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0Ff enlour-blind:
somewrat retardegd by EP? cancamitant 143
theories, The majority of investigators have
out unduly 1iagﬁed by their favourite theory and have
examined colour-blinds from this prejudiced :vtenﬁ—

point. T3 ¢ result is that s.great deal of unnecessary
confusi zethered round this subject which brw:
uitima L an obscvuring of ";1:.-'% rea 1 issues,
- ~ P e -
( ] to get awvay

proved futile,
vermeating
even in the
colour-blindness,
i vhe defedt
pa r*lcwllcr
oms thors
the effect
theory be

who Tevollbs

Dry Hayes, &—+e¥ad5es apgainst this method,
ates that ‘the general topic of colour-blindness is
111 in such & state which many psychologists consider
be most disgraceful t9 their science. One reason
hackward condition is undoubtedly ©to be Tound
n the extrems complexity of the subject, and the
nﬂr;?hﬂ variations from case Lo case; %uh &n e2v
reater ohgtaclea t: hhe progress of | wile d;» has
1 practice of uuﬂcw¢1" 2
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he’ aivision of partlm" chlour-hlinds into
Red-b>1lind, Grzen-11lind, and Violet-blind, following
;he Young-Helnholtz uhenrv, 1s the nﬂgt nnfma exanple

of this falsifying of results. It is & mors or 1 S8
estebhlished fact that the so-callsd red-blind is =1so

blind %o green, and ths so-called green-blind, blind to
red, yet this t rminology is still frequently applisd
t9 deseribe this colour anomely. And what is mors
surprising is that in detailing ftests useful in examin+t
ing colour-blindsy, ths tests ars vitisted by the trsory
lyving behind them, The Holmgren wool test, a sylsndid
one Tor dichromates, is still secemingly employed o
select out the red-blinds from the grsen-blinds, and
Holmgren's coloursd plate showing tre matehées which
re two types of colour-hlinds meke is oftﬂn refeered
2 g8 autroritative, We gftill find in so ruc,ni & baol
as Abney's Researciss 1n Colour Vision 1n% tructions
similar %o Hﬂler,1 BrowaL RS A tﬂﬁ secand -test, he
elects with purpls only green and grey, or on: of
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It is iatasresting to
which has beengradually throwr
'f“ct. As ths ,1“4ruﬁants whic

lftir deal only with eo2lour-bl
lconmon £orul, % hlindness +¢

‘%ﬁ most

~ oﬁ% ménﬁf

?&»,/%Lccaunﬁ rill he QE s amd 07|
L otal colour- | '
QZGM% s to be that|
'GL Harrls tne -'EJY Huddart
lin & letter to thé Rev. J; P:JJ“H rf Huddeart

rites " Thes account he (Harris) ¢ 8 this: that

npelig] s
e

e

N

lhe had reason td believe other pe aw something
il

lin obhjects which he could not see; that their language

‘lseemed t0 mark qualitiss with confidsnce and precision|

3

which he could only guvess at with hesitation , and
frequently with error, His first suspicion of this ,
larose when he wgs aipout four years old, Havinz by ‘
laccident found in the street a child's stocking, he
carried it 12 a neighbouring house to gnquirs for the |
Jowner, He obiserved the people called it a RER st 7ﬁh1ﬂg
ithough h=z did not undsrstand why they gave it the
[denomingtion, &s he himself thought it complete l‘]
ide scrLiAd by being callad a stockini®~This seemed to
s & blindness tn red, although Abnsy explains the
aufecﬁ as being ons pf green- blindness, "He observed
also, that whzan ;ﬁun other children could discern
cherries on a tree by stmﬁ pretended difference of
colour, though he 0v1a only distinguish them from the
lLeaves by their difference of size and shape, He
|Observed als9o, that by means of this difference of
ca1?hr, they could see the cherries at a greater dis-
tance than he could, though he could see othetr objects
lat as great a O¢bb>16. as tkej; that is, whers the sight
wes ndt assisted by the eonlour, This seems to be thg
; » 23 . eofeter
first scientific account of any ¢ :norm~1151 infvision, .
leHOvP; it muatiheva been aégﬁ fect R e GFf__ e
i _; evidently it had existed uneés- | ‘
“CuUd This first account appears to be a descriﬂﬁ i
t;on of a case of confusion of both red and graen, It I
is interesting to note that Harris had two brothers
!wka were similarly affected. i
' In 1794 Dalton's description of his own case
,apﬂrarpdﬂdnd attracted considerables attention- s2 much|
892 that Daltonism hecasme for long the name by which _
'HOlour blindness WasS described, He first Lecame acquaint—
lb«\ed with his defect by observing a pink geranium in !
candle -light, "The flower was pink, but it appearedto
me almost an exact sky-blue by daj, In cundle-1light,
however, it was astonishingly cha 1;ed, not having UL,n’
ny blue in it, but being what I called REBr a colour |
which forms a striking contrast to blue, He fﬁuno aon|
examination that his brother suffered from the same |
defect- showing as in the case of Harris the h?reQLtar;
nzture of the phenomenon, He further states that whil:
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. oiel not suppomtfe TH5T death

darkened and condensed, This

he found that most people could distinguish six colours

[in thz solar spectrum- his colour sensations wers reduced
to two, blue and yellow, or at the most three,=blue,

yellow and purple, "Ly yellow comprsh:ends the red,
orangé, yellow,and grzen of others; and my blue and
purple coincids Jlth theirs., That pmr? of tha.im
which others call red appears to me little mors i
s shade, or dzfect of light; after that, the' orange,
yellow, and green seem on: c lour, wnich descands
pretty uniformly from an intznseé to a rarz yellow,
making what I should call different shades of yellow.
The difference hetween the green part and the Lhlue |
part is very striking to my eye, they seem to De
strongly contrasted, That heb' n the blug and purple
is muck less sa, The puq;_LL. ap rs to be blue much
an excellent deucxxﬂ?
#ion of a colour-plind, Dalton's defect was said to be

.‘\
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dues to an inability %o scpﬁ;@d, nd Deltonism accord-
ingly smmetimes stands for this pmrb¢culdr form of
colour-blindness. -Dalton attributed his dzfect to the
fact that one of the humours of his eye, probably the
vitreous numour, was a conlour medium, provaebly s
nodification of hlue. Lut an eXamination of N
- =26 any such theory.., /
Gosthe in 1812 in his JMLM ) L
escribed this defect af conlour-blindness in tre j
following manner, "We will hers advert to a very '
rzmarkaile state in which the vision of many parsons
lis found to be, As it presents a deviation from the
ordinary mode of seeing colours, it mey he classed
undsr morpbid impreéssions; but as it is consistent witl
itself, as it often ocecurs, may extend to several
meibers of a Tfamily, and probably does not agdmit of
cure, we may consid2r it as bordering only on the
nosonlogecal cases.," The two cases ““1ch Goethe was
acquainted with SEJ white, grey, and hlack in the
usual manner, They also saw yellow, red-"'lldf, and.
yellow-rad, but they confused blue with pink, gree
with dark orangz, green and brown, "These persons sav|
fewsr coalours than other people; hence the confusion |
pf diffsren’ colours,”
The next cases reported ar: in 1816-%7 by
ry Nichols;- onz of a boy aged eleven, the other of s
man aged fortynine. They are both reported as making |
the typical ML?takes of the red-gresen colour-blind.
The colour I Gl most at a loss with is gr=en,; and in
pttempting to distinguish it from red, it is nearly
ruess-work, The different shades of red and gr=en, 1
know not to which they belong; but, when they are
pbefors me, I sée a difference in the shade, Though I
see different shades in looking at e rainbow, I should
say it was e mixture of yellow and blueh - yellow in ‘
the centre and blue towards the edge." ‘
Iin 1837 Seebeck gave a detailed analysis of
the several cases which he had investigated. Re found | 7
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(1) Transletion by Bastlake.




\&

1first positive statement o

+————11In Wilson's boo

he could divides hisg sul:jects into two clssses based on
Ithe difference in the length of the spectrum which was
isible t9 them, This led later the clessification
|of deuteranopes whose colour system is reduced to blue
land yellow but who have a normal length of spectrum '
land. protanopes who likewise see blue and yellow but
whose spectrum is shortened at the red snd, This is
|the most marked differsntiation of the pressnt day and
a8 been generally mucubt 2d .,

Sir John Herschel, however, was the first to
lput forwerd the dichronlc uxkla wtion of eslour blind-
ness, He pointed out in his well-knowh article on
"Lxrk"" written for the # Encveclopedia lietropolitanal,
that certain individuals could anly distinguish Two?3

olouru, blue and yellow, This seems %o have been the
the diegmosi° of the de-
fect- P“ forr“r cases reported bheing merely descript-|
[iwve, He gl c@n51arrad Deltan's case a8 coming -
(under tkls catégory but this explanation was objected |
|to by Prof. George Wilson, Wilson had taken particul-
lar interest in Dalton's case, and considered that |
|Dalton did not show signs blindnesa to red,. :
published in
I"Reoﬁ irches on @olour BIlimdmessy?he describes a larg
number of cases which he -had p:rS“ﬂallw studied , He
discusses the various theories which had been os
lat thaet time and examines many of the phenomena which
had keen observed to accompany the defect, He points
out, for example, that some Daltonians, as he calls
them, cen distinguish colours by other means than
vision, "Slig hn differences in SFaPF, accidental
rough points, folds, wrinkles, and the 1like" and touch,
" Wools, dyed with certzin odm,ovndv are much harsher
to the touch than those dyed with others; the mineral
pigments, such as Prussisn blue, or chromate of lead, |
in general producing rougher surfaces thgn the organic
dyves, such as indigo. A wool dyedwith a mineral mltk4
thus be distinguished by the touch, from one dyed withi
a vegetable red, although the colour-bli eye could |
ldetect no d¢flurﬁnbu between their tint

'MJOItdﬂt step was taken by Wilson in tésting the colour-
: ﬁe eﬁﬁ%ﬁﬁgd a large nwiber of samples of colour-
ea 1, coloured paper and glasses, Which the examinele

arranged in groups- this is ths method so splendidly
!mqapuea later bty Holmgren in his investigations,
| Clerkuhaxnull in the same year, in & conmun-
lication to the Royal Society of Rdinburgh, on "BExper-
iments on €olour as ﬁercelveo by the Eye, with Remarks
on €olour Blindnka¢£_=eem d to agree with Prof Wilso
in regarding dichromic cases of colour blindness as mot
firmly established, In experiments made witth the pure
spectrum, it appears that though the red appe&rs much
more obscure than the other colours, it i1s not invis-
ihle He adopted a new method of experiment, hy,
revolving colour discs and forming colour equgtions,
The discs were glipped on a top or teetotum which
consigsted of a flat disc of tin plate and a vertical
a) m;s &s.n:,a._fmo.?n_‘s S07. |
(2) lJ.
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{qubwﬂ'could hb magsurad
one disc, which was

H\

Vg

he axis passed through the ce wtru of
quantity of each colour exposed

by a graduatipon on the rim of the
ivided into Eﬁéﬁh parts. “The princi-
pal use of the t¢ p is to obtain caslour equations,
These ars got by producing , by two different combina-
tions of calours, the same mixed tint, For this pur-
pose thers is another sst of dises 2 half the diameter
of the others, which lie alhove ths i whieh the

gszeond combination of eolours is f
Clerkallzxwell wes an s e of

postulatad by Thos, Young in 1801 and 1hu»r adopted by
He lunh o1t g This theory pognulatea t0 explain the
general Zacts of coalour vision, assumed tkars were
three elementary colours corresponding Lo there
fwere tkrﬁe nerve fibres in the rstina, The *lctlﬁﬁ
jof the first aroused the sensation of red, bhie J
lBecond ﬁrnﬁn, and of the third violet, In er words
hhe acthion of thes long wave gnd of thzs spe affect+
ed. the first, of the ;deTf weve length,
nd of the short wave nu }w third, but
s excited all ﬁhrn; sres though in va
In the modsrn KPJO¢hiGﬂ of " the theory the |
been replaced by three pholochemical|
nces, Young's theory received scant attﬂnﬁi3n
Udtll 1* Wag revivad by Helmholtz, and latsr upheld
by Clerkelaxwell, It was easy to assums in the case |
|of colour blindness the simple explenation that alisence
lof ons of the fibres was sufficient t0 causs the uefecﬁ.
|

sxis of ivOry.
ﬁhe dis and

uchan

O A - Prof,
k Tiret a_o(ﬂm“,t

jTL: absence of ﬁLe r@d glexwent caused an inabllity
Bee reds, lack of element & corresponding
i na hility to see ossibly a third case

{ =] e

ted in which the

l)

¢ the third element
8s, Xor a time the facts
trongly in favour of this

(is

¢ 1o violet blindn
lour hlindness

0O~ O
©

O =

is

9 s
clasgification, olour-blinde were either red-blind, |
&Tﬂ,ﬂ—Vwiﬂu or vislet-bplind, Ths red-blind wers |
blind %o LPA, but could se=e the revagining two colours,
green and violet; the grsen-blind wers blind to green,
but could see red and violet, laxwell's colour eL::lens
seemed to he consistent with this explanation, !

At an e‘rl stage howsver, Goubts bhegen to |

arise cﬂckaw account by Lr/ 2ole of his {g m case( he /3
Wwas & red- mraen colour-blindd@ e 7ind"™ M vicorously Gy
Whag ageinst the previil.ong b:liefs, and :'v%ﬁn

g carsful aQCL sis of khig own colour vision as evidsnce,

He had been pr310u1c 2d. red-blind by Maxwell, and !
green-hlind by Holmgren, who based his CJﬂC¢HSiOn$ on
his wool test, Dr* Pole rspudiated both suggestions
and claimed that The true solution was that hs wes |
blind to Lioth cjlourw. He based his evidznece on a '
large array of factsfPWN4 erq-, the testimdony of the Vi

..,.I

1) Quoted from a letter written hy Clerkisxwell :
to Dry G. bLlsﬁn, de%

e R Ve = G 19 P*F&q% & /VL¢=1242& t?

Oy'l HOCiu London, 1l&56,

of the Roval »ﬂCi?*f-;‘\"nf: Jul*lbgmlj L1893, |£ —-—="“‘“‘j--- ]




ﬁﬁuﬁ%&a he analosy of Rﬂriphplﬂl QO1OUF—K1iﬂdﬂ°%d"

lcolour-plind iiwpﬁelves, wWh

lacecla .L;.w(;l

[ s2rhad &

and vellow,
| w
T T ;-’ 11 ecoulr=sa o
i lour blindnsss of one
[ V‘ }Ily elts ¢

tilon. T:' s@ibject, a young min who

iloerap.is

| knsw nothing ox hig defect, and who came to Von Hippel
Tor svaciacles t0o ecure aouple vision was found 4o 18

colour.blind in one eye. His lefit eye was normal -
| his rig lu was dichromic, His yanLyﬂ'Pc1 vigion was

he was foutd to ennfuse red and green with

| yellow The right eye) Further, tests with Stilling's
| pseudo-isachromstic tahles, Holmgren's wools, and Von
Hil,__,f_-;}_'-a photoneter camir_-\-da the result. The colour
sensations which the ﬁv1 t :xp.rlb*c“d with his rigls
eye were Llue and yell Hly; 1 diagnosad this cgse
as one of red-grean - th SPGCtTﬁL of nor-

mel lenzth,

———] Holmgrsn diagnosed sans caseé and pro-

Claluﬁd iT ©0 be ane of red-blindnsss with shortened

gpectrum, According to the Helwholtz theory as present-
ed in the first edition of the dth51jlor¢0al Oublc“‘,
1867, he was able to see & greenish yellow and & hlue
tending to wviolek, :
| Von Hippel refsested his subject and sub- |
ntiated his claim th&t the 5y&ctru‘ was not short- |
, 11 calours geen by the colour=plinc eye|
& nd. N aant n the normgl eye were blue and "f“lllsJ;
This was the first case of wonoacular vision repor
| verifying the dichromasy of colour hlindness, ¥t
| = -J'--'.-EE‘.‘S# iE‘ .' = " "-._._.3 .-.q’--l- -g.q—'-a' a :].
| Holmngren ultimately agreed that ©lue and
| ilow were the only colours seen and Vep, Kries

('“..

1

taunch gupporter of the Young-Helmholtz uh,nn},
ted the result., They refused 17 admit however, that
ch a case affected the validity of the theory but
reed that the application of it to explain
chromatism was no longer tensbvle,

.Mhe result was overwheluming evidence that
ths colour system of the colour blind was compaszd of
blue and yellow, As Dr Pole so justly xcnhrkuﬂﬂﬂom a
fact ‘of any kind to lead to the belief that the
sensation is not yellow, but red or green, Nothing '
but a peculiar inference drawn empiricsll; from &
| certain theory which, though conmaending the grcatest
rasPucf in ruu@rd to colour vision generally, does nof
in the least nescessitats the form of application to
colour=hlindness under which this inference has been

_Wé find Helmaholtz in 189° referring to the
former explanation as an "old attempt to explain
colour-blindness U He adopted ,lua and yellow as the
two fundamentalﬁ%ensations of the colour-blind, and
thle absence of one of the elemenits no

Lbds

declarsd that

) PoleJ
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long-r explained the defect. The thrse fundamental

colours red, grsen, and violet, were c%angeu as
repard% their degree of 8701tab¢litr The sensation
nf yellow was said to arise from the fact that the

[ Hemt

plinds was a false one - that the red-
blind to green, His explanation we

|

| legacy, it would certainly never ha

red and th€ green ul~m3nfv ware equally stimulate

Thl% solution was objected to by Hyr¢nu(i)
whD had postulatsd a @1f1er3n+ theory to explain the

Facts., His theory of yvision assumed six simple visuval
sensations, white, black. yellow, blue, red, and green
These can be arrangsd in palrs, white black, yellow
blue, red green, which are complementary to each other,
end at the same time antagonistic. The mixture of thess
six colours in different proportions gives rise ©

the colour sensations.

From an examination qf different cases,

Hering concluded that the division into red anc grsen

L1 -

e

lind wzs also

: ; S ; ) "
the ahsence of the red green 3ldﬁﬁﬂus would
cuse, leaving blue and ysllow, black and whi
gensations of the colour | lind. The sPec“

G

appear in accordance with the known facts - yellow and

plue with differsnt degrees of Matuzaﬁion. "The red- .

green blind gat*enta always point out pure yellow and |

blue corrsctly, and no two colours in which blue, on |

the one hand, and yellow, K on the OLhur)mru prominent, | fo%s

are ever mistaken for each othey. Hering explain- '

ed the two varieties of red-grefn CQlONP blindness as!

due tn differences in the macular plbm=ntatlon ‘
Hering alluded to thensw explanation of cnloqr

blindness pﬁﬁ%?##&é—hj Helmholtz, L™ that the red |

and green curves had become identical,eHd concluded

non the whole, that if the Young-Helwmholiz theory had

nowt h= n beque uuhea to physiologis ts aq a venerabls

seen drawn from _

dh. examinatinﬂ of the 001our;Llln 5 A . =
The results of these two great theorics have

been that partiallX colour-blinds have been divided

"

into classes - three classes by the advocatas of Helm-
S

holtz, red, green and vinlet - two classes by the
ladvocate nf Horl%b 9 red-green hblindness and blue-
yellow blindness.

vap Kries suggested the terms deuleranopss and
protanopes to mark off the different types exclusive
of any particular theory. The deuteranopes are those
v?oqip eolour system is reduced tn ygllow and klue
but Who see colour throughout the whole length of the
spectrum; the protanopes are those whose colour system
is reduced to yellow and blue, but whose spesctrum is |
shortened at the red end. In this second type ths point
of maximum brightness has been found to be shiftsd to-q
wards tha*bruen, in other wordsy they show the Pvrklee
phenomuenon in ordinary light, Dry/ Rivers gug ested the
two terms photerythrous and scotferythrous™N4)to de-

-}

({5

i

(1) &n Escav touards the E}ylbnuuiﬁq of Cnlaur Bling~ | Vj
ness py the EIM, ory of Opposite :
Ejom & translation py Pnie -
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geribe the two groups. He adopted the terws from Dr
Verral of Trinity Cﬂllﬁgﬁ, Cambridges, but unf:
ly they have not met with general accabtan ey

The two however are not found sufficient To
describe all cases which show deviation from the
normel, Beeheek; evan in 1837, found certain cases
which he was reluctant to CJA.-;if“f as ¢ *In1|-. linds,
and vet which showsd signs af ab
gean2d ©tn he
[ until 1881,
;ﬂXpﬂfiPCI.H,
Rayleigh found’
otherwise normal

g i

I artunate-

L

4Rt

B0 r:qulrﬁ fer
others reguirsd an éxcess of gI
xxhengive geries of experiments
"anom:lous trichroumetes" to then
zined universal eurre ncy The anomelous trichromated
|

gee the three fundsiental colours of Helwholiz in bﬂ"’i
spectrum but ar= unse qll.all.;

e,:**tm t0 red and rwen'
Guttman advocated ths terms ‘red-wesk’ and ‘{_'II‘-’:':iin—'.'.'Jr\.L _
and distinguished seven characteristic sww.*“m“ which
they manifested f small area and low 1nt,nq1 a
a90109d1 kuivktened cnlou) contrast, dlfflbhlty in
CULUQEIﬂL colour tones of unequgl ﬁrl$“tﬂ8ou or
saturation, and qguick fatigue to colour stimuli,
These ssven inter-rolatad rvn,hﬂns form a complex
gstate sn that the alnormality varies consid-ral ly
with different individuals.

Nagel rejects the term colour-wegekness &as
bLeing too wide and prefers the term anomalous tri- j
chromgtism, It is customery to divide these anomalous
trickromates into two br>hys corresyondinu to the two
wrnvyﬁ of dichrometism- deutergnomslous trichronates
whosz sensitiveness to gresn is pelow normel and .
protar QJQIJUS trichrometes whnose sensitivensss to red
is telow normal, ' '

Research on cdlour-klinds sines havs been
carried okt in ths hope of solving various problems,
or are meraly descriptive, The advocates of H&lmhﬂltq)
such as Alnhy)nuv“ aaofuuqnew methods of studying the |
defect, all with a view of proving the Tavoured theory
It is interesting o note that Abney's luminosity test
wes adopted by the Board of Trade in 191Z, The wp— adl /=
h4&46¥ﬁwﬂp Hering have beem equally assiduous in
pp3TTlnL $r 1r cleims, New theoaries have grisen
el ¢ oL“thLu 1uttur interpretation of ths facts
qd a nuuber of them have explained ca2lour-hblindness
& regression hﬁek $0 a previous stage of coalour
wlUu;On.

One larg; advance whiclh has been uade has '
bean the devising of tests for practical use, It has
long been recngnlzed that red-green colour-blindéness |
may be a danger tH the community in such occupations
where the distinction between red and green is of
parewount LMHOFb&ﬂL';an accidents on sea and rail '
“aVF often been attrikbuted _eand in soms cases traced
to this cause, ) 4

One of the lergest contributors of tests 7

)
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deviscza 10 1;.1.0]1 1T cengerous colour blinds kas been
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| Professor Bdridge-Green, In his capacity as BEx a-.;‘.;‘:'t\-'f-r
. Ty g
4

o u“a‘;{;—t—ié e :

'l bluse d yellow, Yellow is the centre calnur- of
| the red unit and blus the centre coTOUT Of the violet ;
unit, The three unit g s===may sces red and violet, [
| and g, third colour, green, mekes its appearance,

ta the Board of Trade; he
of candidates and hes aul Lea
publications. He rsj -':'cts, the simple
of ca3lour-ktlinds .into dichromats .:-) for
grades and verle =tes of severity of ths
WRORN norme]l vieion can see colours lie spe
( sometimes \LJ and he gccordl nr‘l* is ranked as &

unit (or & Y unit) . Accor*c.+1 ;0 the nuuber o]

G B e el 4 ;
20 & BXaltlNes & 18l

hils resu

Il

=
p
-~y

~

¢o2lours he can l_:ul"CG.LVL“ ) % ar a L fi)&{nﬂh)&w]e’{’m}[i&
. ! | ]

unit, '.?.‘i;r‘: two extreme ends of the spcSctrum sre thne
First to ¥

fore can red and violets But T‘ur idg ge-Grsen Pull‘l‘bs

n
ol ¢ €Y
{0

The "‘-‘“Luni‘t can see red, yellow, green,and violet,

"rcr}‘rbd and violet- the dichromate there- f a» R Qo lewn

RS ehlor. han =
Mu’ Ma Ao A
Gud wielalt~ corigl

the %unit, red, yellow, green, blue,and violst,

and The normel M}.nlh’%’gd_, orange, yellow, green,

blusyand violet%'_‘hg B\E unit mey correspondsto the

| dichromate a-ld-hsa e “".f,—gp—v.; OF Figripa-abrie—or 4

; e = the tnd units are anomal-\

ous {,rlC]”T Olie, tes ’r&:c u“l" Or,yr is; i}""ter-“--*tin,-; in
.4_ -

shot Jlﬂ; the radlm — of the ealour sense
s o th "? \?H-u wel unit =se thed '%} ﬂﬁ'mr none unit
cle 3 ‘J‘J el I-\-’-‘(r - L 1 .

