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« COLOR-BLINDNESS.

REMARKS BY Dk. B. JOY JEFFRIES, OF BOSTON, MASS., AT THE TWENTY-
NINTH ANNUAL MEETING OF THE BOARD OF SUPERVISING INSPECT-
ORS OF STEAM-VESSELS.

The special study of the physiology of vision has been intimately
associated with my professional work as an ophthalmie surgeon. Color-
blindness from disease is one of the symptoms we have to deal with.
A knowledge of it as a congenital tlelwl not associated with any dis-
coverable lesion of the eye or the brain, has for many years impressed
me with its probable danger on land and sea. Se ientists or physicians
have had, however, no means of deteeting it so quickly and so readily
as to enable them to thereby engage the attention of those in authority
who had the power to establish rules and regunlations of control for the
protection of the community from this heretofore hidden danger,
Therefore, as soon as my friend Dr. Frithiof Holmgren, professor of
[}ll}’ﬂiﬁ]ﬂg.&' at the University of Upsala, Sweden, published his mono-
graph on color-blindness and its dangers and detection, I saw that his
method of examination with the worsteds was so sure and so rapid in
- the hands of an expert, that I had no longer any hesitancy in publicly
calling attention, in the early part of 1877, to the danger from color-
blindness on our railroads and on the sea, from the necessary use of
colored signals, &e. I ecommenced investigations by his method, and
my first results arein the Ninth Annual Report of the Board of Health of
Massachusetts. I was soon urged to write a manual upon the subject,
incorporating Professor Holmgren’s monograph, which had in part
been published by the Smithsonian Institution. Iaecordingly wrote a
book on “Color-blindness, its dangers and its detection,” giving a
history and explanation of this curious defect, the results of my own
personal examination of many thousand males and females, those of
other examiners in Europe with whom I had corresponded, the various
methods of detecting the defect, and the amount of it in any given
case; the explanation of how it had and does esgape notice or ﬂefec tion,
the rnh s and regulations of European countries for its control on land
and sea, and a bibliography of some seven hundred articles written on
the color-sense. The book quickly attracted the attention of the medi-
cal departments of the Government, and it was adopted as-a manual
to be, with the Holmgren worsted test therein recommended, distributed
to the medical officers of the Army, Navy, and Marine-Hospital Service,
to guide them in the examinations they were called upon to make under
orders of their several Departments.

This book was only the second one in English on this subject; a
monograph from Professor Wilson, of Edinburgh, in 1852, being the
other, which had failed to draw public attention to the subject as it
deserved, the reason undoubtedly being the lack of such a quick and
practical test as that of Professor Holmgren, since brought forward.
This personal explanation has been necessary to show that the subjeet
was an entirely new one to the laity, the profession, and even to the
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specialists who had not become practically acquainted with it. There-
fore I have been and am called npon for advice and explanation by
medieal officers and others whose official duties interest them, directly
or otherwise, in the detection of color-blindness. Such advice and
explanations I have always given freely to the best of my ability, and
have allowed no sacrifice of time or money to prevent me from respond-
ing to each and every call to talk, to lecture, to explain, to answer
inquiry by letter, or to appear before interested authorities, as the
legislative railroad commitiees of Massachusetts and Connecticut, and
the Naval Committee of Congress, and finally before many scientific
societies, Ispecially have I felt it my duty to assist those in anthority
in understanding the subject before making rules and regulations
governing visual defects and color-blindness. Thus it is that I come
before this board at my own expense, stimulated only with a desire
that, so far as I can make clear, they may be able to protect the com-
munity from the hidden danger of defective sight, by discriminating
rules based upon the practical facts of seientific observation.

The Supervising Inspector-General says, in his annumal report, that
the rules in reference to color-blindness “were the most important,
probably, ever adopted by the board.” Now, the necessity of physical
examination of soldiers was finally recognized by the community during
the war. The erystallization, so to speak, of society in this country
which has since so rapidly followed, has of necessity led to the required
physical examination of various elasses in civil life, and has naturally
often met with great opposition on the part of those subjected to it.
Sympathy is always with the defective person, as amongst us the rights
of the community are nearly universally sacrificed to those of the
individnal. This is, of course, a potent cause of the difficulty of pro-
tecting the community by laws which render physical examinations
Necessary.,

The railroad committee of the legislature of Massachusetts told me,
when I was arguing before them, that I never should sncceed in mak-
ing them “oculists.” But since they, as any body of the laity, would not
accept or act upon the opinion and testimony of professional experts un-
challenged, I had to consume valuable time in explaining to them some of
the laws of form and color-perception, without a recognition of which it is
impossible to understand even the general bearings of this subject of
of defective vision from poor eyesight or color-blindness. Your board,
therefore, must permit’me to draw their attention to some of the con-
ditions of our sense of sight and color, which bear so directly on what
NOW CONCErns us,

Through the eye we receive two impressions, namely, form and color.
These aré very distinet, and not at all necessarily connected. The com-
plex arrangement of the internal part of the human eye, by which it
resembles perfectly a camera obseura, is necessary in order that a sharply-
defined picture of external objects should be received on our retina.
The slightest congenital or pathological change from a normal condi-
tion causes imperfect vision. Now, this is not the case with reference
to color. The eurves of the refracting media of the eye may be very
untrue, the media themselves not transparent, and yet the impression
of eolor may be quite perfect. A person so Dlind with cataract as to
be only able to tell where the window is, may be able, if not color-blind,
to distingunish quite delicate or pale shades of color. Through a ground-
glass window we can readily see the color of a signal-light, though we
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eannot, of course, distingunish the form of any object. Hence the great
value, practically, of eolor for signals over form. Asis well known, all
attempts at the introduction of form for color in signals, on the sea as
well as on railroads, have been given up as useless.

There is a natural condition of our sense of form and color which
must be understood, as it may bear directly upon the explanation of
mistakes in quickly discerning form or color signals. It is only at the
centre of our retina that we have perfect form perception. IFrom here
outwards our power of seeing objects distinetly diminishes rapidly.
This fact we are almost unconscious of, since we can so easily turn our
gyes towards an objeet and let the image of it fall upon this spot of best
sight in the centre of the retina. Close one eye and look at a word as
long as “econstitution,” in sueh print as this, and you will notice that
really only the first three or four letters are distinet, and we must, as
is said, run our eye along to eatch the rest of the word. Hence, when
gazing steadily at an object ahead of us, one much to one side will es-
cape notice,

Now this same law holds true as to color. It is only at the centre of
the retina that we have our best color sense. Our feeling for the color
fades from here outwards. Close one eye and look with the other at a
red wafer on your thumb-nail. Then, keeping the eye fixed, move the
hand slowly off to one side, and it will be found that the wafer, if’ red
for instance, loses its color, and may appear even black. This fading
from the centre of the retina ontwards varies with the different colors.

Another natural or normal condition of our form-sense and our color
sense is very important to be recognized and remembered. It is the
persistency of the impression on the retina. If we gaze steadily for a
time, say at a picture in a dark frame on the wall, especially when we
open our eyes in the morning after rest and the retina is more sensi-
tive, then when we close our eyves we still see the pieture. Now it we
open them and look at another portion of the wall or at the ceiling, the
picture will seem to have gone there, and the frame, instead of being
dark, will appear light; moreover, if the wall or ceiling we look at is
further off than that on which the picture hangs, then the frame will
appear larger. If the wall or ceiling is nearer, then the picture will
appear smaller. A pilot steadily gazing at the outline of a schooner in
a dim light will see another in the direction he turns his eyes.

This is true, also, of color, and hence of importance, as is readily
seen. Gaze steadily at this bright-red disk, about six inches in diam-
eter, as I hold it up against the wall, whilst I count twenty. Now,
when I remove it and you continue to look at the wall where it was,
the retinal impression will continue and you will still zee it, but suddenly,
instead of red, you see a green circle; the complementary after-image,
as it is ealled. Just the same as you see with this green disk—a com-
plementary or rose-colored spot appears in its stead. If yvon gaze at
the setting sun when it is a ball of red and then turn to the east yon
will see a rising green one. A man who has gazed steadily at a red
port light will, on turning away, see suddenly a green starboard light, I
mention these eurions phenomena of nermal vision as they must not be
forgotten in investigating mistakes or acecidents, and have a direet
bearing in all attempted tests of the color sense with lanterns.

Scientists at present generally admit but three base or primary colors,
namely: red, green, and violet. Now, with the central portion of our
retina we ean perceive all three of those colors. In a zone outside of
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this, red fails us; and again, in a zone outside of this, both red and green
fail us, and we can perceive only blue or vielet. Color-blindness is the
failure of one or more of these three sensations, viz: red, green, and
violet. There is red-blindness, green-blindness, and violet-blindness.
The first two practically involve each other. Violet includes blindness
to yellow. Itis very rare indeed. When, therefore, we use the term
color-blind, it means red or green- lllmdnr%q, one nn'nlﬂng the other,
80 muech m that the two are sometimes considered the same, and ealled
red-green blindness, This must be remembered, since a person reported
red-blind is supposed to be able to see green as l:]w normal-eyed, which
is not the case. A color-blind does not see red as green or green as red,
but both appear grayish to him. In proportion as he is color-blind, all
colors containing red and green appear as if so much gray or white and
black mixed had been used instead of the pigments. Hence a white
lantern when smoky will give him the sensation of a green or a red
one. He has learned instinetively to judge of the color of light by its
intensity. Very naturally, therefore, if he calls them by the color
name we do, he is supposed to see them as we do. This I will return
to hereafter.

