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Case Fo.68. Age 11-| yrs.
I.A. at last test undetermined.

Severe Parkinsonianism present.



PREFATORY NOTE.

A Psychological Study of the Sequelae of Encephalitis
Lethargica in Children, is a thesis embodying the results
of a research carried out at the Royal Hospital for Sick
Children, Yorkhill, Clasgow.

It was begun in 19283, and the actual testing was com-
pleted by the end of 1928. All the material has been col-
lected and analysed by the writer, who is wholly responsible
for the work as presented.

An attempt has been made to study intensively, over
a period of years, a group of children who have suffered
from encephalitis lethargica. Part I. A. deals with the
intellectual changes that follow the dicsease, as judged by
the response to certain well-known intelligence tecsts, re-
peétedlat varying intervals after the onset of the disease.
Part I. B. is a study of the affective-conative changes.
And Part II. aims at relating physical signs, symptoms, and

sequelae to intelligence and conduct.
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INTRODUCTION.

.

Until recently the medicel profession in the field of
Pediatrics concentrated or the physical side of the child.
The psydhology of the sick child has been neglected or over-—
looked. Child Psychology is only 3o years old, & is only
now becoming an apnlied science. Recently, many short
studies have appeared, dealing with the psychoiogical aspect
of disease in childhood; but these have dealt with only a
small group, or groups, of subjectes, & the conclusions ere
neceggarily unreliable beceuse of the short period of time
over which the enquiry lasted. The rise of child clinics
& child-welfare work has created a new interest in the sick
child from the psychological point of view.We want to know
the relationship between disease & psychological well-being
in the widest meaning of the term; including intellectual,
emotional, moral and motor. Doctors and educationists are
asking: "Does disease retard intellectual growth? And to
what extent? Is the arrestment temporary, or permanent?
What is the influence of the different diseases upon the
developing mind? What illnesses, if any, medify or alter
disposition and character? And what is the nature of the
madificetion? " In every illness we should expect the

psyche of the child to be affected in some way or

another/
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another . Sometimes we ghall perhaps find an emotional

change , sometimes a behaviour change, sometimes an intell-
ectual one, and sometimes two or more combined. T[he psychology
of the sick ehild is a fertile and ddsirable field for study.
A great deal may be brought to our knewledge both in the
symptomatology and subsequently in the treatment of the various
diseases of childhood, for there is much to indicate that each
disease, or group of diseases, carries with it special psycholo~-
gical phenomena.

Dr. lerman's book, "I'he Intelligence of School Children",
appeared in 1921. On page 151, he writes, -- (after dealing
with the effect of adenoids on the intelligence) "Investigations
on a larger scale should be made to determine the effect o#
intelligence, not only of adenoids, but also of such factors as
malnutrition, chorea, loss of sleep, fatigue, hookworm,
malaria, etc."

In June. 1922, there was begun by the late Dr. Henry
J. Watt, (Lecturer on Psychology, at Glasgow University)
at the Royal Hospital for Sick Children, Glasgow, under the
direction of Dr. Leonard Bindlay, (Prof. of Pediatrics) an
investigation into the intelligence of sick children. To what
extent the writer's much respected teacher and master obtained
the suggestion and the inspiration from the book quoted will

never be known: suffice it to say that at the time of his dwakk

death (1925), he & the present writer, were investigating on
Ja
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a large scale the problems to which Termar referred.

In June 1923, when the writer took up work et the hospital,
& sgpeciel study was being mmde, by another member of the hog-
pital steff (Dr. Mary M. Stevenson), into "The Life History
of Zpidemic Encevhalitis in the Child."(gs) In addition to his
ordinary work, he had the opportunity from time to time, of re-
testing a few encephalitic cases in connection with the above
inquiry. It soon became apparent that these shéwed mental de=-
terioration. Consequently, he commenced meking a systematic
study of there, & additional cases: a study which hag grown in
completeness from year to year. Today,attention is chiefly
focussed uporn the personal consequences of encephalitis leth-
ergice. For,in proportion to the number attacked, there is prob-
ably no other infectious or contagious diseasge in. this country,
which produces so much consequent ill-health & disablement. The
results of the disease on children are certainly peculiar & de-
plorable in>many cages. There is something diabolically malign
in a disease which can transform a child of normal irntelligence
into a low grade'defective, & a well-behaved boy into a moral
imbecile.

The purpose of this thesis is to record the results of an
attempt to investigate the psychologigal after-effects of en-

cephalitis letharegica ir children. The number of cases is not
so great, not is the investigetiorn so comprehensive throughout
as could be wished, but there is much to commend its publicat-

ion in ite present form. 5
Since some earlier firdings were published in 1926‘ 1)the

inquiry has beern cortinued & broadened, & ig now more complete
& comprehensive.

In/




In the examination of mental traits we are still far
from the exactiiess & objectivity of the physical sciences;
yet despite their weaknesses, the now well known intelli-
gence tests have an objectivity which places them absve
the opinions of casual observers, in value. We have many
times had members of the hospital staff differ greatly in
their estimate of a patient's intelligence. Very little
reliance, therefore, can be placed on thosé& references in
_the literature dealing with the subject under investigation,
where the differences noted are due to versonal opinion.
When one obsgerver, for instance, reaches the conviction
that a patient's memory is impaired, & another equally
competent obgerver is just as certain that it is unimpaired, -
ag frequently happens,~ it becomes essential that we abandon
random casual observation in favour of more careful, precise,
& systematic observation. We have no comparable measuring
scale for intellect such as we have for height & weight;
but we are moving towards it. When we obtain such a scale
we shall no more score a child a "mental age 124 morths",
than we should think of scoring him a "height or weight
age 124 months.”

Recently some advance in this direction has been made,
& it is desirable that this progress should show itself in
observations on the memory, intelligence, emotional dispos-
ition, etc., of patients whose ailments are being subjected
to scientific examination. Mental tests were ZXxxt Xunosftosa
| used by Sir Francis Galton{1883), who, up tili then, had

given mental measurement its greatest impetus.

Tar/



EEXLEXXAKXIAREY For twenty years thereafter, the tests used
were generally for the measuring of svecific abilities and
capacities. Tests were devised to test different kinds of
memory, attention, imegination etc.. A sciernice of intelli-
gence testing has gradually revlaced intuitive art; with
the result that today, largely as the result of Tinet's
work, intelliperice tests are no longer a novelty, but are
used as a matter of course in schools, courts, hogpitals,
etc.. "Vo wonder,"” Dr. Terma: writes, "mentality tests
have acouired such a wide vogue. They have demonstrated
their usefulness in the study of the feeble-minded, in the
grading of school children, in determining the mental re-
spongibility of offenders, & in the selection of employees.™
Their wider application is only a matter of time.

The prediction made by Francisg Calton fifty odd years
ago,- that it would sometime be possible to obtain a general
knowledge of the intellectual capacities of man,- is being
realised today. Twenty years have seen the foundation of
a new science. Thanks to the impetus given by Binet (120§&),
we can now measure in a fairly setisfactory way one of the
factors meking up human personslity,- intelligence. Binet
brbught into his well known scale of intelligence tests the
very ideas which stood out ih popular opinion of intelli-
gence. His work had from the outset a decidedly practical
turn. Binet himself

applied/
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applied his scale to particular types of insanity (1909). He
investigated the intelligence of general paralytics and senile
dementsw. His efforts were at first lapgely devoted to the
measurement of the higher and more complex procdsses e.g.
reasoning, imagination, etc.

The purpose of the scale is to measure "general intelli-
gence." The scale consists of a miscellaneous collection of
exercisesx--"tests of memory, language, comprehension, - size
of vocabulary, eye-hand coordinations, judgment, reasongagr,
resourcefulness, and ingenuity in difficult practical situa-
ticns, ability to detect absuBdities, etc.? (Intelligence of
School Children) ~-- which require for their performance’
knowledge and skill that a normal child in a normal environment
acquires in fairly well-marked stages.

The Binet tests as translated by Bugt(lo)(which were used
ih the present investigation,) are by no means perfect, but
they are in general use and have been well standardised for
English children. Repeated testing has shown which tests are
performed successfully by children of different ages, and they
have been arranged as far as possible in order of difficulty.
The tésts are believed %o test "intelligence" as distinct from
ﬁnowledge:; Stern's definition is the generally accepted one:

"General intelligence is the ability of the organism to adjust -

itself adequately to new situations." Auguste Comte had



already defined intelligence as nothing but, "the aptitude for
modifying one's behaviour in accordance with the circumstances
of each case." Intelligence may mean and include a great deal,
but it does not comprise the whole mind. It is only one of
many mental abilities of the mind. 1t is difficult to say what
qualities any test measures, but at the best it will test only
certain aspects of the mind. ion-intellectual aspects of
mentality, (e.c. temperement , character, etc;)are not tested
by the intelligence tests. 'This statement is neccessary in

the 1ight of what follows.

These Intelligence tests are loosely and erroneously
called 'mental tests.' When a child of n years passes those
tests which are passed by normal or average children of x years,
he is said to have a 'mental age' (M.A.) of x years. Binet
himself contributed the "mental agé' concept. It is an absolute
measurs. Further, it is limited in scope, being of ma& no use
for adults or very superior childwen. lt merely indicates the
level of development reached; it does not tell us whether a
child is baight, dull, or average. Xawaxax loreover, if
interpreted in the wider and truer sense it should include
knowledge, whereas we have just seen that the purpese of the

tests is to exclude knowledge. We purpose substituting there~

fore for the concept of "mental age" that of Yintelligence age"

(I1.8.).
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About 1912 a group of German psychologigts employing the
Binet Scale expressed dissetisfaction with Xkm Binet's
method of expressing intelligence retardation in terms of
the absolute difference between age & mental age. Bobertag
proposed to use the ratio of the two (physical or chrono-
logical age (C.A.), & mental age (M.A.), as a more adequate
expression of retardation. This was termed the"intelligence
quotient"(I.Q.).(Bobertag gives Wm. Stern the credit fer de-
viging & naming this device, but Stern acknowledges his in-

debtedness to Bobertag.(gs))~ stern(94)

is alse credited
with oroposing the term '"mental quetient". e was alsgo one
of the first to propoge the usge of the term "ratio," denoting
the ratio of the I.A. to the C.A. rather than the difference.

"he T.@e., the concept which Terman champions, is not so much

a quotient as the ratio the intelligence age bears to the
I.A. x 100

C.A.
Otis desgignates it the "Absolute Intelligence quotient."

actual age. T.@¢ = .
Yerkes uses "Intelligence Coefficient."(gs) "ilemtal Ratio"

is a truer designation. But, since we have seen fit to sub-
stitute the term "Intelligence Age"(I.A.) for "ilental Age"
(M.A.), here also we must substitute "Intelligence Ratio"(I.R.)
for "ilental Ratio"(#.R.), for the same reason. We have

failed to find the term I.R. used in the literature. One
writer, Florence iMateer, entitles an article " ™he Diagnostic
Fallibility of Intelligence Ratios,'" but in the context uses
oo/
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¥.A. and 1.Q. (Ped. Sem. XX/, 1218, n. 285), 'he I.R. makes
possible direct comparison of children of different C.A.8s and

it is a basis for prediction.

IHE CONSTANCY OF IHE 1.R.

In so much as our own findings in the present enquiry are,
in part, the result of comparing the first l.R. with that of
successive l.R. s of retests at varying intervals, it is essen-
tial at this point to discuss in some detail the problem of the
constancy of the I.R. 1f the I.R. is to have any diagnostic
value, we cannot just assume that the 1.R. remains constant: «
in other words, - that the child's I.A. increases proportion-
ately with his C.A., or that é%%% = a constant.

If this assumption be valid we can calculate the I.A. that
a child of given I.R. should reach after a given interval,

Suppose two children with I.R.b 75 and 100 to be
retested at the end of a yeaf; and suppose that the I.A. of
sach rises by nine months, then the first child is developing
normally, for the increase in his l.A. in twelve months should
be 75% of 12 which is 9; the other child is actually devéloping
more slowly than he ought, for, as his l1.R. was 100, his I.A.
should in $welve months increase 100% of 12: he has, in fact,
fallen three months below the level of normal development.
Hence the significance of an increase or decrease of Il.A.

depends both on the length of the interval betwesn the tests
& on the actusl megnitude of the initial I.R. ‘
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Statistical studies have shown that, on the whole,

the I.R. remains relatively constant from one test to another.