:ntg totel coloaur-YIinonsss,

e
F:dl- his results, publishked in #Colour

~

~Green bases

clasgification test; a colour perception C'l,.ctxam\, ery
nd cwmatruute,c": a lantsrn specially devised to detact
ngerous colour-blinds, He rejects Holmgren's wool

3&‘5 &5 U.l’lS:":-tl‘;er Ory and we=s great lmportancs to

the colour nzmes whi c’ﬂ_-';u.r—'i‘?inn.; mploy ., The

LNEernus c-";,"l-f‘:ur—"a’linas, acecording to T‘uuu"——(}: een

iTe) W

1. Those who gee or lec'r colours in the spectrum,
2. Thosey wWhoy whilst bei gble -t perceive g
grezter :'1.1"31'&.1.;1* of cal-mrs; than nava ths
end of the spectrum shortensd t 1 & degree
patible with their recognition of a J":t—;d light at
. & distance of two miles,

El‘]. Those who are unabls to distinguish between the
red, green, &nd white ]i{"}"t &t :Ji.u noriusl
tance through defect or insensitiveness of
cercebro-retinal apparatus when ths image on
retina is diminished in s-.ize (1) (i.e. those
central scotoma f’J & —

rl- .C“. it
,‘j

[T iR e

=

Ot

Colling who, in 19184
examination of & thousand pefsons with the Bdridee
Greaen Lantern, confirme thase results and merke as
dangerously colour-tlind the three classes enumerated
alove, His final judgment is, that the dangerous
colour-blinds can e satisfactorily ;'_.;cr)v'-'- ed. b
- ir - TR, T i E o el o
means of the Bdridge-Gri =en ‘.EAL-‘.llt'.:Ihfl, Bisei Bl vsn
(1) Hunterian Le\,.urc}q } i
(2) Public Health Bullztin "-"1_.4.,)1':';,:_: Gt Printing Od
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Llindness gnd Colour Perception™ on zn exanination | ﬁ lied A
of i-&c,“m He has devised a pocket wool test; a & )
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Prof=zasgor

/88, in the Amxerican Journgl of i

Psyehology, 1911, givés tih: results of s s&ries of .
experimengs which h- c ied with the intention
that dichro

of showing

{5 ]

z limiting case., He a

of eolour-blindness whi Tres

favoural le conditions- that 'E:taa:rw arg praotanopes

can see some greens, and desuberanopequho cen
e

soee reds, His main results ¢ basad on ¢ :
monocular protanduie, and he gives convinedng F
that his subject in certalifl experiments conlc =1
guish green, "if we grant that Von ulpub,’s ‘
blue and yellow, must wes not zlgn grant that|
S. sees gr ul,'PLHH and yellow?.. .This asgiup=|
suppoerted ?r; abundent indieations that many !
20lour-nlinds ssess & similar sensation to |

gre ' irnigtion e zdds, in &
'i.';_-:r'Tc t: c,‘{z, c,ll""}v';_'; F'!'.lnj.._("t.'_ ’
tes, "g asuteranopes, exan-— |

him, nons "*’- N TeCcogniE var ious shades

when a sufficiently large ares of th% retina
5c¢yblt+ko Professor Hayes' ultimate conclusion

thers is a laYU‘ mess of evidence which poings
out the presence of sensations of red or gresen in the
colour systems of the partially calour-blind, He
assertd that a strict classification of colour defect
ives is necessarily artificigsl, and that thér= ars
nuraerous transiftional cases betwasn normality and
total calour—?Windﬂepﬁ, Dichromasy should he r=
sarded as riation, and not as a typi cal
condition 1y eonlour-klind,

2. F)[ue-\}e_”&uﬁ) @[fndness
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agreed
11011
ouna
Valid

%
that eonlour-plindness
cﬂlnu; vision, Amtln
e (_i"'.i';t l. ons valid for i
for the colour=-tlind &y
ion that the dichromate Icc;a
nornisl eya has- khut has ﬂﬂt]ln

does not possess,

which the

normal eye

— Helwholtz.. Theory

TL_TE§Oryﬂ.
This theory firgc propoundzd in 1801 by
Thos,. Young and resuscil ﬂrp in 1860 by Helmholtz is
one of the most important,
Th= e¢olour sensations are reduced to three
fundamental colours, red, green, and vialed,
ponding to which thers are three nerve fibres in the
retina-now replaced by thres photochemical subst
Stimulation of the flr—vn fibre produces red, of the
“%oona, green, and of whird, vielet, But homo-
Ensous. Iight: excites all thres ip different pra

S A g a e e P - E
1.0n8 seecording Lo the wave lengths, :
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LY oung

in all theori
7 tE enlour-blindness is
colour vision, Age :Ln and
sguations wvelid i o1 )

]‘—l

on hat' thea

Llich U Ll
normgl eysa = hat
does notl ponssess,

- Helwholtz.  Theory

('T'.r"f nreg C om uuncnl,u
This

Thos, Ym;.n;‘g

ong of the wost important,
T eolour ssnsati

1"‘= ndemental colours, red, grsen

;onding to which ’Eher-’: are three

--—;-,lno,- now replacad by three

[
ﬁ‘,

qh

Stimulation of the 1"] rst Fibre pre
:,.ctmo, green, and of the third,
geneovs light excites all thres
tions .;c'ru--:-,“ o the wave lengths
= e
——

Sal)

168 Tfﬁdoryr_.| ’
in 1801 by

":}z-sen:r-;;-* flr:‘k'«: pj"f)[, ound=a
and resuscifigd in 1860 by Helmholtz 1is

nerve
Lu."‘)“ JC’I";I

Jl’ T1ce

R O Y G B

violet,
in LLJIJI pro

g (ﬂfl"er/udrngren )

Tv’_-_.')_:_.,b.

Sensation i Y'-"-"ll‘ju.
Saens Lo 1 G een.
Saensation is Blue, |
S 118 v




R rofig stimulation of all the fibres
S 5 of whits, Absenca of stimulationy;
= 17 of hlecl -
= adoptedlis =
luer than the sxtresume red of th

la yellowish green, and the third
B i b
Colour-~Ilindnes
According
blinds mey bas divided into

4 it o

{ Al Aed-hlindness
| B. Gras: 175 -
o s

all of

rior in

(&‘Fl’ﬂr ,Holmg un) :

s eolour

Whites, is composed. of the : : ‘
' and appears b ey £0 normal visio:

The galours hatw-en grzen and plue are seen theref =1 1

as grey. The rest of ths spsetrum appeers blusz ¢ //

vionlaet, e :

() Qestiz by Jirboguns St Erillamive Lpol €T, |
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L. Emv colour-plindness in whieh one of the
thryi undamencal sensations is completely
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colour ssans:
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fieciently stinu

i g Iyt LR
caeraeforse i

The colours T
grey, Ths
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luminous red than
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o
g the grey of the colour-hlind ”’;:eC;;uQ-ﬁ 16
is compossd of equal parts of red and violet,

Q und the
2y *111( amEnte

|
_‘. L4

but thought
ory elthough |
1ital colour-

Falkirk, i

e Tee e
C-.‘h “'j,'

Srves nlgs

el
11cn ‘.;I. e
wE1NE eXeived

sensgtion oduce

pt

o N LY 7] ¥ l_l.')u{.ﬁ

) -Hang bue'r\ o{er (Pk\ls:ologlsc,hen OH‘F\ 2% Eds Hon.

(2) Scottish Society of Arts, 1892, Ovu.,.u from
P-Jle s Article in Transactions of the

Royal SocistygBdinlurghy 1493,
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sdzsrived from

| Yellow.

iuunolulva€£;50 tknu) both nexvca‘ts;qv

R @) Y G B Vv (O»Fhr ,H)lmgreﬂ.):

alter Holmgren /
&

.9&15&041
Labs=nc

Red .,

Orange.

o =

r2dir Tl . : To P yellaw and blue.,
Hzlmhaltz noted Rose's results, but thought they were |
nsufficis 19 altesr his theory although iJ: i )
t " in the case of congenital calour-blind:
L we iL;;iﬁ:d that the activity of the |
e8] not b= rezmoved, but 'i':eL'-'.:- the dntensi .
rves of the three kinds of light-sensitive eleuents
nt change, ;h:reny a much graht.r VLfiﬁiLlih; in
3 ffect r:f rﬂd et 1

ive colours on the cye might arise
LR .8 o5 0T Falldrk, din & paper on
q
L

4=

T;&‘ﬂbﬁu that "the nerwes might
¥ th rﬂd nerves might be
the Teeed ncrves ars 'Lqreeﬂ

L0 C’.J_uL,CJ 3r

= o

VS 9 which

either red or green rays, "the sensation praduce

rould be what we call y&llow

() Hand buoeh  der (Pl\\{:!no__gls.('.heﬂ Obl‘l-\ 22 Bdihom.

(2) gcottish Society of Arts, 1892. 0Quo Ouuh-u from
Pole's Ar dcks in Trhnwacwlnns of the

Royal Hic’_uty@cull. urghy 1§9=.
/7




Leber in 1873 in an indespendent publication confirmad
these results asserting that yellow was the sensation
of the dichromic, because the rec and green fibres
were equally stimulated,

It This explenation was later adopted by Fick,
and Konig in 1888 expounded the same view at =
meeting of the British Association in Birmingheum,

Helmholtz in 1892 in the second edition of
his #Physiological Optics™ confirms this new
modification of the theory, and further points out
that the former division into red and grsen blinds
is no longer advisable, "One of the greatest stones
of stumbling for years past has leen the dividion,
consequent on the "old" explanation of dichromic
patients into the two theoretically distinct classes

of "red-blind" and "green-blindg'® It is obvious

that this division naturally diSappears when the old
explanation is abandoned; but Helmholtz takes pains

to show geometrically that his new theory gives no
place for such a division, And he, moreover, expressr
es the opinion that such a division does not seen%o
have becn fully justified by observationl" )

According to this new explanat¥on red-
blindness would he explained thusgdh

(aF[-er hklrr;&-

KA S,f §B, B; g 8

IL“_.(-./__, Jl‘;__
i - poy
The red element has heoomeéﬁqu&i to the St lar (0 sensfivey

green element,

The spectrum consists of yellow and blue
but the yellow begins not in the red but in the
orange., DBlue-green excites &all three elenents and
therefore is seen as grey; the neutral band thsere-
fore lies towards the violet end of the spectrum,
The red and green curves equally excifted, give
sensations of yellow,

=

(4) Philosophicsl liagazine, Article by W. Pole | ’
Heluwholtz Theories) e 35‘J 1393 .




Leber in 1873 in an ind2pendent publication confirmad
these results asserting that yellow was the sensation
of the dichromic, because the rec¢ and green fibres
were equally stimulated,

' This expleanation was later adoptsd by Fick,
and Konig in 1888 expounded the same view at =
meeting of the British Association in Birmingheu,

Helmholtz in 1892 in the second edition of
modification of the theory, and further points out
that the former division into red and green blinds
is no longer advisable, "One of the greatest stones
of stumbling for years past has leen the dividion,
consequent on the "old" explanation of dichromic
patients into the two theoretically 'distinct classes

of "red-blind" and "green-blindz® It is obvious

that this division naturally disappears when the old
explanation 1s abandoned; but Helmholtz takes pains
to show geometrically that his new theory gives no
place for such a division, And he, moreover, express-
es the opinion that such g division does pot seen%o
have becn fully justified by observation) )
According to this new explanatfon red-
blindness would he explained thusgdh

P

GreenCurve ve .

S Corrve

R O VY G GB B (after Norris

Sfter Norris end Oliver and Oliver),
/
l ) 2-1 - - -
The red element has becomefsgusd to the Somilas (0 sens ey
green element. _-*d]

The spectrum consists of yellow and blue
but the yellow begins not in the red but in the
orange, DBlue-green excites all three eleuents and
therefore is seen as grey; the nsutral band there-
fore lies towards the violet end of the spectrum, ‘
The red and green curves egually excited, give
sensations of yellow,

€3] Philosophical lagazine, Article by W, Pole - o
Helmwholtz TheoriesJ ‘ 5?1 3G3 .
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Green- ill{%y 4
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=7 reen cyrve
el & 9 /

\ (JFl'er NOrrﬁ

R O \( g / and Oliver) /

The green element has be ¢ omek
red slement.

'"ne spectrum is seen as shade

and blue,

L]
therefore will bs seen as_grey. ( Note 8
from the case above nur,,n=vtr&l band lﬂy
grean.)

The grzen excites all three eleme:

Again Red and Blue are stimulated cquallyat | ¢,
this unint, giving the purple of the normal =ye, i
X purple is equal to grey, which in turn 1is |

| LA ey
seen as green,

5’ -—f%-fu R
188 modified uh&buf?enr; ﬂﬁi He accepts

ThZ thAree fundamental colours, RrRed, Green and Blue,

but adds e—Fems=s. gn indepcnde 2nt mechanism for

thite having its Piblnui segt in the rods,éﬁe hases éﬁtﬂa.}hu FA“
his theories firglaw= on a large nwuber of drsz2rvationg

carried out on ths fading and Yiutual inhibitions™ of |

visuel lmagese e QECOQQWW he G - that the |
sis of a special hlack-exciting process
' as iﬁ postuleted with Hering
3 y adopts the UUuiLCl'

Vg Kries, He writes “wm\rluu has brought
gvidence that mekes it appear in the Plu ¢
prdhe?lc that the rods ars the retinsl sls“"nta of an |
indepsndent white apparatus, which functions along in|
the nornal & when affected by light of low intznsity
only, and in the monochromatic eye. This view of the
functions of the rods had been suggssted thirty years

- o

| before to Mex Schultze by his studies in comparative
| histology. This hypothesis of an indepsndent white-

| exciting function of the roaods must then b

¢ taken up

into and incorporated with Young's theory, and than,

b
when this is dones the diffieulty in reprasenting

L]

development of the visual processes in terws .
theory at onc: fadeg e o U3 '
Ivi(;?Df)ugy 13 d. S ,.& a separate retina-cershbral .
& ppal atus £Or each ’),r the three photopic colours of
red, green and blue, and for the scotopic white
elenient, He further assumes that sach ey¢ has its
(1) See Mind, N.S.4Vol, IB 1901, .
(2) Toid~pe 2li-ge. e
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| his theories &Ldrslde~ 0on & large nuuber of o.s**-
| visual imagese amé Secondly, h

| UNNZ=CE58aTlY g

Green —-T:lll’lu/; 3

Green Curve

after Norris ond Qlver (@ ter NOrrs
_B

- ,‘ and Ollv’en)/

The green elewent has becomak
red slemsnt.

The spectrum is saen as shades of yellow
and blue, ‘

The graen excites all three elements and
therefore will bs seen as_grey. ( Nots the u1¢f‘rsﬁca:
from ths case above whers,.nsutral band lay in blue- |
green,) !

. Again Red and Blue are stimulated equallyat Q&_
this point, giving the purple of the normal &ye, |
th:refore, purple is equal to grey, which in turn is |
seen as green.

- iS:'n{llnm ‘1n Sewaillu S

|
(8P e Yoy~ lltmdontly 5
. has modified Hs&s theory/\(1) He accepts
| THE Tthree fundamental colours, Red, Green and Llue,
but adds epﬂinq=#h 4n independent mechanism for
white having its 2stinal seat in the rOu..Lﬁe

iy P

carried out on ths fadinz and Miutual Ln;L'

hypothesis of a special black
such as is postul
Mc/Dougall, thererore, adopts the ov Ticity
Vg Kries, He writes "w\Kries has brought
evidence that mekes it appear in the highe
probable that the rods ars hﬁ ratinal ,L‘;;
indepsndent whites apparatus, which f
the nornal seye whan affected hy libhu of lnu nsity
only,; and in the monochromatic eye, This view of the

| functions of the rods had been suggssted thirty years

before to Mex Schultze by his studies in comparative
histology. This hypothesis of an indepsndznt white-
exciting function of the rods must then be taken up
into and incorporataed with Young'!s theory, and than,
when this is done the difficulty in I-HI_QAntJn the
davelopment of the visual )Fgcﬂﬁ‘ 26 in terms of this
theory at onc:z fadeg Layl.

MQ}mougall assufies & saparate retina-cerebral
apparatus fOor each of the three pghotopic colours of

| red, green and blue, and for the scofopic white

J-)
element. He further assumes that sach eye has its
(1) Sge Mind, N.S. Vol.!ﬂJ 1901,
2) ;11& iﬁf Lll—;&‘

P .
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own sst of four such systems guite independent of

the other K A A nealisw g Alack i txponiewend  cohken” Cocuploli
oding "eteuns Bur R Gcrwal QX b ab Acal
eoiour~Elindnu%s. His explanation of colour-plindness

u"ﬂr

ns
+ original yell

Tollows from his theory of ths evolution of th: calour
sense,. Vision begins first;and exists in the lower
animeals, as monochromat.ic, Varying only in brightness
and similer to our white or grey sensation, The firsi
stage is the differentiation of the rays of light of
the warm and cold ends of the spsctrum, The ¢nld raysg
in addition t5 sstting free a white exciting uﬂ1gu&ﬂvv
would begin to set frse "a substance that
execitemaent of & concurrently diff=rentiated retinaos™
carebral apparalnus would add the sensation of Blue t0
that of whitgf 1) ¢imilarly, the warm rays would
effect a sensSation of yellow, 1If mixed light stimu-~
latss the rstina at this stage of d:velopment, all
threeg systsws will be execited. Mg, Pougall points out
that it would be advantageous for ths yellow and blue
to fuse and form white and thereny reinforce the
sensation of white caused by the excitation of the .
older apparatus, If yellow and blue fused to give a |
new sensation- the result of stimulaftion by mixesd
light would be & sensation composad of this new colour

added %o white- the pure sensation of white would then be

lost for ever, All that would he possible would be
vellow and blue and a yellowish blue probably.
The peripheral zone of the retina'dis still
relic of this primitive stage of monochromatic wvision
u;ll the totally colour-blind arz cases of a total
reversion to "this remote ancestral cnnditlnn€§i
Th=z middle zons of the rastina shows fTthe
second stage of differentiation in which ye 110,, blue
ané whits ars all are experisneced, and ths
squent cases of bichromatie vision, in whiek y:1low|
and blus and white seem tn he th: only sensations !
that can bz arouszd by stimulation of the rstina, are |
cases af rkar&iﬁn to or er=~ﬁ,o development in this
morz recent ancestral condit -n
Lc@nvcgbll, tracing the stage of evolution
further, shdwus how for asdvantageous reasons, ths
differentiation would next procsed in the region of |a
the yellow, giving rise to ths &:ﬂhauLﬁns of red and |
areen, ‘Thege stimilated simmltanesusly fuse in |
a yellow s@ -tlnn, edes Tne primitive whits and the i
ow will be lost’ 5 the red and graen
developed ( and the development takes plsce from the |
fovea centralis outwsrds) Yellow would disappear Ir ﬂl_-|9/a.
the central region just as white iteslf no longsr (8
found in the foves., Ths whit&’hﬁuev*rjre ging in
the other parts of the retina, probably because it
&s8ists vision in dim illumination,
This view, lcpDougell claims, espscially
when 1t is rewmembered that the rods are thes end organs

b

| for the white appasratus, brings the Young thenry,ns he

|

prefers ©o call 1it,into harwony with all th: known ;

| facts, especigally with regard to those of c¢onlour-

blindness,

U) j:b'wl ;



3Hering Theory
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( The Opponent Colours Thﬁﬁr-/ )

The Hering theory rivals

in 1my0rtan0c_ Hering bases hkis the

the Young- Helmholtz
20y On sSix element-

L

1. .
| I
| ary coalou elemsntary so fh“ as int"nal~ctiwv can

[k

=
]

discover, Trﬂs* are Red, Grzssn, Yellow, Lll fThite,
Black, Rua, graen, v»110')eﬁ0 ;1u‘ a
colours; white and black arz the tonsles: O?“!“T“.

The toneless colours c¢can be myrangea in a graded
serieg from the most intense white to the deepest
black, formin:, when combined in different proportions,

various shkades of grey; bthe toned colours c&hn bhe
arranged in a circulsr series with the four elementary
colours forming four divisions, The 071ﬁur%,uk=1-¢dr»
can be arranged in two pairs, yellow and blue Forming |

one pair; red ‘and grsen the other, We cannot pass

_‘.

| directly from yellow t0 blue, Ws have t0 pass through

green, & merber of the other pair. In other words we |

| cannot have g reddish green nor g yellowish blue,

The yellow mey combine with the red and form a new
compound colour in which both slements are r=cognig-
able, or with green and form a yellow-green, but i%
cannot combine with the other menber of the same Palr,
blue, and form a compound colour, For no matter what
praoportions of yellow and blue are conibined, no new
hus will appear, the mixture will appear eithe y llUt
or blue except where the two colours ar:s ne Utrhlx
and then neither ecolour will be recogniRable., ThEse 9
complementary colours forming a pair ai,lhhu-310r.)
opposed or antagonistic colours,

Corresponding to these two pairs of antagon-
istiec eolours, thers exist two elementary systems
s omewhere in the retino-cerebral apparatus, one of

| which gives rise to red and green, the other to yellow

and plue, A third system gives the colourless sensations
of black and white.The physinlogical action of a colour
and its complementary is antagonistic. Bach of the
substances can undergo a ﬂuilding up or an anabolic
process, and & breaking down or & katabolic process.
Red is caused by Katabolism in the red-green apparatus

Orange s Katabotism' ,, red-green 55
Katebolism yy JYellow-blue 29
Yellow ) Katebolism yy vellow-blue y
%S : ]
Green 2.2 Anzbolism ;3 Tred-green )
Blue e Anabolism yy Yellow-blue
g o 1
Violet e iK¢uatal¢5m 5y Ted-green 1
Anagbolisu 3y yellow-blue ¢35 ||
|
White 13 Katebolism 55 white-black ys
Black Anzholism , white-black

In mdst kinds of tlmui 2tion all three s}gtems
are set in action and the resultdnt sensation depends |
upon the relative amount of excitation of each Fubsth ce
Thus orange is compnsed of red and yellow, and in
Hering's terminology we should say that orange has a
red "value" (valenz) and a yellow "value". Further ‘
all spectral colours contain white so that each colour
has a white "v.:-:,lue“gin addition. This white is most /|

|

W

the n “{,I&r I)k_n{kl. (b unte



Al | Gre—reot) distinct in the yellow and the yellow-green,

: ' A1l coloured lights erceyt the four primsry colours
have therefore three values corresponding to their
action on the three different substances. All rays
from the extreme red end of the spectrum have in
addition an effect on the yellow process as far as
the pure or fundswental green., These rays are said to
have a yellow value, All rays from the green to the
| violet end of the spectrum affect the blue process -
| they are 8aid to have a blue value. The yellow is s0
| weak &t the beginning of the spectrum that the red

overpowers it, and the ultimate sensation experienced
| is red -- the yellow is invisible to the normal eye.
| The four divisions of the spectrum may thus be re-
| presentedst
Fodt : ;
=k division contains Red and Yellow and White,

; | Pure Yellow 99 Yellow and White, ; _

ﬂupﬂ19*9~ division 1 Yellow gnd Green and Whate, l

| Pure Green Green eand White.
4 - AT ¥ 2 ] %
Thod B, division 31 Green and Blue and White.
Pure Blue Bluz and White,
FmUﬂb%#?g division 7’ Blue and Red and Whidte,

The Spuctfum therefore,can be divided accords
‘ ing to the excitation of the yPlLOw—rl“P subkstences |
and we get yellow in the first half, blue in the
second hglf; these two divided by pure green with a ‘
| white value’, ! Hecpay, 9y, TR . N 7&_\’
' Her¢ng4£§£g=§§&iﬁﬁe¢=aw -;,!p ClI&C Bright-|

ness of colours’ Certain colours pﬂgorus an inherent £ fﬁhm&& i
| brightness or darkness of their own. The brightness [Alawalisew
of" & colour sensation dspendsxtherefore on two causes|biuias an
|@J on +he in"reht brightness (or darkness) of the e
! cO our its (F) on the amount of excitation of / }
(t ! the Nflte—LlLCh pchess. The warm colours, red and B black - wbile

m“”“‘?“*l ellow possess an inherent brightnessl- the cola (Coctnains
| ecnlours , green snd blue possess an iankerent u(rJress(m, = 2
| "A toned colour may generally be regarded as made up | “ﬁﬂﬂﬁﬁwgv
| of four fundamental cemponents, two toned and two ' :
| ‘tone-free (white and bhlack). It is only in colours
| of the tone of a primary that & single toned COL&OHent
| is present. In any red-yellow calour, af. Orange, we
| have therefore  to distinguish three fundamental coni-
?’Lbu (I':-l(l, \-blL Jw,'x.«“.l_uv:) onc., One (j_{;,:r']-j (l a,b:} in
| any: green-Llus _on the other hand, thret aul_(fr’ 1y ;
| blue, black) and one bright(white),. TLd red-blue  : 0|
‘ tHe green-yellow colours would contain two bright and|
| two dark fundamental components,

pone

"Prow what has been said the following rules can he ‘

deducedim

"If two colours of egual tone and equal purity uiffer!
4

in brightness, this is due to a
black-white componsnts.