The danger from color-Dlindness is, of course, in proportion to the
amount, Now, examinations of males and females of all races, colors,
counftries, ages, and degrees of civilization or eduncation, have proved
that about four per cent. of the former and one-fourth of one per cent.
of the latter are more or less color-blind. The result of my own testing
18,556 males was finding 764 more or less color-blind, or about 4 per
cent.; and of 14,557 females, only 11 defective. 1 would say at once that
this must be regarded only as a sexnal difference, and has nothing to
do with women’s greater familiarity with colored objects. One great
reason why this has not been known till now is, that we have not had
the means of testing large numbers of people rapidly and with acenracy.
But you will at once ask, how is it that the color-blind have escaped
detection, and do so now in every-day life? I shounld take up too much
of your time to explain this in detail, and would refer you to chapter
eleven, of my Manual. It is of itself one of the most interesting points
of this curious defeet. How even a portrait or landseape painter may
escape detection, except by accident, is well worth seriously consider-
ing in relation to the necessity of experts in testing pilots or railroad
emploveés,

Color-blindness is congenital, and it does not change as one grows
up, nor can it be altered by any practice with colors. It may be total,
that is, a person may have no sensation whatever of color, and the
whole would be to them but shades of gray. It is only partially pal-
liated, but not altered in artificial light. The color-blind do not make
guch gross mistakes by gas-light or when looking through a pale lemon-
colored glass like gas-light. It is a mistake to suppose that there-
fore they may see colored signals better by night. This is fransmitted
light, taking only the color of the glass, but little modified by the source
of illumination. It is only reflected light from colored objects which is
changed so as to assist them. It was supposed that their vision was
changed or altered by looking through a solution of fuchine, as in this
wedge-shaped little tank. This is a mistake. The relations of light
and shade are changed, and these being what the color-blind decide by
in naming colors, they, and others, coneluded the color sense was really
altered. This is referred to because it has passed from journal to news-
paper that eolor-blindness was thus eurable.
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Color-blindness is very hereditary; of importance, where a son fol-
lows the parents’ or grandparents’ profession. It follows, as ecases in
families show, the general law of heredity, hence the high ratio in a
community mutulmuu‘nmm color-blind families. A prac tical point here
is, that after aceident from collision or other wise, and those implicated
are killed or drowned, we may, perhaps, judge whether it was due to
color-blindness by finding whether they belonged to color-blind fami-
ilies, and had blood relatives who are defective.

buhu* blindness may exist congenitally in one eye. Persons who can
be put into the so- -called h\]JuutlL condition may be temporarily ren-
dered eolor-blind thereby. Moreover, the color- blind who ean be thrown
into this condition may "be made to esw- colors whilst hypnotized.

Color-blindness, besides being congenital and hereditary, may be
acquired. It is a symptom of some diseases of the brain and the optic
nerve. Men, after any exhausting disease like typhoid fever, should
be tested before again assuming their duties. The necessity of periodie
examinations, for instance with pilots as 01‘ ten as they are relicensed,
is thus readily understood. This, quite aside from the necessity uf‘
testing their visual power, which may have deereased from many eauses
{humﬂ‘ the preceding year.

Professor Nuel, of L:r-mnuu Belgium, sent me the following account
of a case under his care, which was reported to the Royal Medieal
Academy:

“Joseph Dhur, of Turinne le Grosse, ®t 20, laborer on the Grand
Central Road, consulted me January 12, 1878. I found that he had
been in the Hﬂ-‘}l}ltﬂl St. Pierre, at Louvain, a year before, with tronble
in the back of the right eye, (une nevrite v etrobulbaire.) Fr mn this he re-
covered to having vision two-thirds of the normal.  After a month at the
hospital, he returned te his work and continued at it a year without his
condition being noticed. During this year, however, Dhur had to act
one day as a guard. In the evening he put out a green instead of a
red lantern, and returned into the guard-house., Having for some
reason to go ont a few minutes later, he passed near the lantm‘m when
suddenly he was in doubt as to the color of the si onal. Looking at it
more closely with his left eye, (which was then healthy,) and comparing
the two different faces of the signal, he found that he had in reality
shown the green instead of the red light., These facts he even now
recalls very well, and distinetly remembers how he could not distin-
guish between the red, green, and white lights with the right eye, and
could only tell them by looking eclose-to with his left. The cireum-
stance so affected him that he consulted a physician, who dismissed
him with the remark that he had probably been drinking.

“On examination, I found the visual acuteness of the left eye normal,
of the right six-ninths of normal. Visual field of left eye for white,
normal; of right eye only 30 degrees up, down, and inwards; ontwards,
40 fl{:gl‘&&ﬂ. The color sense is greatly altered in the rlght eve. Red
and green are confounded with gray; violet appear blue; the patient
could only distinetly distinguish yellow and blue. In the left eve the
color sense for red and green was diminished; the object had to be
larger than what the normal eye could mt:ngnim*.

‘“ Here, then, we have an employé with defective color sense, from a
disease m" the HP[H‘HIR{PHTI'{‘H vnntnmm;:: his occupation for a year; but
the first time he had to give tlw signal, displaying green for red. 'I'he
danger can be readily appreciated. Had he been an engineer an acei-
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dent would certainly have resulted. I would especially recall the fact
that his right eye, so defective in color sense, had a visnal power of
six-ninths of the normal, which would have allowed him to have con-
tinued in service. And still further, that the color sense had also fallen
in the left eye, where there was still normal visnal power. The pa-
tient’s doubts and my preliminary examination were convineing. Later
the left eye also confounded red and green, yet its visual acuteness
remained normal or nearly so.

“Clinical observations have sufficiently demonstrated the not infre-
quent occurrence of acquired color-blindness. If, now, its frequency has
already attracted attention, it should be still further remembered as
being so much more dangerous than when congenital. In acquired
eolor-blindness the person may for many days be quite unaware of his
altered color-sense, and would only recognize it after repeated mistakes,
any one of which under favorable circumstances may prove fatal.

“Whenever the surgeon suspects acquired color-blindness, the first
thing requisite is the examination of the visual field for colors. In
these cases we can also question as to color names, since the individunal
has known them, as we may prove by the color sense of his other eye
if perfect, or his having still some color sense remaining. Most cer-
tainly the first requisite in the control of color-blindness in certain
publie services, as of the anomalies of refraction in the army, is to insist.
on the examiner having a good knowledge of ophthalmology.”

Injuries about the head, such as sailors and railroad employés are
particularly subject to, may cause diminished color perception. Ob-
served cases might be cited in support of this statement.

Aleohol and tobacco, each alone or when combined, produce, in poi-
sonous doses, a deterioriation of the vision and color sense, as has been
long known by specialists. This question has been very carefully
studied and reported on by ophthalmic surgeons in Europe, England,
and this conntry, quite recently. The results are the same, namely
that aleohol and tobacco together, or each alone, do cause failure ﬂi’
eyesight, both as to form and color. And, what is most important to
be remembered, the color-blindness may exist when the person sees
otherwise quite well. Hence such a person would escape detection.
One of the writers on this topie, Professor Nuel, above quoted, very truly
remarks: “The ordinary methods of examination would not detect such
a color defect, especially at its outset; perimetric examinations are
indispensable.”

These additional and peenliar tests, requisite after sickness and in-
Jjuries, are therefore also necessary where there is any suspicion of alco-
hol or tobaceo, particularly as it is the eentral portion of the field which
is affected, just where we have our best vision. Now the point is, that
such tests can only be applied by skilled surgeons. The danger from
partial or total color-blindness from these causes is the greater since
they are sure to be overlooked by non-experts, especially as the visual
power for form may be so good as not to call the person’s attention to-
his own trouble, and canse him even to escape detection when exam-
ined by the laity. Henee, therefore, the absolute necessity for periodie
examinations of those known to use aleohol or tobacco very freely.
And similar periodie examinations by skilled experts are equally requi-
site for all injured or contused, and those convalescent from exhausting
diseases, before they return to their positions.

It will now at once be asked of me, if one out of every twenty-five
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of our male friends is likely to be color-blind, how is it that this defect
* has escaped detection? A railway official said to me, “I have been
connected with railroading forty years, and never heard of eolor-hlind-
ness; if it exists I must “have known about it.” So, also, the head-

centre of the Brotherhood of Locomotive Engineers never had heard
of color-blindness. TFor a full answer and m:pldlmtmn I must refer to
the special chapter in my Manual on *Concealment of color-blindness
in practical life.” 1 there show how the color-blind deceive themselves
and others, and, growing up in ignorance of their defect, escape detee-
tion. To this must be added the very important fact that, till very
recently, methods of testing for color-blindness have been uf-;erl which
were wholly inadequate to expose particularly the lighter forms of the
trouble. I may also be permitted to quote the following from that
chapter:

”The color-blind who are quick-witted enough fo discover early that
something is wrong with their vision by the smiles of their listeners
when they mention this or that objeet by color, are equally quick-
witted in avoiding so doing. They have found that there are names
of eertain attributes they cannot comprehend, and hence must let alone.
They learn, also, what we forget, that so many objects of every-day
life always have the same color, as red tiles or bricks, and the color
names of these they use with freedom, whilst they often, even un-
conseiously, are eautious not to name the color of a new object till they
have heard it applied, after which it is a mere matter of memory,
stimulated by a consciousness of defeet. 1 have often recalled to the
color-blind their own aets and words, and surprised them by an exposure
of the mental jugglery they employed to escape detection, of which
they were almost unaware, so much had it become a matter of ha bit.
Another important point is, that as violet-blindness is very rare, the
vast majority of defective are red or green-blind., These persons see
violet and yellow as the normal-eyved, and theyv naturally apply these
color names correctly. When, t]li'il*li.‘rl‘i' they fail in red or green, a
easual observer attributes it to sim ple carelessness; hence a very ready
avoidance of detection. It does not seem possible that any one who
sees 8o much correctly, and whose ideas of color so correspond with
our own, cannot be equaﬂftuneﬂ throunghout, if they will but take
the ]mms to notice and learn. Color-blindness is also a source of petty
mortification, which teaches its possessor to be on constant guard over
himself in avoiding exposure and its m.u.uu];dlning' irritation. The
intelligent Lﬁlur b].mt.l finds many ways of drawing a decision of color
from those he is in contact with, and always lets shop-keepers pick out
the colors he ealls for, just as the color-blind shop-keeper lets his cus-
tomer do the same, if he can; and when he fails in this, and makes
mistakes enough to lose his place, he ean take refuge in the mourning
stores, where his defect is an advantage.”

Prof. ]_Inlmg.,rﬂn well says: “To judge correctly of color-blindness
and the various practical questions connected with it, it is of the high-
est importance to distinetly observe the difference between the manner
in which the color-blind person sees, and the manner in which he names
colors., The sensation is based upon the nature of the sense of color
in the organization of the optie nerve from birth. The name, on the
contrary, is learned. It is eonventional; it depends upon exercise and
habit. The names of colors are naturally the objective expression of
subjective sensations; but, on the other hand, they are regulated by
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the system of the normal sight, and eannot, consequently, agree with
that of the color-blind. They can, nevertheless, be learned by the lat-
ter, and even applied correctly in many cases. There is connected
with this fact a peculiarity of ntmost importance, practieally, to the
question in point, and one which has given rise to the most serious
embarrassments and misunderstandings, This has been, and is still,
one of the chief eauses of our erroneons ideas on the snbject of color-
blindness existing in the masses, because it is the veil under which this
defect usually conceals itself from our observation in every-day life,
and under which, even to the last moment, it will succeed in escaping
discovery in cases where, as frequently happens, the methods of ex-
pim'}ll‘iun employed are indecisive or are based upon erroneouns prinei-
ples.

