes of the two brothers as observed
and =, the value for constant ages, then in vound numbers, using the value 2
for age and refraction correlation®,

r= 1057, = "051.

Henee if 7. =44, the corrected coeflicient would be “41, and if 7.="61, the corrected
fraternal correlation would be 539, T do net think, however, that this method of
making the correction, even if it were more sensible, is valid, because the effect
of change with age is not a simple proportional change, and we cannot assert that
either the contingency or the correlation values of the fraternal resemblance is the
true quantitative measure. We can only conclude that the effect of change with
age will probably not largely modify the observed relationship between siblings,
and the values obtained for this relationship lie on either side of the average value
found for fraternal resemblance in a wvarviety of other buman characters.

(13) Heredity as a fuctor in Keenness of Vision. Tables XLV—XLVII give
the relationship between siblings for keenness of vision drawn from the Edinburgh
“BSummary of Facts.” We have seen that keenness of vision is closely related to
refraction class, although it is far from being wholly determined by it. Hence
we should expect some resemblances between the contingency tables for refraction
classes and keenness of vision, but again also certain special divergencies. On the
whole refraction class appears a more definite character than keenness of vision,
and the inhentance of it is more marked. Thus the fact that myopies have an excess
of hypermetropie siblings appears in the keenness of vision tables as individuals of bad
vision having siblings of moderate vision. If we were able to take siblings when they
reached fourteen years of age, we should probably find a larger number of pairs with

* If we use the value 3, we get r,; = 1'10F; — 074, but precisely the same final values 41 and 54,
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TaeLe XLV. Keenness of Vision. Brother and Brother.
1st Brother
o | | ﬂ'ﬂl‘r—ﬁ' I
B/6 go | ene | anae | grza | an | Totals ot B
] | 1 R T
| o6 |252 | 21 9 | o8 5 ! 3 | s1s i Normal | Toree | Totals |
| |
u| 69 21 12 2 4 g |l 2 '
= 1 -
= | 612 9 2 2 2 1 1 | ar | S [Hemal 252 | 66 | 318
2| gne | o8 4 2 6 | — 1 | & £ =g =i
= | Defec. ; |
T o 5 2 | B PR P 8 Z | wve | 06 | 46 | 112 |
6/36 & } 3 S| | [ (1 5 .
under | | Totals | 318 | 112 430
| Taotals | 318 4l 17 | 41 ‘ B 5] 430
|
Tanue XLVI. Keeiness of Vision. Sister and Sister.,
lat Sister
i S e | =
I B | 69 | gnz | oe | 62e Total
[ L 5 | f i vnder ey lst Hister
| o fasa | 1 | 10 | 18] 5 1 | 243 :;ﬂ,m.;.|1’:;f:=- Teide
b I 69 | 21 | 14 3 3 41 1
=
£ | 618 14 3 & 3 1 29 £ Normai| 184 | 59 | 243 |
i ‘ 6/18 18 i 3 4 3 | = 30 i B e[ A
i} -
a | 6/ 5 ] i o e e 2 Bl %] 0| 52 |
6/36 &) il
[ f 1 - = z & |
under | i | Totals | 243 | 111 484
| PR |
| Totals | 243 41 | 29 30 & : 3 | 354 i
TapLe XLVIL Keenness of Vision. Brother and Sister.
Brother
sty ' Pt
Gl | G niz 18 -
{ | / | 618 | Gj24 | undor Tatals | it
. | 2 - 2 = e [
LI 105 14 | i 15 ] ¥ ST | Mormal Etlve Tolals |
(HE] 1& 8 1 1 T 1 — 36 i I :
| | |
= | ene | 12 | 2 v e 1 | 16 | o [Nemm)] 185 | 52 | 247 |
= 5 32
= | 618 ag f - -a 2 [ — 1 35 % o = T
| | [t -
624 + | - | — —_ = ‘ — 4 ! tive 61, 3 96
[ 636 &) f i
. $ — | | - = - ] |
! Hiter ) | | Totals | 256 | 87 | 348
| | | —
Totalz | 2566 an ! 19 de | H 4 343 |
| |
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very bad vision, and the effect of this would be to emphasise the resemblance in
the manner in which it 18 emphasised in the sister-sister case, where two pairs both
with bad vision alone produce a most marked effect on the contingency. There
is little doubt, I think, that young adults would give ‘better results than pairs of
children with ages ranging from 6 to 15, the period during which growth changes are
so marked. Still we can only make the best of such material as is at present available,
and this shéws a marked resemblance between siblings even in keenness of vision,
In forming the fourfold tables, we have grouped together all with 6/6 vision and
all with less vision.