But owing to the variaebility of the Scalesg employed‘(some;
times two Scales were vsed), the conditiors vrder which the
tests were given, the intervel between the tests, together
with the numbér of subjects tested & re-tested, the chrono=-
logicel age range, the group meansg, the number of examirers
employed, it is difficvrlt to arrive at anything more than

a very general estimete of the constarcy of the I.E. from
thege stvdies. The central tendercy of the changes,ranges
for the different inoviries, from & decrease of 2.3 (Terman)
to ar increase of 1.6 (Prge & Celloton). The Terman re-tests
wer=2 mede under an extresordinary veriety of conditions. Yet
the results show that their combined influwence is in most
cases gmall. The I.R. remained equally constent for the
three groups (bright, average, dull) betwéen the ages & or 4,
& 14 or 15 years. "It makes little difference whether the
child wag bright, zversge, or 4ull; how long en interval
severated the testes; or what the ege of the child wae at the
earlier test.” (The Inteliiegnce of 8chool Children, p .138).
"The chance that & child I.RE. 85, will leter test 73, is

1 in 40." (ibid 14S8) There figures approximate to the means
at firet & lest tebts of our casges considered in the group.
FElsewhere Termen says, ("The Messurement of Intelligence" p.
63),"Restebts of children have been found to yield I.Re. re-
sults almost identical with those secured from 2 to 4 years
earlier by the same tests. The average difference found be=-

tween the I.F. second test & the I.F. first test was only
four/
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four points (4%), & the greetest difference found was only
8%." There is a feirly close agreement between Termen's re-
sults & those of Grey & Marsden( 33 ), Gerrison & Poul1( 29 ),
Fuce & Colloton( 82 ), Grey & Mereden found thet,"602 of the
665 tests were again passed (90.5%), & conclude: "This shows
2 high probability that any test passed successfully in one
year, will be passed the follewing y=ar. At leagt SC% of the
children are correctly clesggified by the first test.""There
seems to be no very merked difference of variability, or of
medien chenge in I.F."" The diezgnostic valwe of the tests is
high." Beldwin & Stecher conclude: "For practical purposes

the I.F. remeing sufficiently constant for a group as a _whole,

but the individusl records show fluctuations which are
smoothed out in obtaining genereal averages." (Journal of
Fducetional Research VolViii, No.4. Nov. 1923, p.375).

Kluver (Psychological Clinic,XVl. No's. 3 & 4, 19%25. p.110-16)
writes: "PFe-tests of the seme children show thet the I.F.
varies within certain limits, which are however, in most
cases, s0 narrow, thet practicelly one can speak of constancy.
Changes to such an extent thet pronounced sub-normelity be-
comes normality, or normelity super-normelity, or vice—versa,
hardly ever occur.," Irwin & Merks, ("Fitting the School to the
Child" 1924 p.98) say: "The I.F. does not fluvctuate suffic-
iently to d=mend frequent re-testing.' Huhlmann ("Journal of
Applied Pesychologyy V. 1921, ».195), maintains that the
course of the I.R. is reoughly a straight line. And Poull adds,
("Journal of Educetional Psychology," X11,1921. p.323) "The
indicetion is that mentél defectives are not more variable

than normal subjects.”
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I.R. FLUCTHATION.

The I.R. does fluctuate slightly, but not sufficiently
to invelidate the general argument. Certain fectore pre-
vent the I.R. from being mathematicelly constent in re-
testings, and are always present to invalidate any indi-
vidual test result. Changes in I.R. from test to test
may be due to any one,or more than one,of the following:-
A. The inadeqguecy of the measuring scale,- the imperfect-
ions in the scale; the erroneous age assignment of the
tests; the nature of the tests themselves; the subjective
cheracter of parts of the tests; the weakness of the tests
at the upper end of the scale; the difficulty of the later
tests (the inadequacy of the tests in the upper end of the
scale is acknowledged by Terman ("Mental & Physical Traits
of a Thousand Gifted Children”). Tr. Burt has also found
the tests too difficult for English c¢hildren); the "all
or none" method of scoring ( half passes not counting );
the difference in size of the intelligence age steps ;
the different month values of the individual tests (one
twelfth to six twelfths of a year )+ Tor example, to

quote Gray's and

Varsden's/
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Marsden's(sz) example: "a child with a 100 ILLR. needs to add
twelve months to hds C.A. in a year to get ams an I.R. of 100
the following year: while a child with an 1.R. 111, needs to
add 11175512 = 13.32months in a year to maintain a perfectly |
constant 1.R. As a child cannot score precisely this extra
amount under any circumstances his I.R. is bound to show a

small variation." (p. 316). And again from the same writers:

“Or to look at the matter another way. Suppose a child
with C.h. at first test 144months.yl.i. 160months; then the
I.R. = }§9§%%99-= 111.  If the child passes the next year,
three tests at XlV years, his l.A. becomes 178, and his I.R.

& if 4 extra tests are passged the I.R.becomes 113."
will be 1203/ The greater the scatter the greater the effect.

If the l.R. of a child of 8 years, -- and who is two
years retarded, ~-- is to remain constant, he must be three
years retarded at 12years of age, and four yearé at 16. °
In other words for the I.R. to remain constant -the child's
intelligemos must grow at a rate proportionate to his [.R. In
the case of a very superior child of 12 or 14 years, the I.R.
thereafter cannot maintain its constancy because of the
weakness of the scale itself.
| B. Dr. E. A. Lincoln has pointed out (Jour.Educ,Psych.
Nov. '22, p. 484): "An I.R. cannot be constant, when the

conditions under which the child is tested are variable from

very necessity."




These veriable conditions include the administration of
+ the tests, errors in giving and scoring, thoroughness of
the examination, difference in interpretation of test re-
sults, the examiner's methods, his personality & mood at
time of exeminetion, & the number of exeminers.

C. Variability of the subject's cooperation due to
attitude during exémination, fatigue, changes in the en-
vironment; irregularity in the rate of mental development,
due to illness & disease., It is well known that the I.F.s
of neurotic &% psychopathic children are less constant than
thoge of normels. Our own results confirm those of Terman
(101) when he writes: "In certain types of pathological
subjects the I.R. may undergo large fluctustions. Epileptics,
for instance, frequently deteriorate from something like
normality to middle grade deficiency in the.course of a few
years.' (p.150). Ve have found the same thing‘gz) so has
Eurt. (10. D.154) '

There are several influences which may be thought to have
an effect uvon our test results:-

(1) The effect of different examiners.

What cen be said on this point has only an indirect bearing
on the vresgent enquiry in which the testing was performed
by the same person., Hildreth (46) found a coefficient of
correlation of .789 +.012 when each examination of a pair
was performed by ddfferent examiners, & & cocefficient of

correlation of
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«871 $+.007 when each wes performed by the seme examiner.
Terman (101) found the correlation between tests made by
differsnt exsminers to be .929. Cray & llarsden (35)’con—
clvded from their date thet,"the figures obteined by diff- -
erent examiners in testing the same subjects show close
agreement.'" "The azreement is remarkable.'" We may conclude
that the tests when performed by the same person ghould be
very reliable.

(2) The effect of interval betwesen tests & scores.

Termen believes that the intervel betweeh‘the tests
makes little differsnce. He found(gg) that,"A group of sub-
jects tested on two successive'days.(by cne>of his sgtudents)
shows &lmost ae large, & ar frequent,I.Q. chances ag tests
generated by a year.' And again:(lol)"Teets sevarated by
more than five years show a greater tendency towards increase
of T.Q. than is the case with shorter intervals.' Cuneo &

Terman(101)

write: "Rebests agree closely with the first
test whether performed 2 days, 6 months, or 2 years later."
Hildreth(46) found "little differesrce in the amount of var-
ietion in test results when the time-intervel igs under three
yeérs." Odell (Jour. Educ. Pgsycho. XVI, 1925) seays:'Whether
the earlier testing has occurred within the past year, or

previous to thet time, avpeers to make little differsence."

Finally, Gray % Mersden(®®) roung, "1ittle diminution in

# dere & throv:zhout thic theris the value that follows the
sign # is the 'probeble error' of the value which pre-
cedes it.
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the correlation coefficient with the lengthening of the inter-
val between the tests." Their figurcs show only a slightly
diminishing sorrelation as the interval between the testings
increases. + As they point out, this may be due to some
extent to the later tests being too difficult; or it may also
be due, partly, to the growth of intelligence ceasing at different
ages in different persons. A

(3) Lhe offect of practice, Practice effect is
difficult to gauge: much depends on the interval between the
Tests. ,

Garrison .(Jour.tduc.Psych., XIIl, 1922, 307) is of the
opinion that "a giiggtpractice effect is evident."

Odell (Jour.Educ.Psych., HEE XVI, 1925) writes: "lhat on
the whole there is a well-marked tendency for the median score
of those who had mever been tested before to be somewhat lower
than the medians of those who had baken intelligence tests
previously.... . For the total group the superiority of those
who had been tested a$ some previous time was slightly more
than 2 points (2% I1.Q.).

Terman€9l) found little change in individual tests as the
result of practice. "It is rather surprising that children
profit little in a retest from their experience in the first
best. One would naturally expect,” he writes, "a considerable g

improvement due to their feeling more at ease and the
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opportunity to think over their eerlier mistekes & correct
them. However, this advantage yields the child, on the aveeage,
only & or 3 points in I.Q., even when the test is reveated
within a few days.” Cuneso & Terman(lg)write: "It appears
memory of a previous test has no appreciable influence after
the lapse of a few months, & that the effect.is negligible
even after an interval of only 2 days (with younger childrenk"
The most conclusive finding on this point is that of Gray &
Marsden:(34) "Practice once & year appears to have very little
effect on the I.Q.... The same wrong answer is very frequently
given in successive years. Littlé is remembered of a test from
year to yeer."” In any case, so far as the present inquiry is
concerned, any 'practice effect' is favourable to the patients,
& only mekes the re-test results higher than they should be.
(4). The Effect of Chronologicel Age upon Test Results,

Is 2ge a fector determining I.R. changesT Do the tests have a
varying accuracy at different C.A. levels throughout the scale?
Does the I.R. remain constant for all ages? Huhlmann (Jour.of
Applied Psycho. V. No.3 1921) says: "The tendency to deterior-
ate is definitely related to zge. The loss in M.,A. occurs more

(46) "

frequently with the older cases.” Hildreth found, in
young children,-3 to 5 year group, & 6 to 8 yeers of age at
first test,- a greater tendency towards incresse than to de=-
crease in I.Q. Children in the 9 to 11 yeers group, showed re-
sults very similar to the total. For the children over 18 years
at first test,the variations are not over four points in either
direction,for the middle 50% of the cases, & the’central tendF

ency of/
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changes ic .42 ."
(8) The effect of grade or initial I.R. on retest results:
Te the intelligence growth curve the same in form for

all grades of intelligence? Is grade a factor determining
I.R. changesT?T .
Hildreth (46) belieres ''there is a greater tendency to pos-
itive increase when the I.Q. on the retest is between 80 &
109, than in any higher level." Anderson (1) found that 'the
higheset initial T.g. showed the greatest loss” (mentally
defective children): and Huhlmenn (Jour. of Applied Psychol.
ITIT, 1921) that, "the TI.Q. decreased more with the higher
erades than the lower." Pugg % Colloton (82),on the con-
trary, maintain that,"”differences in degree of intelligence
seem not to be a factor. The differences in retests will be
approximately the same irrespective of intelligence."”

Undoubtedly the best work done to dete,relative to this
& other questions dealt with in this chanter, is that of
Cray & Marsden (38). Let us hear what they sezy: "Neither
PsA., nor I.Q. group, nor M.A., nor interral between the
tesgts, appear to hare an influence on the change of I.Q. in
any markea degree."