"Two eolours differing in tone may, notwithstanding
equal degrees of purity and equality as regards tr
black-white couponents, differ in bhrighitness,
"With equality of conditions as t0 the bhlack-white
components, & yellow, & red, or a yellow-red colour
is 8o much the brighter,; a 1 lue,; a grsen, or a hlue-

Il

|

|
green so mach the darker, the more distinet the col¢ ur
tone in comparison with the black-white coy ,o_:w'enus. _1 /

(1) Quoted from Gresnwood®Physiology of ike-ﬂ§Naes.‘ |

iifiference in their
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Colour-Blindnes 85/

Red-green blindnes
of the red-green suhstc nee,
if the red and green elzmen
sationsof yellow, blue, L-li'iC_l'. and white
The sensationsof the red-green colour ]
zceordingly yellow and blue,. Red, orange
gome of the green will LttJl,wcuI' as yellows
degrees of saturation; part of the
endoviolet willappear asbluesof diff
saturation, The purse green will e

The peripheral zone of the ‘retina acvcord-
1w to Hering shows the same conditlons as in golour-
hlindness, In the outsrmost z.m, of the retina &= in
total eolour-blindness, only the white-black suhstance
iz present. Red-grsen bhlindness corrs p ‘musa 3 oM 71 o= (S

middle zone of ‘i:r e retina where yell anc hlus are
the 7i ¢olours ‘-J_L,,,j ienced, TJ- investigations i
which Hes: L), &8 (,.—_;r; icd out alon t'i':c:s-.aa lines have|
been strong confir ':i on of H 1"1.'1} 5 views. '
He Jlj’l{_’,‘" greatest di ulm;luy has been t0
aceount for the ,W“l varieties af red-grsen colour-
s, Undoubtedly both types see yellow and blug

spectrumm, but they vary in regerdé Lo what part|

of the specirum appeafs the brightest yellow, Hering|
explained trkis difference as due to differencesof ‘
pigmentation of the meacula and lens, and gﬁ&é::k#baﬂ-’uu{

the same expla\nation to account for the dgiffzrences

in normal vision of anomalous trichromztes,

yellow pigment in the mwscula absorhbs '1:.1':.-:- war

the spectrum ve ryll‘bt]r‘ is at its ' _

vellow-green I'ﬂgl’)mk diminisiies in action 1'*). Tus) the
cnld end of the specirun

Hering in 1685 cal .Ju.a & numper of case

and found he could divid into two groups,., One

group matched spectral red ‘-.-;it}: UL,\,w.rc 1 blwe In the

ratio eof 1,18:l, the other groupy In the ratio of

T ta 1, He found fthe -L,OCi'f'i-"m of ,,m“-, green to diff

in the two groups - the green rzsquiring to be Lomgsr

Vawee in ths case of 'ti’l-: “First group,., In ealourless

mixtures of red and bluisk-green, greenish yellﬂ""r nd

violet, and yellow and blue, the first group r=quired

larger qua,ntlfles of the shortmwavess &"51.1,r)nent The. |

first group was said to be r@la.tnrcly yellow-sighted,|

the sescond group relatively blue-siglted,lbased on |AH#S dusliweTau

o

L \l .

Sl

B < T

.4|'['-

their responsivaness to these colours, Hering A.e.u_, laaed - -

exad iined t\ marksd cases of indiwidual variation in |
pLgu ientetion- Professor Bisdermann and DI'/ fD.LT‘.g_.;‘:;J o ‘
Professor I).LC(?L("Tl'-uTlT’l with 1ittls mecular l;:]. rmentation
12 termed rselatively yellow-sighted,, Dr Sing=r *+“1
greatar pig asntation he termed relative 21y blue-sis }_'l.; ed.
Hering t}:-r:r-.-zI"r:;e suggestad that the two Claf;s
red-green cola ur-blindness were extrsue casss of |
vellow-and hlue-sightednses, combined with gr :-,.—.-..t‘.s:r.‘ o1l
lesser l,:r_ mentation of the mecula, The pratanopes ar i
SCH ')'{_-r.;r‘_f throus group would b: regarded as relatively |
u 2 ('YI‘ 1" 1ue deuteranopes !
throus wo as relatively ' .

’E{J@, nrc.bw,’h(d"]l ) b 105 ﬁ’h;-
’g, Lotos Ei N T ez :

—) priad R
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of pigmentation may be di
T direct investigatilo:
G distinct

agveloped

Muller is an exponent of the Hering thsory
and has suggestsd some modifications FyHe azccepts:as
fundemental the colours red, yellow, grzéen and blue
of Herino and the white-black spparatus. These four |
chromatic progesses and the 1wo achromatic processes
are at the periphery; but in addition to these thers
are . 8ix central wv=lues. The red process exciteg the
red, yellow and white values; the yellow process
excites the ysllow, green and white; the greasn praces
excite gen, hlue, and blacl ue L rocess
excite red and black,
gxclites znd the yellow processes Tl
exciting greepn, yvellow end white wvealues
The red &nd green neutralise one anotker, leaving the
sensation of yellow, .
Miller substituted a reversible chemical g
process for Hering's antagonistic process of anabolism
and katabolism, i
Miller was dissatisfied with Hering's '
explanation of the two types of red-green colour- '
| blindness and gives the following explanation, !
" The red light of the spesctrwum he assumes, besides i?s
effect on the red-green substance, may have alsO an |
effect on the yellow-blue substance, and it may even !
have two such effects- it may act upon it in the firsﬁ
| place, directly, by producing out of the decompositioy
of the red-green substance some Ong or more of the W
constituents of the yellow maeteriel (with which, in
the original form of the hypothesis, red light had
nothing to doy). The first type of the red-green
blind- those %Ormerly called red-blind=- are totally
lackipng in the rdd-grecen substance; these arz the
(@) ’Tsehermalv ” o o
(2) Article’in Schigfer's Physiﬁlogy\ P.1116-irgmo .
A
@ Blodabo et byt lo Senmsmen forc®ooygq
\V P b)
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typicaj yellow-blue visioned, Bui the second type-
those formerly called green-blind- see yellow in the
place Of bobk red and gr: : ome totally different
reason- either hecause the rvess fiires which
conduct the retinal exc;tanion are not of the normal
constitution, or because some still other constituent
which is usually found already pTLpafE& in the retina
is now absent, In this fashion it will b: seen that
the s0 called red-blind lack all the indirect effect
of the light of the spectrum upon the y:cllow-blue
substance, while thaf indirect effect still persists

for the green-blind/" Ladd-Fran<lin regards this
explansztion as complicated and far-fetched,

&

|
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;ELmdd Fra Lllri_._ThGrjry{

( The Molecular Dissociation .Theory})

This theory assumes that the colour sense in the
earliest stage of its existence was/dkes=0REf grey [ restiledsd s
only, which includes the whole range of colourless
sensations, The sensation of greyis producsd by the
decomposition of & grey molecule, The decomposition
of the molecule sets free a chemical substance which
scts upon the retinal nerve endings and sO0 a ssnsa-
tion is experienced. The molecule consists of a firm
génner core to which is 1o0o0sely uttaChbd an outer
range of atoms. These atoms are”"torn of f"in decom-
position a‘& the sensation unsueu_ The CdUuG of the
tearing off" of the atoms is the ether vibrations
which ars in the visible spectrume Ths wmiddle part of
the spectrum has a mors powerful effect on the atoms
gs 1s shown by the sensations of the totally colour-
blind.,

This grey substance exists both in the rods
and in the cones, In the rods it still exists in
an undifferentieted condition so that "it goes to
pieces all at once under the influence of light of
any kind/[" 2) 1In the cones a differentiation has |
taken place and decomposition takes place.in different
stages, DBut the complete decomposition of the
molecules in both rods and cones exciteg gsensations of
white or grey. "For black, the theory supposes that,
in the interest of a continuous fiseld of view, onjects
which reflect no light at all upon the retina have
correlated with them g definite non-light sensation-

hat of black/i"™ (3

The ‘colour molecule appears at the szcond
stage of development, The outer range of atoms in
the cones segregate into two groups Paving different
vibration rates; "one fitted to be shaken to u_fC%ﬂl
By light from the warm end of ths Spectrum,and the
other by light from the cold end of the spectru%%ﬁﬁjg
(1) Psychological Review, Vol. 6, Article by i

¢ Tedd-Frankiin. 3 2 _ |
(2) Psychological Revle-.;)Vol 3. (BFTrde—tkal o, g

(3) Quotad %‘M Ww-o—elwttj 1%_<,_LQ% A B Shudy
q MQ.L E-LG—R 223 /
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and the two sensations of yellow and blue are ex-
perienced: "in a third stage of development, the yellow
producing constituent is in its turn broken up into
two partsof such different inﬁernal vibtrative periods
that they respond respectively to the red light and
green light of the spectrul¥! )"The red and rr en
colours are not complementary. If the rea and green
atoms are decomposed together, we—Ffind they do-—moet

| hkends=bus revert kamek to the more primitive yellow

' reponse. Similarly when the yellow and blue atoms
|are decomposed together, they revert kaek tT0 the more
' primitive white or grey sensation, When all three
yvellow, red and green are stimulated, complete de-
componsition takes place, and the original grey sen-
sation results. These reversions must take place
below the level of consciousness for yellow does not
appear to be composed of red and green nor white of
yellow and blue. The combination will take place
probably within the retina and bs of the nature of

& chemical union of some kind.
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|
| This theory assumss three fundamental colours,
red green and blue out of which all others arise by
combination; it also recogniges the four primel
colours red, green, blue, yellow, -each unlike the
other three. A compound colour such as blue-green is
formed in the following way. The blue rays tear o i ki
| from the molecules the atows corresponding to the
| vibrations of the blue rays, and the green rays"tear"
from the molecules the atoms whose vibrationg rates
are coincident with the green rays and the resultant
sensation is blue~-green,

The first stage corresponds to the sensation
| experienced in the peripheral zone of the normal eye; |
| the second stage corresponds to the middle yellow=-
| blue zone; the third stage to,complete vision such

as in the fovea.

The grey substance in the rods can be de-

composed by a single colour stimulus - but the grey
| substance in the cones requires a compound colour
| stimulus before the sensation of grey can be experienced
As we have already seen, stimulation of the cunpqp"
a single colouronly causes particl decomposition and

{l) It id )Vl')l 0
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and the two sensations of yellow and blue are ex-
perienced: "in a third stage of development, the yellow
producing constituent is in its turn broken up into

two partsof such different internal vibrative periods
that they respond respectively to the red light and
green light of the spectrufy 1)" The red and green
colours are not complementdary. 1f the red und green
atoms are decomposed together, we—_=Ffind they do-—met
hlends=bus revert Baek to the more primitive yellow
reponse, Similaerly when the yellow and blue atoms

are decomposed tOreuPer, they revert laek t0 the more
primitive white or grey sensation, When all three,
yellow, red and green are stimulated, complete de-
compnsition takes place, and the original grey sen-
sation results. These reversions must take place

below the level of consciousness for yellow does not
appear to be composed of red and green nor white of
yellow and blue. The combination 1111 take place
probably within the retina and be of the nature of '
& chemical union of som- qua
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This theory assumss three fundamental colours,

d green and blue out of which all others arise by

con?inablnn, it also recogniges the four primsl
colours red, green,; blue, veﬁLow, each unlike the

other three., A compound 0010ux such as TLU g-green is

formed in the following way. The blue rays tear off™

from the molecules the atoms corresponding to the

| vibrations of the blue rays, and the green rays" tcar"

from the molecules the atoms whose vibrationg rates
are coincident with the green rays and the resultant
sensation is blue- -green,

The first stage corresponds to the sensation
experienced in the peripheral zone of the normal eym'
the second stage corresponds to the middle yellow=-
blue zone; the third stage to,complete vision such
a8 in the fovea,

The grey substance in the rods can ke de-
composed by a single colour stimunlus - but the grey
substance in the cones requires a cnmpound colour

stimulus before the sensation of grey can be experienced

As we have already seen, stirmmlation of the conedpy
a single colouronly causes partial decomposition and
(1) Tbid )Vol
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| Colour-Blindness.

5 c-,ntlated into two sulhstances w=Eaier
- o na2
‘ of yellow and bl ',l_\u ich

a colour sensation is produced,

| and not directly a vision-producing

fitted for utilising the last rays of the light which|
25

The rod-pigment or wvisual purple which is
"not the substance whose niga:

affects the optical nerve-end:
mezns Tor securing adaptati

- - . R
IpDASILTION

sscondary

4 2 AN
It acts by absorbing ( fnr ukL purpose i ng
faint light vision arge amount of the light which
1sually passes entirely through the transparent rods
and cones to he £ e ghoproid coat, ..... 1% dis
adapted to aiding wvision in the gloomy depths of foreste
because green light is the light which it agbsorys, and
]
fishes whieh alone, of all vzrtprrates, havs a rod
pigment of a distinetly different colour, are exactly

penetrate deep anto the waters of the seaf™(2

Drt Ladd-Franklink regards colour-blindness &s an
atavistic co “dl‘l ion. In total colour-hblindness the
grey molscule has remained undifferentizted and grey
is the sole semauio_ of which the retina is capable,
In red-green blindnessS the second ‘*”fa.::e of developmeng
is permanent. The grey mnlecule has become differentigt-
ed into yellow and blue but no further differentiation
has teken place. Yellow and blue therefore are the
only two colours which are visible to the red-green
colour-plind., "It is if red-vision had fallen ousg
and green vision had n turned into yellow- vision
far the one sort; a: ; the other sort it%as it
,g,ree —-quJ_ﬂT" had fallen out and yello: w-visi®n had

; " raed-vision,"N(&

P

' OJ r_‘ll
Hy kb2
o (D
=

e
|

E seen 0 be along somewhnat similar
lines. He isgan advocats of the Young-Heluholtz
theory which Ladd-~-Franklinkg does not clai: t-ﬁ he, He
recognises five simple sensations red,
blue and white “-.1.1_1,,__on‘hr three of these ndeamental IR
red, green and hlue,which correspond to thres \f"i:‘.’:‘-l'-'c':,l l:{awfoqacmuq
sukste 1"(,~°‘.‘ He \.xulu' ing the development of }x colour
sense a8 starting from & sensation of white whichibe- | A3 eondifisned
longs to the cones only and which corrssponds.y ST ‘fowd‘ ki
closely to,a simlilar substance in the seotopic ’"b'v?:—
stance of the rods. The white substance ‘iucoxs_s differ=
29 ¢ 085 sensations
when simulteneously excited

"

=

.LLW'WU-'W e e x - S - T
°'La.=-e=v-e-1~t to the primitive sensation of 1J.te. Ultimately

[

the yellow substance I"L.cm.'.e dll'f'#]"eﬂbl %ea into red

and green WhJ.C]" when equally and simultaneously stin 1= | . eal
vlated s -.-ﬂl;\,.wm—.lm»,mm%w wmwﬂm S

Schenck assumes that each of the thrse visua

(2) me. Vol.®&E. &
(3) Toid. )Vol B 6

(&) Q_re_l.__q ._L (PM) r:zq.) 1907 - |

(l) 1., Vol ¥ 5 !
|
|



ot substances has two partsy)One part zcts as & recei
for the stimulus{ =z gtimulus-recept N LJEAUQ.JL

. [ 4 s and, this,
thq%dmrz sugprested, a kind of optical resonator)” <=ekh
| termines the luminosity of the sensation; a second

defoum o | bart uﬂlCﬂkl& qet into a LVlﬁ Ty the reccbfer_eg%-
[ o e SN I oas thdg O:z“eo’

e

e z . J | :-':, _4'-: E - e ey ) J = g u_u—-:r#-_n.
it = | the s8 8% 1L l“ 0T {(Em E{lndbhgserrggg. ) o.mul agwd;.nq eils ex Bra b
‘““"'T:?l S 2d subst hes a L 5t1 g whiel. i
B | =7 SUPSTance nes & .;_L;.C.u 1 BG4 8 i WM
74 | receptor and sensation stimulator a: o ha-:.v-’s the gragm Sk Gacacitiobefy i
end blue; the red Ffor long wavas, en for medium é:;fﬁ{uﬁwjiwo
iavas and the blue for short wavss, The amount of reesfobor fa Loniin -
e M= T . SRS I R = . N = WS A, .o t_ww
nergy set free by the green receptor for sxamples; g£oegT LR
irsetly 50 the green stimulatb u[\ ‘-"._LZE 119 Snergy i—‘: Dadnalidrc. v da
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otner chamnels. g o which t-is
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~Colour-B1l

|~ 7 In red-sreen colour-blindnsss howavar, &

| difference oeccura. The Blus recephor huﬁs as hbefore

| for the Bhort-waved stimulus; the red ord green i

| samie ore not diffesrentiatad, and objective 1ight acts
a%

on the red or green receptnr or both, but they in

turn are connected indiscriminaetely with the two |
| corresponding receptors; the resultant h,ﬂqaulowLiu 'AKQH%*FL
|always that of yellow, Schenck regards red-green i
|eolour-blindn=ss as & case of arrested development in

which the final diffemntiation of yellow into r=d and
reen hes not taken place. In deuteranopisa the three
eceptﬂrs anc stimuletors seem ©9 b: presentybut the
ssocietion bstween them has not hecome established
in the case 0f the red and green visual substance.
In protanopia on the otker hand the receptor of ths
red visual substance is abssnt- although the stimulatar
is present, This means that long.-waved light would _
cause no sensetion at a&ll in th=s case of red blindness

but medium=waved light would stimulate the receptor of &
|the gresn visual substancesvhick would distribute its

energy indiscriminately %* ween the red and the green
stimilators csaus 1n{ a -sensation of ysllow,

), } i
7 Edrlage Gree&gﬁigg&gé (:_#///)
— vt

Professor Edridge-Green's theory assumes that
visual purple is the sole visual substance. Visuval
purple is t0 be found in th: rods only and the rods
are concerned merely with the formztion of visual
purple and take no ‘pa.g* alng visual sensationg, (This |
is contrary to tis e : evidencey of w= duplicity LmH»u2u~$w+wr
theoryWe? Vopkries and,others wro hold that_ the rods ' L\aboﬁy
are the visual orgensg for scotopic vision()
Light rays impinge on the retina setting free the

i .U.B

g e o

br

) Forsons, An Tntroduction fo ths shid:} of Colouﬂ \)ISIQN) b286,

() The eyyerI;Pnt, carried out by deu—Franklln and
Ebbinhaue, reported in _QELEB, Vol, -8) p.517)

seems Turtpbz conclusive svidence against this
view,



visual purple from the rods and a photograph asm& Or
optogram is formed @n the retina, Ths dacomposition
of the visual purple or rhodopsin stimulates the ends
of the cones setting up a visual impulse which is
transmitted to the brain via the optic nerve, "iIn
the impulse itself we have the physiological basis
of the sensation of light, and in the quality of the
impulse the physiological basis of the sensation of
colour., The impulse bsing convsyed along the optic
nerve to the brain, stimulates the visual centre,
causing a sensgtion of llbhb, then passing on t0 the
o:lnurkpiQEJv1n& centre, causes a sensation of colour,
But though the impulses vary in character according
to the wave-length of the light causing th:=m, the |
etino-cerebral apparatus is not able t0 discriminate
between the character of adjecent stimuli, not being |
sufficisntly dsvelopsd for the purpodse, At moat seven
distinct ecolours are .seen, whilst othsrs see in '
P OlOrTlnn to the dpvelopmbq“ of their colour-
perceiving centrs, only 6, 5, 4, 3 Or 25 En the degrEes
of colour-blindness just preceding total, only the _
colours at the extremes of the spectrum are recognis-

ed as different, the remainder of the spectrum
apvpearing grcﬁ/l\mig)
In tHe fovea there are cones only and ndo rods

therefore there is an ghsence of visual purple in
the fovea, REdridge-Green claims however, from alrecﬂ
observation and, entoptic grounds that therc are four
canals or depressions leading into the fovea which |
conduct the visuel purple from the rods into the
centre of acutest vision, He and Deversux larshall
examined ths retinas of two monkeys which had been
k:pt in a dark room for fortyeight hours beforehand,
and they claimed that the visual purple could be seen
between the cones in the foveg (2 Their observa-
tions, however, have not hsen cOnfirmed,Fin fact havse
been contraalctea by Kulme and Nettleship. Entoptically
N can be seen, oOn waking in the morning,as & rose-
red star projected against a dull white surface, such

as the ceiling. This observation of Edridge-Green cons
~-firms that previously made hy Taitxand Boll, an|

nit is difficult to,say at present exactly |

how the yisual purple acts as a stimulus transformer,
but thie“bec yuse s0 many plausible hypotheses immed-
iately occur to wus, 1t is wery probeble that light
acting upon the visual purple is, according to its
weve-length, absorbed by particular atoms Or moleculeg,
the amplituds of their vibrations being increased, '
These vibrations mey cause corresponding vilrations
in certain dises of the outer segments of ths cones, |
which seem especially constructed to take up v1br't—’
ions, We know that when light falls on the retina

(1) Hunterisn Lecture on Colour Vision and
Colour Blindness . 10Weskag- L

(2) Transactions of fhe OPH%halm logical Society
1902 D. 300, m____"')
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it causes an €lectric current., We know how ths
telephone is able through electricity to convsy
waves of sound, @nd sometking similsar way be present
in the eye,the apparatus being especially constructed
for vibrations of snall wave-length, Ths current of
electricity set up by light may causs the sensation
of light, and the vibrations of the afoms or molecules
the senscetions of colourf," .

He further points out that two procesgses
are contimually goingZin the visuellpurple as in all
vital processes; a katebolie or brecking down process
of the wvisual purple by light and an anabolic or
building up process by the pigment cells and rods,.

"The retinz, therefore, corresponds to &
laeyer. of photo~-chemicel liquid in which there ars
innumerakle wires each connscted with a galvanometer,
Whwn light falls upon a portion of this fluid the
needle of the galvenometer corresponding to the
nearest wire 1is deflected, The wires correspond to
the geparate fibres of the optic nerve, and the (9)
galvanometers to the visual centres of the ?rai?f"

(22
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: |
Colour-Blindness, :
S 3 - AReery of tHe i
Bdridge-Green bases his;evolution of th
|
i

colour sense on kis theory of psycho-physical units.
A psycho-physicel series is & physical seriss as it
appears to the mind, In colour the physical saries
represented by the solar spsctrum, but the psycho-
physical series differs greatly with individuals.
The mejority of individuals ares atvls 1o distinguish
gix different colours in the sy "
rellow, gresn, blue and violet, and the) i
have six psycho-physical units. The colour sznsc has
gradually evolvad Lykincreasiﬁgﬁthe munber 0 psycho-
physicel units,
' At first no eodlour is seen- the spectrum
appears as different shades of grey. The first
differsentiation of calour will be that of the two
physical stimuli which are most unlike, The spectrum
then will appesr all grey Lut with a tinge of red at
one end and a tinge of violet at the other end.
As the colour s:nse improves, the red and violet
will gradually invade the grey hand of the spectrum, |
until they may weet in the centre, "It is obvious
that all the colours of the normal sfghted which 'are
included in the coloured portion of the spectrum
will be seen alike and may be represented by that
colour of the normal sighted which corresponds to
the centre of this colouaﬁghportion. What are ihe
two colours scen when the 0f the grey has disappeared?
The colour will be repr=sented by that colour which
in' the normal sishted corresponds 0 the centre of
each of the two colours,.According to ths theory,
these centre points ought to correspond to the centres
of the two halves of the physical series. The two
(l)HuntErign Lecturestp.21, 2]Zbid,op.23,
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colours should be complementary to each other, It is

| evident that these complementaries must be those which

are closest to each other as far as the spectrum is

| concerned, The complementaries which are adjacent to

each other are yellow and bluiﬂ?ll) Such cases are
called "dichromicas "

In the next stage of evolution, a third colour
#ppears between the other two, namely green, These are
"trichromics" and can see accordingly red, green and

' violet. They do not see yellow and blue and are con-

tinually in difficulty with them, Yellow is the next
colour to appear between the red and the green and
those who can see four colours in the spectrun(red,
yellow, green, violet) are termed "tetrachromics",

In the next stage of evolution the colours seen are
red, yellow, green, blue, violet - these are the
"pentachromics",., Orange is the sixth colour to be
recognised and thus we get the "hexachromics" or
normal group to which the majority of individuals
belong. The highest development yet reached is that
of the "heptachromic" who can distinguish seven colours
in the spectrum - the additional colour being indigo.
"This order is not in agreement with careful obser-
vations on thresholds of COlour-visibility by Abney
and Pesting and by Abney and Watso 2

Colour-blindness is atav1 tic and & all

stages are represented A +ng- colour-blinds,

The "dichromics" correspond to the class usually

termed "dichromates", The Anomalous TXrichromates
include the three, four and five unit class of Edridge-
Green.

Colour-blindness can be divided into two
classes,., In the first class there is a defect of light
perception as well as a colour loss; in the second
class there is a defect in the perception of colour
only. Edridge-Green explains hoth by an analogy to sound,
The first class represents those who are umable to
hear very high or very low notes; the second class

i represents those who have what may be called az de-
| fective musical ear., Both defects may appear in the

sameé individual. The defect in light perception re-
sults in a shortened spectrum either at the red or
the violet end - the defect in colour perception
causes a less nunber of colours to be seen than in
normal vision,

In this theory colour-blindness is not due
to a loss of colour but is caused by the inability
of the individuals to detect differences between
colours.,

DJ ur-Blindness and Colour Perception,pp.34-5,

rlngtoﬁIth81nloglcal A}sﬁrgctﬁyo*, J.lbl.
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B X PH IMENTS.