I we reflect on the eondition of the eolor-blind, it is diffieult to under-
stand how he ean avoid being detected in his daily intercourse with
those endowed with normal sight, and yet experience has sufficiently
controverted this idea. That which we have acquired in examining
en masse the personnel of a railway, for example, where it is required
night and day to give attention to colored signals, is singularly worthy
of notice.  We learn by it that a number of color-blind were discovered,
although their defective sense of color had never been suspected by
themselves or any one else, and the majority had correetly performed
their duties.”

I have said that “no one can have tested and talked with many
¢olor-blind withont being convineed that we can hardly set any limit
to their capacity for learning other attributes of colored objects, and
recognizing and remembering their color names throngh these alone.
Thus, as we now well know, they may even deceive themselves, as
well as others, into the belief that they have gained by practice a color
perception they were not born with.”

The color-blind have even sneceeded as landscape and portrait paint-
ers, as they have seemingly sueceeded as pilots and railroad engineers.
If the painter’s colors are not marked or chosen for him detection may
result, as shown by the following ease: “ A student of the Royal Acad-
emy of London, who was selected, not only by the authorities, but also
by his fellow-students, as having about the West perception for form and
power of light and shade, turned to the use of colors. In this it was
naturally supposed he would exhibit extraordinary talent, and become
a great painter. He was allowed to take a portrait by Titian from the
National Gallery and have it in a small room to himself. There he
copied it to his best ability, as he stated to the principal and to his
brother students. No one had seen him at work., His result was the
most perfect copy, as far as light and shade went, but in pea-green. He
finally became an engraver.”

Color names the color-blind learn in various ways to use as we do,
and this has heretofore greatly assisted them in escaping detection.
And in this way they even now escape, since, in spite of the warnings
years ago of Geethe and Helmholtz, that asking them the names of
colors would simply drive both parties crazy, there are many whose
official duty should teach them better, who still cannot get rid of the
idea that they can find out how another persons sees colors by simply
asking them the color-names of objects. Every one who has the slight-
est knowledge of this subject and any experience at all, now admits
that attempting to test the color sense by asking the names of colors
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is simply ridiculons. By such examination the normal-eyed can be
shown to be color-blind as readily as the ecolor-blind proved to be normal-
eyed. This is equally true of colored objects by reflected light and
colored objects by transmitted light, viz., lanterns, &e.

Now, the only way we can compare mental notes with another person
is by what he says or what he does; that is, by the tongue or by his
expression through museular action. It being certain that we cannot
find out how a color impresses another person’s brain by what his
tongue tells us, we must appeal to the musenlar sense, we must canse
him to do something with his hand, for instance, which will prove that
the impression of the color on his brain is the same as ours or not.
Therefore it is that any proper test must depend on this principle of
COMPArison.

Comparison tests are numerons, but vary greatly in their simplicity
or practicability. For the purposes of the medical officers of the Depart-
ment this board is concerned with the test which must be absolutely sure,
rapid of application, and the apparatus inexpensive. For a deseription
of all the various tests for color-blindness, I must refer to my Manunal.
I will here only exhibit and explain to the board some of the principal

ones, including those adopted as standards by the rules of the State
| Board of Health of Connecticut.

Woinow's disk has a centre of one-half each black and white, and out-
side these are concentrie eireles, each of which is composed of equal
parts of two of the three primary eolors—red, green, and violet. While
it revolves rapidly the centre is gray, and the concentric rings have
definite colors to our eyes, while to the person who is blind to the color
not represented in the ring, this ring may appear like the centre,
namely, grayish.

Simultancous contrast tests may be varied. I will show but a few,
I have bent a piece of white card-board to a right angle and fastened
to the adjacent surfaces a little square of black cloth., Now, holding a
piece of colored glass with one edge resting in the angle of the paper,
about dividing the right angle made by the card-board, and looking
down from above, we shall see the reflection of the vertically placed
black square of the color of the glass, but the horizontally placed one
will appear to us of the complementary color of the glass. Now this
phenomenon does not oceur to the color-blind.

Stilling’s cards, here before you, are letters, numbers, or figures printed
in squares on a ground of squares, the colors of the letters, &e., and
the ground-work being those which the color-blind confuse. Hence
they cannot see to read the letters or discern the figures,

Efliiger’s test is, as you see, also one of simultaneous contrast. On
:olored pages letters and numbers are printed in black and gray. When
the page is covered with tissue paper the color-blind cannot see these
letters or figures when the normal-eyed ean. This pamphlet, thus
arranged, is a practical test used on the Swiss railroads by Professor
Pfliiger, of Berne.

Holmgren's comparison test with the worsteds the board all know of.
As is seen, the selection of colors, the numbers of each, &e., are not
arbitrary, but must be earefully chosen. I have arranged with a dealer
in worsteds to always supply standard sets, as he does to some of the
Departments of the Government. The choice of the green, purple, and
red test worsteds is of importance, and examiners have been no little
annoyed and perplexed by not having the right ones to work with,
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[l]]r Jeftries then deseribed the worsted test, referring to his Man-
nal for more detailed explanation. Its seeming ﬂunphut}; was dwelt
on, and the consequent danger of any one not most thoronghly posted
both in theory and practice, making most fatal mistakes, finding color-
blindness where it did notreally exist, and not detecting it where present.
The test was most perfect, but never conld be understood too well. He
deseribed how ridienlously it had been misused by railroad officials
and others, |

Daae’s test is copied from Holingren’s. On a card in book form are
arranged rows of little squares of worked worsteds. Some rows are
correct, namely, arranged from the darker to lighter of the same eolor.
Others are drld]]g{ il of the colors the eolor-blind especially confound
and they will say when asked that these rows arve correct.  Itis: ammged
to detect red, green, and violet-blindness,

Donders” worsted test consists, as you see, of a series of little pieces
of wood, on which are wound colored worsteds. By testing a large
number of color-blind, he found just what colors they confounded, and
he winds one of them on the stock, letting the other color come in as a
single thread onece or twice in the row, Now, these two colors looking
alike to the color-blind, they cannot see any difference, and cannot say
that there are any or how many bands of a different color or appear-
ance from the rest of the stock. The sticks, as I show, are arranged
to detect the three forms of color-blindness—red, green, and violet-blind-
ness.

The quantitative measure of color-blindness is very important. The
defect exists in all degrees; and, as a certain amount may not prevent
persons acting in some capacities, the exact determination of the exist-
ing chromatice loss becomes very necessary. For this purpose various
methods have been devised, based upon the several prineiples of ¢olor-
perception which have been described or alluded to. These are in the
Uumm{:ticnt rules,

Holmgren's method, with colored shadows, I regret not being able to
exhibit to you, as tlm apparatus is too cumbersome to be easily tr:ms-
ported. It is described in my United States Manual. In the centre is
a round-wicked petrolemm ]Hlﬂ[} trom the stand project two horizontal
arms; on one is the colored glaﬁ.'i before the light, the pencil to cast a
shadow, and the white poreelaine on which it is cast; on the other arm
is the mirror, by reflection from which another shadow is cast on the
poreelaine; the mirror is movable towards and from the lamp. At a

certain distance the shadows will appear of the same brightness fo the -

normal eye, and we measure the amount of eolor-blindness by the differ-
ence in distance of lamp and mirror requisite to cause the two shadows
to seem equally bright. This is one of the * control methods” nsed by
Professor Holmgren on the Swedish railroads,

Donders’ method of quantitatively determining the color perception by
reflected light, is by placing these colored disks, from one to twenty
millimetres in diameter, on a surface of black velvet hung on the wall.
On approaching H]UW]} a small colored object, the 1101‘111&1 eye detects
the color but little later than he sees the light. The person who has
any loss of the chromatic sense, that is in any degree color-blind, sees
the color much later than he sees the reflected light. On this is hased
the method of examination. Bright saturated colors, one millimetre in
diameter, when placed on black velvet in a good hght, will be seen by
an eye with normal visual acuteness at a distance of five metres.
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Professor Donders says: “It is interesting to observe how the exam-
ined gradually passes from doubt to certainty. We show him a single
disk at five metres distance; he sees the little disk, but not its mlur' a
step nearer, and he vEuturea to call it ‘red;’ : another step, and he doubt-
fully says, ‘no, green”’ Finally he says ‘red’ ¢ again, and at last decides
more positive]} for this color. Just when he became certain is readily
determined. Or, we put a number of the disks of varying diameters
together on the large piece of velvet, and pointing to each with a stielk,
ask its color quickly. With partial cn::-lﬂr sense, it readily appears lmw
in approaching, first the larger disks and then the smaller are rlghtl\
named ; whilst, with less color-perception, only the larger are told close-
- to; and when there is complete absence, the color of even these is not
 recognized. We may thus determine the numerical degree of color-
blindness with sufficient aceuracy.”

Donders’ method of quantitatively determining color perception by trans-
mitted light, is by the apparatus before you, used on the railroads in
Holland. The light is from a candle, such as is employed to determine
the canﬂl&pnwer of gas. This is placed behind a blackened wooden
sereen, in which is an nimmug twenty-five millimetres in diameter,
mver&d with ground glass; in front of this hole a rotating metal disk is
arranged, pierced with holes, 1, 2, 5, 15, and 20 millimetres in diameter;
just behind the opening in the screen is a rotating disk, with holes—
one clear, the others containing red and green signal- lantern glass, as
also other colors—which we can, by turning, bring in front of the hole
in the sereen; the candle is ar ranged to slide along a scale, thereby
giving us its distance from the screen; the room is partly ﬂ*ulwnml
and otherwise the examination is conducted in the same way as in
the reflected light. From the distanee at which the candle is from the
sereen, the size of the hole necessary in the screen, and the distance of
the person examined from the screen, we may calculate just what his
degree of chromatic sense or color-blindness is. For the tormula for
this and further description, I would refer to my Manual.