In what foellows then, we are assuming that the mean I.R.
of any pormal group at a first test, will be found to be

the same'at all successive tests, in spite of fluctuations

in jndividual caseg, due to any of the factors mentioned.
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PROCEDURE.,

This strange malady known as epidemic er lethargic enceph-
alitis first appeared in Glasgow during the early months of
1918. The earliest cases included in this study were brought
to the Royal Hospital for Sick Children in March of that year,
and the succeeding months. The largest number of our cases

were admitted in 1920, '23, and '24. In all eighty-three cases

have passed through the Hospital since 1918 to 1927. It is
from theme that the fifty-five forming the basis of the present
study have been drawn.

llany of these cases have been reported by Prof. Findlayeam)
Findlay & Shiskin(8); Anderson/2) and Stevenson(®%).  Ihe
1ast work particularly is closely related to the present
study.

It bacame apparent, as time went on, that the most serious
aspect: of this "new disease" was the development of sequelas.
These may develop months or years after the onset of the
disease. And, as Dr. Ctevenson says(gs), "after 8 years it is
apparent that no limit to the possible developments is yet
known,"

As many as possible of these sases have bsen seen at
regulér intervals and examined by the writer up to the end of

1028,

#The group is in no way selected;& though small may be re-
garded as & representative one,includi as it doesg both se-~
ve & not-severe cesesg,bed-cases,% chi dren now atpendin%
org?nary schools,as well as some attend speciel 'schools,
some who are worﬁing, & some who are inmates in institutions

of one kind or another.




All the first tests were given in the hespital, as socon as
possible after the acute stage of the illness had passed.

Two of these (cases 56 & 72 ) were conducted while the child-
ren were acutely ill, & have been omitted from the statist-
ical analysis. As this stage of the disease is marked by
lethargy & mental dullness, the only effect of this precaut-
ion is to raise the I.R. at the first test, presumably nearer
to what it was béfore the onset of the disease. The exam-
ination was given in the absence of the parent, & under ideal
conditions of quiet & privacy. Morecver,al acquaintariceship had
been establighed with the child, usually some days before the
actual exemination took place, & in no instance was the test
incomplete. The test was always given at one sitting, last-
ing roughly from forty to fifty minutes; a 1little longer
being required because the child was tested in bed. Farly
cnset of fatigue is characteristic of some of the cases, at
iater tests, but we do not think this factor has'to any great
exteng influenced the results. Many of the more difficult
tests were given to the child early in the examination, before
undue fatigue could have set in. Besides, cogni8ance was
given to this eventuality, & due allowance made. Some
Aoubtful cases have been excluded, leaving a group of 55.

The diagnesis in two of these cases 1is still rather doubtful
(No.s 83 & 87). In none of these was there any history or
appearance of an associated disease. Of the 55, &3 were tested
twice, 41 three times, 28 four times, 17 five times, 2 six
times, & 1 seven times. (197 tests in all).

With/
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With regard to some of the re-tests the conditions of the
testing were not so stable. The majority, however, were again
tested in the same room under similar conditions, with one of
the parents, =-- who had brought the child back to hospital for
the purpose, -- sitting outside. Several cases had early
bécome bed-ridden and had to be visited and examined at their
hogwes; while a few were examined sometimes privately, sometimes
in the presence of others, in one institution or another, to
which they had been removed. As the study proceeded fewer of
the children were able, or willing, to come to hospital to be
tested, and consequently had to be visited. Not only did it
take lonper to get at the children as time went on, -- on
account of removads to new homes or institutions, -- but as a
result of the progressive nature of the phgsical and mental
sequelas, the actual testing was gréatly prolonged, and??: some
cases very difficult, and in a few quite impossible. These
latter were unable to sit up in bed, talk or move their arms,

and a squeeze of the hand, or a blinking of the eye-lid eﬁc.,
’had to suffice for an answer to the test. [hese factors have
all been taken into account and no incomplete, or at any rate
doubtful, test result has been included or allbwed to invalidate

the general findings. The inability of many to meet the

travelling expenses (for our cases are gathered from all

quarters)srto afford the time away from the home, or kmam ,,,g
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to get away for one reason or another, -- were the common reason
given for non-attendance with the child at hospital. Frequently
as many as three and four lebters had to be written before the
child was ultimately tested. The whole-hearted willingness

to cooperate with us, on the part of many parents, was wonderful
despite the fact that they knew, or saw that we could do, or were
doing, nothing to benefit the child. One or two, year after
year, have travelled long distances to keep appointments, and
some have by letter and otherwise thanked us for our interest
and wished us success in our work.

It may be suggested that whegﬁgaiﬁsttgsthe child in bed
both the actual response and the time taken to perform the test
will be inberfered with. As Binet set time-limits to some of
the tests it might be asked: "What did you do when re-testing
the later cases many of whom had become* lethargic and displayed
greater or lesser motor disturbances?" In order to meet the
slowing down of the patient's responses, the time limit was
extended, indeed in some instances quite neglected, when delay
seemed to be due to this cause. As a time-limit only increases
the difficulty of a test, the only effect of an extension is to ;
improve the child’'s estimated intelligence status, which,as we J
shall see,merely strengthens the conclusions arrived at in our
inquiry. Our own impression is that any existent motor

distnmbance is no handicap, =- . :* an impression which is
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confirmed by comparing the group showing this symptom (Parkin-
sonian syndrome, see p. 227) with the others. Despite the
fact that at first sight, -- and to all appearance, -- the
former look much lower intellectually, closer and longer
obserevation proves this opinion to be erroneous. No other
modification was made in the procedure recommended.

There is still another possible criticism. Ihe assumption
underlying the success of the Binet tests is that a normal
child in a normal environment will at a given age reach a
certain stage of intellectual development, and that if a child
reaches this stage earlier (or later) than the average child,
it is because he is of superio; (or inferior) intelligence. If
the environment be abnormal the results of the tests are so far
fallacious. The difficulty is to determine what is a normal
and what dan abnormal environment. A normal environment as
Pequirea by the tests themselves may be defined as one in which
the growing child is allowed to read, write, count, handle
money, enjoy the ordinary opportunities of receiving instmuc-
tion, and of play. 1t may be objected that a child suffering
frbm the after-effects of encephalitis lethargica will not
have the same dpportunities as ordinary healthy children, and
so his intelligence will be under-rated. [his criticism is

not so serious as may at first sight appear. Of our total

cases, 84 have attended school at some period since their
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illness, and 21 are still attending a school - ordinary or
special, - 25 have now left school. Of these last, 5 are

. & 5 others have been employed. .
now working,/ The others run about at home and in the streets,
and even these confined in institutions have the advantages
of social intercourse, and in some cases, wheh able to profit by

the same, =- receivd  dducational instruction there. There

)
are some who are now shop-message-boys; some who go their
mother's errands; and some khax who are too low intellectually

to handle money: bub all receive every encouragement from

their parents and fellows to return to normality.




P A R T. I.

DISTURBANCES OF MENTALITY.

A. Intellectual Changes.
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BARL L.
A. ﬂental changes.
The manifestations and sequelae of encephalitis lethargica
are varied, and liable to change in nature and severity with
time. But at any one time distubbances of mentality will be
found to be the commonest and most striking of the after-effects
of chronic epidemic encephalitis. The mental changes,

especially in children,are very important. The fact that the

’
sequelae vary very enormously in form amd intensity suggests
that encephalitis lethargica may disturb any mental functiom.

The mental changes vary from slight loss of emotional control

)

or slowness of mental response to acute dementia or idiocy.
Howell fddﬁﬁiibywbntal changes or some alteration in character
constituted the commonest residual symptoms noted in 18 out of
?4 patients (53%). The severity varied from loss of emotional
control to dementia.” |
Saunders - Jacobs‘?w)vfrom a study of 100 children whbse %
ages ranged from § - 15 years, found the mental sequelae "to
vary from slight alterations in disposition and behaviour, to
acute homididal insanity."
Seys BuzzardglghExperience has taught us that many defects of -
function on the paft of the higher centres follow encephalitis v¥

lethargica:- lack of concentration and decision, depression,

restlessness, alteration of mental capacity, change in
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behaviour and adaptation, loss of moral sense.”

Shrubsall(aa) mentions the following residual symptoms or
sequelae:- character changes, mental hebdtude, failure of
intellectual development, or even acute mental disorder.

Depression, melancholia, apathy, mania, pathological
optimism, mental defiedency, loss of memory, inability to
concenteate, change of disposition, (which is always for the
worse) and conduct changes, are among the most frequently
occurring. 12 (24)(38)(75).

Cloake’(quoted by Shrubsall‘ae)) has described the symptoms
of cerebral damage as including: (1) The narrowing and weakening
of the mental capacity and field of thoughts the remoter assoc-
iations being lost with a consequsntial diminution of the power
of reasoning, especially where intricate associations are
necessary. k23 Stawimg up af kka skrzaw af Khaughk.

(2) Weakening of the power of attention and hence impairment of
the memory for recent events. (3) Slowing up of the stream of
thought. (4) Rapid mental apathy. (5) Impairment of
inhibitions espedially of instinctive processes; the latter =
showing itself in conduct disturbances.

Coombs(iV) writesi"Here is a disease, or group of diseases, |
probCooybs(iv)tive in origin, capable of leaving behind very

serious depreciation of the higher functions of the brain," and ,

he adds, it has a "possible bearing on the sources of some formé 
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of mental deficiency."

97) found mental changes to be the most frequent

Stevenson(
of the later symptoms among children. And from the references
in the literature it would also appear that disturbances of
mentality are mobe serious in children.(66),
Hall:fauné(sg)”Children and young people (under 18) (89.4% of
the group) showed a rather greater liability to mental affection
than did the patienﬂs of adult years."

Coulter(18) "Ihe cases in children»seem to have resulted
in the most havoc, for the greatest‘destruction to the mental
and nervous apparatus is found in the children."

Duncan{®4) found that the bercentage of his cases with
mental sequelae was about the same for all ages, but that
children of ages 1 - 10 years were more llable to severe mental
after-effects.” He studied 83 cases who could be followed at
least eighteen months after the onset. He found the mental
sequelas to "vary from minor defecté, such as impairment of
memory and alteration of sleep rhythm, to more severe conditions
such as neuroses, mental deficiency,and insanity. Among 78
patients, apparently permanent mental sequelae were found in
56, or 72%." ‘

Purser(P&), Riddoch(®®), and Auden(8) also state that a

largs proportion of their cases were children and adolescents.

Mental disorders varying from defective memory or



emotional instability to moral degradation and dementia, were

found in nearly seven-tenths of Riddoch's patients (ibid. p.1084)

Abrahamson(va) found méntal sequelae in 50%.

Wimmer(lng stated that of 25 children attacked 11 died,

2 were untraced, and the Pemaining'IZ all showed pronounced
psychological changes.

Grossman(sﬂ)jgg 89 cases found over 50% with mental
abnormalities, and Hall commenting on these figures said that
slight changes were probably present in many more.

Hallowell(zb) concludes from her study: "The psychological
examination in 71% of cases seems to reveal some abnormality,
either feeble-mindedness, hyperginesis, or abnormal slowness:'

Paterson & Spence*’i) selected 25 cases, ages Lhree months

to eleven years,and after excluding all patients who, before the
onset of the illness,were not of normal health or intelligence,
concluded that in the majority of cases emcephalitis in

children is followed by permanent after-effects, either

physical or mental. In only 25% was recovery complete. Among

the 24 surviving cases the mental condition was affected in

18 (75%). Of these,7 are grossly M.D.,and in a state of
permanent and hopeless idiocy. Others show minor degrees of

mental derangement. In other words, they found mental changes

of varying degree; from mild deterioration to complete idiocy.

Collin & Réquin(ix) found that the typical psychic sequelas
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after encephalitis in small children is mental backwardness,
which may be as severe as idiocy. Distubbances of character
are not marked. Children who were about 7 years old have also
arrested mental development and disturbances of character while
in older children (up to 17 years) mental deterioration though
almost constant is lecs pronounced than the changes of
character.

Glen{go) reporting on 6 cases of encephalitis in children,
found "altered mental characteristics and ab?ormal behaviour
constituted a prominent feature of the cases.”

uhPubSdll{aé) "In childhood the check in mental growth and
weskening of inhibitions are the most marked features."”

The foregoing data indicate, that of children attacked by

encephalitis about 50 ~ 707 of survivors show some psychological

changes.