The tests on fhe colour-blinds were carried
out unbiassed hy any prEconcaived tha-a;’eﬁualv)rj.fﬁ
clessificatlon of rﬂsultﬁ was ettenpted during the:

experiments themselves) everal different tests wers
erploysd and the facts ditalned seemed gradually o
centre round many of the chsractsristilcs peeuliar ©0

Lhnl colour-blind,

Subjects -~ ;
e giibjects lwere fen in all, eight of toem
reres students attending the gradueting eourse in
Experimental Psyckology, the otker two were Sciesncs
students, All therefoxne, were accustoued t0 experi-
mental procedure and nay he regareésd as reliable
3u?jectq_: I should likk here to SXpress my gratitude
o them for the many hoprs which they placed atbt my
Higposal and for their pery nelpfal CO‘OpGT&tiOH.
The experimenks were carried out &t diffesreny
hours in the Combe Psychological Iaboratory. The
periods of testing lastpd for one hour at a time, and
as far as possible fatifue was svoided., The SU1JP”+“
ers gll cases of eengenitel dieckromasy and belong to
bz mogt common form of)this defeet = an inahility to
j.istinguish red and gregn,

(87]
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,// Stilling's PSEHdO-lﬁOCkrmP Q&E;Eiygz::;_; a
et

The 12th, eclition of u,.h-\, Tables vwas used.,
This was generally the first test employed as 1t was
the first test by means of which the colour-blinds
were detected, In conducting experiments with colour
witk a large body of students it was found that
certain students experienced considerable dllf;grltJ
in carrying out the required experiments owing to0 a
decided inability to detect certain colours, These
students were examined in ths course of the ordinary

| Taboratory period by means of Stilling's Tables, and

some of them failed complete ly to pass the tests,
This led to & more thorough investigation of quch
cases, _  Ndhers
The Talbles consist of coloured »etHers 0n &
coloured background and theres are fourtg A0 gn glls
Teble 1. for example, consists of red 1= 5% on a
gresen ground which are easily distinguishable to the
nornmzl e€ye but which present great difficulty to
certain COlﬂUI-hllonnlocaus* there 1s no contrast
effect between the 1& MA344 and the background., The
Tables are based on the fact that if two colours of
equal brightness lie on the sams side of the neutral

5 e NG OI th, spectrum of the dichromaté, they cannoi
ba o wede distingoish ed -

‘The Tebles test hoth red-grean blindness

end blue-yellow blindness and further differentiate

between shortzned and unshortened spectrum, Red-gresen|

blinds with normsl length of spectrum are unable tO
read Tables 1 and 2, but can read Tables 3 and 12,
Red-gresn blinds with shortensd spectrum read Tables
1 and 2, then 11 and 12, but no others, They heve
gpecial difficulty with Table 3, Tables 5, 6, 11

.and 12, test blue-yellow blindness in the same way.

Takles 13 and 14 are to detect sinuvlation and every
coblour-blind is able to see the figures thereon,
The subjects were tested with all fourteen Tahles,

The following are the results obtained:#a

+ incdicates complete pasg of the table,
—

: soeid o failure g, i
5 w5 partial success. P
1 2°3% 4 5 6 7 8B 9 10 1112 13 14  Aphy |
A, + + = - - - ‘;rf - -é':‘ - E + + + AL
g' TR e SR
D. L * fE A Eeg e
M S T i e e e Y i e S
o o R T e R
His = R ) G T P e e e - Rl Rl
Co gyt bl e ] o N e S (I S
B DR e e e p IS S S
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The Stilling Tables divide ths subjects into

two fairly-well marked groups, PFive subjects are
totally unable to read Tables 1 and 2; two uttﬂlb, to
decipher the figures with varied succes:

O.. O_

| many mistakes but managing a figure here re .,
| The other threg subjects read the Tablecs 258,

With Talhle three the position is reversed Those
unal:le to read the first two Tables are aPllU} 86

to be able t0 read the third Tehle without any

difficulty, whereas those who can read sasily the

first two Talhles, find the deciphering of the nunbers

in the third Table to be impossible, On a first

finding then all subjects ars red-green colour=plind.

Pive of then hav* g spectrum shortened at the red end
and five of ther have a normal length of spectrum,
The two subjects w0 partially pass the Yebles show
conflicting results in some of the ; bests .,

One of the subjects dis 3 ke could
read Tables 1 and 2 which before were wndecipherable

to him, with the aid of a red glass. The red appeared
uhltlsh and the green very dark - the contrast be-
tween the figures and the background standing out
clearly. The subject =m=w remarked that he was now
convinced that the figures did actually exist, =s ofwhieh
he had been sceptical before, Othergof the tables he
could read by means of a green glass. In all cases
Lorory 1EE’/iit was merelyle—eese—sLd ohtginkes a good contrast

| effect - the red and green glasses ahksorbed part of

| the rays of light and neutralijed ithe colours. Red

| and green glasses have heen tr9ed frequently to see
if they would cause any palliation of the defect,
but they do not seem to have met with much success,

l—

g it

| 2. Holmgren's Wool Test (:gg;2£>
== = ——-'1é="

The wool test is based on comparison of
different colours., It was originally suggeste d by
Seebeck and later used by Wilson i=s of course” & more
or less primitive form. Both investigators recobnl?ed
that merely testing a colnur—? ind by naming colou
elone, was a very inefficienfi-Seebeck used about 200 me'thod.
pieces of coloured paper and gsLea his colour-blinds
to sort them, Wilson used skeins of wools in a similan

fashibn, Holmgren however, was the first to systemat%’e
the test and put it on a scientific basis,. Hewis a ’
|staunch aéherent of the Young-Helmholtz theory, and
|in fact devised his test in support of the theory,.
- The wool test has been generally recomnended
because it has many advantages such as portability,
absence of need for names of colours and becaus2 the
wonls reflect the light equally in every direction,

The 'confusion! skeins which nuwbsar over 100
|are spread out in irregular order before the subject
| They include all varieties of colours and n@ny shades
and tints, The examinee is asked to pick out all the

! ;
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skeins the sawme colour

28 & skein, irres-
pective of shBade., He is told

given test
t N0 two specim

that n gns
are alike, and tkat resenblance of colour only is
all that is desired.
Holmgren advocates the use of three such test

skeins and those he chose are in agreeuwent with the
tkeorv he favoured,A a very pale green, a light purple
or pink and a full,red. The first skein determines

the presence of the defect, the second decides if the
defect be one of red-blindness or green-blindness
judged by the confusion skeins chosen, the third skein
acts as a confirmatory skein,

The tests employed as Gtest skeins in these
experiments were not those advocated by Holmgren, but
were more or less experimental in character, In all,
nine skeins were employed as tests,

2 Vivid green,
« Vivad red,
. Brown,
. Magenta.
. Green = of medium saturation.
. Pink - of medium szturation.
. Very pale green.
. Very pale pink.
Pale klue.

The vivid red, medium pink and pale pink
formed & series in 1ntensity which was fourd to give
rather interesting results; the vivid green, medium
green and light green formed a corresponding series
in green. These different degrees of intensity of
colour were added as the experiment was proceeded
with, The magenta wes suggested from a reading of
Sanford (1), and the brown suggested frow a reading
of AbnsyfN2 The pale blue was added because of a
tendency noted to confuse hlue and pin and to ascertain
whether the confusion was habitual or merely accidental,
and whether it was characteristic of all subjects.

It will be«found that the results obtained
from testing with th wools seem to point t9o varying
degrees of colour defect.

It is interesting further to note the method
enployed by the colour-blinds, Their generel attitude
to the test is important, and the fact as to whether
they select their colours with ease or with a great
deal of hesitancy. The colour-blkinds are very partic-
ular with their matches and select the skeins with
extreme care., The skeins which they =zegect are as
illuminative of their defect as those they accepfjand
the numbers of bothywere noted.

tOfD"“QO\CﬁlF?-b‘-MI*"'

We are accustomed to speak of red-greecn
colour-blindness and to mean that the individual
cannot distinguish reds or it may be greens or both,
If he can see red or green then he is no longer colour=
blind but is referred to gs colour-wezl or as bhelong-
ing to the class of 'anomalous trichronategl) We have

(1) / Experimental Psycholozy.
(2)ﬁ Researches in Colour Vision,
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seen that Professor Hayes challenges thatp,and stat
that individuals in whose colour syster red and grzen
lare totally invisible, and blue and yellow the ©Only
two colours recognisable, belong to the extreme or
limiting class, and that in the typical cases of
colour-blindness some kind Of rsd or green is scéen by
the ‘individual but not to an extent which would
Jjustify his inclusion in the class of anomalous
trichromztes.

The ten cases exa
as cases of colour-weaknes
deviation from normelity., They all seem t0 he cases
of colour-blindness,but they range from extreme cases
in which neither red nor green can le distinguished
to cases in which red and green can be distinguished
with varying degrees of accuracy, if of sufficient
intensity. This result is well indicatedl i Holmgren's
|wooldand latsr in the other tests, Fewer mistakes
| occur with the vivid red and the vivid green than
|with ths pale pink and the pale green- but the nunber
| of mistakes varies of courde, sccording to the extent
| of the dsfect.

.

iined can_not be clessified
L

¥
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3
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results of Wool Testy
7

|

| The results of each skein ars separated w erder [o
|showzag the gradual increase in the gueessr muuber of
|the confusion colourg as the defect 1ncresses in
|degree, The subjects are named from A t0 J approx-
|imately in the order of their deficiency- no rigid

' series of gradation is intended,

iiaihiat thos—smes slight L Showing

L eomdic

| t J
1. Vivid Greeny nejects . §7 _

A grzens and brownish greens, L ©1live and green.{

B.F il PSR =T L olive and brown,

Cal =% S orange, paleblueA
and brown. /

D.Ladds yellowish greens, T

E.J

o/ greens of all shades and one brown,[salmon,pink
: Z and olive
| F.lgreens of all shades and yellow f
orange, drab.
G.lgreens and pale brown,

j A

L

A A

|H;Lgreens. A fawn, 74
L

A

I,fadds in addition to greens and
I browns, fawns, creams, and ye110w,£ pale green,
' orange and salmon,
J;Agreens, blue~-greens, salmon, orangekEJdggreens.
- fawns, reds and crimsons, pinks, 2 drabs,
magenta and drabs,

Subjects A to D match the t=st skein correct-
| 1y, ,which seems to indicate an ability to select the

| proper colours, H also gave correct matches - but he
|called the test skein orange and selected his matches
more for their brightness than hue, ¥, G, Iand J show
|confusion = particularly subject J who may be regard-
(€d as a limiting case of dichromasy. This subject

| found it difficult to imaginz what skeins would be
like several tones lighter, It is characteristic of
hin that he matches eactheiﬂ with practically all
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the confusion.skeins -in this case hs had 46 matches,

2. Vivid Red?,_;_ Rajects, ¥
' A

| A./reds and crimsons, o
S ' B,jreds. L & brownish red, A
. ;C.Areds, crimsons, pink, cinnamoms, K crimson,brown AL
| . L pi‘f'ﬁ}‘i(t"m green)
o L1 | D40, and 4. mauve, , T — .
. B..do, and L bluish red. A Tluish pink yiin
. - (because violet)
A | P I ¥, vivid red, I v, dark green L — oy
., ' G,,reds, crimsons, pinks, blues, Z p.green myrtle | A »
' purples, drabs and grey,. terracottsa, L
~ |H)J v.d red, greens, p.brown, 4 — i
., = red, different shades of A v.d.green and R
| green, bhrown, blue,. v.d. crimson,
i | T l.crimsons, reds, szlmon, brown, AT S K on
, ' yellows, straws, gll shades of .
{ L}' i green including blue-greens, one

pale blue, v.d,violet, d,slate,
drabs,

| A and B select correct matches which scem to
indicate an ability to distinguish red, The others ;
show the confusion graduslly increasing until subject |
J is reached, and it will be noticed *he includes a
large assortment of all kinds nurbering 52 in 811,

It seems clear even from these two examples that the
gefect differs in degree with subjecta A and J,

| 3., Medium Greeny Ragjects ?
r

5 hes ol
A tgreans and hrownish yellow, ,4 l.orange,canary. ,(%2‘.12.‘
-

(N.b. confusion beginning.)

L\ X | B&Agreens, yvellows, orange, hrownish Asalmu’m,“r-rmm, AN

; | yellows and fawns, greenish yellow,

/K | G do,. do. A terracotta and A
; a green,

K - | D& greens, yellowish greens, and z alen £ s
. brownishk greens,

S | B4 Yellowish and olive greens, fawn, ( — /( (s
[ creams, shtraws, cinnamon,

L ! terracotta, salmon, :

. | FL an emerald and a yellowish green, A pale green(he- | A

orange, canary, yellow, cause too red)

& olive green,

|
A % iG.t\ greens (all shades)yellow, orangs, ( e /( 5
! browns and greys, & dark blue
: I ; and a dark violet, TR
- | H), same as B and C, A s
. ‘ I,;\ greens, cream, yellow, brown, A =2 R ™
b . | J & all shades of green, including j\ 1 blue pink. A 5
5 ' blue=greens and hrownish greens, 1 pink,.
| krowns, reds, v.dark slate-almost ] dark nauve,
: black) one light orange.
|
i There *is a suggestion of the confusion \/
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ginning with subject A, She rejects & light oran
xnd & canary., 1n other words she considzred thesse
ikely to be matchef to a green, B likewise rejects

salmon pink but he selects as correct yellow and

orange skeins, The others show the same confusion
as hefore in increasing measure.,

4, ledium Pinky Redeets,
/ :

A Apinks, bluish pinks and bluish reds.K bluish pink
B.A do, do, ik s

C.4 adds to ahove pale greens L blue pinkend
a cream
D4 pinks,bluish pinks and bluish reds (_ llnulqb

fawn,
E4khluish pinks, yellows, *Trshs, Cfeclnq( S
P.Apinks, Pluisk pinks, violet,pale hlues
one: gxebnishmhlve;-ona greenl,h gr&y,
G A pinks, greens,redsy and violets, [a "“llowish
foun
H.Ahno pinks, but pals greens, bluish Aa blulsl pink

greens, yellowish greens and & and an emerald|

dexrk violetd ., green
IA bluish pinks, blues and greys L) ——
JJ pinks, one bluish pink, terra-

cottas, reds and crimsons, Zg S

Greecns (a1l ehades) greengshase

greys, greys, drahs, straws,

browns, blueq (one v.d.slate hlue

two royal blues, one pale hlue)

one dull heliotrope,

No eoanfusion seems to be existent in cases
A, B, D. but is much in evidence in thz otheér cases,
The confusion hetween pink and green begins ﬂluh
gsubject C. onwards. With the vivid red it did not
appear bl subject P, was resched., Subject J. had
gsixty-seven matches

5, Pale Greany welseds
[

A lyellows, creams and salmon pink. L =

(¥.B. first confusion of pink & green)

NEN do., and pink and orange. A greenish yellw
C4 cream, canary and yellow, salmon,
HEH K do. do,
Bl different shades of green, ( ST
yellows, creams, sStraws, pinks,
sglmons, pale blues,
Fl\ same a8 C, N
G{J grzens, browns, pinks, greys, L o—
drab, blue and violet,
HY same as C. i =
IKN yellows, pinks, greens, creams
y s L P B 7 L
and orange,
Jk emerald green, crean, canary S
£ ’ ? Jas

yellow, orange, Tfawn,

=
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| 6. Pale Pinl

———— . et

A bvluish pink, yellow-graens, z /%
pale blues and violsis, luish pink. i ‘1“}““3
B, yellows, pinks, creams,, I 45
! yellow-greens and greens, ; red,
; C4 pinks, bluish pink ana green, 'X ' A v
D., no match, { pale pink
N0 | - y : |6 2.8 ;\ "
X : and drab.
| B.Apinks, bluish pinks, greys, A A o

Ow-greens, pale 7 lue

straws, yell
] L.lb_eu, pale green

’
-~
A
e
’L\" P4 bluish pink . :
. and greys. A pink,gresn,blue A «
r'( t GA no match, (skein=dirty white,) A bluish pink &

Ul —l"!

; emersld green,
A\ HAbluish pinks, pale greens, blue pale pink be-
and green and bhlues. ,cause 100 bluel,
. IAbluiskh pinks, viwid blues e

i reds and greys. ;

ieid ey SN, s 5 4 i o ,( Lo &
‘K. J A pinks, one blue pink, terrdcotisz, -

reds and crimsons, greens, (all shades)

gresnish greys, greys, drabs, straws,

browns, hluve and dull heliotrope,

ol Nl

-‘ With B,F,G,H,1I,J, the confusion between

red &nd' green is present from the teginning; with A, |
red is not confused with green until the< very palest
skein is to be matchsd, thén t}‘ = pale green is
confused with pink, and the ususl confusion =5k '
witk yellow., With subject B. T;ne confugion is n
noticealle in the medium green though not to any ;
great extent and the confusion increases throughout
with more or less regularity,., This g to indieate
different degrees of colour defect, which sSews 0

5a X,

the later expsrinent:

-

ne verifisd in

) |

Redoase
A4 reds, bluish pinks, rose pinks, = /
g | pale pinks, : ,L pink, "5“‘”’
e | BL blues and violets of all shades, —rb~

- one bluish red.{?:u".’: not confidznt A vivid klue /( o
about it), violet and pink
= | Ch reds and bluisk pinks, AlL.VQnde:( grey / "
violet,

7. The Tﬁcm-‘-nta Skein gave some rather curious results ?"5)
=y = ~

K

L - DA erimsons and reds, bluish pinks P
dark mauve .,

K El vluish pinks, rose pinks, /( g
K violets, hilues.
S

A
A
" FL one bluish red, one hluish pink, Ao B
pinks, v.d.purples, violets & blues £
B G A crimsons, reds, pinks, grzen,; pink, b
:)(, ‘:j-luis}?- reds and mauve . _ pale hlue,
i HK d.meuve, d.violet,dark 1lue [ N T K
: and violet,
An ILbluish pink, salwmion pink, d.purple, [\ o ,( “«
. violets, blues, .
’\.. J K magenta reds and medium plinks, A — ‘ "
3 bluish pinks,violets, hlues,
T hlue graens,




B. ane H, matched tke fest skzin with hlue:
and violsts of all shades and B, added one bluish rad
avid _"l"‘ll:.-’ chaosen 7or 1%s8 bluish elamant ‘_:‘_: F - I '_,'-“nut‘:}:
h= avinesd coangidseralle kesitation "zn;, finally
acoepting it. When asked the colour ol *h s.l\-_e.h‘:!,

L oth confidant el to bs blue, Ths majority
of the others e with blue and violet
but added sone 3 ; Iand J. also thought ©
Kein was 1t their metches 10wed eonsider—|
confusion, dJd. rejected sis sl.:ai“'“‘, then accepted
ﬁa aje them lgter, All were af bliuis o}
shades,
& The Brown Skein seemed to cause consideral ls

difficulty.

A, Calling the skein dark grsen matehsd it carefully

with one skein of a very dark oalive-green and

rejected a green and a hrown,

¥atched it witk dark gre=zns and hrownish greens

but rejected all purs browns, \

. liatched it carefully with two skeins, a very dark|
|

td

crimson and an emerald green,
liatched it with brown tho ough limited to three
in number |
Latched it with brown and greens., l
Bxperisnced great difficulty in getting any match
and finally accepted one reddish brown,
@, and I.,1oth thought they had been given skein

No.2. egain in mistake, (the vivid red) and :
ezpoauulated that they had matched the brown skein

|

HEi o Q

Tpefore! They therefore gave similer matches
as with the former skein, brown, brownish greens,
reds and crimsons,

H. Matehed it with gresns of all kinds and a few

browns.
J. As bhefors showed the greatest confusion of all,
Crimson, reds, salwon, cinnemon, pure brown, 2

canary, yvellow, straws, yelloW-grzens,greens all
shades, hlue-green, one pale blue, drabs, v.d.
violet, dark slate,

It will be noticed that 211 show confusion,
though the cnnfusion seems to increase with the variops
subjects. Subject J. included in his metch a pale
blue, He thourk* the skein was a gresy and the pale
hlue a lighter shade of grey. Thiswould seem t0
indicate a blindness to hlue as well, but the sui ject|
in some of the tests was found €0 racongnise blue
ouite easily; he seems, however, from the evidence
t0 have a weakened sensitivity to blue as well as
complete blindness to gra2en and red,



9. The Blus Skein gave varied results.

A_& wtehed i.*. witk pale blue and gresns= n .
no pinl cwd thought the skein [ v . pale green, K H?“£;
g‘ LAY

iteelf Jus & pale green, pinks . bluish

g BAblues, vionlets, greens and a
bluish pink. A bluish pink.
e - C.4 do, do, _ L p.gresn.rose
- Dﬂ‘klueg,‘pale greens,
o yellowish greens, 7 pale hlue,
3 F}\T»v;“, violets, Tlue-greens, [
pale gr:ens and greys,.

/1
"

]

| FAblues, bluish pink, pinks and

A
A
K
£
/
a natural gray. A blus (Mumayln_}‘ Ao
A
&
(

GA blues, pinks, bluish pinks £
L and crimson, pale green,

HA blues, e
s I4 blues, purples, pinks, greens, l e
= grﬁ':'r_'
(o J4& four blues, two very dark sleste b lue:'-:.l ‘
violets, tweniy-six grsens, (all shades
_ including blue-brown, yzllow-graens)
53 pinks, terracotta, reds and crimson, '
one bluish pink, one bluish red, |
one v.d, red= almost & brown, greys, drais,
i  straws, canary, brown,

The confusion between hlus snd violet is
s well- marked, whick is ckaracteristic of all colour-
19, klinds. Thers is a confusion &
} B,Cand D. thought the skein was p
ion hetwesn b L'I-; and pink is cilea
certain subjects, but is se nat 56 he ch
of all subjects. A curious canfusion of the ekein
with grey 18 common o 11fﬁ:ﬁr BiIl;d. E, callad thel
skein a ng}: blue grey. G, sald it wag either blue
or wkite, J. called it a Xight grsy and fkn-_Lt 18
was the same skein as the pale pink and the medium
pink, which he also thought were grey.
i}; J prssoeet The wool test therefore gave a considerable |
- insight into ths nature of the respective defects
| of the examinees, All matched the colours vary slowly
and very d@111erﬂtﬂ]» and often picked up skeins, :
leiad tﬂem tentatively beside the others, acecspted them
tken later rejected them,perhaps to accept them later)|
still, With some th: difficulty lsy in deciding '
what the test skein was, and it was furned over and |
A over and viewed at various angles hefore its colour |
was finally decided.,

if we can assume that the vivid red skeinis
that similar to th2 full red of Holmgren, then it
does not seem at all a satisfactory conlour for a
It | test skein, A1l subjects did not blunder in matching
: | it, and if used alone it would very ofyen fail to

| deteect colour-hlindness, Abney seeums 11 }gv: regog-
nised this faect, for he states that the red skein is

lan of bhlue gnd gresn.|
prean, The confus-
r1y shown with

gn aragteristie
L
i

A

: | the weakest of ths three test skeins, and admits that
o as a-tEst of ecolour-blindness it iswnot too satis-
B faectory., It is for this reason that ke reconmends



thet a dark brown skein be substituted, A dark !
brown skein does appear to give a better result and
2ll tha subjects found it a difficult colour to
match, Tor krown is one of their most puzzling colours
It does not follow however from the results obtained
that the subjects can he divided into two groups
according to the coanfusion colours chosen, Abney
states that the red-blind will metch not only dark ‘
green, but also light green with it; the green 7 linds|
will pick out the browns and the reds, On such & '
basis subject C. would be difficultkto place as ke
matched it with a very dark crimson and an emsrald '
greenl G.l.J. likewise, '

The same critieism applies to the other two
tést sksins as reconmended by Holmgren,

The pale-green test is most satisfactory
for it seems tn show up ths defect irmediately.

For thris reason too, the pale-pink is most useful,.
The weaker cases of colour-blindness as we have seen,
are akle to-pass the test when ths colours are more
highly saturated., It is the pale colnura they have
greater difficulty with, Bdridge-Green objects to
such & gr=sn being used as a test skein and oceclares
it to be the worst 1possible colour t0 choossg for the
colour-hblinds can easily pass through such a test
without detection, The results of these experiments
do not seer to justify such a conclusion, for all
subjeets substantially failed in their matches with
the pale-green, The medium pinks and greens and the
full rede and gréens are useful in giving an approx-
imata insight into the extent of the defect, hut as
tests alonzg are unreliabhle,

Ths magentae slesin is also & wseful ons, AlL
but one sukject thought it was blue, or vifilet as
some called it, and it was astounding t0 have all
shades of blues and vinlsts picked out as good matchepg
This too0; by suhject B. who gequiltted khimself sd well
in matehing the vivid red skein, It would seem that
the blue had been much more powerful than the red to
him,and that the red sensation in consequence had
suffered. Subject A, on the other hand gave a good
‘match although she. thought the skein was a purpls onel
The results, therefore, in her case might bs nislead=
ing, ©8he has a general confasion of blue and pink
and it would ssem that the result shs did ortain was
due largely to chance. This dneé?hltsr the fact
however, that red is wvisible t9 her under csrtain
gireumstances; whers she eoanfuses hlue and pink; or
in this case mugente and purple, ths blue element wust
be the stronger one, 89 strong in fact that it ssewsalmest
t9 blot out thz red ssnsatlion, .