Now as I turn the disk to change the color of the light and vary the
size of the opening in the screen, the members of the board see how
perfectly we imitate the conditions of seeing the colored signals on the
railroads as well as the port and starboard lights. A spot of colored
light is presented to the eve just as a red or green light appears to the
pilot’s eye on the water. As soon as seen by the normal eye the color
is instantly recognized. Not so with the pilot whose color sense is in
any degree less than the normal eye. If partially defective, he may
finally hif on the color when he has approached lt, perhaps too near to
avoid a eollision. If more defective, he will deeide instantly wrongly,
and cause an aceident; and how mﬂn],' have thus oceurred, and how
many will ocenr before defective sight for form and color nhsﬂlutul;,-
prevents a pilot being licensed or relicensed ?

As color-blind engineers escape aceident by fortunate guessing and
assistance from familiarity with the surroundings, &e., so the color-
blind pilot has eseaped by his familiarity with the surroundings. The
direction of the wind tells him which way the sailing-vessel ought to be
moving, and therefore which light ought to be towards him. The
position of the steamer on the river, the recognition of direction by the
dimly-seen outline, a knowledge of a certain vessel or steamer likely
to be met with just at this peint, and many extraneous circumstances
help the eolor-blind to rightly guess which light it is he sees. But how
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often are all these extraneous conditions absent for the pilot or the
ailroad engineer, when, from the color of light alone, instantaneous
recognition of port or starboard danger or safety must be made to
save collision, and which recognition is so ecertain for the normal eye
that the lack of it can hardly be believed?

Now, this apparatus of Professor Donders, in practical use in Holland,
and directed by the Conneeticut rules, enables us to exactly imitate
the condition of seeing colored signals when there are no eetrancous
circumstances to help the decision of the pilot or engineer. If there is
any value in the use of colored signals, then certainly there is danger
in allowing those who cannot distingnish them by their color to steer
our vessels or run our locomotives. The testing color-blind pilots or
railroad employés who have been long in serviee, and fortunately for
ns escaped any very serious collisions, &e., is a very interesting psyeco-
logical study. As they cannot see their mistakes, they cannot believe
in them. The red or green-blind see blue and yellow as we do; therefore,
by showing them two bright worsteds of these colors together, and telling
them that in their examination they made as marked mistakes as to class
these yellow and blue as the same, gives them, if' they will believe
some little conception of the gravity of their defect. But seeing is
said to be believing, and as they cannot see as we do, they are not
likely to believe as we do, sinee such belief means loss of ocenpation.

Hence, we see at this time the great value of Donders’ apparatus.
By it the medical examiner can perfectly prove to the interested laity,
or inspectors, the pilot’s employers or friends, just how he is defective.
Nothing is more convineing than the witnessing such an examination,
properly condueted. The most skeptical have always admitted the
danger, which they could not before appreciate, and which satisfied
them so thoroughly that they never asked for further tests with signal-
lanterns, &e.  But a misuse of this test, as, in fact, of any, may equally
perplex the medical examiner, render him doubtful of his diagnosis,
canse in the laity suspicion of the whole guestion of the existence of
defect or danger from it, and confirm the examined in his belief that he
dloes see colors as the normal-eyed.  All tests, therefore, must, in justice
to the examined, be applied only by those thoroughly competent, whose
education enables them to learn them and perfectly understand them
when deseribed by the expert.

I would eall the attention of the board to an addition I have made
to Donders’ apparatus, by which, as vou see, I ean interpose a nentral-
eolored (London smoke, so-called, nsed for spectacles) glass, which will
simply darken the eslored light or the white light. Now it will be re-
membered that red or green colors make a light darker to a color-blind in
proportion to the amount of his defect and the depth of the pigment.
Henee, when he sees a white light become darker by interposing a
smoke-glass, he immediately concludes that it is eolored, and says red
or green, according to cirenmstances.  So darkening a pale-green glass
will make it seem the same as red to him, and rendering a red one
brighter will make it appear green to him. 1 do not know any way
officials can be made to appreciate the peculiar danger of the defeet
better than by this arrangement, which so perfectly exposes the color-
blind’s exact condition of vision and shows how dangerons it is. When
we remember that a slightly-smoky lantern, a little rain or fog or
sleet, a dirty glass, or blurred eyesight from fatigue, exposure, or stim-
ulants, canse the color-blind to mistake the signals, by changing their
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usual eondition and relative brightness, by which alone they decide, then
we ean realize that, however well they may apparently guess at colored
signal-lights Lll}hl*-tll, they are most tltmguuut- on the look-out, or in
wmm&uﬂ or at the wheel. This use of London-smoked glass to test
the color hhutl must, of course, be thoroughly 1111([(*1'1-_-.tuml and the
principle of its .],pplwa,tmn When thus 1111:1115?&1111111--'1_}' emplm ed, it
is a great help to the expert in proving the defect to the interested
laity.

But now to reply to a member of the board, who says: “Yon have
shown us all these different tests by various t*xpl rts, each one of whom
probably thinks his is the best; how are we to decide as to their rela-
tive merits?” &e. The several ways of examining which have been
exhibited are all control tests, to fortify the result obtained by the first
and simplest method, namely, Holmgren’s worsteds., There isno question
of one being better tlmll the Ilthu Exeept for determining the amonnt
of color-blindness, they are not needed. Wherever they “show color-
blindness, the Holmgren test will do it in infinitely less time. The sev-
eral [;r{;r'.reumwuf Departments do not require them, as ihv_} have not
vet decided on the standard amount of color perception requisite. This
renders it all the more necessary that the examiner should be very
familiar with the worsted-test and have thoroughly mastered it, which
even Prof. Holmgren says cannot be done without patient, intelligent
study and practical experience. It has been greatly to the evedit of
the medical officers of the Marvine-Hospital Service, and proof of the
value of the method, that they have succeeded so well with it.  This
is shown in the zl-mmal report of the Supervising Surgeon-General.
Inability on the part of the laity to conceive it possible that such a
seemingly common-place test as the worsteds really at once pointed out
the dangerons pilot or engineer, and the necessity of deciding the
amount of color-blindness, have called for these additional guantitative
and control tests.  But the examiner must nnderstand them thoroughly,
and be competent to explain them in exhibiting the defect of the color-
blind he is8 testing by them,

Visual acuteness, or the power of form perception, is tested by the
same means all over the world, namely, the ability to read letters or
distinguish forms of certain sizes at certain distances under the same
cirenmstancees of illnmination.  Normal visual power has been decided
by the average of hundreds of thousands of normal eyves. It is to be
able to read these test-letters at twenty feet; of course the eye, if neces-
sary, to be fitted with the glasses it may need from being |u=m-~.1wht| d,
over- t-Trlpz‘lli."ﬂl-*i'l or astiematie, &e. The standard of 1|u1|n¢l] vision is nn-
doubtedly rather too low than too high. In the Navy and Army a
definite standard is required in recrnits. No de finite one is ordered for
pilots, as certainly ought to be. The examination of the eyves and the
testing the vision is, by the Treasury orders, left to the mediecal officer,
as he alone can, when the vision is defective, examine the interior of
the eye and determine the canse of such defect, and whether, as with
cataract, &e., it is progressive. So, also, he alone ean say whether there
is granular lids, the results of specific or ofher disease, liable to cause
future tronble, and so on. It is only he, and he only when he under-
stands, who 'E“'Ill detect the cause of failing vision Sfor distance, which
comes \'rll:h increasing years, and can mlh be remedied with f_lfam-.m
This eause is the very common defect known as over-sightedness, the
eyeball being just the reverse from near-sightedness, too short. This de-
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fect is most deceptive to the laity, as the ophthalinic surgeon has daily
proofof in his work of remedying it by glasses. It is, no doubt, a potent
and latent cause of railroad accidents.

I have thus briefly allnded to visual acuteness and normal vision to
show the necessity of a standard being decided on to govern the medi-
cal officers in their examinations, which can be carried out by them
alone by proper tests and ophthalmic instruments. There seems to be
no desire on the part of the Department, as has been the case with
reference to the railroads, to take fhese examinations out of the hands
of medical men. Some standard to govern all medical officers’ rulings
is called for in justice to both them and the examined. Very likely
such standard has been left undetermined in view of an international
one being adopted which the Department eould be governed by.

I have shown how color-blindness ¢an be detected and the proof of
its danger made apparent to all, and explained why the tests for it
cannot be earried out in justice to the examined or to the community,
by those not thoroughly competent, as medical men only are. I will
now turn directly to the explanation of why the two following orders
are not fair to the examined and the community:

CIRCULAR.

Modifieation of Department Civenlar No. 14, rvelating to Examination of
Pilots for Color-Blindness.

1880, TREASURY DEPARTMENT
Ix 1 No. 19. - ?
steﬁlifﬁ:‘.i‘ﬁ’iw;;ﬁm.} Washington, Ir. €., March 9, 1880.

To the SUPERVISING AND LOCAL INSPECTORS OF STEAM-VESSELS:

In view of the expense and hardship likely to acerue to pilots living
at points remote from stations of thé Revenue Marine-Hospital Service,
in visiting such stations for the purpose of being examined as to color-
blindness, as required by the amendment to Rule 47, Rules and Regu-
lations of the Board of Supervising Inspectors, Department civenlar
No. 14, dated Febrnary 17, 1830, is hereby so modified as to allow pilots
employed at places remote from a marine-hospital station to be examined
by any respectable resident physician, whose certificate that such pilot
is exempt from the disease known as color-blindness shall accompany
the license and oath of office of such officer when sent to any board of
loeal inspectors for renewal of his license in the manner provided in
Rule 42, Rules and Regulations. Upon the receipt of the certificate a
license shall be issued the same as though said examination had been
made by a marine-hospital surgeon. This modification is not to be
applied to applicants for original licenses; they, in all cases, must be
examined in the manner provided in circnlar No. 14,

A second visnal examination will not be required in any case, and
inspectors will therefore retain all certificates upon their permanent
files for reference in cases of applications for renewal of licenses,

JOHN SHERMAN,
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CIRCULAR.

Pilots Incompletely Color-Blind,

e b } TREASURY DEPARTMENT,
Steamboat Inspection. Washington, D. C., May 20, 1880,

~ Loeal inspectors of steam-vessels are hereby authorized to examine
with the colored signal-lights all pilots applying for a rencwal of license
who have been reported by the examining-surgeon as only incompletely
color-blind; and if the inspeetors are satisfied, after such examination,
that said pilots can sufficiently distinguish the colored signal-lights
used on steam-vessels, it will be within their discretion to renew the
licenses.