Yote:
The Anmuel Report of the Chief Medical Officer of the
Board of Education (1924) states that 26.4% exhibited
some degree of mental change.And in more than half this
number of English School Children, the mental changes
were severe.
Of 184 children admitted to Winchmore Hill between ¥Nov-
ember 1925 & Dec. 'R26, mentel changes were reported in
78 (56%).
In the Medical Research Council Report of the Shieffield
Epidemic 1924, mental changes are reported in 53,or
21,1%,(1nterval¢between onset & review wag short).
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DISORDERS OF SPECIAL MENTAL FUNCIIONS3
I. INIELLECIUAL CBANGES:

If we disregard the few cases in children suffering from
definiggjggiéase, the mental changes following encephalitis may
be divided into intellectual, emotional, and moral.

Despite the rapid yearly increase of literature on the
after-effects of encephalitis, little work of any real value has
yet appeared dealing scientifically with the intellectual
changes of the disease. Intelligence tests have been used, but
for the most part casually and apparently with some diffidence.
No sufficiently definite and comprehensive investigation has up
to the present been made with a large group over a period of
years. We have already pointed out the inadvisdbility of
afriving at an estimate of Imkakkigamza intellectual capacity
from random observation and geuneral opinion. It is necessary
to add, that while scientific measurement of intelligence is
better than mere impression, nevertheless it is equally falla-
cious to arrive at a general conclusion from the scientific
examination of a very few cases, examined once, or even twice,
or even a large group tested at varying intervals after the
onset of the disease, the individuals of which have never been
re-tested at all. The donflicting statements appearing in the

literature are to be considered in the light of the foregoing

remarkds. Is it necessary to add that some psychological
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knowledge and eXpertness in intelligence testing is a
pre-requisate.?

Considering the possible toxic origin of the diseasg&the
severity of the infection as jadged by the early and late
physical and mental sequelae, one might expect considerabls
defect to be found in the field of intellect.

Hilléag) reporting on 87 cases gives case historiss of 3
individuals, in 2 of whem the I.A. is stated (in years). Of
one of these cases he writes as follows: "Her intelligence is

normal. & recent Binet Simon test shows her at least up to her

age standard,mtiea similar test done at the age of 9 yearsfenset)

gave her L.A. as 114." It is obvious, of course, that there
is deterioration here for the I.R. drops from 1224, to apparently
100( after an interval of 2 years) & cases showed serious
mental retardation (only 1 definitely feeble-minded), and 5 were ;
mentally normal. He concludes: "IThe patients never suffer :
from a gross defect in intelligence. In nearly all, the
parents say with certainty that no falling off in general
intelligence was apparent to them."

Anderson(?) states that the children‘do not suffer serious
mental defect.”

Hallcgsﬁv"fhough the 1.Q. as measured by Stoddart's

modification of the Binet-Simou tests, was found to be very

3

much below normal in several cases, it was difficult to
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determine whether any actual impakrment af intelligence was
present, since the poor response to a test might be accounted
for by the derangement of attention, or by bradykinesia and
bradyphrenia of the patient -- the first preventing adequate
continuity of cencentration, the second group of factors causing
rapid fatigue, and disinclination for mental effort generally.
Any defect of intelligence so recorded,therefore, would appear
to be rather of a functional character than to Be due to any
organic brain involvement."

Dr Potté'Zin the discussion that followed Dr. Marshall'g
paper'(sms)aid that "in the later stages there was no loss of

intelligence although there was always in children a failure of

other mental faculties to develop and sometimes an actual
regression.”

Robin®®) concluded from a study of 7 children (7 - 15 yrs)
that while "backwardness in learning was one of the symptoms
which made its appearance for the first time in a subject
previously normal,"-"there was no intellectual enfeeblement."”

Bonhoeffer‘a)’found no intellectual defect in any of his
cases.

Leahy & Sands(sg) give two I.R.S of a group of 6 cases

studied, whose ages ranged from § - 14% yearsy. Case I.,

c.A. 8, ‘snd . I.R. lOO;when tested one mdnth after admissionE

to hospitals Case II. ©.A. 834 L.A. 6yrsy4mths.y ERRD B§
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I.R. 79 (said to have been bright at school before illness)s
tested gix months after onset. The remaining cases are said
to have no intelligence defect, but no I.R.s are given.

Beverley & Sherman(7) give the I.R.s of 2 cases. Case I.
C.A. 11, 1.A. 8:10, I.R. 78-3 re-tested after gsix months
interval and showed "no evidence of mental deterioration."

Case Il. C.A. 13, l.a. 11:6, I.R. 86. Re-tested Lwo years
later 1.A. 15:4, I.R. 895-"no deterioration in intelligence"-
and conclude: "Ihe psychologic examination gives no evidence

of deterioration of intelligence. +-+-  The general impression
after observing their behaviour in the examination room is that
the intelligence is low. TIhe childish mannerisms, <<<- the
appearance of deterioration, are in marked contrast with the
high rating obtained by intelligence tests."

Kennedy(54) reports the case of a boy age 10, whose l.A.
tested by Stanford Revision of the Binet-Simon tests, was
normal, having an I.R. of 100. Yet, in spite of this result,
we are told the boy was at a school for the feeble-minded.

(48) gives the 1.R. in 1 of 11 cases studied. e is

Hohman
a boy age 12, onset 1919: I.R. karch 1921 was 87; I.R. at
second test (presumably date of publication) was 100.

Glén(go) reports on 6 cases admitted to the Darenth

Iraining Colony. Apparently all were tested by the Binet-Simon

method, although only one l.R., is given. Case II, who gained

several/

tkamaas.
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ceveral distinctiens for ability before her illness, had an
I.R. of 71 when examined one year after onset, & C.A.l5years.
"Now mental faculties show marked impairment.’ Another case
(Wo.3) age 9 years at onset, when re-tested 3 months later,
wag reported to be mentally normal. 3ut when examined again
4 years aftér onset the "mental poWers showed marked deter-
ioration.” This patient also previous to the illness had
gained severel digctinctions at school. The other 4 cases
are said to be intellectually normel: (No.l onset 11 years
examined one year later; No.4 ongset at 14 years & examined
2 years later; No.5 onset at 11 years & examined 3 years
later; No.6 onset at 11 years & examined & years later).
Other writers,- with equally good reason for doing so0,=-

are just as emphatic that intellectual deterioration is
found. Buzzard(lz) admits a progressive mental deteriorat-
ion in a few children. Alterations in the intellectual
capacity are also noted by Naville(?6) Three cases dé=
scribed by Jbrdana(sz) six years, nine years, & thirteen
yvears of age respectively, '"had not developed mentally to
keep pace with their apparently normal physical growth."”
Saundefs-Jacobs(SV) found from her study of 100 children
ranging from five to fifteen years of age, varying degrees

of impairment.
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"A large proportion of them are gquite intellicent... Some of
them mugt ,however,be definitely classed as mentally defective."
Dunoan(24) also found various degrees of mental deficiency.
Fwindt (58) applied standard tests to 18 young patients,& found

6 of them normal, 4 one yeer behind, & 3 two years behind.
Jewesbury(51) describes the case of a girl age 10, who,although
at the time of her illness was mentally very élear, is now dig-
tinctly backward. She attends a 'special' school, & the author-
ities there regard her as a very backward child, Hamel &

(41

Merland ) are of opinion that in their cases, "there is ar-
rest of psychic development with loss of vower to acquire
further knowledge. The actual state which presents itself is
one of dementia.” Herd(*®) formea the seme opinion from his
cases. Auden(s) found among 64 cases of children 5 to 15 years
of age, that 29 cases(45.3%) suffered from reduced intelligence.
Cruchet (Brit. Med. Jour. 1:1028, June 8, 1929) reports a case
age 10 at onset (1920), who before his illness was, if anything,
mentally advanced for his age: now he wes rather backward: his
intelligence appeared to have slackened: his words were those
of 2 child younger than himself: his mentel state became in-

creasingly unsatisfactory. Four years later (age 14), it was

found imvossible to teach him a trade. The mother said:"In my
opinion my son's brain has not progressed: it has remained as
{t was when he was 10,— the age when he took the illness.
McCowen & Cook(62) 2lso revort a case of a girl age 1l years,
who showed "very definite intellectual deterioration,as shown
by successive Binet tests." They add:"It is probeably the ab-
normel brightness about their own illness,that has led many
physicians to aver that there is no mental deterioration in

many of these patients... Close observation shows some degree

of mentecl degeneration in neerly every case.”

We/ »
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We pass now to the more systematised worlr that hasg been
done in the attempt to measre the erffect of encephalitis on
the intelligence of children, & the extent of the intell-
ectual arrestment. The best piece of work so far published,

is an artiele by Hallowell£4o)

who describes the results of
avuplying Binet & other tests to 24 children suffering from
encephalitis. Seventeen of these cases have been published
in a study by Dr. Ebaugh‘zs) Fourteen of these are included
in Hallowell's study. The suthor's purpose, she states, was
"to ascertain whether the psychological examination would
throw any light on any of the behaviour disorders; also to
discover whether there is any similarity of reaction pat-
terns; & especially whether the encephalitis permanently
lessens the mentality of the child." The tests given in-
cluded a series of 'performance tests',- form-board, mezes,
triangles, memory span,-& abbreviated Stanford Fevision of
Binet: and the examination was made from 7 years to & months
after onset. The mean time intervalybetween onset & examin-
ination was 32 months.
Ve have summarised & revised the results,which are shown in
Table I. Three cases (1l8%%) definitely feeble-minded(idiots)
were attributed to the encephalitis with no chance of nor-
mality being atteined. Twenty one children with onset at
3 to 16 years seemed to suffer no change in degree of ment-
ality. |

The only previous systematic work to our own, done with

British children, is that of Shrubsall's{®®) of 25 cases

observed/
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observed 2 - 3 years later there was little or no intellectual
impairment in &, and marked intellectual impairment in 8. One
case examined at age 4% years - 2% years after onset, had a
'LA. of not more than 24. Another examined at 12 years,

1 year after onset, was "distinctly in advance of his age."
"When again seen there had been no sign of intellectual impair-
ment."  Another case age 10, who previous to illness gained
prizes at school, had a LA. on the Binet Scale of 10 years:

"no intellectual impairment."” While another with a IA. of

11 years "showed marked deterioration in attainments."”

More recently Shrubsall(aa) writes: "Intellect and intell-
igence may be affected in a greater or less degree ramging from
mental hebetude to imbecility. In quite young children mental
growth may be altogether checked, but this is by no means
always the case. . In many cases the failure, (in the
intelligence tests), seems to depend on a lack of desire, or ...
interest, than on actual intellectual impairment. In older
children it seems that there is a simultaneous gain and loss3
ental g;owth being accompanied by the development of a condi-
tion of dementia, so that the rate of progmess gradually skowed
down, until the loss exceeded the gain and obvious deterioration |
get inc In 4 such cases the responses to intelligence tests
showed an increasing degree of scattering." He found a reduc- %

tion of intelligence in 56/143 (39.16%).
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TAELE 1I.

Srrubsall's Table. (oo Page 216)

Mental Age ag Ascertained at Varying Periods after Onset.

Years after onset.

Coreltiteyl 2 B 4 5 6 7 B o
1y -1y = - - - =2 2 - - 1-2
2 3 4-5 - B3-4 3 - - -
3 3| - - 4 - - - 8 8-9 -
4 4 5 - 4 - - - 4 - -
5 5| - - 5=6 7 8 - - - -
6 5 - 6 - 6 7 - - - -
7 6 - 8+ =~ - - - 10+ - -
8 6| - A 8¢ 10 - - - -
9 6| - 8 7-8 7-8 =~ - - - -

10 8l - - - 10 - -  9-10 - -
11| 10 - 10 - 11 - - - - -
12| 10| 8 8 9-10 - - - - - -
13 10 9 9 9 - - - - - -
14 10 - 12 12 12 - - - - -
15| 1c| 18 - - 1 - - - - -
16 10 - 8 - 9 - - - - -
17 10 - - 10-11 9 - - - - -
18 11 12 11 - - - - - - -
19| 11| - 9 10 - = - - - -
20 11 9 10 - - - - - - -
21| 12| - 181311-128 - - - - - -

nete:-= "If & strict met-od of time limits had been em-
ployed in the tests all would have secured a much
lower score." (p.215) -
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The accompanying table shows the nrogress in 21 school
children examined on two or more occasions by the Binet Tests.
A tuble such as this,based on such a small group of cases,is
not of much stetistical value. The I.A.B ere too general, &
begides,we want to know the I.A. of each patient at,or soon
after, onset. Shrubsall's general conclusion from these re-=
sults is thet "in some there is a slow deterioration, some re-
main at the level at which they pfobably were prior to the ill-
ness; in a few after a period of arrest there is a slow recovery.'
More recently, Cruchet (Brit. Med. Jour. 1:1029,June 8th.,1929)
has expressed a somewhat similar view:'"The child's mental state,
at a given phase in his illness, undergoes a sort of regression:
but it is not a regression that goes on increasingly: it stops
at a period which varies according to the intensity of the
encephalitis. A child of 10 may regress to the M.A. of 6 or 7,
or even younger: a child of 15 or 16 may fall back to the in-
tellectual level of 10 or 12. In certain cages, when the ill=-
negs is over, the patient gradually recovers the abilities
temporarily lost, & starts again on the upward grade towards
the normal state. In other cases the psychic condition becomes
fixed at the point of regression reached by the patient, or
else it becomes stabilised at the age of the child at the time
of its illness."”