TapLe XLVIIL. [lahkeritance of Keenness of Vision.

| Clura Comtinpency (6 ) Fourfold Correlation Table
; Brother-Brother. ..., 32 34
| Sister-Bister ......... H8 56
Brother-Sister ... 29 [ 27 |
—_— g | |
Maan...... 40 | 33
| —_ — |

The values are less than those for refraction class and this was to be expected, as
the sources of defective vision are more general,

If we attempt to allow some correction for age we find that there is no correlation
between age of elder brother and keenness of vision of younger: the correlation
between age of younger brother and keenness of vision is again small but negative
and probably is due only to random sampling. We have therefore for the partial
correlation coefficient for constant ages:

Pull = p) +pips
L=p'—ps
where p = correlation of ages of siblings =65
p.=correlation of age and keenness of vision
=2 about.

L=

Thus we have:
= 107447, + 049
leading to »,="48 and r,='40 from the contingency and fourfold mean results
respectively.

Without laying any stress on these special numerieal values I think we may take
it that they generally confirm the previous conclusion: that the physical characters of
the eye are hereditary qualities, and that the intensity of inheritance is probably
exactly the same as that for other physical characteristics in man.

The special difficulty of these school data is that young children are undergoing
growth changes in the refractive powers of the eye, and we are comparing children at
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different ages, without at present any sufficiently accurate knowledge of the law
of growth (or influence of growth in conjunction with environment, if this view be
preferred). Such knowledge can- only be satisfactory when a large number of the
same children have been individually tested year by year from the age 5—6 to 14—15.
Even then, for the scientific purposes of heredity, it might be more satisfactory to
take young adults and avoid the growth correction altogether.

Summing up our total results for heredity we may say : that the correlations due
to the heredity factor amount to about “4 to 6.

(14) Jfufluence of Ewvveonment on Sight.  In the previous sections we have
seen that notwithstanding a disturbing growth factor with a corvelation between
age and sight of about -2, the heredity factor is perfectly definite and compatible
in value with other physical inheritance. We have seen reasons for questioning
whether the school environment is really very prejudicial to sight, and the suggestion
has been made that the age changes are not due or largely due to school influence,
but to the fact that possibly eyes consist of two clusses, one type of stock having
:I'nir]:.' steady normality of refraction, the other tending to pass from ll,}’j'm'ﬂ'l@t'l'ﬂj?iﬁ
to normal and to overshoot the normal and pass into myopia. We might speak
of such stocks as stocks of stable and unstable refraction respectively, and their
existence would, if established, tend to elucidate several peints in age-change and
the resemblance of siblings.

We now pass to the next stage of our engquiry.  Arve the environmental factors,
as far as we can trace them, at all comparable with the influence of hm‘mlit}r? We
have most heartily to thank our collengue, Miss Ethel M. Elderton, for much
assistance in preparing the tables and working out the constants for this part of
the discussion.

The following are the characters which were chosen as possibly affecting sight,
combined we shall speak of them as the *“home environment.”

(#) Number of people per room of the home. This information is given in the
Edinburgh data. Of course the size of the rooms which we do not know may form
an important element. Still in a general sort of manner we have a measure of the
space in the homes in this character.

(#) Eeonomie eondition of the home ; we divided the homes by the information
given in the “Summary of Facts” as to wages, appearance of home, ete., from
emplover, police, charity officials and others. Of course the division is subject
to personal equation and can only be an approximate one, but it suffices as a rough
estimate of the influence of poverty on eyesight.

(¢) We next divided the parents by their physical condition into good or
bad, m order to get some measure of the influence of the health of p.u'ents on the
childrens’ eyesight. The Report states whether they are broken down in health,
suffering from tuberculosis, ete. Persistent alcoholism was included in bad physique.

() Moral condition of parents. The chief’ difliculty here is how far aleoholism
is to be treated as a moral or physical complaint. Generally we treated presence
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of illegitimate children, loose living of husband or wife or the known nature of their
house, frequent appearance before the police magistrate, or conviction for crimes
ag evidence of bad moral condition of the home. Thus “ conviction for brutal assault
on wife,” “house a regular brothel” would lead us to’place a *“ heavy drinker” in
the eategory of moral failure. Drinking in itself’ was in the parents of these children
so prevalent that it is impossible to take it as determining in itself bad moral
conditions. “ Man a good workman but goes on spree from time to time, is in
two thrift clubzs and attends church,” or “old soldier and widower who takes a
nip now and then, but is good to # girls,—very nice, tidy clean people”™ can
hardly suffice for placing the desevibed in the category of moral failure. On the
other hand :

“Very dirty untidy home.... Man teetotal, keeps well at his work.... China
and clothes lying piled about room, thick with dust; air very bad. Children sickly
{eldest imbecile) ; wife a slattern,”— g

seems to be a case where there is a moral deficiency likely to affect the condition
of the children. Bui, as we have said, we have had to trust in each case to personal
judgment in classifying, and while we believe the bulk of ecases would be put in
the same categories if we went through the data again, it is possible that in some
doubtful cases our judgment would not be the same. We think, however, that our
classification will amply suffice to show whether there is any high degree of association
between eye defeet and the home environment as represented by overcrowding,
poverty, physical health of parents or their moral delinquency. Tables XLIX—LXIV
give the tabulated data, and Table LXV sums up the results. In some cases the
value of the relationship has been reached by two different methods. It will be
seen at once that the influence of home environment is very slight, in some cases
insensible,

Taene XLIX. Refiaction Class and Persons per Room.  Boys.