Local inspectors will report in detail to the Supervising Inspector-
Greneral of Steam-Vessels all examinations made under the provisions
of this eireular, and accompany their reports with copies of the examin-
ing-surgeons’ reports. Local inspectors will make requisitions upon
the Department for authority to purchase the signal-lanterns necessary
for the above-mentioned examinations, stating the cost of the same in
their requisitions.

JOHN SHERMAN,
Necretary.

From what I have said, it will, I think, be readily seen that trusting
the examination of the eyes to any “respectable resident physician” is
simply nseless. The reason given in Circular 19 is, that it is a hard-
ship for a pilot to travel any great distance to where a marine-hospital
surgeon is stationed. But is it not sacrificing the community to the
individual, to allow such a pilot as that of the tug “Lumberman” to kill
the people and destroy property? There is not one chance in a hun-
dred that in an out-of-the-way place where a pilot would apply to any
“resident physician,” that the latter would know anything about color-
blindness, even if he had ever heard of it. He would have no appara-
tus to test by or book of instructions to guide him, such as are put in
the hands of the medical officers of the Marine-Hospital Service to be
studied and used. He would be more likely than not to call a pilot
color-blind from pure ignorance, and, if not honest, might be readily
persuaded out of the belief. There is, of course, no surety and no hold
on the physician. Even the surgeons connected with the European
railroads, and hence men of good medical attainments, wholly failed,
although supplied with proper apparatus, until they had been thoroughly
taught by the experts in this sort of work. As a matter of fact phy-
sicians and surgeons have left the whole subject of color-blindness and
its deteetion, &c., to the specialists, ophthalmic surgeons, whose partien.
lar studies enable them to take up the question both theoretically and
practically in an nunderstanding manner. From personal knowledge 1
know how difficult it has been for the medical officers of the several
departments of the Government to do justicé to themselves and to the
examined with these tests which have been necessarily put in their
hands. As I said in my Manual, they can learn, and are now doing so,
of course, often under great disadvantages, from lack of being able to
consult with others and learn de visu, which is here of such great value.
For these very reasons the railroad surgeons in Sweden were all sent
to Upsala, where Professor Holmgren could teach them practically and
suientiﬁca?lly how to test.

2c¢cm
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“A second visual examination will not be required in any case,” aceond-
ing to Circular 19.  The facts which I have given in reference to acquired
color-blindness, from injury, from disease, from aleohol, and from tobaceo,
are, I think, sufficient proof of the need of testing the color-sense at
least as often as a license is renewed. Most certainly the eyesight, as
to form, shounld be tested as often as that, which, with the testing for
color sense, can all be done thoronghly in a few moments by the medi-
cal officer of the departinent, who alone should be intrusted with it.
The laity cannot do this; it is a medical examination, for medical men
to carry out. :

I have said that a person born eolor-blind dies so, and that it eannot
be altered or alleviated. So far, therefore, as congenital color-blind-
ness is concerned, one examination would be sufficient; but the ques-
tion of acquired color-blindness must never be forgotten or ignored,
and the need of testing for visual power at least once a year is abso-
lutely necessary. Ophthalmic surgeons know only too well how grad-
nally-failing sight, from cataract or disease, may not be recognized even
by the patient himself, and never be known or detected except by their
methods of examining the eyes.

Incompletely color-blind pilots are, by Circular No. 46, taken out of the
hands of the medical officer, and allowed to be tested by the local in-
spector with colored signal-lights.

The Supervising Inspector-General says, in his annual report: “The
last circular was issued because it was deemed but a simple act of jus-
tice that pilots of many years’ experience, without accident of any kind,
should have the fullest opportunity consistent with the public safety
to prove themselves competent to confinue in the exereise of the duties
of the profession in which they have been educated.”

Now, the color-blind pilot of the tug * Lumberman,” who caused the
death of fen people and the loss of property, &e., might perfectly well
have been just such a case, namely, one that the medical officer would
record, in accordance with his instruetions, “incompletely color-blind,”
and hence fallen to the local inspeetor to decide on, who, by the tests
he is directed to use, would pronounce him perfectly safe to be re-
licensed.

It is necessary, first, to explain to the board what ‘“incomplete color-
blindness” is. It is to be remembered that the defect exists in all
degrees, and none of the Government departments have yet decided
the amount permissible in any given case, &c. By referring to page
40 of the United States Manual, it will be seen that Professor Holm-
gren proposes to “classify the different kinds of color-blindness under
especial heads, to be able the better to grasp the whole” He says:

“We might, indeed, divide this blindness into congenital and acquired ;
but, as we are concerned alone with congenital color-blindness, the
division is as follows:

“1. Total eolor-blindness, in which the faculty of perceiving colors is
absolutely wanting, and where the visual sense, consequently, can only
perceive the difference between darkness and light, as well as the differ-
ent degrees of intensity of light.” [Several such cases are lately
reported. |

“1I. Partial color-blindness, in which the faculty of eertain percep-
tions of color, but not of all, is wanting. It is subdivided into—

“1st. Complete color-blindness, in which one of the three funda-
mental sensations, one of the perceptive organs of color in the retina,
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is wanting; and in which, consequentiy, the colored visunal field has
but two ranges. This group inclndes three kinds, namely :

“(a.) Red-blindness.

“(h.) Green-blindness,

“(e.) Violet-blindness,

“2¢. Incomplete color-blindness, where one of the three kinds of ele-
ments, or perhaps all, are inferior in exeitability or in numbers to those
of the normal chromatic sense. This group includes the whole of a
series of different forms and degrees, a part of which, the superior de-
grees, which might be called incomplete red-blindness and incomplete
green-blindness, (and incomplete violet-blindness,) constitutes the transi-
tions to the corresponding kinds of complete color-blindness; and
another part of which—the inferior degrees, which we call a feeble
ehromatie sense—constitutes the transition to the normal sense of colors,
This classification is quite practical and conformable to experience,
We know no classification which, though distinguishing aceurately be-
tween the different essential forms of a defeetive sense of colors, draws
a surer, more decided, and more practical limit between the defective
sense of colors and the normal sense,”

Now, till we have some better, or more precise, or more simple, these
are the expressions and these are the terms the specialist and the ex-
pert must use in describing or recording his cases, namely, the condi-
tion of the examined, just as we must record the examined as being
near-sighted, or over-sighted, or astigmatie, or having vision one-half,
&e. They are technical terms connected with a tec hnical subject. It
is not the fault of the subject or of the medical examiners that the laity
do not thoroughly understand their use or significance. Much dust
has been thrown into the eyes of the community and of those in official
position desirous of doing their duty towards the community by ignor-
ant and wily persons using these terms expressing the various kinds
and degrees of color-blindness in a totally perverted and false way,
with the purpose of deception and with the view of showing the defect
to be but a great rarity, and by no means dangerous, &e.

I would illustrate my point by saying that if, after examination by
the various tests I have shown, T should report an engineer or a pilot
as incompletely color-blind, it by no means is to be understood that I
indorse that man as better or more safe than one I report as completely
red or green-blind. In fact, I do not hesitate to say that I regard
partial or incomplete color-blindness as more dangerous. For instance,
a medical officer of the Navy, inspecting recruits, told me that, w ith
any apparatus formerly supplied him, he could not be proved to be at
all deficient as to colors, yet that, at a distance, when he could recog-
nize the red port-light, hb could m:-t distinguish the green starboard-
light from the white masthead-light. Testing him with the worsteds,
I found that he was partially green-blind, and would be recorded simply
as “incompletely color-blind.” N mvhnre under the United States Gov-
ernment is it yet required to record the exact amount of chromatic de-
feet numerically, as we record the amount of visual power for form
numerieally, e. g., vision, two-thirds normal, &e. Hence, no apparatus
is put in the hands of Ulﬂtﬂﬂ States medwul officers to measure color-
blindness by other than the decision above spoken of, decided by
Holmgren's worsted test. A definite amount is rﬂqmreﬂ by the Con-
neeticut laws, and the apparatus I have shown you is designated as the
method of determining it accurately. The medical officer 1 speak of
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stated most freely that he would be most dangerous on the wateh, all
the more, as he would sometimes be right. Such a man would be sure
to escape detection exeept by thorough tests in competent hands. The
completely defective generally give it up, or rely on some one else; the
partially color-blind, being often right, are only too firmly convineed
that they always are, and readily deceive those about them into the
idea that at the most they are only a little careless or inattentive. Red
and green lights, ¢lose by, they distinguish; but at a distance, when
the normal eye easily and instantaneouslv recognizes them, the color
is gone, or becomes doubtful; hence, the peculiar danger.

The truth is, that, both on the railroads and on the ocean, each and
every degree of chromatic defect is dangerous to life and property, and
I might almost say, in inverse ratio to the amount, because the lesser
degrees readily escape detection, and go on with the official stamp or
sanction of their harmlessness.  Experience on the railroads has proved
this most conclusively. 1 believe the time will come when the commu-
nity will demand absolute freedom from color-blindness in railroad
employés and mariners.

The local inspectors or any of the laity, if they attempted to test by
the signal-lights even those who were found by the surgeons completely
color-blind, would, perhaps, equally often come to the conclusion that
such were not defeetive or dangerous, and be perfectly willing to re-
license them, even without the pressure spoken of in the reports of the
surgeons of the department. Still more likely would they be to assure
themselves that the partially cplor-blind were either not so, or if so,
scientifically, as is often said with a sneer, yet perfectly safe and trust-
worthy as pilots. Now, then, partially defective men, who either see
signal-lights when near enough, and when in a room guess at them
almost always correctly, are precisely those who are dangerous; and
local inspectors testing them with signal-lights, ahd giving their official
- sanetion to the license, only renders them more dangerous, since then
their employers are confirmed in the belief of their freedom from defect
of any kind.