With the bhlue skein A:. wade no confusion
with blues and piniks in the aatwal choice she made,
but it is noteworthy that sh2 examined ona Or two

4

pinks and then rejected them; the cnwfnaian'ggzceﬂuhw

Contusion of blne with pink is Sald 19 Be
charaetaristic of & shortened spectrum. IL the pi
i8 ade uwp of g mixture of red and violet, the red
element is invisible and the vislet remeins whiel is
sean &8 blue, Subkjsect G. hawsver, who has 7o ghort-

Y13
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of B,
uLvﬁni of Holugren's test is
that i% is Lassd on comparing colours, not on nanuing
colours, ﬂg;é&éfeﬂ%“”rﬂ 1-1w_ T = A0 B
Certainly, Wrien Holmgren devised his €
gstep in th2 rigkf direction, Tror thes testin
blinds by nawing elone 1a most unsatisfactory. Dub
lin conducting the wool test just deseribed th:t subject
lwas alws ya asked what colour h -}wm_:‘;, E the test slkein|
| MQN!. ; o :
|weas , and }.LF,“ were most 1l.LL11-11nc 1,11 y @nd increased ths |
VEIU? ﬁf the teqt tenfold, A J= g (L1 SCOVET 0 ijﬂl@umﬁ*'aﬂm
ga=me—= thath ]dri&ge—Gradn in his clc sgification test;
which is & modified wool test eémploying diffirent test
S skeins, (nvﬁcauab ﬁhﬂ game proceXdure, In faect the |
E - candu@ats is &"'2 \(® nane each ecoalour as he gelects
{\i it., It was found most instructive ﬁnfh tn aslk The

B nanes: of the redsot@c 0ﬂlnursjpnd ¢ry they wer
red ctad, and the reasons throw consids ﬂ*l# lizht
[vpon the colour cdefect. The combinsd method therefors|
|of eomparing anc naming sseus to yield ij best z L

In conclusion, the most outstanding re

of this series of teste is the confirnation of
Profesgor Hayes! results, that there are varyi
degrees of red-green colour~blindness, The g
'ﬂaries of reds and greens brought this result clearl;

test, it was a
gating of coloure

3

out and it will bs Tound that later experine

ebsmastleeni bk skrongly ‘n e same direcflion

| i BN A
} 1} . AA St
Iah
| - | e

l;
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Lotk
Conlour Nai g

-4LWb&cmﬁa4w estyg involvine colour namins have in for a
| la lL,L, share oF cokbrivy, and were considerca as
/' |unsatisfact ory by #ths Committes appointed to report
‘On €olour Vlalon, in 1892 "Tests which involve the
| naming of enlours should h: avoided in deciding the
|question of ceolour-blindness/f"\ (2) Ths colour<hLinds
Judge of enlours by difference im shade, and a differsnce
[in skade t0 them often meeans a diffsrence in colour,
| They hear & colour called red whick to th rz;ﬂpugr\ \
‘E-‘-S & Very darlk ye 'I]_o a.nd 'i'}"”i_"r'-{_,.j_ t=2 the nans ne
. - Speh R : angers and % D"t""'“h"“) P Qli lru\s\&hou ;rem Holmoreu
S_o_uch.r uf_gonJOh "Jo-?,bf ¥ |




the shads hogether, In s"me cases their skill in
using correct ¢alour names is :r‘e:._z-.,r'.T-L.ft:-le and renders
the detection of their d=sfeect mors difficult
Dr, Pole; himself, remained ignorant of ;Lv d'fzc+
For % lrLT yeaxrs, Dalton, too, in speakin: of s
of kis puplls, remarked, "They, like gll the res
us colour.blinds, wers not aware of their actual
seeing colours different from other peopls, but
imzgined there was great Peryluyl‘v in the nanes
ascribed t9 particular colours,m BT

It was for this reeson that Holmgrsn devised
his test, which o”viates the need for colour names, |
“Ta Judﬁ” correctly of canlour-tlindness, and the
various practical quvkuL)na connected witk i#, it dis
of the highest importanecs to distinctly observe' the
cifferaence b=t /een the manner in which thes colaur-
blind sees, and the manner in which he nares, colours|,
The sensetion is based upon the nature of Lh: sense
of e¢olours in the orgenization of ths optic nerve
from birth., The namwe, on the contrary, is learned,
It is conventionaT; It dspends upon exerciss’ and
habit. The names of colours ars naturally the
objective expression of subjective sensations; but,
on the other hand, they are reguleted by the sysikte:
of nogmal sight, and cannot consequently egree with
that of the ceolour-blind(" ol

The ohjection which Holmgren had ageinst
testing by nawing colaurs seens 10 hav: arisen from
the fact that such a test used to be applied to
detect colour-blinds in a most haphazard mannsr, and
no other test was added, Colour naming is ‘@ useful,
test, but it must be of a supplementary na'ure.
Alonz, it is most unrelighlé , particularly if
names of familisr objects are asked for, l

Dy Jeffries, o test this point, conducted
an intsre otln_ uuunUl%hﬂirﬁ with blind children;
children hlind from birthy to form as well as 0
colour, He asked them th: colours of familier onjects
such &s the sky, en aupls, banans, strawberry, grass,|
leavas, water stc., andlsednee curious ansvers, ¢ paeused
For exawple, to Lanana, he received ths following
replies, 'Dont know: No idea: ¥ellow; Don't know:

Don't know: Green-uncertain:? These war: ckildren

ranging in age from ten to ninsteen, Unfortunat:sly
ths experiment could not be contimued for cnlours
became .the topic of conversation throughout the
ingtitution after that, The colours of grass and
cherry, however, weres fairly wel}l known, "Throuch
the ear zlone these answers were learned, and ratainef
by mewary, The attachment of the nams of a ¢olnur €0
an object is an attribute not learned 1y the ey=
alone, A wholly uneducat=sd person who handlss brieks
1 he hears them cglled black, will g0 call them when
buestioned as to their colouwrf,"\(2) This is a simila

condition 4o that found in th= colour-blind, He

)

=

|
(1) Quotszd from Jeffriszs, Colour Dlindness: &is Dan

gers and its Duu-ccl%n‘ 75 - ‘
(‘&) ’\ﬂ-}l?-) P 100. | /



learns by the ear the names
in addition in 8onis 2N "
eye sensetion, not the sgme as ours, buh probalbl]
gome Tine discrimination of shade which comes t0
or him & new c¢olour, ;

Bdridg=z~Green, however, adopts an entirsl;
different attitude, and is a strong advocatz in
favour of testing nomenclature, particularly Tor
practieal purposes, He introduces colour naming inbto
his clasgification test and intod kis lentern test,
The latter test in its relation to coalour namine, we
shall consider latzr, As long as the objects to bhe
nanied are carefully chosen, colour naming ﬁi 85 &
considerable insight into ths ealour-hlindes®™ defect.|
It will he found that dn many ceses the e¢onlour-i 1lind
does not guess the names of COIOUT*; e hasa repulsasr

syvstem of his own_ which he firmly adheres

}-_b

Ta test bthe validity of c¢olour nswing two
methods were trisd;f
1. The nawming of the dots in llllﬂb’ﬁ Tal les,
2. The neming of Holmgran's Wools,

Soms of the subjects w
lapse of a year apnd thkeir colour :
found t0o remain constant, This comfirms the fact

0
that guessing is not the rule, but that tha ecolour-
Llinds a:
give %

a.f guid=d by definite coloyr sensations whiek
.‘2}

hem & regular calour systsm,

Talble 1; (Light and M£dium) (Light and ledium)
/ Red. figures on Green back ground,
Ted, green,
red, grasnq.
dark green and brown, yellow and brown,
red. dark green,
violet, grey.
red? yellow and green,
red., green,
brown, yellow and orange
green and red, green or- yellow
and green,
A1l shades of grey.

— e el

HOoQ=EEH-O QW

ey

~ The colour names euwployed ars charsct:ristic
Of the defect and it must b:s admitted they reveal
howgrest that defect is, Subject B, though recognis-
ing the colours could not decipher the figures,
Subject C. could partially read the figures although
it will be noticed that his nomenclsture shows
consid:zralle confusion, This is characteristic of
him throughout all the tests. DBeinz questioned, he !
declared he had no intersst in colours al 211, and
had not thought whether ha confused them or not. [
Finelly he admitted that crimsons and the finsr shades
were difficult for him but the question of ecolour in | V/

géneral seemed b0 have caused him no conecsrn, J. as |
|

|
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before shows the d

_ ; graver than the
others and sses gl

meh
¢ shades of grey.

get to be m
colours a
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Teble 24 @ %
(Lizht ®nd: Medivm) (Ligkt and Dark)

green, Tigures on Red. baeck ground
A green; red,
BI orange red &nd red, red.
C, Yellow and dark green light grsen & dark red,
D. gark green, light and dark brown,
E, bright green, greyish grsen & grey.
Bl yellow and ? green and red,
G, vellow and gresn, red and gresn, !
H. yellow and orange. dark browmn and black,
ST green, red and hlack. :
J| different shades of grey. |

How does. this compars with the first table? '
A's resulis are Bimﬁl&r:tohfirsﬁ table~ she r=2cog- &ﬁbﬂJ%1L
nigses red and green, B, however shows confusion
this time. Yellow is evidently confused with pale-
green in the cases of subjects C, F and H- a common
confusion, J., remains constant and. sees gll as shadef
of grey. One other point of intsrest worth noting
is in the case of subject H.- the medium green which |
resenbles somewhat a grass green, hs calls orange. '
This is characteristic of him and tested a year later|
the same naming held gond. This 1s verified in the
other tests,., Note also that he calls the red black -
this gt once indicgtes a shortened spectrum,

Table 3 ) |
I;‘rmﬁxt Red figures on liole and Black hackground,

A, Tred green |
B rad green end black '
gl red green

D dark red brown,

B, red green

¥, light red darker shades of red.

G. red green and dark green

H brown grey and black

I 5 gray shades of grey l
di blaclk shades of grey i

The red used in this table is & very bright
red and was recognised as such by subjects A to G. .
This particular shade of red which seems similar to |
that used in the Nagel cards gave similar results 1
there, It will be noticed that the bhackground con-
tains a difficult colour for them, one of these in-
definite colourse which is always a puzzle for thew
and which rarely fails to detect them. The majority i
have called it green, J. as before sees all the L
colours as grey - red is seen &s black whkick denotes |
& shortened spectrum. Subject H, sees this shade of
red as brown - that is, a dark shade of red is bhlack,
& medium shade is brown,




Teble i{_
Red figures on Fawn and Mole beckground.
A, Te0 green end xlhck
BiL red green
&l rad dark gresn
Dl red dark brown
E, red dark green and grey |
Pir red green
G. rad green
H. grey and black grey and hrown
1 grey brown and black i
J hlack shades of grey

Red again is recognised hy subjects A t0o G.
It is the same particular brightness of Talls o 32
H. and J. confirm the shortenea“ e back: round ¢con-
tains confusion colours a=¢ are not recognisad

Tahls b
Fawn and Red Tigures on Grey and linle tackgrourd.

A, green ard red green

B. shades of green green

C. green green

D. shades of Trown dark brown

E,. grey and red grey

Pl light ved red

G. green ; ' green

H. grey and brown grey

i) grey hrovm amd green

Jdl different shades of grey ]

The red in this table is a dull re
might be called a 'blae'! colour, and few sBubj

jeect
collld identify it. This is & striking differsnce from
the last table. It seems to point to the fact that

the colour mist be somewhalt resenbling what nay be
designated as & 'pure rsd' in order that it may he
identified. It wust bhe reds like thesge which are con-
fused with greens. The background as hefore shows
grey mistaken for green. Note subject J. again - he
truly: seems a limiting case of dickromasy.

Table 6
Fawn and Red figures on Grey ani Mole backgroundy
(dotﬁ however larger in size).

A, red : green

B, erimson green

C. green or brown green

D. shades of brown dark grey

B. all different shades of grey

F. light red dark red

G. red and greesn green

H. grey and brown grey and light Trown
I. dark grey green

J, different shades of grey

.

_ A, and: B, this time recognise the red, but |
otherwise the nsming remeins muchk similar to tL pre=
ceding teble except B, who sees the colours as shades
0T grey.

lbe



Table 7

*

T. CGrimson figures on Lrown n backerpund
Ao red gre

ElL erimson grﬁe

gL “brovn br

D. red grey

B. dark brown brown and dark green
®i, rad ?

G. rad brown

Bl brown and black twn shades of hrown
1! dark brown ané black dark grey

J. different shades of grey

terbain This

confirms the

¢ previous tebles, that

|
|
|
reag |
|
i

undery circumsbancss can i@ r'*cn-'-'- nised.. The background
shows confusion of green and Trown. “nulﬂc+ I now
shows signs of a Ekﬁrtfnﬁd HL,Uﬁ“ acsguse of gon—
fusion 6? red hils That &s ‘rny ‘ulﬂur newing |
alone H, L, and s heen Tound to khave shortensd |
spectrum which verifies the results obtained from |
the reading of the tahles.

Tablz 8
T Drignt Red and

Crimson figaws 0n Brown

Coreenish-brown
G*—%v.bagkground

and

A. red

B. crimson

g. prown

D. dark red

E. r=d

P! read

G. red

H. brown

1. dark grey or black

J. different shades of

The red here is

cause it s of this bright

calls it krown. His nome
out, and shows considerah
when we reunsarber that he

Stilling Tebles
concerned.

go far as

=

&,
=
—
o
[{e]

grean

red and brown

light hrown [

bhrown [

daerk green

brown

green

brown and grey

shaies of brown i
grey., ' ‘

fairly well reeébgnised he-
variety. Subject C however

Ls

nelaturs is nof good through-|

le ¢nnfusion., This is curious
can partially the f

ga

deciphering the mumbers is

|
wn backgroung

Pink figures on Brown and d.bro ]
A, red green and red
B. greenish red brown and black !
C. green brown |
D. dark brown grey ]
BE. medium grey brown ‘
i light red ?
G. green green |
H. black grey and black
I. green and brown brown or red .
J, Tigures decidedly lighter; all however shades of Er
This table gives interesting results = gll

show confusion.
the figures,

Note the

cases too where ®wed seens

greenish red. This termw
istic of tbe mild formg of colour-hlindness

description given by L of |
is character- ‘
and of .
gsometimes to he recognised.
|

J
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both

Ho two call Zeee colours the sane L 55 s,
still meintains his different shades of grey. '
Ev1dently he has not lesrned to gssociate a shede |
with the name of a cnlour, Subjeet B. has niors then |
once called a colour & grey, and it was he who called
the blue skein in the Holmgre n' wonls a grey., Does 1
this suggest & lowered sensitivity to eslours in ;
general? Subjeect P, is-eery often completely at a
1050 as to the name of a colour and finds it impossiblle
to wake even a.guess at it, (It will also be noticad |
that green is more often msntioned than red, which slmus,
tsn Lvely suggestgythat wien in aoubt, green is the
cespt=ed solution, ' :
Tehle 10 : |
Red figures on Pawn & Brown hackcround,
A, red, green and red, |
Bd red, green and reddish bhrown.
C. red. green and brown, ‘
D, 21l dark red,. shedes of grey. |
BE. red. light green,
P, red. may bz brown,
G, red and green nondescript and green,
H. brown, grey and brown,
I, brown. green
J, different shades of gréy.
Lrown and red ars often mistaken for ons
another, further, as we heve alrsady noticed, green

and fawn are lisble to he confussd. The red is nors
correctly and more frequently distinguished than the
green and dones not seer sApew to the sam- amount of

confusion, 0Often the back-ground which contains two
shades - 0of the gasrme colour is described as red and

green=- a difference in shade means a difference in
colour,
Tabhls 13

rimson figures on Orang=&b rown background,

&, Ted gr een and red

B. crimson orgnge and green

C. red yellow

D. red red and grey

E. red light brown

B, red yellowish tinge

Gl red yellow and red

H, black orange and brown

I. dark grey light brown or green

and dark brown
ainst the background

<y

g

- e

cLr

figures are blaclk
The red figures are well recognised again
except for the last three subjects,who are well-
marked cases of shortened spechtrum, and who in
consequence gee the red as hlaeck. The orangs and
both proved difficult colours. Sukieedd—mese, con-
fuses brown znd red, therefore red ccnwﬂﬂt always
be clear sensation for her,

&

'l\ T oW

|

|

| fc.'a}:l.e./

11

Note that subject A/

V



TebXe 12 ‘
Yellow-green(l.& 4, )figuras s 4. N

cLLow—-green and green

A, |

B of zreen diffzsrent shades Hlue
gl and brown grsen gnd blus

D. af green slate colour

B Durs ve T‘V(W‘J idsg) red &nd dohla

G2 27 T lue

H. of grey grey and blue

il and brown pink and Tlue

J. wed . gfey and- blus )

(hesitetion)

Two things are of interest ha r'-’!.

1). Tee light shads lit g ses
pale grey. This confiry 12 results ol tL\J. 1‘(] in
w?tc11n” the wools, a: e characteristic
soms ¢nlour-vii “ds was doubtful apout the hHius
and: finally descr11aa the e¢olour af ink.

2). The 1light hlue is confused with
pink. This ig a further sign ﬂl a shortened spectrum,
I and I who show this confusion hawve %;»n1fﬂnnd
specnrnmi pr they cen_not decipher the figures in
Talhile 3.
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Table 17
Crimson figures on Fawn and No

1&
A Taq two different gresns
B crimson two different greens
C. hrown green
DJ dark red two greys
B, dark red light grey
P! darker sheds shades of hrown
G. red brown green
Hi bilaek grey and brown
I, black or d.grey grean and hrown
Jl black shades of grey

The @M again show girns of shortenad
spectrurm; the others show & discrimination of red.
Fawn end mole as hefore arse confused with green.

Note R's indefinite phraseology.

Table 14
rimson(l, end ¢,)figures on Lrown and lole background

AT TeC green

L. erimsan red reddish green

C. brown 1.brown

D, l.grey and d.grey v.l.grey and brown
E. d.brown ' grean

P msy he d.r=d darker shades

G. brown and ? green

H. black all T'rown

Il dark gray or brown Lirht brown

T black feirly d.grey.

This particular red is not ao well ognised
lagt)as before call it black. SubjzctB
[ -]'!ﬁ

ciploys his former terminology and dPSISHrtL% r




background as reddish

whogpartially
pass the 8tilling's temts so

._:ndln "__-‘_-_

muih ers ars cone: 3T HEC y &0 hiad Loy neining.

This table shows c¢learly bthe iong thsw meks.
Purthsr the: hs f.‘-it— round s 1 afor BIOwsS j'; 1%} ::'3“-_'{: 7—-.-' |
green ig confus ed with L rown. & pugzli chHlours

5 28] 'Jr= liskla t09 e ealled : 7 s
_11:3 r2d., '

Frow the results of eolour naming, various
facts may te deducad.

i)f T‘*"'Y‘P are di‘f erent grades of colour- lind- |
nesy ranging fron sxtrems egses in which no red A
&R 5r83“ gcan he ~arc*1uuc Lo cas=s dn whieh red and

grean gan be pereeived umnder gertain el reamstances.,
Subject & 18 the extrsie ease.

2) ¢ Red, if of sufficisnt Lrightness can b2 dis-
tinguishad by some colour-blinds, Vids ewl jects A andl B

3){ ARed is sesn as hlack by those wilth shartensad
SpEg u]”"ll

Red is eonfused with blne in certain case of

srnrbuénd spectrum,

5) 3 Brown is & couman confusion golour of grsen,
o)f Greenish red is & F=em employesd by colour-~ Colour nama
blinds '

'?)r Pale hilus in Some casss of red-green b -ind=
ness 1% geen as pals grey.

S)F Partiasl passing of the Teblss doss not co-
incids' with good nomencleturs.

9)y Binally, and this is perhaps th%_ﬁnﬂt irport-
a7t rssult dhtvlq:d the eolour=linds d¢n not guass
names of ceolours, .ut have & regular colour sysihem
which determines ths nsux thay employ.

It will be sean, *kerefnr_, bhat & lsrge
ered firoii Heraly
3

smount of information hes hzen gath
asking the examinzes o nera colours aad thet on
ingight into their respsctivs def=ecihs has hean ol =

tained.
Red appaars 13 tiwmea iw has Tables,
A reﬂagnlsad it 13 times.
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F. AP 9 4 &
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531 R SeiL)s
15, Mg Ui Gl B
.TIL ./f : g 1.

The ahove tabls speaks Ffor itsel” and
ths great variety £ ths ten golour-hlinds

kﬁ case of € is & curions anz and all thr
gsults are eonflieting. The rscegnition

témes would. séewm to place hw muck nsersr the ex-
reme case, and some =3 l,,:‘1' ents would v rify this,
dt othsrs again wonld make his dsfzct appear 1288
greve., MNote Hy I anc J failed eouplstaly to identify

-
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distinguished in compound eolours such as e yellowish
green; yellow green is yellow; dark olive green is
brown but twice called erimson lake; emerald green is

= =

< 0

)

dark yellow; pale green is grey or pink; blue green ig
callsd brown, but if very pale is descriled as & dirty
white; blue is sometimes called blue, sometimes '
called purple; pale blue 1s pink; violet usually blue
gsometimes pink; brown is called brown, grsen or red;
all greys, drabs or straws erz called greens or pinksi

The other subjects show somewhat similar
results with varistions here and thsre.

Subjeect J. however ssss the colours as a
monoteonous series of shades of gray, A glancz down thg
eclumn in whick his results ars recorded shows thet
yellow and blue are the snle colour nanes of his
vocabulary. Four times he calls dark groen brown
and oncs he ventures the name purple and oncs the
nare orange; bul apart from these instances, yellow
and blve ars kis only enlours,

The wnols give a more varisd result than ths
Stilling's Tebles simply because there is a lavrger
variety of hues,

We see subject F's indefinite phraseology
contimied, "some red in it," "red and something else,l
"might be red," and so on,which characterised his
naning in the Tables, Ve find the same confusionof
green, and yellow, and bro n, and grzy; of pink an

blue; of red and brown, and red and black; of violct a

and blue, TFurther we find the phrase reddislgreen
used witk fair freqguency.

The results from colour nemingytherefore,
are not ©to be despised)for they yield a large return,




Xl

ﬂ[m e wﬁol'-Bl Wk;ﬂ. 1o colours are 3;;(‘9.- ‘eolbusrs were naxm ed. cawuf‘y/ L :-Léhg- P Zipale o= @{a:rk V. = me bu-d..-; e |
s A B e S 3 Es e Bl T
‘ 1[ etraw. lJlnk p e 110w ﬁm&d&# o - white g]'@@ﬁ pll’ﬂ{ green i grey
—17, Greenish grey - - d.grey  green 5 (s foas Sl S lFon. 3 green wed prey
%. Rose pink. - - with |red - = red = blue blue ? blue )
3 : gbout it. '
4, Bmerald green S - - - AETEY o = srey - mead . grey
5, L. orange. b yallow, yellow: - $Yellow yellow - ' - yellow d.yelllow
64 P, green, grey. = - = 1. grey | = = grey - med ,prey
7. 2. pink. = = L.green (L.gr8y > | = P.ETEEN gzt blue l.green
_§.¢_P green, = = = = e llew o5 hesion grey whte - y-sh white - v.d . grey
== 9! Canary. - - - brown, FEwiben = I = :
=10, P. brown, green, - - & _' = d.brown -%F-‘IE-‘ brown - - -
Bl V. H- purple. hlue, blue, d.blue, - blue blue = o d.blue
12 FSlue. S - - - - brown red - grey = med . grey
13, Cream, / pink - Gueg 0 Yallew - <t white I i red - - v.l.yelloy
1"4'_' Brierald graen - yellow L.brown - ' z yellow - orange d.yellow d.yellow
(5 V .d.r2d brown = - - brown jred brown = d.brown brown v.d . grey
15, .'almon pink. pink P. yellow - - V.. L. brovn igrgsn wovered - oravge green 1. grey
17,V .p.green, grean p.blue - - yellow 1l.grey ghysh whte = grey = 1.grey
]_81 Vivid pink, - - - - ' - h blue - = . lbilyge ? blnue
_ 19 . P‘fg}’;ﬁ}@'h{,rﬂen brown p. ¥2llow bhlueedd grech - brown ydbush brown ~ orange - brown
7 R0J Yeluish gree yellow yellow yellow = 3 yellow yellow yellow yellow i
Bl Cinnamon, - - - = = = Salmon - grneh browy -
921 Drab . green - green brown = TR red d.blue lgreen -
20 ¢ ;E‘awm.sh yellow pink - - browny ' = - salmon = pink g
e V.d erimson.br, - - - g.green d.brown  brown = ibrown : - id.brown: = black
2 = ~fawn green : fairlly
sllowsh fawn, -~ B add broym - = = - - lgreen -1, grey
- ' - red - = = = - blue &, grey
L E—— o S = = = igreen green grey green mad. Brey.
ttle green. - - - = : . red with '
' : = ‘brown init. = grey - d. grey
darker : : _ _ :
Ora.nge yellow d.yellow yellow:  brown 4 - yellow = = yellow d.yellow
0 Bluish J:m_k - - red&green red re ) blue Dblue blue purple?
: logreen "ﬂg [_iye 1lowsh ~pale 3:';":"24 . ;
§ Pale cream. pink 4 almost yelUw . brown ./ |brown white — and red = green 1.yellow
b2} Peg green, . - - - blue ' = rnddthte = grey med ,grey
R rs s Yellow, = = yellow = - - - _ -t/ m Or gICEh -
e v~ £, vielet., pink bHlue 1. blue blue .piTJ}C blue red. ‘blue blue 1, bilue
= rlue |or
; 863 P, green, pink p.yellow - i greey 11 . brown = white p. red ‘pinkish green 1.gxp
- =61 P:Lnlos}" yellgw. = pink p.yellow |v;1l.green | brown {1l . brown - = grey = L.grey
. "_57 Gergnium plnk - - - - j = : = - - - med  Brey
i "581 Dark-plue i, - - - - = H - - - purple ! -
| o= 59 D, green, - : - - = ] — green ? - d.green. [brown d.ETEY
.- ' Alwost hlkels. p e |
A «,jio D.slate blue,. green d. grey green - ! = Alin it d.green . | = d.grey a.grey
; ~.greenish sE ey (some red _ - pinksh - |
1, V.d.violet, -~ — ‘brown - - i e at slate | Sl s gfﬂgh—;ﬂﬂm prachued.grey
2. Jade green grey - grey ‘ - L. grcy - - . |grey MR med ,grey
._ 43 D, olive green = = = - = : orange - lgrey Wd,gr=y
S l ; “plue with |fj : { blue grey bluey
wel Dull helio, e _sf)rﬂethmglse = - - ‘red green ‘blue d ., pink grey
s i s : id Jblus : ‘ G £l
A 54 V.d.blue, o = ~ ] - | M.grey £ R P ~ . ld.bire
_ | : it : 'brun with |
54 P, crimson, pink - pink , - fbrown J = = ibrown . /ipmk in it med grey
— =% ; el ; I ,_ ,ﬁ,golden
-~y Brownmsh gresn - B brown = - f;rown 1(1 Jbrewn ©. - _=2 |d,orange |brown d.grey b
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48/Iﬂﬂe pink,

49| Grey (nat)

" 50| P.bluish pink,

51% P.green,

52, Blue green,
53% Pink.
544 Crimson.