Porsons per Room

| fi. 7. 8, and

1and 2 | 3 | 4 a iavererawded” Totals
== | | =
|
| Mormal ...........| V165 {=12)| 164 (=20} 9 (+34)| 31-5(-20) | 45(+ 1) 47|
g; Hypermetropin ... 225 (= f1)| 40 (+20) 21 (+10) T6(-0-9) 11 (+ I3 102 |
B | )| BOG00)| 2B (-22) 83| T 2D | 49 | 6
oo (B 7 |
é;”"‘t‘;fm*’*f_‘_'_g_'""f 5 (=08 9 (+1®) 36(=00)] 0b(-11) | 3{+10) 21
E ik Myopic |
”“ﬁ;‘hﬂﬁfﬁ 4 (07| TH(H08) 3 (—od)| 2B+12) | 1o 18
=
- = - — ¥ J_— | - -
Totals......| 1705 242:5 128 4 63 6%
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Tapre L. Befraction Class and Persons per Room.  Givls.
Persons per Room
! | landz 4 1 i | 8 1. 5, sud | Totals
E L iE e ] TR ; |
Normal ........... | BOS(—=569) 113 (-57)| 845 (+72) 36 (+24) | 33(+20) | 347 ‘
é Hypermetropia...| 24 (+38)| 25 (=34)| 185(=00) T5(-04) Bi+0w) | 83 l
= Hypermetropic ; M : - - Ioass
_E |2 'L;i::m;l&:m] 05(+13)| B4E(+&8) 10 (=78) 6 (=1d) | 6(-0% | 77
Mixed Astig 2 o : e o
E! "‘l';;m “a”“‘f 6 (+05) GH(=10) 6 (+ )| TH(+0) 1{-roy | =22
Myopiad Myopie) ... . ey : .
M.tgmm_im}: SE(+08) | S5(+20) 3 (1€ 1 (—08) | L{—o7 l 19
| B |
Totals.” ...| 136:5 157 o 123 ik 40 | D48
| |
Tavre XLIX bis.  Boys. TasLe L bis.  Givls,
Persong per Room Persons per Room
| 1—3 4 and maore Totals == ] | 4 and more Totals
g |
S I Normal .| 2795 | 1676 447 Normal ... 1935 1535 g1 |
2 | | | |
T | Amctropic 1535 T2 20 Amstropie | L CLU] 201 |
: S0 F P P |
5] |
Totals ...[ 413 240 i3 Totals ... 3R a4 h48 |
TaprLe LI,  Keenness of Vision and Persons per Room. Boys.
Persons per Room
| land2 a 4 5 B, T, 8, cto. Tatals !
I I — | = I o —
Normal | 133:5(+.45) 1625(—08) L0G (+57) | 35 {=348 G5 (= 02) | 480
| |
69 285 (=39) | ATB(+L3 | 10 (=46 | SS(+00) | 6:5(=046) 73
.E G/12 GO(- 1) 10 [(-00) L5(-21)| 8 (+09) | 4 (+I'F) 28
v 618 135(=37) | WH(+56)| 9B(-F3) | TAGH2H | 5 (-1 64
624 and Er g
e e ] 25(=87) 11 (+28)| 5 (+0:5)| 15(-02) | 3 (+08) 23
Totals...| 1790 2300 134 Gy | B Hi
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Rifmctim: Class

382
156
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INHERITANCE OF VISION
TaeLe LIL  Reenness of Vision wid Persons per FKoow. Girls.
Person= per Room
1 and 2 ! & | 4 | g, 7, &, ete. | Taotalz
' | f
| |
Noarnl Y (=70 | 129 [(=30)| 92 (+6e6) | M (= 249) 38 (4 6-5) | 38
G4 21 {+20) 26 (+0e0)| 1EE(=13)| BO(+ 1) 4= 2 7h
612 135 (+47) | 13 (=t3)| 60(=28)| 6 (+29) 0 (=32 b1
618 155 (+00) | 32 (+37) 10B(=1-f) | 4+ (-1 3(— 1) | 53
6/24 and e e s b G ¢
”“mj:r } GO(«i7)| 6D(=01) 2H(=18) IH{=03) 2 (= t4) (]
Totals..., 1435 1965 l 127 G 47 = A6#
TapLe LI bis.  Boys. TaeLe LII bis. Girls.
Porsoms per Room Persons per Room
1—3 | 4andmore,  Totals | [ 1—3  |4ond more| Totals
e x — | — - —_— i_— = |
| Normal... 06| 184 480 z Normel ... | 215 Li4 I
| Abnormal | 123 | 63 182 | i A'Irm:'nmll 122 | 64 |
el e
Totals .| 419 | 249 G Totads..| 340 | 238 | 568
Refraction Cluss and Economic Condition of Home,
Taere LIII. Boys Tapre LIV. Glerls
anlm”imll_e : Emnﬂliﬂlly l Tokals Em:ﬁ;}éﬁﬂy ]ttmaﬂdimily Tatals
| | "
Noemal ........... 233 E 25 448 163 184 MY
Hypermetropia ... 48 ' b 103 43 | 40 &4
Hypermetropic £ ' ' . |
.ﬁﬂig‘mnmm} 36 29 G5 38 39 "
Mixed Astigma- [ % :
el # 13 2] 16 ] 23
Myopic Astigmu- = .
- _— —— | —_— Ia.
Totals......... 336 319 655 273 205 EL.