It is apparent that a much wider study of the effect of
epidemic encephalitis on the intelligence of children is nec-

essary. The present inquiry is an attempt to meet this need.
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The most convincing evidence of the effect of encephalitis
lethergica on the intelligence of children would be provided

by tests applied both before & at intervals after the onset

of the illness. For obvious reasons these must alweys be rare.
(there is only one such case referred to in the literature on
the subjeoﬂgo) ). As none of our cases were tested before their
illness - so far as we know,- we are compelled to collect what
informetion we can from an analysis of the records at our dis-

posal.
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THE VARIABILITY OF INTELLIGENCE IN ENCEPYALITIC CHILDREN.

The intelligence of our encevhalitic patients ranges
from feeble-mindedness up to a grade about equal to the
average of the other children. The highest I.R. at the first
test was 110, & the lowest 59. The figures for the remzining
(974) hospital non-encephalitic patients are 139 and 34: and
of the Fuchill Fever Hospital 250 convalesceﬁg?géggs?fggrand
E2. Burt % Spielman ("A Study in Vocational Guidance,'" M.R.C.
Report, No.33. London 1986), found the range of the hundred
group forming the basis of their study to be I.R. 134 to I.R.
62. The corresponding figures for the healthy siblings of our
encephalitics are 114 to 73. A comparison of these figures
shows that there is nothing unusual about our encephalitics
as a group.

| The variability of the group, as measured by the
standard 8eviation, is slightly lower than that of the rest
of the patients. The S.I’. of the encephalitics is 12.12;while
that of the others is 14.66. Since the means of the two
groups are different,the coefficient of variation, which is
the standard deviation expressed as a percentage of the mean,
gives a better measure of the variability than does the S.D.
itself. This for the encephalitic group is 14.46 +0.92; while
for the others it is 16.18 #0.26. The difference (1.72 #0.96)

is not significant.

# The corresponding figures in Hallowell's group (p.36) are
109 and 64. The latter figure excludes 3 imbeciles whose
I.R.s sare unknown.
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THE I.R.s OF ENCEPHALITIC AND OTHER CHILDREN.

The mean intelligence ratio of the 55 encevchalitic cases
at their first test, which was verformed at intervals ranging
from a few days to eight years four months (Case 18) after the
onset of the illness (the average being 17 months), was 83.83
+1.103. This meen is adpreciably & significantly below the
average of other non-encephalitic hospital children which is
90.53 #0.32 (974 cases). The difference between these means
is 6.69, & the probable error of this difference is +1.15.
"hence it follows that the odds against this difference being
due to chance are 11,627 to 1. In other words, if we took at
random a sample of 55 cases out of the total 1,020, the
chances against the mean of these cases differing from the
mean of all the cases by +6.69 or more, are 11,627 to 1.

When patients suffering from diseases of the ductless glands

and of the brain are excluded, the mean I.E. of the rest of

the patients is 91.76 40.35; which is still more above that

of the encephalitics.fﬁ#
So far we have compared the mean I.R. of the encephalitics

with the means of other children who, however normal they may

be, are inmates in hospital suffering from diseases varying

# A difference between two means is regarded as significant
when it is three times its probable error.

##Calculated from '"Tables for Statisticians and Biometricians"
K. Pearson,(Cambridge, 1924.)
###As regards 'gociel clasgs' there is no recgon to believe that
thers is eny difference between the two croupe compared: all
were admitted to the same hospital in the ordinary way.



veryinrg irn severity. They are 'sick childrer.' But the signi-
ficence of our figures becomes still grester wher we contrast
a group of convelescent scarlet fever children, of aporoxi=-
rately the seme age. These childran - an urnselected group-
when tested in a fever hcépitalﬁgést befores discherge, gave a
mean I.FE. of 95.10 #£0.60. (£50 casers). Hence our encephalitics,
ag a clesg,are distinctly below other children in intelligence. -
As our 55 caseg differ from the rest, so far as we know,
only in beirg cases of encephalitis lethargice, these figures
not ornly show that at the time of tesbting,¥¥EXE these patients
were‘of lower intelligance than the rest of the hospital popu-

lation, butg suggest a causal

cornectior between this disease &£ dAiminishine irtelligerce. IT
the illrness 4id not preoduce the deterioration of intelligence,
then either we must believe that this is the one: chance in
11,500 , o? we muet accept the remote possibility that the
encephalitice were of lower intelligence before their illress,
% that this disease attacks most readily those of meaner intel-
ligence., We have seen elgewhere that the range of intelligence
in the encephalitic éroup is comparable with that of a normal

group. (p. 42)

# This conclusion is confirmed by Hallowell's results. We
have calculated the mean & the prebable error of the mean
for her cesges. The mean of the &80 cases whose I.E8 d&regiven
is 87.7 (£ 1.685). When the 4 cases designated idiots are
included, the mean I.R. of the total &4 cases is 79.75
(£ 3.050). (=ee p. 36_)

(X) Fuchill FHospital, Glasgow: tested by the writer.
Thege children were drewn from homes a little superior(on
the whole) to the Yorkhill cases, so that a elight 'social
clages difference' may be present here.
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I.E®. of MALE snd FEMALE PATIENTS COMPAFRED.

Our series of post-encephalitic children comprises 41
males, & 14 females. The mean 1.R. of the former at their
first test was 82.658 £ 1.408. The mean 1.R, of the latter
at their first test was 87.£86 ¢ 1.795. The difference be=-
tween the meens is 4.627 ¢ 2.282, which is ‘not significant;
Comparing these two groups at their last test the mean I.R.
of the males (39 cases)# was 69,154 # 1.584; that of the
females (14 cases) 76.1483 ¢ 1.743. The difference between

these means is 6.989 £ 2.3E5, which isbarely significant bt

loo¥ through the female group (which is small in number )

we find one case, % one case only, which shows an increase,-
& a big increase,-}?ri&gfirst to last test: namely, 87 to 95.
Omitting this case from both first & last test comparisons,
the difference between the means of the males & females at
their first test is 4.649 + 2.390, & at their last test 5.538
+ 2.235, Since each of the mean differences is only twice its
probaeble error, it is not significant.

Comparing the male & female groups for amount of I.R.
deterioration we get the following figures: -13.508 + 2.12,
for the males, & =11.143 ¢ 2.502 for the females. These
figures are obtained by subtracting the last test I.R. mean
from the first test I.R. mean. The difference between these
figures is 2.8362, & the probable ercor is % 3.28: hence the
difference is not significant. Eliminating one case in the

female group, as formerly, the revised figures are: instead

Two cases were only tested once.



=46-

of 11.143 & 2.503, 12.616 ¢ 2.494. The Aifference between
this latter figure & 13.508 (males) is 0.892, & the probable
ecror ¢ 3.27: which is much less significant.

There is therefore no sex difference in the intelligence
of boys & girls who contract encepvhalitis 1ethargicgi & in
the years that follow the onset each sex deteriorates to an
equal extent. Our figures would probably be even i;ore con-

of cacres
clusive in a series/with the sexes more equally distributed.

# The same is true of the Yorkhill Hospital group of 1020.
For the boys n.= 502, 6.,= 14,57, mean I.R.= 80.54 +0.44:
for the girls n= 518, 6.= 14.92, mean I.R.= 90.02 #0.44.

Burt's results for normal children show thet "at almost
every age the girls outstrip the boys...0On en average

e e+ .by about three tenths of a year." (10. p.193)
Terman states:- "The latest studies indicate that girls
are slightly suverior to boys in brightness at all ages
from the very earliest up to fourteen. The difference is
slight & amounts at most to not more then 3 or 4%."
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T8, OF HEALTHY BROTHEES AYD SISTERS OF PATIENTS.

A further line of ingquiry is to compare the I.R.§ of
the patients with those of their brothers & sisters. There are
of course, as 1g apparent to everybody, all kinds of variations
between siblings in respect of intellectual ability. Yet cor-
reletions to determine the resemblance between siblings as re-
gards intelligence, yield on the whole coefficients clustering
between .50 & .60 for full siblings, & of about .80 for those
who are twins.(lo4)

We brought up to hospital for exeamination,l100 healthy
brothers & sisters of 100 hospital patients, chosen at random
from the 10280 group of Yorkhill cases. The 100 hoespital pat-
ients ware considered a fair sample of the general hospital
population. The mean I.R..of these was 91.7 ¢ 0.94. The mean
I.R. of their healthy brothers & sisters was 90.8 #+ 0.82. The
correlation coefficient is +0.45 +£0.05.

If encephelitis lethargice has not an adverse effect on
the intelligence of children, we should expect our patients

to have an I.R. mean not sgignificantly different from the

mean of their healthy brothers & sisters.
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[ABLE I11.

lest Results of Brothers and Sisters.of patients.

Column Sex. M = Male, F= Female.
" Case Number, e.g. 1V = sister of patient 4.
Date of Examination.
lime between the lst. and 2nd. tests. (in months).
Chronological Age at time of test. '
Intelligence Age.
Intelligence Ratio.
Increase in Chronological Age (in months).
Rise in Intelligence Age (in months).
" (10) Rise in Intelligence Ratio.

)

O WD U W I~

"
1
"
ft
"
"
"

#NOTE: - ['he Roman Numerals used in Column (2) correspond to the
Arabic Numbering used in XpmemdixeX, Table ¥, Column (2).

Cases starred (») denote a second sibling tested.