55, Brownish green
56@ Olive green,

57.:P. green.

58, Emereald green
59, Grey.

‘%O.TV.d.blue green

61, P.blue green

62, Pink,

| Almost grey

3L Slate blue,

64, Royal.

65, V.d.olive gree:
1

b6, Sea green,
67 Green.

68, Lavender,

69, Blue.

70, D,olive green
71, Green

=)
124 Bluish pink,
'_5+ Greenish blue.

_ifd, Grey.

5, P.terra-cotta,
76, ©lue,
77, Violet,

78, Emerald green
-—%-.J

79, lyrtle green,

80 D.mauve .

81, V.d.green

82, Brownish green

83, Llue green,

84, Bluish red.
85, P.violet,

86, Brownish green

37} Grey.

brown

gr=enish

B G
e _Erean
grn&blue
iy g l.green
- l.green
p.yellow ~
blue &
- green
- gréred
reddish
yellow 1.brown
green &
brown brown
red &
- green
' brownish
yellow yellow
blue 1.green
daxrk
blue -
blue blue
greenish
blue green
d. brown brown
grey L SO atA
blue ﬁi&ggﬁ
- gneehisd 1le
brown brown
red émnl
p.Rlue green
greenish
brown green
blue blue
brown 1. .brown
Almost Dblkek
d.brown green
blue blue
- brown
pink reddgreen
blue bilue
1l.brown brown

OQ - |
H
9

fawn
green
blue

blue

yellow

1511

1.brown

hrownish
green

d.steel
grey

grn wth
pHein it

- red
brown g brown
{ R 3O THE
L bdue red & %
| grey wth
greepnin it =
“hlue = blus
| Blue ? -
- brown
blue gry: red
red hlus
Blue: gy -
red &
- brown
| brown green
- orange
1 red g
| d.grey ?2 hrown
(b ilue hilue
% red or
d.grey 2 brown
BT own brown
{") - red blue-
| = hlue
| blue =g
, hrown " “Brown
‘ - red
|
|

i
blue

red
red

red

green
reddish
pink
blue

d.green

Blus

blue
brown

graen

H
1l.blue

pink
white
1. brown

grey
blue
d . brown

orange

brown

arangs
pink

Py h o
C‘;_L;"'ﬁr.‘)t

f’-_‘-: I“ = }:—

white

“ hbrown

pink

d,grey
hlue: =

hrown

1. bhlue

—

1. brown

blue
orange

grey
e
d.grey
hrown

7
bIue

pink
greanish
brown
drn wth
pk o in 3t
bilne
brown
goldan
brown

d.pink

:{_,— = :]_ _'L OV
pink
Crimson
lake
dirty
white
Tlue or Pk
greenish
b luish
brown
dirty
white,

b rows viith
PR in‘it
blue
brown
hrown

hlus
jade grean
bluiSE

brownish
green

golden
brown

d.grey
crimson
lake
birown
purpls

-_—

l.grey:

bllng

-
3 > [=4
L Erey

1.8rey
fairly
é.grey
mediblue

d.grey

med|, grey
toughk of
blug

1.bflue

R med|. grey

faiply
d.grey

d.blue

med| grey
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Almost hlus
g8 s Pugreen

90, Brown
B EE T
1
[

]
BN v nlet,
ES.D.gmmﬁklrown
4
)

- Ses bilue .

Emerald zraen

95 P, hluai
: gﬁi Grey green

-8_- ’ P . -b lue s
195 Terra-cotta,
10Q,P . Llue,

F lOi.P;Trnwn
—I02.Blus,
103.D.green,

04 .L,violet,
pO05 Violet,
106 Violet,
107..Qlive green,
1O@.P. hlue,

k09D, Blue.
1109QLivs draen,

L — - =

=
' T

1. Vivid green,

_2._Vivid red,

5, lled. green.

6. Med. pink,
i VapPsgréen,

Bf.v.p. pink,

'§§i I olive gresn

=

B

1. brown

greenishn
brownish
blue

b rown

bluish
pink
d,.grey
creanish

p. green Tlue

d,.green
purple
yellow
yellow

or pink

?rgwn

blue

blue
1 _brown
.

L. brown

E I ef

green

blue

L. bhrows

red &

green

green &

brown
Biue
hrown

blu gra

blue &

green

d.gresn

green &
bhlue

binish
oreen

I.gray

vell owish

green

l.green

:grey
| blue

=

L Bresn dond

brown

{ green ?

Cblue

brown

d.grey
1. bhlue
grey
brown

biﬁe gRy
| dogrey

1 Aiibiue s

'hlue

1 . brown

green

- red

¢ . brown

violet

| 1.brown
| nearly
i white

1.krown

flegh

orange
s ome
red

_—

blue
b rown

brown

red
red

brown

grean

red brown

blue

blue .

brown
reddish
bilns

= hrown

I
yellow

red
brown
tinge
reddish
hlue
yellow
or red
red fend
? white

red

? red

P .grsen

green

blue

green

pink

Tawn dad
green

dirty
white

- H

orange
pink

ﬁlue

blue
brown

brown

blue

yellow

grey.

- yellow

grey
white

L

yYellow
& brown
dirty
white

purple

brown
pink
brown

pink
bhruwnrad
white
or blue
brown

—

T rawNred
blue or
purple

pinkish

brown

brown
blue or
purple

p.blue
yellow

blue-green

white or
p.blue

Lerey

L grey
binge
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M,_-%MA

Aotz £~



L]

_

=

!

iusual way on &

7 ikdm l

4., Colour

Colour nixinegs, to dete
to have originated with Profess

devised his €@olour Top, Since

gained considerable favour in the
cnlour wvision,
of experiments conducted, th

These s 211 ¢
tad in
1A Bwo gizes
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Dradley colour 1S were empl
pure spectral colours, The dis

n eleectric cnlour
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far a
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ll{fL Az oo

tried first n, &

was tested with the couplets se

1. Gras

2 Hed, =
3. Red &
4. Red :
5. Gresen + red (+ hius) =
65 blue ¢ yellow =
7 ¥Grezn =
B8, Violst =
94 Orange -
10, Orange =

Ehud&

2low are the ex aot‘cn]nur

Red

= Tad  tint T,
Green = hlue-green
Yelloy yellow tint 1.
Violet = wviolet shade 2
Orangs = orange
Blue = Dblue
K Green = green

| (1) Green = Black + White

R
% Green ¢ White
P R 10 ‘

=

o =
B 360 =
(8161 —

D i 5] + 5 =
B, 122 + 238 =
P, 86 + 274 =
G 360 =
H, 360 =
I, 197 +-163 =
J 360 =

o

tant, K An equs
3600 graoen wa

or

d
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s
o

o
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w + black
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2471
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our defect,; seem
Maxwell who

s mathod has
ogis of
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5

whaeel and in front of it two intJrlnckeo Gilscea
f bleck and white respectivel; e simultanesusly afb
rotated, =se an = evVour s nmade to get the outer
gnd the inner discs to match., The black and white
discs were adjusted sccording to the wish of the
examinee until he Wgs perfectly se ied with the
gtek, The pro.ortions were then m ed by means
of 8. cireular ‘T”J ractor, The colour~blind ars vary
careful in matching colours and express intense
dissatisfaction if tke slightest difference is visilkle
Ten conlour eguetions were tried in all, and each subje
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A circular piece of stout paper with a smell aperture
in the centre ig fixed on the colour-wheel, In front of this,
s large uncut disc is placed, or two large discs with edges
cut alon. one radius, as the case may be, If there are two
digscs they are interlocksd so that their proportions can be
eagily adjusted, 1In front of these large discg, and on the
ggme wheel, smaller discs of paper are fixed, When the whael
ig rotated, the colours of the larger discs are thrown so
rapidly in succegsgion on the retina that they mix and form one
colour, Similarly, the gmaller discs appear of one hue, The
object of the experiment is to make the colour ohtained frow
‘the inner discs identical in hue and brightness with the
colour obtainsd from the outer digscg when in rotation,

cuch & method reveals the great difference which exists
betwean the norusl and the colour-defective eye, Matches ars
made by the colour-blind which appear absurd to the normal ¢t
eye; and reds and greens in mafy casses,appearing colourlesg)
can be matched with greys, - Consequently, equations are
ol bained which reveal ths defect of the colour-hlind: As far
as possible, . | AR AR g -




A Hom

in all cases however except in that of subject D, the

In this case five of ths subjects wers ahle
to ohtain & p.rfcc+ mateh - others required the gre
to he diluted with white before sceeing it as a grey
The results of these five showg & curious corres-

FOH&’ﬂCc - in fact the equations of 1 and J. tha two|
extremes as we mey call thesun, arse identical, is |
ete

blindness ta9 green or rather hluse-green, Iater it
was, found that tha blue-green-in the spectrum formed
fhétr neubral tc-m% For & considerable time H. saw .|
pink in the klack-”ﬂlte disec where no pink wes visible
to examiner whersas the final wmstch which to H, |
geemed perfect, rypugrﬂd pinkish ta exeminer. The |
other subjects reaquired the green tn be diluvted with
white before it could be matched with a grey.

5}

would dennte for these particuler subjects a
t
l’.

green was clearly visible to examiner, The equations
of C. and D. werzs excellant and perfsctly normal -
C's was not recorded but it was very sinilar to that
of D. This is curious when their nomenclature is
rememhered - ut it agrees with the faect that thsey
id hetter than the other subjécts in the Stilling
s

(2) Reda~ Black + "hite

Red + White = Black 4 White
mw-- e St
85 + 275
2 + 278

n

[0 2]
w
+
[\V]
-
l...l

W

(o7
(B8]
¥

]
w
na

U E e
l
|

s

22.5 & 5
+ 311
4+ 258

143 + 217
o
4
+

L
!...I
Q¥
D3
noa
i_l
i =

nan
o
(o3

107 2289
165 278

il

L e v e RS
LI
= o
W n
U

.
™
(&)

1

e
Y
n

This series of equations clearly shows g [
difference in bhlindness to red. Only the extreme !
case J is ghble to match 360%° with grey or rather '
blacik. H'W saw the 360° red as dark brown which he

fterwards metched withk
Tl

darkenad yellow, T“is red’
ivm red he matche
ffering amounts o
e

[ ]

8

o 3

F re |

v he 1 '
grey. The others require @i
showdxe hlindness t0 red,Tn
hlindness t0 red is wmnot of 80 grave a nature as the
blhndness to gre=n, This would confirm the results
obtained from colour neming, that r=d as ¢ colour
wae mare often recognisad then green. The results
Subjects C gnd D sgain however point tn a lesser |
defect., Subjec I’”1+POH h he called red tlack,could
not get an eguation with fthe full red disc,. Both
dises when rotated eppesred grey to hin bubt the one
was more of & drzgh calnur than the other., Subject F
saw both thz ﬂt%r and inner rincs ved lons hafore
he could get them equated. The equations of A end B
are very similar.

et

real s
gupggestiz=x that the ‘/



(5) red =

G.I‘{JF-"

red + White
—AA A A e o

'] Ll Ll

GHEaEEYQE>

: 112
- 252
! 222

360

This
A 2@ ' could
that r=d and

a mﬁtch.

_ gre
Measures Only
In their final equations the red discs

+ 4+ +
=
fod

tahle

nat get an eaquati
en are visible

28 ch

the four

- 140 + 220

= 288 + 72 (2greys)

ot 66 4+ 124 4170 white

= 186 + 164

g striking results, Subjects
ion - surely this means

tn them in some
last cases were able to obtain
to

the normal eye appeared & Vvivid red and ths green

discsa vivid
green
darker,
J.

hut

eguatbi
This was not s
that thers zare
even G, and H
oceur

geems

to be a

(4) Red =

red
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ring) was red; th Rl Y 7 W Provn,
The brownigh fTing na% he 0 ta2d., The
gthar supjects fai letely ta match ths two
digce,
(5) Gresn 4 Rred = '
Graen 4 Red 4 Blu=a = Llack 4+ Whit
Wormsl A94 4+ 113 4+ 53 = + 105
- 4 ol = e T r |
A 1624 + 108,54 £3.5 = D o¥ 83,5
B. 302.5 + 28 4 9.5 = T 119,
& 198 + 110 % 52 = + 91
Tl 204,65 % 118, b4 8643 = 5 4 95
B, 2o + 130 = 237 + 128 ,
®. 155 + 131 % T4 = 295 + 35
G. A + 83 = 31 + 99
Hi 192 + 168 + 173 |
i, 231.% + 68 + 8o
JL 162 + 198 + 81 '
Lt i ) SRR [ - red and grasn ‘
and geat an b as gray !
A green snd red disc alnne can nnt he | —
guated by the normal eye for there appzars, on adjust+

d ¢
ither too much red br too much green. 1T the
and the red are elimingted, the result is vellow
third eolour *h"r*fora is n2cessary hefore a satis-
actﬁry equation can he obtainsd. This experimsnt
728 carried out on 2h norme ) suhjects and the average]
f their results giveda fair: indication of the normal|
equation, The equations obtainsd friom the colour-
blind subjects show marked deviations in somes cases, |
Six of them requirad the addition of the blue hefors |
they evinced satisfaction, al¥hough in 4 cases their
Tinmal equations appeared defective to the normal eye; |
the other 4 wees able to obtain & Mcﬁu; from the
mixture of the red and the green glone,

C and D as hefore gave excellent results,
C's metcr was almost identical with the normal aguation.

A, By F and I show deviations from the
normal, All four easss declarad thermateh to he per- |
fect. In the casas of B and I the outer ring “ppﬂﬂrﬁd'
very grsen to the experimenter and the inmner ring
ﬁﬁﬂloﬁdT" pink 13 contrast., Bobh show an excessive
proportisn of green

Normal 194°

iE] 302° |
I 2331°
and a correspondinzly small section of rPd seeming thes &
to point to the fact that thes subjects aré more h1ind |
to green than to rnd’ (tﬁla result we have abtained
before)., B eould no: get a match with red and green
alone for the outer ring appear=d too grazen and the
inner too pinkjvet when hlus was added he immediabely
expressead Cqmd7pt satisfaction ;although to the
eéxperimenter's eye the graen was still in evidance.
Subject A also was dissatisfied with red awd green
alone but immediately the blue was added, an instant
changé of judgment was given and ths discs were
claimed to bha igentical., Subject ¥ shows an ab normus 1

=




| proportion of
| Mim =
1ne
good matches wi
and all expr=ass: satiel

Subjeet J eolld obtain perfect squations withr ony
proportions of red and green. How is it that this
g0, and that other subjects sufferinz

:;
{
4

defect are unable to di n? The other th

Y
larger proportion of pgra b}e“ red,
e

These r=“H1L34ﬂ 74 s 2ok l0>rm.la dive
and peint to different dearees nf colour-l 1lindns
ranging round red and green, The first few “vngecﬁs
gave clzar svidenea of seeing and recognising rad

and grae Tt might perhaps be added /Aa_/{‘J

”0?&11’“1% trichromgte, who

b 28 I.) ad

eqW’gre e i
wr]ﬁ:Lm1 showed her to ha red-anomalous, i1

(6) Blue + Yellow = DBlack + White

e T o i S

'

yellow discg, thas yellow contalning & green tinge,
The normal aye reguires to add a third disc of red
before a setisfactory mateh can he ovhtained,

Blue + Yellow + Red = DBDBlack 4 White
Normal 165 213
197 ,
165

147
162,56
195
165
124
120
122
120
24
141
161

147 + 4c
101 +
188 e
.‘.
+

1_.
i3
Od
]
0
W oup

"
i_l
=~

4

155 195
147 g1 = 238
18 ~—— = 240
189 ; 238
180 240
236
219
199

L
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158 —
LT —
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required the third dis
: show great similarit;
the wdrw" as - equation shows mor
: : ohr normel. The other

suhjects were able To ohifalin s Subddermds. aguation

k=

eye. g results are not what migh
the previous results obtained ruﬁ he expresged g
setisfaction witk the match, ‘He is a mogt r%liz
svbject and always takes great pains with all kis
€quations not allO‘lﬂ the smallest difference to
pess undbr”rvsd, To ou?gnct B, the Tinal ewwosttom
appeared as grey , although the discs appéared
respact 1V1L~ pink and grsen to the eyuuiner Sub,j
called the two dises hlue iﬂfEiS squatinn,: 11ﬁOU"P
before pink and grzen were clearly vigit 1.

TQ
b 1a

e ] ol ﬁypecﬁed T

> al'ls to obtdain

f a third colour,

10w with their equations,
(el

conld pass Stilling's Tel les,gave the £ollow-|
‘:I.:.'}: i

Similar resulits wers ohtained witk hIue znd

Cc

':.l'

&

without the addition of ge., Their results
show a considerable simi graen contained
TEn the y=llow evidently S 1 35 cted by the
examinees and ths consequence was a set of esguations
which aprear entirsly f:u]** *“?n viewed by the norma

arn
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{7) Gresn =
The gr=sn in

Green

R e .7 =
B 36 =

e N e

&=

annot get rid of brown tint in y=llow,
360 = 3 1 1 S + 249
outar eirele graen: inner red.

Ll L]
L
b
4

Grmad

560 - 240 4+ 220
Ll 360 = 86 + 174
| 360 = 194 + 166

This is a charactzristic squation of colour-|
| blinds, Green is seen as a darkensd yellow and most
of thz subjects ohtmined tkis equation. C., and D,

as hafar tangd apart, Ths green was not triead
diluted oruperhaps an 2quation with B and G mighkt
havz bsen succnf“le.

Tvidenﬁly this particular
shad2 of gr=aen or pe s of yelliow did not suit their
golaur scheme,
(8) Violet = Blue + Black I
1 15 |
= Violet = Llue 1z
Viol Ll + Black

o]
o
&}
]
0o
O
0o
-+

158

360 = « 202
360 = 335

158
26

-

A
k B.
cl |
@ D,
TR Ei | 360 = 131 + 229
\ P, 360 = g88 4 108 |
G. 360 = 2468 4 114 |
H, 360 = 216 4+ 144 |
I + |
J + '

This again is a typiecal cnlour-plind equation,
Blue and vinlet ars constantly being confused. The
fact that C and D ¢ould not obtain an sguation calls
for 1littls remark, C. howevar always showed consid-
2raile confusion in ﬂﬂflﬂ colours when natckhing tham@
Violet and hlue wers botk called shades of blus Th
whenfrotated simulta nﬂovvlf and after a cons ld'T b le
amount of adjusting had heen doneg, he declared ha saw|
t00 much grezen!) on the outar disc (evidently the red
in the violet). He finally declared ths inner disc i
|
|

to be a pursr blue and althoush still convinced +ha*
the two discs representedtwo: shades of hlus, he wa
ungble to get them matched,

D likewise called both discs shades of blue,
the violet beihg the darler. Immediatsly the discs .
were rotated on the colour wheal, he callsd the v1019t
disec no longesr hlue, but purple.

The fact that B is unable to obtain the
€quation is a curious one. He cﬂnfuqés blue and violet
if presented se eparately, but fh”ﬂAFOtauﬂa he can 1wmed~Lthacnm
iately detect the purple element, The equations show
& fair similarity sxcept in the casas of J,whose | u/

eI
o




< |
|
|

T

evuatiaﬂ is tota11v difﬂnraﬂ+ frm any of

qdlCa* &, rllﬂanﬁsu t 1~1u__~ 3r = daf¢n:
he blue disc must have differed in bright
the Viﬂlet discyheing considerably lighter if

i
taks the other sunjects' egquation= a8 valid, The
"

results from the Bradlayitest s%nu that there dnes
exist a deficiency in shade per eption, To the sub-
Jects who ()':""j ined the 13{1'11_&'._,1')"- v ,I..’)].u--l appears a8 & |
darkenasd blue;; t0J violet appears as a fairly hright

hilue . On fhe other hand othay tLests s 5£6t the
Obher #%planation — &  weakened Sensibiviby Bp éblee.

(9) Orangs = Yellow 4 Black

i et e

Orangs = Yellow 4 Black

PR

I 360 = 117 + 243
L .860 = 9m i Sy ok
| 360 = 89 + 271

YgrimoEEgOE >

360 - 920 + 270

-

.

The last threesequations are very gsimilar;
that of subject F shows more yellow,.Orange therefore
appears as a darkened yellow, much idarker than greer

appsars to be, if we compare the results ohtainsd Sear
o

left of the neutral band is seen as shades of yellow,
the orange will appear a darker shad% of yellow uhdn
the green. :

Take H's Tresults for example:n

360 red = 25 yellow + 335 hlack |
360 orange = 92 wyellow + 268 hlack |
360 green = 240 yﬂllﬂf-+h20 blasck
The yellow disc employed in all three eguations
res the seme; more yellow is requiresd as we pass from|
red to green, [
(10) Orangs = Green
Oranze 4 White = Green 4 White
A 45.5 4 314.5 = 093 + 267
B 114 + 235 = 134 + 22
C. 156 + 204 = 148 + 212
D, j
1. 5 ¥ D23 - 75 + 284
B '
G.
H 2506 + 104 = 560
igh 207 + 103 = 360
J ! 360 + = 317 ¥ 43 black..
In the equations of subjects A and I, the |
|
Orange was 80 diluted that i%t =ppearsd as a VEry .

(_

eguation 7. This seems correct, for if the urqctrm”ta&ﬂ
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The chlours

thkis fima oht:
:3_. 3VAN, T

regen led pals

& y 3 L HeE=Han)
much darker than tha latter hubt slth¢

T f different colours 1
d & cheerful blue, wherzas t
d-out i B
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C

re Ay wbi %) = arpm ol

WasS Mmaecened WwWitn &

o hecame g grsey, evide

ol o -
Wehert's TLaw.

is - ths tims th

ments they ere indispensiable,

() Bach case has hee
the same ten colour mixings; the sams objective tests
have been applied, but the subjective results have
varied considerably, The outstandins result which

&8 a very pale green
B _ 3

> Gi8SCS Wers mors pronsunced.
inzo. an eonation, a strongsr ons (bhar
2th cages howasver the final disgse

Tant T
i 4 U Ay

2

mgh both wsre

em , 19t hecause

ecatge ths wiolst

12 megente was of

e, With subjeect H. an

son was tried, hut whe

not b2 matehed for the

renta, Dub whsn the magente

apluve or with s violet, it 1lost itg
d -!_ ~]- 3

jid

in the ms

i}

an ; e

Colour-mixings ars veluslle for givine ths
precise cnlours which appear similar to & colour-
plind, and seem t0 bz a most ussful test. Thes ons

et least, if used for prectical purposes

¥ raquirse, Tut for theoretical require-
Lesides giving veluahble

insight into the individusl cases eramined, they yield
genergl results in addition,

o

n studied by means of

the Homugren's wonls and in nomenclature

wes that the colour dafect could be graded. This same
result appears decisively here. The subjects at the
beginning of the list could not obtein equations
which could bs procured from those =t the other snd.
The sxtreme casss had no difficulty in matching all
the discs whereas those of the milder typs could not
pPosstbly accept some of those equations. Without

point, there is sssuredly a clear

the degree of defect of 211 ten subjects
The weaker casss rrz without doubt influsncad by red
and green sensations,

(2) TWach case is different from every other
case, Whils ma

king allowances for grade of defect,

B i d el e S



fhere still exiists an individuelity which merks off

esch particular case, A and B who ars very similar

indefeect, do not always agres in their matches, and

the one ”"ﬂ fails to ﬂvU“f" twn colours which have
heen suceessfully equated by the othar. Subjeet J,

(=

geems %0 kaV“ an 1nbivucucll“t all his owp , which
was clearly shown on more than one accasion,
(3) The colour mixings show that in extreme

cases, yellow and blue are the two colours from dthhl

every other colour is derived, To quote subject H's
results :- “

rRed = 25 yellow + 335 hlack

Orange = 92 vellow + 268 hlack

Yellow = ;

Green = 240 yellovy + 120 black
Blue-green = 167 white + 193 black

Blue

Violet = 216 Blue + 144 Bleack

ﬂhadbove may be taken as the celours of the
gpectrum, Red, orange yﬂllow, and green are seen
as shades of yellow, tkﬂ blue-gr=en forms the neutral
band; the rest of the spactrun is seen as shades of
blue;

Subject J.

red = 36 yellow 4 300 black

Orarnge = 90 yellow + 270 black

Yellow

Green = 194 yellow + 166 black
Blue-green = 111 white + 249 black

Blue.