In fourfold table separated into normal and ametropie,



52 AMY BARRINGTON AND KARL PEARSON

Kecnness of Vision and Economic Condition of Flome.

TaprLe LV, Boys. TasLe LVI. Girls,
Eoonomieally | Eevnomically S "Hmﬁrm ;f_;qnb.-ﬁinu:,: _Tmh !
— - b -

l Normal ......... 2410 242 | 482 | 193 188 b i
B 36 37 | R T 31 |
2| one . 11 17 ag | 1 20 39 ‘

gl BT o 0 | e g | = 53
624 andl under | 13 {1 | 23 1 | 15 19 l
B ) B
| Totals. ... 334 336 670 |i 283 280 5GE ‘

In fourfold table separated into normal as against 6/ and uwnder
Refraction Class and Physical Condition of Pavents.
TapLe LVIL Boys. TapLe LVIIT. Girls

‘ il’l:}'-imllr good | Physionlly bod | Totals i Physically good  Physically bad |  Totals :
| Normal ........... 99 | mo | wo | 1ms | 192 ,| sy |
E Hypermetropia... 42 57 | ss I 3 | a8 IE 84 :
H R ";’;‘E;fm{:m] R 5% sg. [0 Ay |
é' Rt 0 1 | = 11 i 22 |

& ""iil-'.'.'.“.;f‘ :.%;ﬁ:;:i} " 12 I8 8 1l 19

Totals......... 286 358 Gid 244 303 547

In fourfold table spparated into normal and ametropic.

The numbers included in Tables XLIX—LXIV vary from table to table; in
some cases the rvefraction or keenness of vision was not definitely stated, in others,
it was not possible to determine the home conditions for one or other character
with anything like certainty.

If for the moment we confine our attention solely to myopia and myopic astig-
matism and agnin to the worst vision group (6/24 and under) we see that in three
out of the fowr tables XLIX—LII the larger percentage of bad sight comes from
the less crowded homes, i.e. homes with 1—3 persons per room.

In all but one of the four tables connecting economic condition and sight
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Keenness of Vision and Physical Condition of Parents.

TaprLe LIX. Boys. " Tamie LX. Ginls.

Myrsionlly good | Phyeically bad Totals Physically good | Flisically bad Totals

Normal ......... 204 267 4T 1id 216 [ 380
B R a : 32 I in Tl A5 a9 T4
:5% AL 11 15 b ] 14 | 23 39
= 'rl..'lH ! . 33 G2 26 .5 ik
/24 and under # I 15 a3 5] 15 L

— : . e — - '
Totala...... a8y | 300 oo8 || a4 | sms 566

In fourfold table separated into normal as against 69 and under,

(LIII—LVI) the greater percentage of extreme bad sight, whether of refraction
or of vision, comes from the good homes. In the four tables connecting the physical
condition of the parents with the bad sight of the children (LVII—LX) a larger
percentage of the exfreme bad sight is associated with physically bad parentage, but
a slightly larger percentage of the lesser degrees of defective sight oceurs in all
cases with the physically good parentage !

Refraction Class and Moval Condition of Pearents.

TasLe LXL Boys. TapLe LXIL Gaols.
- B Ve =
| Morally gosd | Marally bad | Totals Morally good | Morally bad | Tatals
{ | ey A | [ ) |y
! Normual ... .veeen. 15 ! an53 | L) | 147 M) $47
g Hj'perme‘trnpin....i i¥1 | 48 H 1) !| A 46 | a4 .
= Hypormetropie || ; h= g [ ; p
E Astigmatism 22 = L 33 = | L]
% e | 11 a1 12 10 22
| Myopic Astigma. [ [
tism & Myopin f # 18 d 1 19
e — e | — 1| o —
| { |
Totals....... .| 295 245 TR { 238 : A0m Bl
| | |

— -

In fourfold table separated into normal and smetropic
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Keewness of Vision and Moval Condition of Pavents.