A competent medical examiner will with certainty very quickly detect
any degree of color-blindness by Holmgren's worsted test, and he can
equally well show, by proper apparatus, that such blindness is danger-
ous, Testing with signal-lights will not show this danger, and this is
the special reason why I appear at this time before this board. Nothing
seems more self-evident than that the way to find out a man’s color
sense and his capacity for reading colored signals is to put up the
signal-lights and ask him what he sees. Upon this very naturally is
based the Circular No. 46, allowing local inspectors to test with signal-
lights. The same mistake has been made by other boards, and without
the good exeuse this board has, that it was aecting to the best of its
knowledge and ability in yielding to the pressure to retain partially-
defective pilots. It could not accept unchallenged the assertion and
opinions of the Medical department in the face of such seemingly
common-sense ideas, that to take a pilot out and ask him the names of
the passing colored lights, or fo hold up signallights a short distance
off and do the same, was not the truest, fairest, and readiest way of
finding out his color perception.

I am here, as I said, to disprove this, which is thoroughly discussed
and shown in my Manual. I do not suceeed in convineing this board
it will be simply from my lack of properly presenting the subject.

e e —
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Before discussing the general question of the nselessness of testing the
color sense by l.J,ntaa,rns, I would call the board’s attention to some very
practical points. The local inspectors are provided with signal-lights;
the precise kind and standard are not stated or defined. Now, in
reality, the glass varies very muech. It will be remembered that the
red or gr(,(,n—bllml see yellow and blue as we do. XNow, here, directly
from the mdnuf'actﬂr;, is a very strong bluish-green starboard-light
that any color-blind would see and recognize the color in it, namely,
the blue. He would, of course, call it the starboard-light or green.
The name is nothing; he calls it what we do, green; and here is another
starboard-light which is a pale yellowish-green; the yellow in this tells
him that it is also what he is to call green when asked to name it, and
- he does so unhesitatingly. Any light differing from these two he
equally unhesitatingly calls red, in which he, of course, will be right.
Now, practically, this is what ﬁ-e.queut]y ocenurs as told me by the manu-
facturers. A shipmaster buys the dark greenish-blue, and as it gives
g0 very little light it is complained of, and he comes back with his com-
plaint to the seller, who then substitutes the pale yellowish-green.
This is, however, soon returned, and complaint made that it does not
look different from an ordinary 1'.]111:4-} light, and the exchange is again
made for the dark bluish-green, &e. Now the railroad lights vary in
precisely the same way, and officials have been 1)113E]l:{1 by finding
employés who were by experts detected as color-blind, naming, when
close enough, (this is the point,) the colored signals (bluish-green and
pale yellowish-green) apparently quite correctly, of course calling all
else shown red, as it would, of course, be,

A member of the board here asserted that any "I.'EEHE']. using such a
light as the bluish-green one shown by Dr. Jeffries would be liable
under the law. But ‘the Inspector-General replied that this was not
the case, and that the two so different starboard-lights exhibited would
equally well meet all the present legal requirements. |

Thus it will be seen that a local inspector provided with certain signal-
glasses would never find a color-blind pilot, and quite readily convinee
himself and the pilot and the persuasive fr ifmi's* that the Department or-
derd; Holmgren’s test, and even the existence of color-blindness, were all
scientifie l‘E‘ﬂIIPTI'lE‘Ilt":u of no practical meaning or value; and, as a
Chicago paper. seriously says, *that the suggester of this whole move-
ment, &e., onght to be put in prison and the Government indicted by
the G])prESEit"ﬂ color-blind pilot.”

Any test by naming colors has been shown to be simply lll[llll:'ll]ml%,
yet any examination by signal-lights must of course be by requiring
the examined fo say what he sees. Every time he fails it must be put
down against him, and, if he has to correct himself, it must be a canse
of suspicion. ‘\Im‘mﬁ er, whenever the true eolor- blind guesses rightly,
which he may do every time, as it is only between two colors, it is to
his eredit in pmﬂnﬂ* him f.'m# color-blind. The whole thing 11.1]1 be a
mere play of wits between examined and examiner, as unfair for one
as the other. I myself now feel pretty familiar with this peculiar chro-
matic defect and its manifestation, yet I do not hesitate to say that if
I was forced to use only signal-lanterns in detecting it I would refuse
to attempt to give an opinion. All scientific experts who have had
practical experience entirely agree with me in this. There is no differ-
ence of opinion. The Supervising Surgeon-General well says, in his
Annual Report, p. 21: “When signal-lights are proposed as tests for
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color-blindness in opposition to the united opinions of the hest informed
ophthalmologists in Europe and Ameriea, it secems to be assumed that
the medical examiner has a peculiar and special interest in the rejee-
tion of the eandidate. This assumption needs no refutation.”

I must be allowed here to read from my Manual, p. 183, what a very
practised scientific expert, Professor Holmgren, says in reference to
testing railroad employés with lanterns, since of course the same ap-
plies to testing with signal-lights:

“The great majority of people are inelined to believe that the best
method of testing the railroad personnel for color-blindness would be
the use of the signals employed, namely, the lanterns and flags, as be-
ing the most direct, easiest, and suitable. This, to every practical man
who has made no specialty of color-blindness, is so obvious as to be a
recognized fact. Any method which we are here concerned with has
only the aim of preventing the mistaking the signals by the responsi-
ble personnel. What more simple, is asked with seeming right, than
to be assured that the railroad employés can distinguish the signals?
What other method can guicker bring us to our desired end? And
how can we reach it more readily, since these signals are in use on all
railroads? DBuat there is another condition necessary. The examina-
tion must not only prove that the men are able to distinguish one, two,
or any definite number of lanterns or flags, so or so often, but that they
can distinguish all flags and all lanterns under every eondition; in a
word, that their color sense is as normal as we have aright to demand.”

“Testing with lanterns becomes but a hazard between the examiner
and examined, where the latter may readily often win, and where the
former bears all the loss if the examined afterward fails but once. Of
course the examiner is sure to win, if the play is continued long
enough, for, if we know beforehand the examined is color-blind, we
can sooner or later cause him to make a mistake as to the color of the
lanterns,  But if we do not know that he is color-blind, and are testing
him to decide this, then we shall soon find how unadapted this method
is, and how impractical. Naturally, much depends upon just how it
is employed. Tor instance, let us suppose that the usual colored lights
are shown to the examined, one after the other, and he is asked fheir
color or meaning, whilst from his answer his color sense is to be decided
on. As already shown, the eolor-blind may decide rightly, but we need
hardly add that the normal-eyed may fail from ecarelessness, inatten-
tion, or even slip of the tongue. Henee, a color-blind is passed as
normal, and the reverse; so in this form the method is not practical.
To attain certainty the test must be continued and repeated till the
examined’s color sense admits of no doubt. But how often must we
repeat in order to be sure? How often must mistakes be made in ovder
to prove color-blindness? Or how often may they be made and the
defect still be considered not present? It is, of course, impossible to
decide these questions.  Certainty naturally increases with the number
of trials, but the method is still untrustworthy, and it is depending too
much on the knowledge and experienee of the examiner in reference to
color-blindness, to expect a decision from him on such tests.”

This, now, is the practical experience of a thorough medical-expert
examiner after testing a great many railroad employés. He has been
speaking, too, of the question of lantern tests in the hands of medical
men specially instrueted, If they so utterly fail, as is evident, how
would it be possible for local inspectors to decide whether there was
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color-blindness, and whether it was dangerous, &e.  As I said, any de-
gree of eolor-blindness would very readily pass undetected by them;
the most dangerous cases, namely, the partial or mmmp?etg, would
most surely escape and be declared perfectly safe. This, too, by the
most honest inspector, uninfluenced by surrounding pressure, from
which, reports show, none are free.

The same sort of pu*ﬂsme that was applied to this board was brought
to bear on the Board of Health of the State of Connecticut, to which,
from lack of personal acquaintance with the subject, they also yielde{l.
They allowed defective employés to be tested by what they themselves
and their connsel demanded, namely, flags and lanterns at eighty rods.
The results from the worsted test were, however, entirely substan-
tiated by these second examinations, an account of which will be given
you by Dr. W. H. Carmalt, professor of ophthalmology at Yale Uni-
TLI":It}, and who was one of the examiners under the State laws.

[Since the meeting of the board, full reports, &e., have appeared,
from which the fullm*.'ing are qnmte(l as of speeial interest:|

Dr. Chamberlain, secretary of the Connecticut State Board of Health,
reports in the Boston Medical and Surgical Journal of February 3, 1851,
as follows:

‘It so happened, however, that, at the outset of the examinations,
several engineers, closely connected with the prineipal officers of one
of the most influential roads, were found more or less defective, and
others, of greater or less influence politically, were involved. A special
appeal, signed by 6,000 or more, including nearly, if not all, railroad
prtsulent.s and pmmnmnt Dfﬁuals., as well as by leading ]:-cﬂ_ltn 1ans,
was presented to the board of health, asking that the me tlu.ul.-». of ex-
amination be entirely changed, and pm{'tu,al tests only employed, such
as the flags and lanterns nsed in signalling. The great er y was ti.mt the
men be tested by the tools with w ]_lth thﬂ W mlwtl by 111¢u+m-dl tests—

as if those were not practical which ase sertained tln:, facts surely, and
with the greatest ease and rapidity. In deference to these representa-
tions, however, those condemned by the worsted system were allowed
a further trial by flags and lanterns, at eighty rods. The results of this
were somewhat surprising to the men. Out of twenty-four men exam-
ined by Dr. Bacon, and found color-blind by the worsteds, twenty-one
failed by flags and lanterns, and the others answered more or less un-
satistactorily. Similar results were obtained by Professor Carmalt, the
other examiner.”

From the Report of the Connectient State Board of Health are taken
the following:

Extracts from the Report of Dv. W. T. Bacon, Evamining Ophthalmic
Surgeon.

“The whole number examined was 1,029, Of these 4.6 per cent. had
color defects and 7.5 per cent. had visual defeets.

“Those failing to show satisfactory color perception by the tests
enumerated were tried with the flags and lanterns at eighty rods, one or
both, in use on the road. Of the twenty-five color-blind to red or green,
‘tWanV four appealed to the flags, and twenty-one of these failed in
distinguishing red from green, while three named the colors correc tly.
In testing with the flags, one of the officers of the road was always
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present, and his eolor perception compared with the employés and with
mine., My experience with the flag test has convinced me that it is a
wholly unreliable method for the detection of color-blindness, and may
have a worse effect than if it had not been used, by giving to the color-
blind—who by some chance may have told the eolors—a false confi-
dence which he did not before possess. Ewven those tested by it are
not satisfied, as their failure is almost always attributed to some cause,
as the light, want of sleep, &c. The three who called the eolors cor-
rectly were qalt& blind to green by all the other tests used, and are, in
my opinion, equally, if not more daugﬂmﬁ than those una,ble to name
the flags. Besides its llrlll;*]lclahlllt:;, the test with flags and lanterns
is impracticable when a large number of men are to be tried, and I
doubt if the employés of the roads in this State could have been tested
by this method during the three months given by the law without great
loss of time and inconvenience to the railroad companies.”