Violet = 335 blue + 25 black

O

This result is similar to that of H, 1In
addition however tl 1ﬁ qU1J°ct metehes the same red
with 18° white + 342%blac In both cases the red
i8 geen d% black., With H the red had to he diluted
& llttlm yefore it was mmtched with a derk grey.

t

(4) The following colours are those which
mey be confused by a red—rrpen cnlour-hllnd’

Red with grey;, or with hlack in the case of
a shortened ,pectrum,kgr=&n with grey, and red with
greeny yellow with orange, and green; also blue with

Folel. e T e e S
= Below are samples of J's metches, making small :
~%1lowances for difference in shade 0

(2. |




(5) as regards

green than 2 Bga how doss ane

zceount for 360° green Feing nruckﬁd with a grey in

the case of A and B for exampls, whar=sas the red had |
i |

+0 he diluted p':CthLlly ta that =F normal vision 11£¢Jw1€7
[ =
bu

before it could be msltched with & grey. This aprees
with the results from Stilling's Tahles, that +]

= tad
ig more often recognised than the grzen.
(6) Colour Llinds accept as corrsct equations
| wkich can be ohtained by the normal eye.

siiti (T

. This is a particular form of colour equation
4

sn called af Lord rReyleigh (188%F) who by this
means wss enablsd to d=tect two special forms of ;
variation from thz normsl, known now as Yanomalous i
trichronatés.' In matching red and greens yellow,
the majority tested cantrs round & common equation; |
there ares some however who show marked deviation from
the mormal. The 'green enomelous' raquire a consideor
at:ly large .proportion o green kafore a match Can?*:i'
aobtained, the 'red anomzlous' require a similarly i
lerg= proportion of red, The dichromste’ acceptsthe
nornel Reylzigh squation avd elso marked deviation
from the normel. : 1

All subjects were tested with the
ex ept suhjecet I from whom uvnfortunately f“thf“
- could not be dhtained.,

The results were asg follows, and sone of
quite favourghly with the normel:

Green = Yellow.+ Whife

—
o
:_‘
m
o

-3
o B
o K
+

(] L S 49

W Worms 1,197 163 =. 48 48,5 4 26345
A 184 176 = 47 52,0 % 260.56
‘ : B = 181 179 = 46 48,5 . 4 . 265.5
(=0 186 P4 = 36 65 + 2589
Sl Dy 200 150 = 38 57 + 265
Sfdo = Bl oan 27 62 AL |
3
1
oY

+ FFF F+F T
I._l
}-.-..I
b
I
+ 4+ =+ + + + A+ 4+

. . 173 = 57 2h6
/ G, 158 202 = 38 74 248
; Hig 224 136 = 32 30 298
J (338 22 = 36 325

J

AT

l_l
i
[S]

== 3 :
3 5 G %
? L 15 197, 26

Lo
0
)

i

Anome lous TTiC?TOth%ﬁ;
S acis

208 + 1Bz

44 + 50 + 266

16 large extremes whick sre allowed by
;7 J.%ﬁ# remarkable ., UGi“T"”ﬂ’, 1y the Timityes
= motches werzs nnt Ryccizlly notad,,
showzd. less varishion than <kes of J, D, ”w‘e/
allowed g variaebion of about 40 degrees,

b

L

red was clsarly distinguished, //

L N 0 i ;



A gnd B, and D, would p-rmit vsry little alteration
in the proportions, ' wsion we woulc

(_-,,'f"-l S ) i i e WA WS
m.gjctﬂd.‘bﬁ'xif & O Tr(tt:ﬂﬂ prﬂr— 1
neming red or green eitkhar on= was
reyond the limits Tina 1 i*' c‘-—MiC ed upon;

7

mixturs ‘.r‘:—: g different in gus 1; tr
dirty yellow with which - et

how the yellow mixfure
dichrone
W ellows

| o detse
unle /i : _
gnme sanse of ”d aaT
distinet from yellow

\ e 3

thaet the

B

‘o r'_4_ _-I_".E
conditions,

T
JiCh J)

th=

oniged ths

otk |
P1 1! conclusions, and econfirus the results
previously sstal lisked, '

in the two discs. whi
%

|
pactrometer, which was
o O L‘: Lo _1_,_.__ ‘lw.fuui to-resorl

i, & ecoloured plate- |
that in Parson's Tlnhkroduct o Colour Vision: |

A pierce firn D& ey suffici=snt +,-"= cover the spectrum
:Lﬂ its entirzty a ning s, =11 vertieal aperture
L & _'].‘)-\;_.(, i ”: S et "

b

e sden at ons :
to name thes ‘colour visi
loubkt, is open to most

wedh

Fraunhnfer lines, whick bein: constant in
nints in the a,l,u,\,‘rru_d_
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pEssence of S
position, givs a series of fix=
The eolours ce-*r- mars or lese a3 B {
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yitrary.
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| s I | |'
- ok | d.red. | Rad | RAnge ‘ lellew - Reeu| " Reen "-mems}\‘ l lue [Vielet |Blaek
| | | T _:_-.'. |
!- S5 f(' Hed | Hed I“}"“"ge | ellow i-*_“'*w‘ (‘Reew | ireensh ! lue urplell loek
| I rey. |
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The mest striking fect about this
!shades nf grey are taken to he
grey, a clear canfusion of green with grey. This con-
|firms all the other experiments that ths b
|is more one of green thanjred, ths only exC
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Here again the shadas of grey are seen s

fifferent shades of green, and theres is & suggestion

of a neutral hband in the hlue-gresn, The avfrt-up-cfral

cnlours give interesting results. Thﬂf er= evidently

puzzling colours, Ve find they are described as ‘reanish

crimson, dark greenish purple, and blue-gresn, The

green in the greenish crlmsnt {z dar)k shade of violet-<

red) is said to be similar to that of the same shade

of the blue-green, whichk seers & striking coincidance ]
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cept A who once called . it violet, anc D who de
it as BluetrRed, A pure blue is o TEllGl c
the hlue disc with signal green, Tﬁ* SUVJJ
perienced no difficulty in recognising the pur

is
es

oW1l

ARed A

nged

7

colour, l/

/



although D wae doubtful as to whether it was a green n
,or hlue, This indicafes that Eiue is a clear seﬂquLnn
Lo them, and is one of their,colours, The “three unit’
of Bdridpe-Grsen who see Grna 1, Red and Violet have
{difficulty with blues, which seems peculiar, for re-
peatedly the colour-blinds are ahle 1o recognise this
colour better than any other, They C“Ttg¢lly can _not
distingulish blue fraom violet or purple, but this con=
fusion stends in a totally different catpggory from
the mistzkes made with reds and gre 13_,'
iBlue combined with N.3 or N.4 produces a rose
colour, This was correctly lnal'hﬁ,o'bq five of the
gulr jects, € ured. 11 red with N,3,but grey with N.4;
G hoth times identified it with green; H and J saw
hoth as greys,

This disc was shown alone three tiwes and

.

answer end stated it was g dpfferent blue from

cEaiieh

is
he 0"“*?5 This shows he was able 0 detect some diff
8ren butween it and the blue or violet disce. H and J

\ri w

a
disc rned it quite readily as blue which is so diff-
erent from J's usual series of greys. B descrikbed it
once as blue and red, once as purple and red, and once
as red with g purple edge. He never seemed to see the
disc all one colour. D named it dark green, blue and
red, and dark red respectively.

Purple conbined with N,4 yields a sensation
of red, It was correctly nemed by A, B, D and G, C saw
it as brown; B recognised it one time but the second
time he described it as 'dark with orange in it', F
with difficulty could just discern the dise, To H and
J 1t appeared Grey.

TRAXS : 4N
E‘fi____,r

-

e neutrals were shown alone as single glass
There are five in all;~ the e2lours they gave to the
F3eme is shown in brackets

H

o (=] & AL 2
by A and @ green by C, The other subjects all saw i
as aiwhite light,

NI N.2 N.3 N.4 N.5b
(leLOI) (Yel1ow) (Orange) (Red) (Red)
Yellow glmost Y. Green Green Green
P.Yellow- Yellow Yellow Yellow Orange
Yellow Green Crimson Green . 1.Brown
Y-White Red - White-Y-R Red Red
1.Brown Red Brown R with Y Red
Yellow p.Yellow Reddish Y Green Green
Red Red Red Red Green
d.Yellow 1.¥Yellow d.Yellow Orange d.0renge
med, Grey 1.Grey d,Grey mad Grey v.c.Grey

timqlﬁfétﬁotdb

These columns show the difference that
modifier makes to the £ewme of the lantern. N.3, 4
and N,5 change the light frou red to green foar A, With
B the light remains unaltered and the red effect whicl
18 very plain to normal vision has no existence
C manifests great confusion of green with red and the

9 most subjects it appeared a blue, B always qualifiegd

The flewxwe itself was seen as a greenish yellow
] 47

18]
(o7}

neutrals effectively change the light in & gnost errati




=

manner, B exhibits c'}n‘ffsi on with Neutrzls I and 3
N. 4 and N, 5 trouble Subjecth F and ehange the lisht from
red To green, G has 40if u.cl! Lt h N.I and N2, and N.b
causes a complete change of 'j'._f,L:-_.:;) . The effect on H
15 to darken the e ~ J a8 bef

2l1ll colours .,

-- l.. -'j-

t
ore remains impervious 1‘-{7“/

These results spesk well for the validity of
the neutral glasses and uphold Bdridege-Grean's dictum|
that they'mske red appear like the green of the colour-
hlind and the green like the red.! They male a very |
effective "E:esu, end show ]"0 greatly atmo ;plﬂerlc EWLry
conditions alter the the e¢nlour-plind, They Aol &a
seem 1o pick ! @]
clearly ma m.f
ldangerous! c
excellent prac
relied upan,

GROWNB, Gxgwx m ; R
With the ground glass the appesred white ’é'j[’/

to most of the suhjects. A, howeve r, deseribhed it as ‘

e

-

.
at all the subjects are
; They Torm part of an
ctical test and are thoroughly to be

)

Lol

'R dy Witk more yellow iniit', For C it changed th
1: '".T, to a green, and to G a feint yellow- green was
sihle.

- G found the ground glass troublesome, and
t took him always a considersgl le time t0 decide on
he colourg when so modified, It did not affect the
her subjects so much, In front of the yellow glass,
changed the colour for G to red, front of +the
een glass, 1t P"Ltered the colour to a yellow-red,
ick he found most difficult to distinguish, The only
other result was to ﬁ ransform the green glass to an
orange in B's case,

The ground glass does not appear ©o bs
L.quCfqu with 2ll colour-blinds, hub in some cases
1t may coup a';,.;--' 21ker the colour of the Light.,

Rism:n GRAKK : p~ ,
The ribbed glass in front of the £i=ss pro- ,é?/.k/
duced no change in colour cxcelfl' wi [:4- subjects C and &
In both cases it altered the # N T
of RHed B, 1%t had 10 effect on any of the sul ;-ects,
the red merely sppearing t9 them &s it did "..=i'i:.‘-". out
the modifying glass, Combined with the yellow £lewme
it resulted in no chenge of judgnis n_'t, G ca lu,a bhe ;
colour red, but he described the £lers alone as red /‘{‘74/'/
S That the rihb ,dﬁ erfected no C'.LiJ erence. This glag:
apperently, does not seem 0 Le of much u.ulli't;,f, at .
least if these results ars conelusive, M/

i
t

I-—l

o 3
Lr
T In
o z

01
t
T
Wwh

=

It is very usefu : g > 0¥h 4 ne
calours, Certain discs P sresented together, prod tJCt..

black which :Lﬂlee-Ll;-I_u;L i spectruigOf a Alack aers rewey
AJSM a eo laan -Alld

Re (l A + Sign {
(216420 Roilals % eate

Red B 4 Para ; urple : ;
31173 < ire Green + Puryl ﬂ-uazfﬂ.a'm.ﬂmaﬁ-&m_
Y-'- L SIN -+ P.L.xJﬂ\) -_( , Ij' | i jLE ; : I : ‘53 L blaek !
These three conbinations were included in
the test at irregular intervals, They were all descrip-
ed as black by the subjects. . ]

ellow + Pure Green N.4 is slso a valughle| :
combingtion, It appears eas & wiitish ey. Soms ecolour- [ L/




g

." "

(o

Ichers red, S0 pe just
en adyv 2S 11 any eXamingtion
the presentation of & red de from Red A and Purple,
This gave informstive results,

Red A + Purpls (R-—:ed.)?n
Hed
Red
Gresn
Red
d.Red
See light only
d.Green
d.Grey
Llacik
This 'is a very

SomeEHEYQW

red to show

It may be confused with green or in cages of
ened spec it may appear ajblsek, This 1is
hy 1t 1s ke &1 t2 combine colours such
deseribed above, to produce sensations of bla

ik lghjUUﬂTmuﬂnLWfP trpilas for
winichi useful Tfor diagnostic purpos
"5: it m,m digsecriminated uy Subjects

L.
sver, and H and J

"

A
Lt a8 gLEETIy 11y

dark grey

W .

Three other combinations ars worthy of

18 they yield,

low + Siu_ul Grsen =
Low + Pure Green =
P1m=: Grzen + N3 =Gr.on

Lhe Ie
Red B
Red B

="
=S
e
=

Y
Y&

+

Rred Gree:
Green Black
or Green Grey Grey
DlI‘ uj red l.Yi‘.’llO'rf Rad
Grey Brown Grey Brown Steel Grey
Red Red Red
Green d,.Green Green
d.Grey d.Grey Black
Black v.d.Grey s

y—gi= —y—e

-

gmaoHE-OOE>

It will be seen from the table sbhove that
these three conmbinations are

the only subject who names the cenlours correctly.

The otkars reveal confusion frow B downwards, even D
showing conplete ingbility to discriminate the colour
Th lgfaﬂ_4Xﬂ]P e of the many combinstions of discs
whieh can be produc@d by this Lantern, and which aldy
in making it so satisfactory a test.

ARERTURE 3: "

: 16 above experiments were all carried ould
he large sperture. Only one or two of the
g were tried with Aperture 3,

For €C it changed Red A to Y°L1
all the other colours eappear whits;
reduced to a grey.

E merely saw the colours (Red A, Red D,
Yellow, Green, Signal Green) as & spot of light, He

using t©
subject
&nd. made
Blue was

;ighly instructive, A is|

5udaaa/

pks!

1

[42]
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M&-mwK

Mva7f

&l £
I

2

n?

hrow
gy. Signal
serious

& miss

Red A remains
ow and pure Green

)t., .‘

saw the Purpls as & darkee shade.
186 unaltered: Red B appeared
ere discriminated, the
thus i : is: former tsr- Ke #eLiimt./
2N ‘r)vr as seen as a dark grey; J

The ILeaentern Test as ,

prehensive, and proved V.-B.‘r‘;:‘ 317 |

tested by 1t are e
Iplindag. It has the ) : hea rits 9k

24 from one lantsrn.=e const tant and ":,4 f-:rei“arz C Jn-

parablegl The colours used are precise thoses which

are wmost confused by the colour-p =J.nuo. *i-'*:-i: egsy 10 TR i Linlen:
work, and s0 i'i'la'qr (cReiiste :L'::-':'L'l;:i_"" 5 he nade and the

order of testing cean The changed frequently, that

ne coaching will enallzs a nlﬂur—.aimd to elude de-

tection, '.{"' is diseeme—the criticism appds ' W/”‘?“‘ y
many otherwise excellent tests. ' e e
poses it nc;b the great advantage that ‘?: e af facr. of /
atmospheric conditions on e¢olours is tested, and we

have seen how misleading

ing 'confusion!
and desdes
involving nomenclature so

colours

It is a test t0o be highly
'% 9

11, Painting Test

J.-
=

gebnmetrically into 2
with the conlours in some

A special box: 'o“i‘-:paints c
used throughout - no J_ul}fl

of paper firs

Plﬂie sor Rogf's

test for colour-blindness

anslyse cases,tn find ont

of the spectrum
The:pigments hel

ok e

with
all the eFssaads

SCofshred Disgrams

o J_JC&I t‘“

i8 so<feitr
M"‘\AP""—

of Phys

that *effect can Te whesna it

is a question of colour~-bilindness,
* Undoubtedly,; this Test 1is one of th 81

which has yet been evolyved., 1t is based on the actual

ensations which the colour-kblind experience, and the Sl
sensations a]”lb C 1; ! 1¢1 L ,\}l'_\r%_:lc y &n letocs o i
recognition of C'J“[ouzs = > ;%W“‘?’ 2
.}:,{g.pi_.mc\p: ol theg ‘S-u—, :Lu in ltS 1_|_. of suUpreme 1ii- ?&Wﬁfﬁﬁ
portance, The test couwbinss the n,d.v;-._.tqtag:;es of show- ?/

the naming of colours,
whnich usually make tests
unreliable and untrustworthy|

caonmyended ,

g ilndshtea O

of Cardiff( :—rﬂ-—.m as=rastea - T
= e Wit allowed me 92 make use
thig test here, e 1s wWorking ov_r -'h:'.—::- test on a new ﬂ/
iJrJ.’TClL)ll and s Jc’;ci‘,s Aig! }_"J'L“L.L""-EA.!']__‘ to a spectral
analysis, The paintings consist of ,cgl;res dividsd
= e

3(‘;

h differently cnloured

cases repeaved twice,
ontaining I5 pigments
ng of paints is n=eée

is
sgary and

the examinee is gllowed "trv the paints on a upaldplecp

achemne so muecl: to
new attempt %o

simple method what part|

is not

L o
(=0

Wﬁ!--. g‘ )
MRy

hy a

hg . impure reflect a fairly

if‘} {.' /
/ /
, Wol.IVII. |

kwtahuv{-iha | ow 2y IQQLL-
A

10logy
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Royal Blue [Y[a_genl’d Pale Pink Purple Brown

[

CrassGreen

=

Jade Green

1]

Bural Sienna

Pale Violel Yellow
%

Pale Green Red
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IOl
wide region of the Specirum, If an individual
=

to-appreciate ons part of -“.}'-; spechirum as different
from grnetiier part he : things,. Hs maj
match them correctly either Ly sccid nt, or by shade
ome other means., He msyv add the colourw f}”lCr‘ } =5
1

2y Bubtracto that: coloury
fails ta recognise red he mey add red £o green
pubting a yellow, grey, or some such colour Lo
matek green, Hs may subtrac ‘i'. red from gre
1

c
ar g € 1
d-g)es not.recogniseor ke ma
REART
s, -
s ]

il

&

. ting green as almatech for the neutral
" . matck bBluz and purple§. If thes wmistakes
ons region of the sipeetx R 11! o =i 3
- D11 § ..’_._“.LF}._J‘_I'.}.L. ,J..‘ A:"‘Of-‘r‘ ! -'F:i‘___'___'_-—-“ Ce.d

xamining them in light c‘""J_f‘J.TM,
the ealour-blind differs from
] pelnbtings ar
in ©he recombined

)

iy

ogeh colour
2T certaln

spachru Have Colour sgcrs i'v\s
; R diff L;;-Ct'r'-‘-?-..'!. ara 1‘1"="1tmf’
e rz al.norng i ed This
!_ - AL 1ssible, exeln : j s"“.m '
U( the minimum reduction possible to _-';tiv.-
P cJ] gnlute match is wmade, the region of the spectrimm
ective Tor that individusl can ":- asc :3"'i:a-.¢nud.
The peintings determine, thsrefore the
wave length of light that tre individusl C’iltn r—l 11"1

person Tfails t0 recognise as different £=3s - —
of the speclirum, +Hrde s
. dons by a—r——«*:',,;;f‘.'i: of the subjects ,L,ﬂ :

- -
L.'._ q."t [ER T J--—*k.

— T_"L‘.J l)\..-LYl L
tr‘st O.ars a.,luﬂu u}\

v
T
E

S 7
p- L» o pra] LJL'I L’\‘U .J..'

e R R e i o-al.;_ﬁw..n.ﬂ e >l runo
oD IR .L.].;.J.. ol bt A

Apart Irom the § _‘,-';c;“-; ral analysis
s revegl; thsy '

alone,; and
re illaminativ

Started with
the !
p&ile Ievender I8 r‘-is ':a];--'-'
. ‘2en 18 painted i,-z"_l-'."
ut pale blue takes its p 1&
correctly matcehe

ig displayed in ths

glsn

sl s

ba Palyedt, (q,_,w‘
in th= case glove, with hlues |#T .o Q’%”‘ %

B. étartﬁa,a;
ysTlous. His o
].[..J

from @ P&q@.h&hﬁ&u&

- =l T ) WA 0Ny ot
¥ T W P i )8sesglnn 01
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Re uae

C Found ths

ductir i

o Probablyr
ional  Hnf islion, and Pr'11~*s.&;of Roaf €nnct 1*}5 in this
':L,J__u_ TJ_:{.J .zi’Io:cu disple y8 poor colour perception
for yell W iB practicf-‘?jr the only eslour properly

meatehed ., The blue and .E-u ple on the outside of ths

st very difficult, His repro-

JOO—‘J'

diagrai. are corr &:CL. bt in the centre ths _H'L"‘l'pl“"(di rk
£ 8 gr recog~

and pale) is mista 3-.5‘0 for blue, The reds g
3 ] e, probelly: thought

: Tform of confusion whicl
this subject. On the
first of gll, the

nised, hut are matched
t0 be brown, This ig the
generally takes with t

triangle, he tried pink

1 tT:
out, tried g.;ree:q,emc’i J':‘:Ln:l};- brown, Pink 1is I‘L..L,l"-jsef'}'tfﬂ
I

==l Pt i ] T e
oy grey at one G in

[

he greens are oJ.:C

y and by very pale green at another
er »'u.J_" matehe ecl; the bright '11 gras

.1

green is replac-—:d by pi ik, the pale greens by pale pin
mateh

'I”r‘n Jjade green is mat ed with grey and vice versa.
The pale shad 10 not seem to have heen rscognised
ar t have appeared colourless t9 the sub-

at al G _'L'L(—E
5 q i 3 e -
i ech as the lavenders and very peale bluesj The

.bI‘O",'-;’I"IS, toag, are a9t diseri inated ITrom the purnt
gienna, This whole painting reveals i‘a 11ty matching,
and points to the defect being of & grave nature.
This confirms all the results ohtained frowm this sub-
ject except those from the colour equations.

B, E began with yellows, and found most diffiecu

the pi b8 ig remarkable i‘nr the pals s:iza"_.§13;~a
pals colours ars & sign of addits

s

B L.'J 0

Lty

with Thecpaleccolours, grey, greén and pink, The diagram

-

is very correctly matched and only the Tollowing errorg

are mede:— blue and violet; psle green and pale tlue,
F. 4=+ experienced great difficulty in select-

ing the colours %o match. This reproduction contains
a large muiber of confusions, The 37-’-5111" is ftkhe only
colour which is psainted corresctly. The blues and viole
are interchanged, The lavenders are rul,resa nted by a
pele blue in one case, and a pale green in the other
The reds anc megentas P}“-r)‘.-; & curious mixture, The red
hed

igsrepresented corre sctly at one time, but is matched
not

with megenta elsewnere. Tj:’; megentea, however, is
distinguished from bhlue, This corresponds with t
nmuuu_on skeins chosen in matching the nsgenta skein
in the Holmgren wool test. The pale pinks are ‘mistaken

for greys. The gre€ns are variously represented, Grass
green is shown by a fawn colour, jadz green by magenta
Between this latter, and the red no distinction is
made, but ther are botk painted indiscriminately the
sgme coloury Therefore they must have appeared simila
L7

&le pinks, The browns, t0oo, show confusion, in one

sl 2]

ce with green, in another with orange. One part of
she diagram 5‘;, eared unpe:;intcd ta r}“e 51;,;' ct.

G. This subject, as ilndicat hefore, 18 a
difficult one to test, as he is “L'*" endeavouring to
cover his defect, &nd employs as many artifices as he
can devise, The painting ftest was no exception, He
tried out a great mumber of colours to begin with o
the spars paper, and decic‘md there were not enough
colours in the box. The hlues were ton 1‘.; or not blu
enough. (N.B. the -mfusmn ‘r:tr-ém-q the blues and the
purples - he saw 79 difference tne two adlr}i‘Wi'“”
c:')lour-s on tke nu&uue of the dla{;ff';,u_'. but painted
them all a uniform purple). He held the spare paper

n hue to the subject. The psle greens are wmatched wit

s

iy

igd

[4)]




differ-

2
& satis-

he painted ‘in

close to the eoloured diagren ¢
ent colours, until he found one
factory mstech; it was not £ill
the colour an the zllotied space,

Zhe greens he left to the end, simply becs
he could not match them - hs ulbtimately painted them
correctly tut by the merest chance, l

=

b

03

ause

It will be noticed that his dizgram is wondepr-

fully accurate, the only confusion being lavender with|
green and plnk with grey,
This painting is a good example of th

sources of an educ$éed suhjacu awars of his defect
took I hours 1o paint his disgran, a much

3 o sohe 0%
very diffiecult to moteh .o nd like &, tried a largs mua-
ber of them hefore Qu01d¢n= on the carrect one, With

e

pink, for example, ke had no idea what colour it WES

nor witr what ‘alour he was matching it, he went entire-

1y by shad=, difference in shade was a big
Ffaetor in the % decision so that dilution of th
pigment HLrJ“d a, 1urgc part in the matches made, This
is evident in the fact that thse sgme c¢oalour is some-
tipes differently matehed,

It will be noticed that the magentas are
correctly represented, The redss,however, show con-
fusion, anc LIn one case red is nmatcked with brown, The
Jede green is accurately painted, but the same green
is used zsiae metech fMbrown, showing that the former
correct match wis probably accidental. The grass green
18 mistaken for light brown,

The j_;al“ﬁ"mea‘r t,uI‘P'Lu}\’lJ"'. Pink is 18
eorrectly in one case, but is confused in azatj er cage
with grey. Lavender and pale greens are intersisee.
Blues and purples are nst disti ingu ished, an
igs not differentisted Tfrom the hurnt sienna.