IABLE 111,
1 2 4 6 8] 9 |10
FIIv 11:8 |10:40
F| XII /5/ 12:9 |11:46
F| XIII 28/6/26 9:11{10:88
6/10/28{ 27| 12:3 | 12:80 2:4|1:112| -5
M| XIv 20/7/26| |[13:8 [13:60
28/7/28| 24| 15:8 |14:40 2:0]0:100( -8
M| XXI /6/ 6:9 | 6:30
M| XXVI 31/7/26 7:11{ 8:14
8/10/28[26|10:1 |10:42 |103[2:2{2:28 | O
M| XXXI 14/6/26 3:11| 3:52
F| XXXI= 14/6/26| |13:4 [11:96
M| XXXVII /8/2 4:3 | 3:82
22/9/28| 26| 6:5 | 5:46 2:2/1:84 |-3
M| XLI / 5:9 | 6370
9| 6:6 | 7:50 0:9{0:100( 0
M| XLIs /5/ 4:9 | 4:70
M| XLIv 31/7/26 4:9 | 3:72
F| XLIX /7/ .6:6 | 7:30
M| L 31/7/26 8: 8:98
FILI /7/ 3:4 | 3:24
27/9/28| 26| 5:6 | 5:15 2:2[1:111(=-3
M| LI /7/ 8:9 | 6:100
27/8/28| 27| 11: 8: 2:3|1:20 |-5
F|LII 12:  |11:92
F|LIIs 9:3 | 7:54
/9/28|27|11:6 | 9:74 2:312:20 | 3
F|LIII 30/7/26 5:2 | 5:40
FILVI /7/ 7:2 | 6:100
20/9/28| 26| 9:4 | 8:58 2:2[1:78 |-4
M{LVIs# 10:7 | 8:110
M|LVII / 10:4 | 9:108
4/10/28|27]12:7 }11:22 2:3|1:34 |-7
IM{LVIII 16/5/27 4:1 | 3:901 »
/9/28/16| 5:4 | 5:51 1:3{1:80 |10
M{LX 24/7/26 8: 8:40
27110:3 [10:64 2:312:24 |-1
F|LXI } / 7:3 | 8:10
4/11/28]28{ 9:7 |10:46 2:42:36 |-3
M|LXII 24/7/26] |12:10[10:116
23/7/28| 24|14:10|11:116 2:0 |1:0 |-4
M|LXIV 31/7/26 5:3 | 5:45
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1 2 3 5 6 |7
F|LXX 7/6/26 8:2 | 8:64 |104
M|LXXI 28/6/26| [10:10]10:56 | 97
M{LXXIII | 30/7/26 8:1 | 7:20 | 89

a| 6/10/28|26(10:4 | 8:110| 86
M|LXXVI 28/7/28| [14:3 [11:112| 84
F{LXXX 30/6/27 6:4 | 5:105] 93
F|LXXXIII | 10/5/28 4:7 | 5:6 |[110
F|LXXXIV | 22/9/28 4:6 | 4:82 |104
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The brothers & sisters of 29 patients were tested under exactly
the came conditions as the sick children. They numbered %4, for
in 5 families we were able to teét 2 healthy children. The
varente were requested in writing to bring to hospital a
healthy sibling, preferably the one nearest in age to the pat-
ient. The results are given in Table III.
The mean I.R. of these 34 brothers & sisters (19 males & 15

females) was 95.85(P.E.41.16); the mean I.R. of the 29 patient
at their first test was 85.00 (P.E.$l.53). The difference be-

tween these two means is 10.85, & its P.E. is $1.92: hence it
ig significant. The mean of the same 29 cases at a second
test was 76.86 (P.E. #1.75). The difference between 95.85 &
7686, 1.e. 18.99, is much more significent. Even the differ-
ence between the first & second means of the patients them-
selves, 8.14 with a P.E. of #2.33, is significant. These re-
vised groups & figures agree closely with the earlier results
of Dawson & COnn(lv' p.565)

Since then (1926) 15 (10 males & 5 femmles) of the 34 broth-
ers & sisters have been tested & second time: the mean I.R.is
93.67 (P.E.#1.93). The difference between the first (34 cases)
mean, & this second mean (15 of these 34) is 2.18; but as its
P.E. is +2.65 this difference is insignificant. The first mean
of the 15 tected twice was 95.86 (P.E. #1.82); giving a sim-
ilar mean difference,& probable error of the difference.

The mean I.R. at the gecond test of the brothers & sisters
(15 cases) was 93.,67; the meen I.R. at the second test of the
patients was 76.86 (29 cases). The difference of 16.81 is‘even

more significant than the difference of 10.85 between the first

tests of the same groups (84 & 29 cases respectively).
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at the second test

The mean LE./of the 15 patients whose brothers & sisters
were tegted twice was 76.C07 (P.E. &+ 2.81); the mean I.R. of
the corresponding 15 brothers & sisters being 93.67, the
difference isg 17.60, & the probable error of this difference
ist3.41: hence it is eigrnificant.
One other comparigon is pessible: corbining the first &
second tests of both the patients & their brothers & sisters.
The meen I.EFE. of the 49 teste of the healthy brothers &
sisters is 95.18 (P.E. + 1.00); the mean T.F. of the 58 tests
(29 Tirst tests & 29 second tests) of the patients is 80.93
(P.E. + 1.22). The difference of the means is 14.25; its
nrobable error is % 1.58: hence it is very significant.

Therefore, although children in the same family da vary in
intelligence, it is highly improbable that the above differ-
encegs are due to chance.

Corroborative support of the difference in intelligence,
between the petients & their heelthy brothers & sisters, is
cupplied by Table 1V.

The parent when asked to compare for intelligence, the

patient with the other gibling tested, mairtained that in

18 cages it was the patient who was the cleverer or brighter
before the illness, while in 4 it was the healthy sibling

(two pairs were judeged to be the same). In one of these ave
(cage 28) it is obvious that considerable deterioration must
taken place before the date of the first test. In only three
of the thirteen cases (number 56, 73, 76 ) do.. the L.R.%

at the first test exceed the corresponding LR.8. of the



TABLE 1V.
"PATIENT and HEALTHY SIBLING COMPARED for INTELLIGENCE"(by parent).

Judged to be the Cleverer Judged to be the Cleverer
Before Illness. Pres
Case| Pat. |Case |B. or S. | Case Pat . Case [é. or S,
No. No. |(sibling)| No. No, [sibling]
{ 1st. . 1st: Last Last
(Pat)] gl [(Sibe) | pg. | (Bate)| gp|(51be) |1 R,
80 IV 89 70 v 89
121 70 89 83 | XII 89
75 X111 108 75 | X111 103
26| 8llsangXXvl 103 49 | XXvl | 103
31] 69 89 69 | XXXI 89
73 XXXvII| 87 55 | XXXv1lf 84
40| 82 112 73 | XLIX | 112
. 96 | L 110
51} 79 78 51 77 73
52 98 08 82 | LII 08
561 110 95 56 82 o1
gg g;@ | % 76 | LvII | 89
% | 1576and 104
82| 75 8§ 62 71 81
64| 80 102 80 | LXIV Q02
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brothers & sisters; whereas six cases have, by the time
of the first test, I.R.s much below those of their
brothers « sisters, and presumably, if the parent's
opinion is to be trusted, have deteriorated since the
illness to that extent. loreover, the I.R.s of the

four cases reported to have been more intelligent before
the illness, are actually significantly higher than the
l1.R.s of the four sibling patients: thus confirming

the parent's judgment.

[he comparison made by the parent after the illness is
equally enlightening. Only three of the patients are
now considered to be superior intellectually to the
healthy brothers & sisters. In two cases (number 56,
and 62) this judgment is not borme out by a comparison
of the I.R.s; while in the remainiag case (number 51)
the difference of four points is too small to be signi-
ficant. Thirteen of the brothers « sisters are now
judged to be brighter than the patients, and in all
thirteen cases this judgment is confirmed by a comparison
of the l.R.s at the last test.

Such judgments mxe not bx of much value, but theyat 1least
support the conclusion that the difference betwsen the}
intelligence of the patients and that of their healthy

brothers and sisters is the result of the illness.
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RE-TESTS OF PATIENTS.

In his "Intelligence of Schoel Children,"(101)
Terman has given the I.R.s of 428 children who were
tested twice. The tests used varied somewhat, & extended
over a time interval of 1 day to 7 years, & were made by
33 different examiners. 28% of the tests hoﬁever were
given by the same examiner. For the purpose of comparing
Terman's figures with our own, we have calculated from
his Table XXVI(p.143) the means of the first & second
tests. They are: mean of the first tests 104.170 $0.712;
mean of the second tests 105.397 £0.729. The difference
between these meens is 1.287, & ite probable error is
almost ag large, +1.019. Hence there is no significant
difference between the means of his first & of his second
tests.

To obtain some further evidence of the relie~ '
bility- of I.R. constanc), we re-~tested 100 children of
our original 974 group. The only selection made was the
exclusion of epileptics, for obvious reasons. To obtain
the hundred cases the I.R. distribution for the 974 was
reduced proportionately to 100 and arranged in I.R.
groups of 10. Children taken at random from the original
I.R. distribution groups were written to and asked to
appear for re-testing.

The /



The mean I.R. of the 100 at their first test was 89.91 +0.82;
the mean at the second test was 89.62 +0.78. The difference

between the meeans is 0.29, and is not significant.

One hundred & forty two re-~tests of encephalitic patients
are uged in this encuiry. The mean I.RF. of these, irrespeét-
ive of time interval between the tests, is 74.35 (& 0.794).
The first test mean I.F. of the 55 patients was 83.83 (£1.103).
As wexXKrEWY there is good reason to expect no congiderable
difference between the first, % succesgeive tests of the same
healthy children, the difference of 9.48 (+ 1.36) which is
significant, must be due to the effect of the digease.

Adding together all the testes used in this enquiry,
(55 first tests, & 14& re-tests), we obtain & mean I.R. of
77.C0 (& 0.582); which when compared with the means of the
'controlg' above quoted, suggests that we are dealing with
a group of children much below normel in intelligence, &
whose sub-normelity has been produced by encephelitis

lethargica.

# note: Burt fourd dimirubier in I.R. to be commener then
increase. "But neither speed ror amount of decline
are, ag a rule, congiderable. Apart froem accident,
diseasge, or other extraneous factor, seldom, if
ever, does a young child of rearly average ability
grow up into 2 typicel case of mental defect. In the
few individuels that have beern brought to me as clear
examples of complete trensition some definite dis-
turbance has been discoverable as the underlying
cause," (100 P 154) .
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The conclusion already arrived at from the above lines
of inquiry, receives further confirmation from a comparison
of the I.R.& of pat#ents tested a second, third, fourth,etc.,
time . The results of these re-tests are recorded in Table ¥
in detail.

Column(l) shows the sex of the patient: Column (2), the case
rumber of the seme in the series: Column (8), the date of onset
of the illness: Colurn (4),.the dates of successive tests:
Column (5), the time interval between the onset & the tests
(in years & months): Column (6), the interval between the
first & successgive tests (in months): Columm (7), the chron-
ologicel ages at the time of the tests: Column (8), the in-
telligence ages: Column (9), the intelligence ratios at each
test: Column (10), the increase in chronological age (in
months): Column (11), the actuel increase in intelligence

age (in months): Column (1l%2), the rise in intelligence ratio:
Column (13), the expected increase in intelligence age with
normel development (in monthg); based on the assumption that
the intelligence ratio remains constent (see p.9f. ): i.e.

the intelligence age that a child of known intelligence ratio
ghould reach after a given interval: Column (14), the actual
rise above the expected level of normal development (in
months): Columm (15), the irndex of development, a figure which
shows whether development is normel, & gives a measure of

the stability of intelligence. The figures in this column

give a measure of the rate of development, & so provide a

method/
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Py ‘—‘ V.

Results of Re-tests. (Patients).

Sex. I = Male, F = Female.

Case Number and Successive lests, e.g. 4 = first
test, 4a = second test, etc.

Date of Onset of Illness.

Dates of Successive Tests.

Interval between Onset and lests.

[ime between lst. and Successive Ilests.

(in months).

Chronological Age at [ime of Test.

Intelligence Agse.

Intelligence Ratio.

Increase in Chronological Age. (in months).
Rise in Intelligence Afe. %in months ).

Rise in Intelligence Ratio.

Expected Rise in Intelligence Age with normal
development, i.e. (68) x I.R./100.

Rise above expected level of normal development,
i.e. (11) - (18) (in months).

Index of Development, i.e. (11)/(13).
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method of comparing the variocus cases at a glance. They are
the ratios of actual increase in intelligence sge (shown in
column (11) ), to the expected increase with normal develop-
ment (given in celumn (13) ). If the actual rise in intelli-
gence zge be equal to the expgcted rise, the figure appear=-
ing in Columm (15) is "1", or unity, indicating that devel-
opment ig normal; when it is between "0" & "1", it denotes
retardation; when there is no increase, it is "0", & denotes
stegnation; when it is = negative quantity, there is retro~
greggion.

Mifty three of the fifty five cases were tesgted a

at ( & to 68 months)

gecond time, ERkmx varying intervals/after the onset of the
illness, when the mean I.R. was found to be 74.9% (4 1.38):
41 cases were tesgted a third time, & the mean I.R. was 75.04
(£ 1.405): 28 of these cases were tested a fourth time,'& the
mean T.R. was 73.82 (+ 1.60): 17 were tested a fifth time, &
the mean was 72.88 (f R.32): 2 were tested six times; thate
mean I.R. was 74.5: 1 tested a seventh time had an I.R. 56 ,
at the last test. #
Since the first test mean I.R. of the total 55 cases (83.83
¢ 1.10), was significantly lower then thecontrols, all these
re-test I.R. means are much more significently lower.