TapLe LXIIT  Boys Taere LXIV. Givls
Morally good Movally bad Totals - Maorully good Morally bad [ ‘Totals
Normal ......... 210 R 476G 170 210 [ S50
1

B e e A0 3= il 33 #1 | 74
T ) e 12 14 % 14 25 39 |
= i |

1) | St £ 31 62 35 2% 53

6/24 and under [1] 13 23 4 16 20

Totals ..... 302 anh (b 410 L] G

In fourfold table sepavated into normal as against G/9 and uoder.

The morally bad homes produce a higher percentage of the very worst class of
vision, Imt this is no longer true for the boys, iff we consider 6/18 as bad vision.
There is little signifieance it we consider only the myopia and myopic astigmatism,
morally good homes produecing the worst sight for boys and morally bad the worst
sight for girls. If we include the mixed astigmatism the worst refraction comes
in both cases from the good homes,

In every case, considering Table LXV, the correlation of environment and sight
1s negligible as compared with that of heredity and sight.

TacLe LXV. Effect of Home Environment on Sight.

iefraction Class ' Keenness of Yision
Elemont of Homa Environment | Mens
Baysa Girls | Euys Giirla
; " =6 | -8 14 -0 |
Number of Persons per Room _........ : (15)* (14)* | (-14)* (-15)* (-14)*
Good Economic Conditions ... ... + 03 =12 [ = — | - 2
|
Good Physical Condition of Parents. .. (i o |1 ANl £ | R 1]
(ool Mornl Condition of Parents, ., =14 _ | =] + 06 _ - M}
Means...... — 03 = 408 - M4 - {3 — 4

N.B.—The negative =ign throughout means that the worse environment is mxsoeiated with
the belter sight.

* Contingency values only possible for this factor, and deduced from somewhat irregular tables. The
giems of course must be judged from the bracketted figures in Tables XLIX--LIT
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First taking number of persons per room, we note that its influence is very
msignificant, but in every case wegative, Le. the more pevsons per voom the better the
eyestghf.  This may merely mean that the more persons per room the bigger the
family and that large families spring generally from more normal stock. At any
rate ﬂ\'erﬂ-:}wﬂing does not appear in these data as the souree of defective vision.
If we examine the contingency tables XLIX—IL we shall find generally slight
excesses of the normal refraction in the overcrowded rooms and defects in the sparsely
filled rooms; on the other hand there appear to be deficiencies of myopian and mixed
astigmatism in the crowded rooms and excesses in the sparsely filled rooms.  These
excesses and deficiencies of frequency are slight, and it would be reasonable to say
that for practical purposes no relationship exists®. The same results generally are
shown in the contingeney tables for keenness of vision. Turning to good economic
conditions we find that they produce insensible effect in three out of the four cases,
and in the fourth case, that of girls’ refraction, it i more abmormal when the economie
conditions are good ! We may again assert that home environment “ns measured by
poverty is not the source of defective vision.

Taking the general physical condition and health of the parentage we can find
ahsolutely no relationship between this and the goodness of sight ; the first significant
figure is for each series in the third place of decimals and this is fr beyond the
probable ervors of the results.

Lastly we turn to the moral condition of the parents. In three out of the
four '.u.lur:s a better condition exists in the case of those whose parents belong to
the immoral category. Looking at this table as a whole we say that any of the
home-factors we hm.e dealt with is L"ElLilI].l'lr not largely |11‘1.:(ll'u:!he of defective
vision. Normal vision is on the whole ;-hg.":if_; associated with overcrowding, bad
economic conditions, and morally defective parentage. Can it be that these bad
home conditions keep the children in the streets, and so relatively away from the
bad environment and in relatively fresher air? Be this as it may the Edinburgh
data show that the intensity of the effect of home influence iz not one-tenth that
of heredity and what exists, if it be considered appreciable at all, is in the exactly
opposite direction to what one would o prieit have anticipated.

(13) JTnfluence of Vision on Intelligence. Thus far we have seen that heredity
is apparently the main factor in determining the character of sight. We may
conclude the present investigation by enquiring to what extent this heredity factor
influences the intelligence or rather the teacher’s estimate of the intelligence of
children.

The Edinburgh children are classed by their teachers into groups of Excellent.
Good, Medium, Dull and Defective Intelligence. Tablest have been formed showing
the relation of these categories to keenness of vision and to refractive class. "l"lw:..'

* The remarkable irregularity of the excesses and defects in the contingency tables XLIX to LIT
shows how little stress can be laid on the values of the contingency coefficients foumnd.
t Bee Tables LXVI-LXIX,
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have been reduced by contingency and by fourfold division and the values found
are given in Table LXX. 1t will be seen that Keenness of Vision has slightly more
influence than Refractive Class on intelligence. Further, although the relationship
is not as large as some writers would lead us to believe, it is quite sensible and
no doubt bad sight does lead occasionally to a child being classed as dull, careless
or lazy.