At a hearing before the railroad committee of the Massachusetts Leg-
islature, February 14, 1881, the following evidence was given by the
two gentlemen who appeared before the Board of Inspectors of Steam-
Vessels:

“Dr, JEFFRIES. Allow me to say one word to explain to the com-
mittee. Those re-examinations with flags and lanterns were what the
board of health felt forced to allow from the pressure put upon them;
and, therefore, their counsel called for that form of examination, and
the board of health allowed it; and, as the professor said, the very men
that failed by the tests used under the law failed also with the flags
and lanterns.

“ Professor CARMALT. That is just what I was on the point of say-
ing. The board modified its rules, and directed us to make examina-
tions of those men who failed on our tests with flags and lanterns, and
it made certain rules as to how they should be done. I protested
against that personally, because [ insisted that it was so unreliable;
in individual cases I could not make up my mind from that test; tha.t
while I was willing to aceept the verdiet in a mass of cases, that in one
individual man whom I found fanlty—defective by the test which we
regarded as accurate—I would not allow myself to say that that man
was free from color-blindness becanse he was able to tell the flags and
lanterns; neither would I say that that man was incompetent or eolor-
blind because he failed on thoze. But I have made the examinations,
however, according as I was instructed; and, with your permission, 1
will simply, to illustrate that one point, read briefly what the result
was, The modified rules, as we ealled them, were for the protection of
old employés who had been on the road for five years or more, and who
had shown, as they supposed, their capability for doing their work.
The modified rules were not applied to those new employés who had
been on the road but a short time, and were still learning their busi-
ness, and were not regarded as coming under such a regulation. They
had not learned, the board said, the peenliar degree of intensity; they
had not educated their eyes, if thex were color-blind, to determine these
little differences, and they would not run the risk with them. I shall
come back to that point again, with some other statistics that I have.
But, to go on: Of the twenty-eight men whom I found eolor-blind, eight
of them were new employés, “and did not come under the test for exami-
nation with flags and lanterns; therefore, it leaves twenty whom I

1
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examined in that way; and absolutely not one single man that I exam-
ined with the flags and lanterns was able to do it and make the test
right. Every one of them made mistakes which, if they had been on
their trains, wonld have been fatal to the train; every one of them.
They were of greater or less degree.”

The uselessness of lanterns in determining the color sense in com-
parison with the other tests, especially that by the worsteds, has been
equally well shown through the reports of the surgeons of the Marine-
Hospital department. And further, the dangerous character of the
degree of color-blindness which Circular 46 would have the local in-
spectors decide on, is equally well shown by these surgeons’ reports.

Surgeon Hutton, at Detroit, reports the details of such an examina-
tion, and says as to the pilot, “but when tried on lights of which he
knew mothing, it confirmed what 1 decided within five minutes after
commeneing the first examination, that he was both green and red-blind,
and my diagnosis ‘completely color-blind’ would stand.”

“So far as the test on the river among vessels is concerned, I have
maintained that itis no testat all. Vessels’ lights have fixed positions.
A process of mental caleulation, coupled with his knowledge of the
relative positions of these lights, enables him to decide the matter,
after a little reflection as to the position and course of the vessel,
independently of his chromatic sense.” :

That all these helps will fail the color-blind is shown by the pilot of
the tug “ Lumberman,” who mistook the green for red light on the steam-
ship “Isaac Bell.” Take the case of a man incompletely or partially
defective in red and green. The local inspector tests him with lanterns
close-to, and, of course, relicenses him over the surgeon’s head. Now,
this man will not see the red storm-signal at a distance, and, losing his
vessel thereby, will honestly swear it was not lit. How often is it
reported that red lights of light-houses were not lit or were not seen, &e.!

All the world over the same experience has been gone through with,
namely, the dangerous color-blind have escaped by inadequate methods
of testing by those wholly incompetent to make examinations; and
this, notwithstanding that Holmgren and Donders, and many other
experts, warned against this so plausible and seemingly fair method
with the lanterns, &c. Of course, when the lantern test was properly
carried out, every man who showed any color-blindness by the worsted
test showed by his direct mistakes or uncertainty how dangerous he
was. No loeal inspectors with signal-lights, or any of the uninstructed
laity, can thus make evident the danger either to themselves or others.
This seeming ability of men who have been declared eolor-blind by
medical examiners to see aolored signals close-to, or name them nearly
always correctly, has been the bugbear of all officials. I have, how-
ever, never found any officials who would patiently listen to the true
explanation, or who saw the color-blind tested by medical examiners,
who did not frankly admit that they were mistaken, however they
might aet when subjected to the pressure of surrounding circumstances.

[A member here doubted the report of the examination by Surgeon
Hutton. At request of the Supervising Surgeon-General, and in de-
fence of his medical officer, Dr. Jeffries was called upon to read the
report, which he did, commenting on it in explanation. He spoke of
it in terms of praise, and, after the explanatory discussion, the Board
of Inspectors admitted the correctness of Surgeon Hutton’s account in
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the Annunal Report of the Supervising Surgeon-General of the Marine-
Hospital Service. |

[Some two hours were then spent by the varions members of the
board in questioning Dr. Jeffries and Professor Carmalt, in order to
satisfy their doubts, or have misunderstandings cleared up, by personal
explanations by these gentlemen of the various tests, and especially
the apparent contradictory evidence of defect as shown by the worsteds
and the signal-lamps as they had been used. The board final.y agreed
with these gentlemen.]

Dr, Jeffries resumed: Our explanations have shown the great danger
which may arise from these examinations being taken out of the hands
of the surgeons, and they have equally shown how readily this mistake
was made; a mistake most apt to be made at first by almost all officials
who have to frame laws and instructions as to these tests, which are
80 incomprehensible till seen and understood. A desire to see justice
dnu? between the community and the pilot alone actuates the eriticisms
made.

It is with great pleasure that I testify to how far ahead of our
mother country, England, this board is in this matter. There the tests
of masters and mates for visnal power and eolor-blindness have been
left to the examiners in seamanship, of eourse non-medical men, with
a result, reported to Parliament, that is simply ridicnlons.

[Nore.—Reference should be here made to the speech of Hon. B. W. Harris, of
Mass., in the U. 8. House of Representatives, Feb. 18, 1821, in Congressional Record. ]

On the other hand, across the channel in Holland, very striet rules
are carefully applied by competent medical men. I quote from my
Manual, p. 262, as follows: “ Regulations were also proposed to the
government by Professor Donders in reference to the navy and mer-
chant marine; and they are now aceepted and enforced, as seen from
an order in the same official paper, * Nederlandische Staats-Courant,”
of March 3, 1879.

“The Minister of the Department of Industry, Commerece, and the
Navy, referring to article 2 of the royal decree of Feb, 17, 1879, (Staats-
blad, No. 37) in regard to the carrying out direetions for the examina-
tion for a warrant as mate in the merchant marine, as directed by
royal order of May 5, 1877, (Staatsblad, No. 98) has decided to re-
quire—

“1st., In the test for visual acuteness and color-sensation ordered in
the article, the following:

‘. Normal vision,without correcting-glasses, with one eye, and atleast
one-half of normal vision with the other eye.

“h. Both eyes must be without manifest hypermetropia of a degree
above D 1,00, and in one eye at least normal vision.

¢, Visnal field not limited in either eye.

“d. Hyes and eyelids externally healthy without habitual congestion
or imitation.

“ ¢, Color perception perfect for transmitted light in one eye, and at
least one-half in the other, according to Donders’ method.

“2d. The report and declaration of the expert, as required in the above,
shall be considered valid for one month only from the time the test 1s

maile,
(Signed.) “TAK VON POORTVLIET.
“GRAVENHAGE, Feb, 27, 1879,
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“ By the same order three ophthalmie surgeons are appointed as the
experts for these examinations in Amsterdam, Rotterdam, and Leeu-
warden.”

How different are these precise regulations, and the means of carry-
ing them out, from the loose methods employed in England. How
much better, also, than the regulations of our Treasury Department,
in which no definite standard of vision or color-blindness is required,
and by which precizsely the most dangerous cases, viz., the partially
color-blind, are taken out of the medical officer’s hands to be imme-
diately ﬂj’i-:ﬂu-!-!y declared not dangerous l#y the local inspector through
his fJ-FRt with lanterns, which never can detect the defect or exhibit the
loss of color-sensation.

Repeated notice has been taken of the especial danger on the sea.
Dr. Daae, in a lecture, April 10, 1875, before the Medical Society of
Christiana, said:

“But how can having rules for the marine of one country only be of
avail? On the ocean-vessels from all parts of the world pass each
other. When two vessels meet, it will help but little if the officers and
crew of but one vessel have normal color perception. If there are color-
blind on the other vessel, collision may oceur.

“As to the railroads, it is not of such i importance that the require-
ments as to color-blindness should be the same in all countries. If one
country has one set of regulations, and another a different one, whilst
a third requires no examination, it concerns only the individual country
itself. But as to the marine, it is necessary to have an international
law.”

I follow these sentences in my Manual by saying: “The test for
color-blindness now heing so simple as to be readily carried out by the
surgeons attached to vessels, especially naval medical officers, there
can be no great difficulty in having an international commission meet
and frame the laws which shall govern all the navies and merchant-
marine of the great maritime nations at least. It would then be as
readily re =urg|1mul that every officer and man must be able to perfectly
distingnish the red and green lights as to know where they belong and
what thm mean.”

The last conelusion in my Manual is: “An international commission
should be ealled to establish rules for the eontrol of color-blindness on
the sea, and the carrying out the same examinations amongst pilots,
masters, and erews of steamers and sailing-vessels, in the navies and
the merchant-marine.”