To bring out the true significance of these re-test results,
we must compare the meen I.R. of the game cases, at their
ffirst & second, first & third, first & fourth, first & fifth
tests respectively. This is done in ?able IX. |
The/

# It hes become increasingly difficult to test these patientse
owing to distance, eddress unknown, failure to respond to
invitetion to come te hespital,% severe physical deterior=.;s
ation. ‘ :




-68~

The 58 cageg, whosge mean I.R. at the second test was 74.92

(£ 1.38), hed at their first test & mean of 84.26 (£ 1.115).
The difference between these means is 9.34 (& 1.77); whence
it follows that the odds against the difference being due to
chance are <,666 to l. This is still stronger evidence of the
effect of encephalitis lethergica on the imtelligence of
children.

The 41 cases whose mean I.R. at the third test was 75.05

(£ 1.408), had at their first test a mean of 86.78 (£ 1.31).
The difference between these means is 11.73 (& 1.9%); whence
it follows that the odds against the difference being due to
chance are 85,772 to 1.

The 28 cases whose mean I.R. at the fourth test was 73.82

(£ 1.80), héd at their first test a mean of 87.57 (& 2.585).
The difference between these meens is 13.75 (¢ 2,2?);‘whence
it follows thet the odds against this difference being due to
chance are 26,454 to 1.

The 17 cases whose mean I.R. at the fifth test was 72.88

(£ 2.832), had at their first test & mean of 88.17 (£ R.09).
The difference of the means is 15.29 (& 3.13); whence it
follows that the odds against theé: difference being due to
chance are 1,025 to 1. This is a big drop from the preceding
odds, but the true significence of this difference appears
from what follows. These same 17 cases, whose mean I.R. at
the first test was 88.17 (t 2.095), had at their fourth test
a meen of 74.59 (& 2.04). The difference between these means
is 18.59 (& 2.98); whence it follows that the odds egainst this

difference/
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difference being due to chance are only 876 to 1. The mean
I.F. of thece same caser at the third test was 77.5%9(+£2.0835).
The difference between this & the first mean is 10.59(£2.92);
whence it followgs that the odds against the difference being
due to chence are only é8 to 1. Thé mean I.F. of there rame

17 caregr at the recond test was 78.65 (& 2.55). The difference
between this’'% the first mean is 9.53 (&£ 3.30); whence it
follows that the odds agairst this differ-nce beirg due to
char.ce ere dnly 18 to 1. So that the sigrificerce of the
differ~nce, asg mezsured by the mHrobebility, steedily increesses
in the groun of natierts tested five times, from first to
Tifth test.

Ar. examiratior of Teble V yvields some additioral irformatior.
As the intelligence age (I.A.) merks the level of irtellectual
develovmert reached by the patierts, it is obvious from
columr. (11) thet ir 4 cases there is actual retrogression;

in £ of these it i corsidersble; in the other 2 the retro-
greggion is of such slight degree that it amourts vractically
to stagnation. In other 3 cases the I.A. was undeterminable

at the last test, & presumably these too are suffering from
retrogresggion. In 6 cases out of the remaining 45 the I.A. 1is
Practically étationary. Thebother 39 cases show some growth,
but in 12 enly is the growth in I.A. at all coensiderable

(case numbers 14,4%,4%,50,51,5%,58,€4,66,69,84,86). Three have
T.A.8° 1eés then a year behind their C.Af& , & I.P.8 over 90:
the T.A.8 of the remainder range from 1} years to 6 years be-

low the corresponding C.A. So that while intellectual groewth

h¢9f2 sgggld ?e net cgd thet 9 casgsiat t%e lastdtgst wggetover
amb8F 8 95 FHS2ePORE™MIBRLY fnBnltrColghtoEgdETon the
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has not ceased 1in these caseg, it ig not o»ronortionste to the
increase in physical zge, & in some of the cases it is doubtful
whether the apparent improvement has any sipgnificance.

The true meaning of these figures is brouvght out in the suce
ceeding columns. From column (14) which gives the actual rise
above the expected level of normel development, we find that
in every case but 4 it is negative at the last test. There was
then in 48 of our 52 cases (92%) a drop in the normal rate of
development. This is shown in snother way in ceclumn (12) which
gives the actuel ircreese in I.F.

From column (1%f) we observe that there are only 9 ceses with
an index of development figure of + 0.74 & over, at the last
test. Table VI shows the distribution at the successive tests
of all the indiceg of development. Those indices around 1 are
classed as normal in de&elcpment, those around + 0.75 as nearly
normal, those around +0.E0 ag retarded, those around +#0.25 as
seriously reterded, those arovnd @ . 0O’ as stagnation, &
thosre - 0.50 as retrogression. The mean index of development
of the various groupssas classified,approximates to these
nurkers., Of 138 indicés 23 (16.7%) fall in the 'normal' cate-~
goey with a meaﬁ of 1.13; 19 (13.8%) are 'nearly normal' with
a mean of + 0.,78; 3B (R5.4%) are 'retarded' with a mean of

+ 0.48; 25 (18.1%) are 'seriovsly retarded' with a mean of

+ O.28; while 30 (R1.7%) are 'stationarv' with a mean of

+ 0.00%; and 6 (4.3%) are in the 'retrogression' category

with a mean of - C.58,

Comparing the distribution figures vertically,- the indibes
based on the 1st. & &nd., 1lst. & 3rd., lst.&% 4th., & 1lst.& 5th.

tests,~ we notice that tne numbérs in the various develop-
mental/

# At second test 84.6%: at third test 90.2%
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TABLE VI, "DISTRIBUTION OF INDICES OF DEVELOPMENT"
Tevelop- |Meen index v§§5p°f %ﬁfiﬁgﬁeﬁébgaﬁgsgg' Total Mean int.
ment , of devt. 1 "’fq’gﬂ aly ] ,‘.* ."‘. '»‘Hé‘”\- JM“‘ 3[.?‘ 7]4 % On. -hst
Normal 1.13 Gf 6gl 6 £ - - 23 = | months
16. 7% 57
Nearly
Xormal .72 5 8 3 3 - - 19=
13.8% 62
Retarded .49 12 V4 7 6 2 1 35=
25.4%| 52
Seriously « 26 vé 8 8 2 - - 26=
Fetarded 18.1% 61
Stegnetion +0.00& 15 10 4 1 - - 30=
21.7% 51
Retro- -0.58 5 1 - - - - 6=
gression 4.3% 32
507 |a0%| 28 |17 |2 | 1] 18

# Cese 83 omitted:diesgnosis doubtful.
Cases 56 & 72 who were re-tested 2 months after first test,
& had indices of 2.23 & 5.89 respectively, have z2lso been
omitted.

Teble V11,

Develop- |
ment

Distribution for Tests

1st.& 2nd. |

lst.& lagt q

Mean Time Inter.C-Test

lst.& &nd.

1st.& lact.

Nbrmal

Nearly
normel

Retarded

Seriously
retarded

Stegnation

Retro-
gression

——

6

12

15

7

11

35mthe.

45

351

53

43

67mths.

853

643

643
71

48
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-mental categories, remain fairly staticnary from test to test.
The decrease in the two lowsst levels from test to test is not
as significant as would at first sight appear, as those cases
whose I.F.8 were undeterminable at the later tests, probably
truly belong to these categories.

We cenmot : conclude from these distribution figures, that in
time there is 2 xExmExEX tendency teo return to normal. If this
were s0 we would expect the mean time interval between the
onset of the illness & the successive tests,of the cases with
indices falling in the 'normal' cetegory, {0 be very much
longer than the mean of those at the lower end of the table.
Apart from the small 'retrogression' group, which has a mean
time interval of 32 months, there is no significant difference
between the other groups, to warrant the conclusion that the“
distribution of these cases, based on the index of dévelopment,
is affected or determined by the length of time that has
elapsed since the onset of the i1llness.

RBetter still,perhaps. is to compare the distribution of the
indices of the cases based on the first & second tests, with
the distributior based on the first & last tests. This is
shown in Table VII , along with the mean time interval'between
the onset & the tests. Of the 50 cases tested twice, € were
normal in their rate of development, 5/&2?2 nearly so, 12 were
retarded, 7 were seriously retarded, 15 were characterised by
completely arrested development, & 5 wae serious cases of re-
trogression. Based on the last index of 40 cases (15 cases in

our series of 55 have less than two inddéces), the numbers in

the/
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the varisus categories are as follows: 7 normal, 6 more
nearly normal, 11 retarded, 9 seriously retarded, 6 stag-
nation, & one retrogression. Here again the "undeterminable
cases" are probably omitted from the lower end of the scale
of development. And it is doubtful if there is any real or
congiderable improvement, or tendency toward improvement,
with time.

It is appropriate here to quote from our earlier article
(21. ».B08): "With such a dismal picture before us, it is
gratifying to find that 4 of the 5 cases in which the index
of development is above +0.75 are of fairly long standing;
namely 631 yvears, 730 yvears, 2!3 vears, & 2:10 years at the
time of the second test: in the fifth case the illness had
lasted 1;8 years at the time of the second test. This sug-
gests that, while arrested development is characteristic of
most of our cases during the years following the onset of the
illness, yet a few of the older cases show signs of a re-
turn to the normal (4 of the 14 whose illness was of more
than 30 monthe duration).” This encouraging suggestion re-
ceives BOWe. corroboration from our latest results. OF
10 cases whose illness had, at the time of the last test,
lasted 8 years or more, ¥MXX one falls in the 'normal' group,
with an index of development around 'l', three fall in the
'nearly normal' group, three in the 'retarded' group, one in
the 'seriously retarded', & two in the 'stegnation' group.

Of the 13 cases comprising the 'normal' & 'nearly normal’
groups, 4 are cases in which the illness had lasted 8 years
or more; 5 in which it lasted 56 months or less. While the

15/
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15 comprising the 'seriously reterded' & 'stagnation' groups,
include 3 in which the illness had lasted 8 years or more; &
7 in which it lasted 56 months or 1ess.#
But a glance through the time interval columns in Table
does not

V11, & a comparison of group with group, /fenable us to con-
clude that the time factor is playing any considerable part
in the return of these patients to a normal rate of develop-
ment.

AlYl this additicnal evidence supporte the conclusion al-
ready arrived at,-that encephalitis lethargica tends to pro-
duce intellectual deterioration,-& prepares the way for the

congideration of the influence of time interval between the

tests . on the deterioration.

## The figures below,basgsed on a slightly different method
of classification, show the same thing.

Index of Mean rime Interval between Tests {in mths.)
development. Ioh& Ruwd]  Llek& 3w} Lb& 44 p LE& PR
+0.75 & over] 18.2 32.4 48,8 48.0
74 to .50} Rl.2 . 32.4 46.B6 637
«49 to .26] 29.8 45.5 53.4 54.5
«25 to .01 23.6 | 45,1 58¢8 63.0
As the mean time interval between the tests increases,

the meen index of development tends to decr=ase.

# TFor the ceses whoge I.R. & were undetermined at the last
test the duration of the illness wag 8;5, 4;6, 4,7 years,
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INTELLECTUAL DETERIORATION IN RELATION TO DURATION OF
ILLNESS.

I.R.s_of cases of long and cases of short duration;:(irst
teStS).Our first tests fall into two practically equal groups:
in 28 of them the interval between the onset of the illness &
the performance of the first test was less than 12 months; in
the remaining 27 it ranged from 12 months to over 8 years.The
mean I.R. of the first group is 88.21 +1.69; that of the
second is 79.30 #1.34. The difference between these means is
8.92 +2.16: whence it follows that the odds against this dif-
ference being due to chance are 186 to 1. As the outstanding
difference between the two groupe is in respect of the durat-
ion of the illness at the time of the test, we have here
gstrong confirmetion of the suggestion made in the last section
(pp.68f.),that this disease adversely affects the intelligence
of children.

Intelligence Age and duration of illness: (all tesis).

Re=wtest recults show that the mean I.A. increases little
after the onset of the dicease. Of the total 197 tests, 29 were

b

The average C.A. of the children tested was 89?%0; & the average

performed at varying intervels within 12 monbhs after onset;

I.A. 7% : 18 tests were performed between 117 & 2 years; aver-

1 % 3years;

age C.A.9%; ; average I.A.8%% : B30 tests,between 2
26 tests,between Bl & 4yts.
31 tests,between 4";{& 5yrs.
15 tests,between 5§ & 6yrs.)