It has been shown that the resemblance in intelligence between brothers and
sisters is about *48% It is interesting to notice how much of this resemblance might
possibly be due to defective vision influencing the teacher's judgment, supposing there
were no real correlation between defective vision and intelligence. If we assume the
inheritance of defective vision to be at least 4, the contribution would be "4 x "16 = 06,
or possibly L of the value found for resemblance in intelligence might be due to

TaeLe LXVI.  Refraction Clazs and Intelligence.  Boys.

Intelligemnes

| Exeellent Good Madinm Il Dafective | Totals

e e L e e s 12 1574 160 a9 9 444
S| Hypermetropia ... .cooovuverriaree | B 37 10 17 2 102
2 Hypermetropic Astigmatism ...... [ i 4 3 14 I Gy
E Alixed Astigmatism ......ccooeensn, = [H 103 3 | 200 |
E Myopic Astigmatism and Myopia —_ (H 5 3 I 15
Totals...... | 53 27 | a6 14 i1l
TapvLe LXVIL Refiaction Class and Tatelligence.  (fivls.
Intelligences
Exeellent Good [ Mediwm Dl Defectivge Totals
|
E PO e e e a e e e e L 27 131 124 47 11 440
5| Hypermetrepin........ccccoooiiiine 1 ag | 39 12 — H1
i Hypermetropic Astigmatism ...... 3 25 32 13 1 T4
- 1
£ | Mixed Astigmatiom................. | 1 10 b i 1 22
]
&=  DMyopic Astigmatizm and Myopia |  — 5 7 G 3 20
Totals. ... 35 197 i 208 82 15 53T

* Hawetrike, Vol nn po 155, Bee also Vol v. p. 473
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Fovpfold Tables.

Tasre LXVI bis. Boys. TasLe LXVII bis,  (Firls,
Intelligence Intelligence
== — 1y i T
. - | =
E[ : I-lu.‘fcnﬂnl. Hng::_:&i}:.l]. Totals I-..:;(:;:'I;;nl. :H"{',L“}E;ﬂ“"' Totals
o : : S e
Normal......... 216 228 444 15= ig2 RN
% Ametrapic 54 | 123 ‘ 207 T 123 197
b A [ ST S 250
| | '
] Totals A00 | anl 641 232 | 305 337
|
TapLe LXVIIL  Keenness of Vision and Intelligenece.  Boys,
Intelligenee
; Excellent |  Good Medinm Dl | Defoctive Totuls
Normal covevrrroneens | 44 192 | 168 TS (U 480 |
- B S 4 a7 | 33 5 3 2 |
g i |l SR o N 9 ' 11 B —_ a2 :
= T e et I 4 20 24 14 1 K]
624 and under. .. ... [ — b & 5 | 2 23
[ I
. Totals...... ‘ 52 a56 | 244 100 14 666 |
| | |
TapLe LXIX. HKeenness of Vision and Intelbhgence.  Givls,
e
Intelligence
= : : : 3
| Bxeellent LET | Medium | Dull | Defestive Totals E
————— -— —- —- _ i____.. !- -— i
Normal 30 145 1385 { sb | s 378
| e 3 a7 a8 | 3| o s
] L 12 20 6 - e |
e s = 16 25 ‘ # 1 53 |
6/24 and under...... I [ T 5 1 0
T I i Lo W base)
Totuls...... 35 | 206 216 . L] 15 1t i
| _
G. M. ¥
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Fouwrfold Tables.

Tapue LXVII bis.  Boys. TapLe LXIX bis.  Ghirls.
L mbelligenes Intelligence
Ezcellent, Medinm, Dull, | Excellent, Mediuwm, Dall, .
Crood Defective | Totals oo Diefeative Totals
E| Normal .. .. 236 244 420 175 195 373
Ef G0 s wipider .. T 114 156G K 11% 155
Totals...... S0E 1T (iH 211 317 hhH

Tasre LXX. Relatiow of Intelligence to Refraction and Keenness of Viston.

Hafraction Class Ecennosa of Vision
Wletlaod o Mean
Bays (Firls Boys Girls
Contingency ......... 13 19 20 18 17
Fourfold Table ... ... 12 ‘14 16 | ‘18 gl B
Mean. ..., 14 i 18 ‘18 16

the resemblance in defective vision. On the other hand the physical source of
defective vision is probably not only indivectly related to the teacher's estimate of
intelligence but also associated with the actual mental power. Defective vision
will often be found coupled with a physieal degeneracy, which dirvectly influences the
intelligence.  Bad sight is seen to be sensibly, but not markedly, correlated with
want of intelligence.  Until, however, we know that there is no relationship between
myopia and actual defeetive intelligence®, we must not assume that the improvement
of the sight would much improve the estimate of intelligence.