As the members of the board well know, a petition in favor of such
a commission was presented to Congress, referred to the Naval Com-
mittee, and most favorably reported on by the introduetion of a hill to
initiate it by the Executive. This bill may come up at the next session
of Uﬂngumb, if not reached by the pr esent through the petition. Such
a commission was strongly favored by the Secretary of the Navy in his
annual report for 1880. Its special value to this Board of Supervising
Inspectors of Steam-Vessels, all the members can realize. The rules
and regulations agreed u pml, and the standards of tests and require-
ments of visual power and color perception, would be a basis for the
board to act upon which no pressure could affect, and relieve the indi-
vidual members of the onus and the 1‘&:-,]mlfmhlllt3' which has naturally
cansed them so much time and trouble in their attempts to do justice
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to all parties. Such international laws would be gladly adopted and
acted on by all maritime powers. The United States, it is trusted, will
have the honor of havi ing initiated the commission, the great value and
importance of which its own action, proceedings, and final report will
amply show.

I would now introduee Dr, W. H. Carmalt, professor of ophthalmology
at Yale University, who is one of the medical examiners who tested the
railroad employés, and who will give you his practical experience in
examining with lanterns.

L

REMARKS OF PROFESSOR CARMALT.

MR. PRESIDENT AND GENTLEMEN OF THE BOARD:

I shall attempt to add nothing to the scientific exposition of the ques-
tion of color-blindness and visual power which Dr. Jeffries has already
presented to you. My position as examiner of the railroad employés of
the State of Connecticut has, however, given me a familiarity with the
objections urged against the law of that State, which, perhaps, will be
of assistance to you in making up your minds as to the advisability of a
law for the examination of your pilots and the limitations of the tests
to be employed.

The guestion which almost invariably follows every exposition of
the Holmgren worsted-test from those who have had to do with signal-
lights is about this: “ We don’t dispute at all that the tests you show
us are accurate so far as they are concerned; they do detect what you
call color-blindness; but, Doctor, does it follow, and how does it follow
that if & man makes the characteristic errors that you desecribe, an
which he undoubtedly does make, that he is liable also to mistake the
signal-lights?” My answer is positive: ¢ He will mistake his signal-
lights if’ you place him and them in the same relative positions. 1f he
confessedly cannot see any difference between green and slate or gray
here, with everything in the way of abundance of light and proximity
of object in his favor, he will assuredly be liable to fail when the signals
are reduced by distance or atmospheric changes to that minimum of
light which the normal eye can determine with precision.”

The Donders apparatus, the construction of which Dr. Jeffries has
shown yon, has proved that the normal eye can see the colors of the
different transmitted lights, to distingnish them accurately, through
the smallest opening, 1 millimeter (55 inch) in diameter, at 5 metres
(163 feet) distanee; but that those who fail on the worsted can only
see the spot of light, to determine its color, at 10, 5, 3, or 2 feet, as
the case may be, depending upon the amount or (lﬂgree of his color-
perception. About ninety-six per cent. of men can make a correct
assortment of the Holmgren worsteds; about four per cent. cannot.
Ninety-six per cent., more or less, of men can see the color in the spot
of light of Donders’ apparatus; four per cent., more or less, cannot.
The same ninety-six per cent. who pass the worsted-test pass success-
fully the test with Donders’ apparatus; the identical four per cent. who
fail at the worsted-test make mistakes at the sixteen-feet distance with
the Donders apparatus, and are obliged to move up closer to it in order
to be sure. Now I insist that the spmk of light represents exactly the
signal-lights of your vessels when carried off far enough; but the tests”
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which you tell me you apply, and which the incompletely color-blind
men of your rules pass successfully, are not one-tenth, nay, one-hun-
dredth, part so severe as the remaining ninety-six per cent. have passed.
In fact, they are no tests at all. The test of a man’s muscular strength
is not whether he can lift 5, 10, or 25 pounds, but whether he can lift,
say, 5564 pounds. On that last half-pound of visual force, so to speak
will, in the all-important emergency of fog or narrow channel, depemi
the lives of perhaps hundreds of persons. Holding the great side-lights,
as you do, from fifty feet to half a mile distant from the man, is like the
first ten or fifty pounds lifted in the illustration above given. It is no
proof or evidence that he can see the same thing accurately at four
times the distance; and, even if he does not fail, you must see that he
has had an even chance of guessing right.

That such men do fail is certain, even on such low tests as were
adopted by the Connecticut State Board of Health, on petition of the
employés, which was that they should be examined, at eighty rods, by
the “flags and lanterns in common use on the road in question.” To
say nothing of the flags, which varied from a dirty (black) red to a
clean white, the lanterns, as appealing more directly to your case,
might, by the terms of the rules, vary from the head-light of an engine
to the feeble switch-light on a turn-out. The hand-lanterns of con-
ductors, brakemen, &ec., have no fixed standard; and, although you are
moreaceurate in yourinstructions, Dr. Jeffries has shown you how variable
the intensity of the light must be in passing through the variously manu-
factured glasses found in the shops of the ship-chandler, &e.

In the examination mentioned, 1 endeavored, as fairly as 1 could
with the ridiculously inaccurate instruments at my disposal, to get at
the man’s color-sense, as he would have shown it by the Donders ap-
paratus. To this end, I surrounded the lantern on all sides but one
with a black box, so that there should be no side reflection to guide
him. On the open (or front) side I passed the slides of colored glasses
to represent the different colors of the signals, and then, by a proper
system of signalling and clerical assistance, an accurate record was
kept, respectively, of the slides I passed before the lanterns, and the
answers which the man made to correspond. 1 used for slides green,
red, and smoked glasses of different intensifies, made by using the
slides respectively single or double. I warned the men, in advance, of
what I was going to do; explained to them that there was no “ ecateh”
in it; told them they must give the name of the eolor, but if it was
simply a light reduced to a dim light by smoked glass to say so and
not call it a eolor, and the correet reply would go to their eredit. If,
however, a dim light was exposed and they gave it the name of a color
it was evidence against their proper color-perception. The distance,
eighty rods, relative to the size of light nsed was so short that a person
with normal color-perception had no sort of hesitation in naming the
colors immediately and promptly. As the rapidity with which the de-
cision is made is of course an element of great practical importance,
. they were allowed five seconds in which to tell the color, and it was
ample; yet, with all the conditions mentioned so strongly in their favor,
most of them made errors which, in the first place, were characteristic
of the defect, and in the second would have been fatal to the safety of
their train if made when on actual duty.

I will not weary you with reading the whole list. Let it be sufficient
to give a couple, more or less, of the most characteristie, after, in fair-
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ness, stating that some of the men answered all signals correctly;
fact that I could not aceept as proof of their normal color- permptmn

becanse of the inadequaey of the test, just as I regard your examina-

tions as unreliable for the same reason. One man guessed straight for-
ward alternately, fourteen times—red, green, red, green, &e., all through
his examination, except twice, when he did not venture upon any re-
ply. Another gave all his answers so slowly, that four times out of
twelve he failed to answer at all; once he called a smoke-slide (or dim
light) a green light, thus failing five times out of twelve at signals of
his own selection. This same man, when examined with the flags, was
very doubtful where those with nm'nml color-perception had no doubt,
and when the flags were e':pnwd to a bright sunlight made some fail-
ures in names; when they were carried into the shadow of a brick wall,

was utterly unable to see the bright red flag at all—he could not r.hs-
tinguish it from the dull brick wall Dehind it.  Another made the
following series:

Dark smoke. ... ..he called Red.

RIS e B he called Green.

By 1 ey e he called Dim White.
Deepred.-........ he called White.

Light smoke. ..... he called Green.
Deepred......... he called White.

Deep green....... he said, *Don’t know.”

A fact of prime importance, it seems to me, was shown in the ages
of the color-blind engineers and firemen. They were all young men,
with one exception; this one was thirty-nine years old. Dr. Jefiries
has told you that alcoholism and syphilis will canse color-blindness;
this man was notoriously a hard drinker; was intoxicated the first time
I examined him, and within a month after my examination was arrested
in a bawdy-house. I think, from the character of the mistakes he
made, both with the worsteds and the lanterns, that his defect was
acquired (it may have been simply exaggerated) in late years. Except
this man, all the others were less than thirty-two years of age. The
average age of the class being thirty-six and one-fifth years; the aver-
age age of the color-blind of that class was just thirty-one years. The
conelusion which may safely be drawn from this is, that the eolor-blind
men prove themselves to the satisfaction of their superior officers, for
some reason or other, to be incompetent before arriving at the average
age of their class. “They make mistakes;” “they are careless fellows;”
“confound him! he never looks at his signals!” I respectfully suggest
that they do look at their signals, They look at them harder and more
attentively than any of the others; but, gentlemen, the signals do not
convey to their brains the same sensation that they do to ours. If the
men with this defect can have a standard of comparison, they do fairly
well. If they see a green and a red light exposed together, or a white
along with either, they can probably tell them correctly, Eﬂpemm]y if,
in addition, the surrmmdmgb are such as they are accustomed to, or
can observe. If, however, their point of comparison be taken away;
if they have ahsnlutﬂly nothing but one single pumf of light to judge
from, they are liable to fail. They have one chance in two of guessing
d,nght of course, Your ¢ Lumberman?” aceident is a case in point, and
I had an experlenuz which will serve to illustrate the same thing.
While examining a squad of eolor-blind men, as directed by the board
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of health, with their colored lanterns, one man undergoing the exami-
nation, the remainder, collected together a few feet away, were discuss-
ing the lights, which they could see also; some question arose among
these last as to a certain light, when one spoke up, saying: “If you
want to know how a white light looks, look at the stars.” They were
feeling around for a standard; their comrade gave them the informa-
tion sought for, the nse of which had undoubtedly stood him in good
stead in times past, just as it has stood by your color-blind pilots, and
will again; but unless you can guarantee to them a star-lit sky, or
both Bign&i-]:ightﬁ—ﬂnd in the latter case no fog, or rain, or snow, to
disturb their brillianey—you are putting them in positions of responsi-
bility entirely beyond their physical powers.

I thank you sincerely, gentlemen, for the attention with which you
have listened. I wish you could see that we are presenting to you a
problem as capable of demonstration as any you are familiar with in
geometry. If the color-blind man puts along with the green worsted
a light-brown, or slate, or gray, and, with the brilliant scarlet worsted,
a dark-brown, or black, or even dark-green, it is because he sees them
so, and the nlél proposition of our school-days—*“things which are equal
to the same thing, are equal to each other”—comes back to us. The
difference between the green and red is, to him, simply the difference
between a light and a dark-brown. If you think that is enough for
your signal-lights, our errand here has been a fruitless one.