10 tests,between 65z & 7yrs.,

average C.A.9%% ; average I.A.7%%

average C.A.ll’ﬁro; average I.A.B#—gz

averape C.A.11%%;; average I.A.8%%;

average C.A.12% ; average T.A.8i%5

average C.A.12,1§-’3; average I.A.8’r§3 8 tests,between " & 8yrs.i

average C.A.13, ; average I.A.V%

.o

12 tests 8yzg,,or more;
average C.A.l4%%o; average I.A.B%'a% « The arrested intellectual

. . . - ' . - -
F RLLOINE, "B 0L £ QPR r 0 B T RELI B LY 2GR o BTRYRE 1
tested over 3 yrs.,75.5: difference between means 7.8.

# VWhere 2 tests of the same patient fall within the same class
interval,the average C.A. I.A. has been taken.
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development is here shown by the almost stationary nature of the

mean I.A.s, though the mean C.A.s steadily rise. The average re-

tardation in termg of mental years increases as the interval

tween onset & date of test increases.

TABLE VIII.- INTELLECTUAL DETERIORATION IN RELATION TO

DURATION OF ILLNESS. (all tests).

Intervael between{No. of | Mean [Probable
onset & tests. [tests. | I.R. error.
up te 1 11/18yrs 51 8631 #1.23
2 =3 11/12 60 79.35] $0.98
4 -5 11/12 53 74,183} +1.27
6 & over 33 62.94| +1.16
Intelligence Batio and duration of illness:(all tests).

Table VIII shows the drop in the I.R.

between onset & date of test increases.

Fifty one/

be-

as the interval
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Pifty one of the totel test regults were obtained at inter-
vals under 2 years from the date of the onset of the illness.
The mean I.R. of this group is 86.31 (£ 1l.23). Sixty tests
were performed et intervels ranging from 2 to 3;11 years after
onset. The mean I.R. of this group is 79.35 (+ C.935). The
difference between these mezne ie 6.96 (4 1.545); whence it
follows thet the odds a2gainst thie differmnce being due to
chence are 422 to 1.

Fifty three tests were performed at intervels ranging from

4 to 5311 years after onset. The mean I.B. of this group is
74413 (£ 1.87). The differsnce between this meen & 86.81 is
12.18 (£ 1.77); whence it follows thet the odds against this
differsnce being due to chance are 301,58 to 1.

Thirty three tests in the series were performed at intervals
of 6 years & over, after onsget. The mean of the I.R.%® of
thege ig 62.94 (£ 1.16). The difference between this mean &
86.31 1is 23.37 (£ 1.69); whence it follows that the odds
against this difference being due to chence are enormous.(This
can't be calctilated from Peerson's Tables).

From this we conclude that the longer the illness lasts the
lower becomes the mean intelligence qf the patients so af-

flicted. At anyrate the above figures suggest some correlation
between 'interval of time since onset' and 'degree of deter-

ioration.'
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INTERVAL BETWEEN TESTS AND INTELLECTUAL DETERIOFATION.

A more deteiled examination of the data, teking account of
the interval between the tests, points in the same direction.
(Teble IX ). The distribution of 211 second terts, shows
that the significance 6f the 4difference of the means,of the
gsame cageg, from first to second test, increases ag the time
intervel between the tests increases. The ssme is true of all
third, & of all fourth tests, etc. As the numbers in the suc-
cegsive re-tests are esmell, when grouped on a time-interval
basis, we have summed gall re-tests thus grouped.

Sixteen re-tests were perfermed at some period between onset
& eleven months thereefter. The mean I.R. of these is 84.3.
As the meesn of these seme cases at the first test wes 87.9,
the d4ifference of the means is 3.6. But as the probable error
ig almost as large £8.%28), this difference is not significant.
Twenty re-tests were performed at some period between 12
months & 238 months. The mean I.R. of these is 81.8. The mean
of these same cases at the first test was 86.5. The dif-
ference of the meens, though labger, is still 'net signi-
ficant, being only twice its probable error,—- 4.7  2.35.
Thirty twe re-tests were performed at some period between

<4 months & 35 months. The mean I.R. of these is 72.7. The
.mean of the seme casges at the first test was 84.7. The dif-
ference is now sgignificent, being six times its probable
error,~- 12.0 $ 2.08. Twenty eight re-~tests were performed at
some period between 36 & 47 mnnths..The mean I.R; of these

is 75.4. Their first test mean wes 89.1. The difference,

18,7/
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13.7 #2.28 1is etill ‘equally significant. Twenty eight re-
tests were performed at some period between 48 & 59 monhhe.
The mean I.F. of these is 71l.4. Their first test mean was
87.5. The difference has risen to seven times ite P.E.-L6.1
+Z.32. In the next group the number of re-tests is reduced

to 13, % the figures become less reliable. But the I.R. dif-
ference of the meens is still significant- 17.0 +3.72.

The 5 re-tests performed at some period between 72 & 83
months after the date of the first test, had a mean I.R. of
56.8, ag commared with a first test mezn of 73.4. The dif-
Terence,l6.6 +<.94, is still gignificant. The low I.F.s

of these 5 caseg at their first test. are not due to a lengthy
time interval between onset & test, as & of them were exam-
ined within 8 months of onget, & 2 wers by that time border-
line defectives. The other 2 were examined at intervals of
1:5 years & 2:9 years, respectirelys which may account fer
their low I.R;s of 73 & 77.

Diagram I shows the relationship between (a) the interwval
between the tests (col.6), & (b) the difference between the
Eirst & the gecond I.R.(colee 9 & 12). The points lie roughly
along a line from the u»ver left-hand corner to the lower
right-hand corner of the pege (the Regression Line), suggest-
ing a correlation between thesge two sets of values. The cal-
culated correlation coefficient is -0.59 +0.06. This is sig-
nificant, & suggests that retardation in.imtellectualugrowtﬁ‘
varies difectly with the length of the interral between the

tests
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teste/.
Niagram IT showg the relztionship between the interval

between the tests, & the difference between the first & third
I.R. The nurber of cases ig smeller, & the regresgion line
suggests a smaller correlation. The calculated correlation is
~0.26 +0.10; & is not significant.

In Diagram IITI, which ghows the interval between the tests, &
the difference between the first & fourth I.F., the nurber of
cases 1s still smaller, & the calculated cerrelation is only
-0.12 #0.18; which is likewige not significant.

In Diaéram IV the regression line again sugeests a slight
correlation between the two sets of values. The calculated
correlation is -0.37 +40.14; which, however, is not signifi-
cent, though it should be noticed that the number of cases

is very smell.

The foregoing celculations are concerned with gbgolute
increase in the I.R.; they take no zccount of mental growth
relative to initial cepacity. When we plot the interval be-
tween the tests agazinst the index of development, which, as
shovwr. above, indicates whether development is normal or not,
& gives a truer figure of the relationship, we get the
scatter-diagrams V to VIII which show, with one exception
(Diag. VII), smaller correlations than Diagrams I to IV,

The correlation for Diagram V is -0.17 #0.09; which is not
significant. ¥or Diagram VI it is -0.28 £0.10; which is like-
wise not significent. For Diagrem VII it is -C.21 #0.12;this
also is not sgignificant. The highest corr=lation is found in

Diagram/
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Diagram VIII:= =0.34 +0.14; which,however, is-not 1argé
enough to be gignificant. Hence the higher correlations
between (a) the interval bYetween the tests, & (b)lthe differ-
ence hetween the first & succegsive I.F.s, are due to ne=-
glect of the patrtial dependence of this diffefence on the
magnitude of the ratio itself. The signe, however, are still
negativs.

It follows,then, that while our ohsgervations throughout
prove no coangtent significant corrslation between the length
of the interval “etween the tests, & the degree of intell-
ectual deterioration, thers is at least the suggestion of
such a connection, which might be found to be more pro-
nounced in larger groups of cases, & after further & more

comprehensive examination. fxxkhexmEhExxiaxd
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THE RELATIONSHIP BETWEEN AGE AT ONSET
AND INTELLECTUAL DETERIORATION,

The errested intellectual develovment already noted pro-
vides an explanation of the disastrous effect of encephalitis
lethargica on very young children. The influence of age at
the time of the onset of the disease has a very definite bear-
ing on the later intelligence status of the child, as has been
-pointed out by other investigetors.

riddoch(”")

says:"0f 9 children who had been under € years of
age at the time of the acute illness, 6 of them, twoe or three
years later, were backward in mental development."
Kennedy(54)says: "Of 6 children whe suffered from the acute
illness before the age of four, & in whom the geguelae were
most severe, one child is well, & five are mentally defective
as a result of encephalitis lethargica (two being high-grade
idiots).

Hallowe11(4o)says: "Three cases (1&3%) were definitely feeble-
minded as a result of the disease. The disease in each of the
three cases occurred in the first or second year of life. It
would seem to appear theat if epidemic encephalitis occurs
during the first two years of infancy feeble-mindedness is
apt to result."”

Duncan(24)says: "Oof 9 children who were below the age of six
at the time of the acute attack, 6 were backward in mental
development when seen two or three years 1ater§ the other 3
in all of whom the original illness was comparsatively mild

were normal:/
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normal: from which he concludes that "it anpears that children
under ten are the most liabkle to severe mental sequelae,( &
the least liarle to severe phvsical gequelae) since there is
arrested or impaibed development, as well as the defect due
to actual damage of the train.”

Shrubsall(SS)also found "intellectual changes & conduct dis-
turtances to be most prominent in the younger child (& phys-
ical changes least prominent). The effects appeared to be
more severe the younger the child at the time of the attack.
In younger children the rate of mental growth seems to have
reen seriously retarded, & in some of them mental deficiency
has followed: this has teen most evident in the case of those
attacked by encepvhalitis lethargica durine pres-school age."

o5
(28) found "mental deficiency to be one of the sequelae

Eraugh
especially to be congidered if encephalitis occurs during
infancy. In % such cases, 2 developed the disease at the age
of 2 years. One of these,~ previously ﬁormal,— four years
later had still an I.A. of 2 years. One infant, who had the
disease at birth, 2 years later presented the picture of an

jdiot." 0Oollin and Réquin(1®)

also found mental tackwardness,
of greater or less severity, to bte typical psychic sequelae
of encephalitis in infants.

Hall(ss) remarks, that his cages of idiocy were practically
limited to infents up to 5 years of age.

Paterson and Spence(Vl) repert 7 cases of idiocy out of 17 at

this/
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(11)

this age. Dr. Cyril Burt , commenting on their data,

stresses the apparent influence of age: "The younger the child
the more serious the after-results. 1f we analyse the table of
results which the investigators (Paterson « Spence) publish, it
would appear that in children under three years, gross mental
defect is likely to ensue. With children aged between four
and eight, the milder degrees of dullness, backwardness, and
such lighter grades of mental defect as are characteristic of
special schools are apt most frequently to be found. With
children aged between eight and twelve there may be a slight
retardation in general intelligence, but the chief disturbance
is one of temperament and character.”

The same general finding was obtained by Stevenson(gs).
Of her series, 20 were under five years when acutely ill. Of
these & cannot be traced. Of the remaining 18, 2 are nomfé
intelligent and normal children, 6 are of very poor inteliigenca,
3 are examples of the Parkinsonian syndrome with fair intell-
igence, 4 died at intervals from eight to twenty months after
the original onset of illness, all being imbecile. And she
concludes: "Ihe low mental average of the children who survived,
and the condition of thode who died, certainly appear to support
the opinion that the disease bears more hardly on the young
child than on those of more advanced years."

When an attack of encephalitis lethargica stops mental

development,/
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development, the degree of impairment it produces will depend on
the age of the patient at the time of onset of the disease.
Imbecility is a necessary consequence of the arrest of mental
development at an early age, for an imbecile is one'whose mind .
remains the mind of an infant, and any child whose mental |
growth ceases at the age of three or four must become an
imbecile.

Older children show less deterioration because their
development is arrested at a higher level: the child of 10 .
still retains his mental age 10, and so may appear dull, stupid
and unable to profit from instruction at school, but he is not
reduced to imbecility. A numerical example will make this
clear., Suppose three children, of ages 4, 8, and 12 years,
and I.R.SIOO, cease to develop mentally, then at the end of
three years their I.A.'s: will be still 4, 8, and 12 respective-
ly, but their chronotdgical ages will b