Undoubtedly all resemblance in ability between children and parents is
ultimately physical, and connected with the acuteness of sensation as well as the
facility in mental processes. From this standpoint it is of interest to find that
sight probably contributes its quotum to the measure of inheritance of ability.

(16) General Conelusions. This paper is admittedly only a first study of the
eugenic side of vision. No one can recognise its defects more fully than the authors
themselves do. These defects obviously arise from a double source.  In the first place

* A study of refraction and vision among imbecile and defective children would be of much value
from this atandpaoint,
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the specialists who have collected statistics of vision and have the requisite ophthal-
mological knowledge appear to have little or no statistical training, and hardly realise
the nature of those statistical elassifications and methods, which alone ean lead to
definite results. In the second place those who have training in statistical processes
and a knowledge of the type of problems which arise in other branches of eugenic
enquiry, are liable to slip in dealing with such specialised material as the present.

The topics, which the student of eugenics must ever keep before him, are:

(i) The influence of breeding on the good or bad grade of each human
characteristic.

(i) The intensity of the effect produced by nurture on the same characteristics.

In the case of the physical properties of the eye he needs (i) material showing
for a random sample of the population the influence of parentage and ancestry
on the eyes of the offspring. He further requires (ii) to know, as in the case
of all human characters, the law of average growth, and (iii) to measure the
relative intensity of the influence of home life, school life, and adult oecupation
on the characters of the eye.

There eannot be a doubt that the anthropometric school laboratory, which
takes ophthalmological observations of the eyes of the same boys and girls for the
whole period of their school life, will obtain much more valuable scientific material,
than the laboratory which still further adds to the endless and mostly unutilised
data for height, weight and chest measurements. Further, something of the same
kind ought to be done for adults, commencing, say, with the undergraduate popula-
tion and passing to sample occupations®. The urgent point at present is to obtain
a standard population which is not ophthalmologically selected. The first object
must be to measure for anthropometric purposes the eye-sight of each child, and
for these purposes we ought to know the refraction and the astigmatism to at least
4 dioptre, and replace the * keenness of vision” test by a more scientific continuous
system than the type letters with their discrete sizes and consequent lumpings of
frequeneyt. In a fixed anthropometric laboratory, it ought to be easy to alter
continuously the size of the type letter, and thus obtain a continuous system of
readings. This is not a criticism of the ophthalmologist's methods, but merely a
statement of the fact that for the study of heredity it is not satisfactory to group
75/ of brothers together as 6/6. Within this group lie many grades of keenness of
vision, which undoubtedly we shall find are individually inherited. The results obtained
by such a sehool laboratory—until centres of measurement are multiplied—will not
be as numerous as those which deal by aid of a coarse sieve with tens of thousands
of children but for our present purposes they will be of higher value. Again such
splendid work as that of the Edinburgh Charity Organisation Society which follows

* Many Inrge firms employ hundreds of workpeople, whose plysical fitness, including goodness of
vision, i3 an asset of as great value as the efficiency of the machinery. A eareful annual ophthalmologieal
inspection wouald very scon repay its cost by enabling us mot only to messure occupational influence,
but to preseribe oecupational hygiene.

¥ The evil effeet of this is manifest in Tables XX XIT—-XXXIII,
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each child into its home, if it must perforce deal with hundreds instead of thousands,
is essential if we are to determine the influence of home environment. The like
problem in adult life may be more diffieult, and at present we may have to trust
largely to ophthalmological selections like those of Steiger, but the urgency is as
great as the difliculty and we insist on the random sample of the general adult
population as the ultimate goal. No argument as to heredity from the ophthalmo-
logist’s sample is valid without allowance, often wide allowance, for this selection.
When we turn te the influence of school environment, we long in vain to find
a few hundred childven of both sexes hrought up without school and without reading
as a standard population. Uneivilised races are probably too different from eivilised
races in other forms of environment than merely absence of school life, to be safe
auides, although a thorough ophthalmological survey of one or two uncivilised
races would undoubtedly be of value. Perhaps the best we can do at present is
to compare town with country schools, schools having few with schools having
many children, schools optically well with schools ill arranged, and the sight of
those who remain students till adult life with the sight of those who go into
rural occupations at 13 to 15.  All these things will aid in throwing light on the
influence of environment if they do not completely determine it.

As far as the admittedly slender data of this first study reach, there is:

(1} No evidence whatever that overcrowded, poverty stricken homes, or physi-
cally ill-conditioned, or immoral parentages are markedly detrimental to the children's
eye-sight.

(if) No sufficient or definite evidence that school environment has a deleterious
effect on the eye-sight of children. Undoubtedly considerable changes of vision
take place during school years, marked first by a decrease in the hypermetropic
classes and an inerease in the emmetropie class. This is followed between 10 and
14 by a deerease in the emmetropic class and an increase in the hypermetropie,
astigmatic and myopic classes ; the balance being still in favour of emmetropia when
school is left. Is the first a growth law and the second an environmental effect,
or are both but phases of one law of growth—a passage from hypermetropia to
emmetropia and myopia of the eyes of “ unstable stocks™? It is suggested that the
latter is the truth, because so many hypermetropie individuals have myopie siblings,
and in 60 7/ of cases the hypermetropic sibling is the younger. This is a suggestion ;
it is far from being definitely proved, but it serves to indicate that the charge
against the school from the standpoint of vision has yet to be firmly established.

(iii) Ample evidence that refraction and keenness of vision are inherited
characters, and that the degree of correlation between the eye-sight of pairs
of relatives is of a wholly different order to the correlation of eye-sight with
home environment.

(iv) Sufficient evidence to show that intelligence as judged by the teacher
is correlated with vision in a moderate manner (*16). There is not enough evidence
to prove that if the source of poor vision were removed the intelligence would
reach a higher stage. Defective physique including defective powers of sensation
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are we know closely corvelated with defective mentality, they are both signs of an
ultimate physical degeneracy. In many cases, no doubt, helping the vision will
aid the intelligence, but we cannot suppose that poor wvision is the source of all
the poor intelligence we find associated with it.

This is the first eugenic study which has endeavoured to compare the inheri-
tance and the environment factors. We anticipated finding them to be far more
comparable in magnitude. As far as the material developed in this memoir goes,
it points, if not overwhelmingly at least strongly, to the moral : Pay attention to
breeding, and the environmental element will not upset your projects. Improve to
the utmost your environment, and breeding will lay low your schemes.

The first thing is good stock, and the second thing is good stock, and the
third thing is good stock, and when you have paid attention to these three things,
fit environment will keep your material in good condition. No environmental
or educational grindstone is of service, unless the tool to be ground is of genuine
steel—of tough race and tempered stock.

To bring home this fact in each department of human plnranue and mentality
seems to be the urgent social problem of to-day.

'..'MIBHHH.!H FILIKTHER BY JN,IH CLAY; M.A: AT THE URIVERSITY I'REBS.
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TREASURY OF HUMAN INHERITANCE

ISSVUED BY

THE FRANCIS GALTON LABORATORY
FOR NATIONAL EUGENICS

UNIVERSITY OF LONDON

Parts I and II, just ready, contain pedigrees of Diabetes insipidus, Split-foot,
Brachydactyly, Polydactyly, Tuberculosis, Deat-Mutism and Legal Ability.

Contributors : W, Bulloch, M.I}., Thomas Lewis, M.D., Jobson Horne, M.D.,
W. C. Rivers, and the members of the Galton Eugenics Laboratory.

Parts TIT and IV will contain pedigrees of Trophoedema, Hermaphroditism,
Insanity, Commercial Ability, Abnormalities of the Eye, Ichthyosis, ete.

The Francis Galton Laboratory is issming in parts at short intervals a collee-
tion of published and unpublished family pedigrees, illustrating the inheritance in
man of mental and physical characters, of disease and of abnormality.

Students of heredity find great difficulty in obtaining easy access to material
bearing on human inheritance. The published material is voluminous, seattered over
a wide and often very inaccessible journalistic area. The already collected although
unpublished matevial is probably as copious but no central organ for its rapid
publication in a standardised form exists at present. The Eugenies Laboratory alone
possesses several hundred pedigrees of family characteristics and diseases which it is
desirable to make readily accessible. Many medical men possess similar material,
and there is a growing desire among genealogists to pay more attention to family
characters and supplement the merely nominal pedigrees, current in the past,

For a publication of this kind to be successful at the present time, it should be
entirely free from controversial matter. The Treasury of Human Inheritance will
therefore contain no reference to theoretical opinions. It will give in a standardised
form the pedigree of each stock. This will be accompanied by a few pages of text
deseribing the individual members of the stock, giving references to authorities, and
if the material has been published to the locus of original publication. When
necessary the characteristic will be illustrated by photography or radiography. In
this way, it is hoped in the course of a few years to place a large mass of material
in the hands of the student of human heredity. It will not cut him off' from, but
divectly guide him to original and fuller sources of information. Further the
Treasury will provide students of eugenies and of sociology, medical men and others
with an organ where their investigations will find ready publication, and where
as time goes on a higher and more complete standard of family history than has
hitherto been usual ean be maintained. It is proposed to issue the Treaswry of
Human Inheritance in quarto parts at about quarterly intervals. Each part will
contain about 6 to 10 plates of pedigrees and of such other illustrations as may be
needful.  As far as possible each plate will contain pedigrees of a single characteristic
or of closely allied characteristics. Subseription to each set of four parts 20/-
Price of each part alone 7/-.

All communications hoth with regard to pedigree contributions, and sub-
scriptions should be sent to: The FEditors, Treasury of Human Inheritance,
Eugenies Laboratory, University College, London, W.C.

Single parts may be purchased of Messrs Dulau and Co., 37, Soho Square,
London, W,
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