. Started with yellows anu“_ He matched

w

e,
e
S
2

surFeot had COMHle,agkbc;1tlwg, it was found that pink

ers., He found the coloulrs

®

the jade green by mere accident for 9n questianmﬂfgafteréﬂg‘*ﬁ?é

also was/la gond match, He chose colours by their bright-

ness value only. Red, which is in the right place; he
thought was black. Magenta was the most difficult of
2113 he saw it as an iwpure black which he maiched

correctly Ty the chancs device of going over agll the
colours in the paint-box until he found one of the
same shade.

it was very noticegble with this subject
thaet when he started to fill in part Of the diagram
and went hbacdk to the box for more paint, he often for-
got what colour he qu been using, and sometimes had
to hegin all over agein

The diagrem itself shows confusion oif blue
with purple; red with brown; pink with lavender. The
grass green is matched with orange, and the jade green
with & pale shade of the grass green.

—

These paintings give typical results and sho
the confusions which exist with colour-blinds, Frou
the observations made during the paintingg, ona fact
stands out clearly,that shade is & pﬁtpmﬁ factor. A
difference in shade which means no alteration of colow
for normal Vi%iﬁﬂ, effects & change inchue for th2 ©ol
hlind., 1% is aoteworih:

LS
;. boo, that yellow and bBiue were

e e R LR L el | R | e T 1, 1 i el i Tl Sy P
[.'}.'"') T LIS G J‘J,L'Jl-trf.) (FR6 e Gk B Iiah b Liis i) SHERN r;u ¥ Gyle
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dravings

Professor Roaf

& Bpec ul‘d,_l_ anal
ohtained.,

¢ -regulis show
Gite BpectIw
the original may

J_.u ‘r) ]"‘Sdl‘-\;’"

specbru

‘2)£ 3? iewing the diagrams in a limited reg
JJ.'.'; A,-J{ic PAIr=

’5)f of cutting out a band in th2 spectrwn.
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Table 3

SO O

Lliect, ths disgram matches ths
thRat it does not match,

it almost matehes at
Jifference in calour

by an indepsndent
noe ohservation

-

Lhs was made,
re appended without codment.

2 B353 53456 6202 6128 6002 5926 HEEY
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0 0 0 o = 0 -
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= 4] 0] ok = e &,
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(on next page
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Tebl i
f)lfr'}"Eﬁ— PN S- G6Y78- SO G- 2o e Wi c= G878~ LETE= oyr a=—
30 & G3TT 65346 6208 002 5852 5 Bt
A't = i O 0 - i S i ?
I)\. =3 = O 0 - - ? ? a |
alh - - 0 0 - - - = =
i+ 0 = ¥ r ¥ + t +
Bl - - 0 0 = s 2, 9 9
Gu + 0 = t + T T ¥ t
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Profeggsor Roaf finds that his subjects can he divided
into three groups; (a) when the red end of the spectrum is
cut off up to A 6200, These show only ore mistake, the
confusion of blue with purple, This is explained by a
shortening of the spectrum, i,e.,, an ahsolute lack of stim-
ulation by a portion of the extreme red end of the spectrum,

The conclusion ig that such subjects "seem to recognise
gsome differential effect of the spectrum between A 5800 and
the extreme red end of the gpectrum, but they do not have as
great a discrimination for red as a normal person,” (1)

(b) The second group matches when the spectrum is cut
off as far as A 5800, In this group other confusions are
made in addition to blue and purple; for example, green and
grey., The diagrams can_not be matched if the least trace of
the red end of the spectrum is present,

(¢) The third group requires the spectrum to be cut off
to about A 4800, leaving only the violet end of the gpectrum
in which %o view the colours, In this classitbheddiagrams show
confugion of red and green, They will not match if any of
the red end of the spectrum is present, nor if any of the green
region is in the recombined light, They match when the
spectrum is cut off %o A 4800, They show one peculiarity .
not shown by the other two groups, If they are examined in
light from a narrow region of the gpectrum, so that a mono-
chromatic effect is produced, they will match in light from
the yellow region ¥» about A 5500 to A 6000, depending on
the width of the band used.," (2)

These results have led Professor Roaf to a hypothesis
which was first formulated bty Schultze in 1866 (3¥. To quote
from the same article, Roaf states that "In studying the
coloured globules in the retinae of birds he (Schultze)
pointed out that any light reaching the cones rust be filtered
through the corresponding globules, hence any light that is
perceived must be that whichkan pass through the globules
in front of the cone, In other words, the colour perception
by a cone depends upon the filterplaced in front of it and
the photochemical processes by wLickEthe nerve impulse ig
procduced may be the same in all cones, Thig colour-filter
hypothesis, which is cormparable to the result produced 'y a
Tumidre or Paget plete negative, can explain most if not all
the phenomens of colour vision,

*--."Thig aspect of the subject is being investigated, TFor
instance, in a preliminary exaniration of the retina of a ken
it wes found that the red globules cut off daylight to

about A 5800, whilst the yellow glohules cut off the gpectrun
to about A 5000 " (4)

Professor Rozaf concludess:"It is premature to discusg
this subhject in detail, but I hope to pursuve the investigation
and test its spplication to colour-visgion in man," (4)

(1) 7he. ait. s P. 185

(2) Zoc. cit..p. 156°
(3) Arch, f, mikr, Anat21866.R b.255,
(¢) Yoc, cit,, p. 158, ' V
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The copying of coloursd picturss by colour-blinds
forms a wost instructive test., The painting (origi inal
and copy) shown in the Frontispiesce is one executed by
subject J,, and is submitted as a point of further inter-
est, A muber of such paintings would make an intense-
1y fascinating collection, The original painting was
placed hefors the subject along with an outline of the
object shown,and he was insiructed to copy the colours
of the originmal, Only six pigmentsg were given, red, green,
hlue, yellow, pink, and brown, and Al lthough the limited
number of the colours mesy seem 1o guggest less confusion,
and pFThmpS nffer a little guidance to the colour-blind,
such does not seem toLbeen the result, With a1l the Ao
subjects tegted, the characteristic confusions made
thengelves shown,

The reproduction in the frontispiece is a typical
example of J,'s work along these lines, His paintings
exhibit a general but regular confusion, Red and grsen
are interchanged promiscuously; yellow 1is confused with
gresn, and pink Wlfh_wﬁdii,hhth4ﬂﬁ¥4HELJL&HEHHk4¥%f*
w

(It will be noticed (Qn the rlCuHTélﬂ&bﬂittaé—Es—&ﬁ £§7

<xample, thatL}ne blue sky is represented by pink, and ..
the graen gsea by brown, The red splash at the gide is an
interesting feature, The red was judged to be too dark
to represent the beach- so green was substituted as it
wag of a lighter shade.of the same colour, and in con-
sequence gave a more satisfactory match with the
original,
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ch C..f:..Cu-i;LS‘tiC con: green with yelloy,
J's Bz intings exhibit a general but regular
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J promiscuously; .. 1ow i:" confused with green, and pink
= |’“

_ with blue which ¢ results ©o be expectzac
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. Colour Prsfe renceg
A test of colour-preference was carrisd out ]
by the subjects thewselves by the 1 L,} od. of padlred
comparison, and I was &alle ©to- O 'tt_.._]_-l the results for
some of them. The colours were six in number, s
red, blue, green, yellow, and violest; and thsyv were
pr;ScJtau in pairs - the SUpJuJ, each time indic o
the colour preferred, There were thirty pairs in all, |
which were arranged in chance order, involving thirfty |
Judgwents, The experiment Was 89 arranged that fatigud
would e avoided, ten judgments only being made at one
stretch; the colours arranged by the experimenter
were kept hidden until & given eignel by means of &
leover sheet., Thas same . area of colour was shown in eact

case, the two colours 1}
devised apparatus somew
frame, Ths
e netronome .,

o

ii'lg: u‘L.L;,l;t,LL mw & specially
at uble photogre
whole experim was reguled ‘-'Ly'lueL_ns of
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B. thought the m JLC:‘?TLU, was purple, and the
blue, H, thoughi likewise, but he alsn considexn
red to be brown and “:;r_«, green, grey

in a1l four cases, g;,reen is more or less dis+
and is only chosen four times out of & possible
fred also in the case of Ay B and H,

Blue and Violet conbined give the

violet
ed the

liked
120 -
following
regults: -
A chose th=m I5
B A S B
D e L
H o 18
and together they
Violet in wmeny cases was
BluetViolet+Yellow

times,

form half the choice, The
thought ‘to be blue,

B - 24 times out of 30

B - L7 ol

D - 20 o

H - 24
This seems t0 point ©9
easily distinguished colours are
and those

the that the
l;h». favourite ones
11y disliked.
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7 HayeS' plan and gather &« {; tmar on & sin

% ) Hil
o It will L advisalils to follow Pr nifess or

1

sults of all ‘:}*-— experin w,, that is

-

or green was a&ble to be b.l un_u.r.mj__a R L--ulcmi,-.-:-s i

thet Red was recognised witkh fair freque c;-" in the tesk,
G that Gresn Yas recognised., Meon" indicates that the |
typilea 1 colour-plind confusions tool place, It can je

the bl‘l 1-‘Cuu are

cl_ grly seen from the evidence that
red and green can bea
8

&
not all limiti ng c:,m--m, and that re
seen by some red-green colour-blind
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Thesgumbertofcstimes red and green can Le
cistinguisked relative ¢0 the nurber of confusions,
gives a fTair indication of the degree of wsra defect
H and J failed completely in every test, and may be
regerded as limiting cases,

TN TRETR

All the ftests used yielded favourable results

The most unsatisfactory are wkaet may ba termed the
subjective 5e ts, those tests over which mo obj¢
nwfrnl is possible. The most rked are the after-
imeges and the contrast experiments., In the former,
1t ds cLinoL?' t0 regulate the tims of perceliving
the su1;ulu“, for it was found sonetimes that an
after-insge made its appearancs with prolongad fixation

‘QJ

L

\.‘)

where no inage had bheen previously reported, The rings

contrast 109 ars unrelisble. k= ‘,-ﬂ_nm'- L vhccm r 18

dbetter test, Tut varies - ;
vnless an a&nalysis of ths ssurce of J_ 1t is "possible.
Colour equations, tnoughk trustworthy with reliable sub-
Jeets, are not altogether satisfactory,for the ex-
perimenter is entirely dependent on the subjects and
has no control over the final equation.
Tests involving comparison seeun preferal

i'-1 which the examinee is asked to do something hiwm

g¢lf, Holmg ren’s Woois in its original or in a .
,.'.\.”)O.lJ..Led fori:. holds the fisld here. Although disered-
ited frou til;u, to \JJ.l'J'S)C:I(ﬁ.i.'Jfl"-f" “:'--:aca;u_za-:; of ite implic-
ationg witn the Young-Heluholtz theory, it has re-

J
1
.E

e
<)
l e

-“"'-Mr..alned Athe best/inddes of testing. The improvements - /

have taken two forms 1). sither the munber of confusion
colours has been reduced, or 2). the test skeins have
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[test.

been altered, The principle of the test, however, has|
remalined unchanged.,
somewhat along th- same lines, but in addition it has
the advantage 4n that it gives & fairly reliable
spectral analysis whers mors exact methods are not
availlable.
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Stilling's Tables and the Nagel Card Test
also deserve commendation for they kav: both been
found to bz excellent for testing purposes, They are
useful for detecting the presence of an abnormality,
but for diagnosis they require supplementing, Part B
of Nagel's Test does not seem to be of much service
and could be dispensed with, Part A forms an admirabls

e test in a
most efficient
after & long

The Edridge-Green lantern is
category by itself, It proved to bs a
one in every way. It has been devised
period spent in practical work with the colour-blinds,
and is based on a thorough knowl:dge of their charac-
teristics, . Hor practical purposes 1t should prove of
batrinsie—vors-, It coul ines the recognition of
colours with the naming of them, which was found to be
of great utility, throughout the expsriments, The
modifying glasses are well adapted for the purposes
intended, and provaed most satisfactory, -=F has tk

to revesl the defect, Further, it seems impossible
to coach a4 colour-blind topass such a, test, so many
combinations of glasses are possible,

advantage that a short examination with it is sufficiet

The

The Bradlsy Paper Test is besed | denaed

=
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Although the cases of colour-blindness which|
were tested, have been discussed in connection with
the tests, the discussion has been hampered by. the
massing of results, It will be instructive, therefore]
to colleet the data for eack colour-blind, &nd give a |
brief diagnosis of each individual as revealed hy the
tests.,

SULJECT A:pNl !
A is a typieal colour-tlind, From different|
tests it has been gathered that she has & neutral band
in the blue-green region of the spectrum. ‘From
Stilling's Tables it would appear that she hkas g
gshortened spectrum at the red end, for she is unahluTcg
reed Teble 3, This was confirmed += her confusion of -é%/
blue with pink, Fir' aseg not, however,; mistake red
10r bBlaeck, The supject can o¢bb¢qgw;sr highly satur-
2 G E u greens and rads,but has always experienced great
Lfficulty with pals colours; yellows, fawns, pale-
s, and pale greens, arz constantly gonfused,bws
SU

[y

%H

it
iz

!.-!'t e ¢

Allglc
In the wool test, we saw that the matches t0o the vivid| |/
g?:ﬂnw and the VlJlQ red were excelle nu, it was only
when 59 ol j_)cl.lef colours wars rsached tHat the C"-}?.'ff‘JS"' |
y hed asked to |
S

3
10n pbegan to make its appesarance, On
Livic 1e placed
and fawns;

out all the skeins into bund
rowns; light |

=
e
together blues ano violets; greens, yellows
&r ns, molées and greyvs; grsens and nil

greens and yellows; pale green and pink, ©€he disting-
pieﬁﬁo the reds, however, from the blue-reds,

All through the tests, it has been confirmed
agein end again that ce rto;ﬂ reds are visihlie to her,

How oltk=rwise can we e sult that dn-she zéqbia&7/

Naegel Card Test,: in the Earidge—Grccﬁ Tankern, 1n

VL T

ng
}"\-ﬂ
8

the wool test, and in others, red can be distinguished?
In the coalour naning too, the Tright red dots in STills
ing's Tables are clearly recognised,

It would seem , however, that red is nmuch

r
the blincness

better recognissd than green, ang that t

to green is the greater, The green vhen it inclines
t0 a blue-green is seen as a grey, | oon ' 3
is & constant confusion with yellow

case, namsly, that 'red vision had 'falléen JuT, c,’nu
graen vision haec been turned into yellow-vision®wore it
possible for tkhe red vision not to have 'Fqll d@hu edth

A, of course, does nat always e

for she sometimes calls it green as we ¢ uiﬁh the

£

1@l Creép,J&Aﬁnhﬂy appe or—tKA%df
g the red

bhe grsen szluulu
shadows the red
i)

n shatadw was

BEdridge-Green Lantern.f Sig:
ed to her almost white, In after-imags
stimulus gave a white affter-imezge butl
gave & red after -iwage, In coloured s

Wa s =

e

shadow was correctly named, but the gre
mistaken for red, and ths yellow one was called grseeén,

1
in the r ngsovntrast, the red contrast colour was s

diagran, the reds were correctly matched, itut the greems

=k > 1 /
but the green one only appeered grey., In tie cslwhr e} L//,'
N

ject has always been awars of s (;i_ii‘f;'j,cu]_-[;;{(. K.u/}.;.-d..w



were matched with greys, lavendsrs and tlues, while
grzens were confussd with bhrowuns, In*the Bradley

C 13 Te%t, 1t was always Sreens and greys that

gd e¢onfusion with blues, In colour mixin the
gr-en was matched with & rri-, and the green with
low, buf the red had to b msiderebly diluted

s it could e mabtched with a grey Tru;“ results

m.e:
=

cannot all be acecidental, bui® the ourinuj LSy thet 3T
Stilling's Tahles are correct then her Dﬂﬁlqii$h{ to

2
2
red should b= weakened, as the red end UJ the spectrum
lg shortened The only confirmgtion af this is the
confusion of blus with pink, But the results tzken
a whole would indicate that %
#ot be extensive as we failed to find any otler
avidenes of ik,

Our final finding is that the subjectis a

"

&

unds
certain hue, red and gresn ce_-.iﬂ:
The ©iindness t0 red, moreover,
Ehelplindness $0.green, for the
Detter identified.

SUBJECT I:
and his chief difficult ies with the pale colours,
Since being htested,; he has discovered that his brother
suffers from a llke defect, and mskes the sams kind of
mistakes as the subject doeg,

B. is & red-green colour-klind with normal
lengtk of spectrunm, y nﬂutral band in the blue-
green. He 1s and extre v ecareful subject, and matche
the gkeinsg in the woal tesi withk grest care, and ta

U v

greens, fawns and yellows, &nd pale greens with pale-
yinks, Vﬂr~ aften in choosing skeins he 1lifts one up,
' ide with.the last skein, and gfter
accepts or rejects it., He spontan-
opinion of the confusion skein,
saying ,‘t,r or darker, The nmagenta skein
he matched with 11 shgdes of blue gnd violets which
eleaxdy showed a dasficiency in red, He can frequentl
detect differences in colours such as violet and T luel,
or even magenta and erimson, £or ihb is impossille to
get these Qq”aueQ on & ealour mixer, He is one of
those who require the sddition of a third disc of blue
in equating Red and Green equal to Grey, In matching
lblue-green with grey, his final eguation does not
give him entirs satisfaction,

He seems to he more sensitive to red then A
far he recognises tre red ia tre eoloured shadow, in
the rings contrast, and in the afisr-images; although
h=2 expresses doubt in th2 lagt case, 1In the Nagel
Card test, however, he includes Card 2.. with the
reddish spots showing a confusion of red with T rown

D

rasn eonlour-blind, She is not 4otediyjcolour- ot

red- :J
T 1116 ,&:rthat she eannot see these colours gl all., She
mekes the typical mistekes of tke colosur-blind, ut

er fevoursble circumstances, if the colour be of &

This subject br?%.qts a gomewhat similar cas¢
£}

outward appearancs, with great difficulty. Ha confuses

and Turther he includes Card 15 - whieh only contain$
two red Spots =~ in the reds only. He found this test
pre ofEgrearn diffisulty, Bubt it is notewortihy: that

L |
“

4
winenever & particular bright shads of red appeared it
i 24 it

]J.f-'_

the shoetening #el = caonn /
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W& s invzs_r:i_s;'; 1v id ‘1'!""j‘f‘:i_8c1

r difficulty wit
182d Witk yellow,
tne Bradl 2V PE:,L s
of graen,
511 iilar diagnosis t0
=blind wi "r]]., howsver, &
small neutrel hand in
tadly blind 9 red and gr
Lons ars favouralle,
SUBJRECT C:p
This 1 'a mnﬁt curious czse of colour=
and i, iHStTUCtLVT to th4j4= gt
;uaihﬁd itk ‘e 1ittls wmors detail
Lhan in the
Iin 8, the first tabhle roadsy
56 43
The subject read:-
86 2 89 48
simiterly in Table 2, 'we find:i=
39 &2 &6 15
the subject read
88 i &8 5

Was cansidersd as ab@flﬂ‘ not
blindness t0o colours, but a& slight colour &Wniulu.
subi set reads Talile 3. correstly, ‘but Tad
g 64 7, & and 10 @rs heyond him,
In naming the eolours of the spots on the

i.._.

25 ‘_1_’

tables , 1t was found that a curious econfusdon- skisted

in the subject's mind, Red and green were constantly
mistaken, and the:usuval:eonfusions of the colour-

klind made theilr appearance, ¥Fotr example, in the firs

table, which contains red figures on a green back-
ground; he described them as brown and dark green
figures on a brown and a ysllow background; and if e
trace his results all through the Tables we find the
same confusion existing.

With Holmgren's Wools, he makes me 1y mistake

e

and finds the test a difficultyone, for he is ndt at
all surs of the ecnlours of the skeins, DBrown he

matches with a very dark crimson, and an emerald green

and throughout he mekes the charecteristic mistakes

of the colour-blind, Here again, too, his nomenclatur

is wvery faulty, test skein 1., he declares to be red,
or yellow, or brown; brown, he calls very dark green;
pink, h& names green; rose-pink, he describes as
green with red about it; wviolets and pufplﬁs, hecalls
blue; orange is thought to be yellow; and he often .
employs ths term reddish-green, Red and green 100,
are frequently confused, ;

Therefore it is all the more extraordinary
to find that he can match colours with surprising
accuracy on the colour wheel, while in the majority
of ca8pes he can obtain a normel equation, His naming

the colours while 'matching them shows much confus-
ion, and yet his ultimate result is good, The eguati
green and red . and bluer equall grey, is almost
identical with the normal equation, Attempts failed
match blue and violet, green and grey, rec and grey,

evidence of ceolour weakness only,

O

4

=

=)
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green and yellow; in fact no match could be obtained
which would not be accepted by the normel eye. The
matches for colour mixings seem therefore to indicats

perfect colour vision, whereas atrocious nomenclature

colour-blindness,

| The other experiments emphasise the defect
land point to ths subject being colour-blind, Ths
Bradley Papers indicate wsakness in the blue-gree
regions of the spectrum and a corresponding defect in
the extra-spectral purples, The greys appear to him
and green shadows as grey; in the rings contrast, grey
apfain is Sub]hf re red and green are clearly visible
to the normal sye, Th:z aftsr image likewise reveals
& similar defect, The Ragel Card Test points to the
defect being a grave one, No red cots at all are
v1b¢blc o h¢m, and seven cards are said to contain
green only, whersgas but one oi these is correct,

The Bdridge-Green Lantern confirms these results and
shows &a hopeless confusion of colours, If the sul ject

3

I

reduction of the speriure.to No, 3, reduced most of
the ‘ecolours to a 8,9t Of light,

The evidence of these experiments, and the
him among ths cqlour—bllnds.
Co l?ur equations @M Stilling's Tables are
the only tvio tests which credit him with good colour
vision, The other tests all point to the defect as

of spectrum, and a neuvtral btand in th:s blue-greens,

;I* seems possikle, therefore, for a colour-blind 0O

SUBJECT D:wn :

: This subjsect is a &dangerous' colour-blind,
He presents a somewrat similar case.to that of C. He
can partially pass Stilling's Tables, but his nomen-
glaburs shows congiderable confusion, Pale blue he
cgalls brewn or green; pale pink, he gees as gr y@rydhw:

vi0let, he calls blue,; peske—madiy—is "’115ﬁ;eﬂﬁ in
selecting th: wools much confusion is exhibited , and
tke usudl mistakes of the red-green cvlavr—Lllna are

! When tested with colour mixing, however,
his results show great improvemsent, With the comple-
mentary red and green, he requires the addition of a
third colour before he is sati%fied. 1t is iLWU'ai“
bls to get equations from khim such as were obtained

|
1A

(1) Baridge-Green in disgussing colour-blindness
states; "Many colour-plinds match correctly,
but name the principd® colours wrongly,"

had been the correet distance away Irom the lantern, th
resultg would have been grestly incrsssaed, In fact ths

ont of red-green colour-blindness, with a normal length

avoid detection if-Stilling's Tables are used a10n7¢{ij

and mistakes in selecting wools seem to indicate red-green

green, In ths coloured shadows hs sees both the red |

fact that he aceepted the normal Ragleigh eguation place

|
|
dal

.

from the other colour-clinds, In the coloured ahudougg KAQA;meJT

-
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fwilt 6-ms acoflion

the green shadow 1s recognised, but the rsd shadow is |
seen as yellow, 1In the rings contrast, the i
green arse seen as grey, “*'-111’: in the after-imag
the red and the green i cah be distingt .l.SJ ,cl,
in the Nagel Card Test, 1':, can ouly pick outs three
cards containing red syots, out ;\,.Lkl. ten. Hs
can see none containing red s -Ots only; nd makes

mistakes in pilcking out the green and [_,f(v"' cards, With

the Bdridge-Green Lant-rn he mistakes the purple dise
fjr green; & dull foggy red is invisible to him;

reen coubined witf neuural Bg which to the normel eye
ahpbaib red, 18 seen 88,8 Ereen,

e is esrtainly colowr defective, but his

acceptance of the normal Rayleigh Baquetion prevents

§ inclusion in the elass of 'aﬂor"louq trickrometes,
st be clessed as a red-green colour-plind,

74 white + 248 black,., Compars ,L th his equation
i i = grey; _llt.m ed 4 204 5 green + 37
4 96 Whins he Torme uro..s an

24 ond -the noenal; S the labier, an exXees

.J’J

cl’\

5 Lre d aend
alvays
af ¢olour-

There 18 noe doubt,
graen-g=es visible ©o h ii',,c but
recognised as ssuc}*-) He seens yi 1
b lindness, wmilder even than A. or B,

SULJECT E:4,

subject from cumuletive evidencs appesar
grge nevtral band enbracing th2 greens and
al tildingts - teolt He d8 uRahle

ci
et
2R

L

t reads tabls 3, whicn
ctrum of normal length.
is cﬂlu the L adley Papars,
it seems probsble, however, that tle spectrum is &
J_l"tl shortenad at the red -:110., ana it is :Ln-}-v.::'a.ti 3
t o note that this conclusion is confirmed by Professon
Roaf's spectral diagnosis of #ke painting.

In matching the wools he dnes the vivid red
and the vivid green cnrrecn,l y &lthough in malking the
latter match, he - en to exanine and reject a
pink, The medium greens and pinks show the typical
colour-plind conit ==10m( rith yellows and ‘:‘.‘:I'-’}‘.'.rns,-&-."l:t-:-;:
st cresns ewngodialkg, The mediwm pink appears aludsy
& wnits G0 e subject, and to obtain sui—':;“; e matches
is a task of extreme difficulty. The magenta skein
is mateched with bluilsh pinks, blues and ‘ul’)l-w.

His nomericlaturz shows ths typiecal eonifugionn
Por example -in the £irst of Stil li'q_;'v Tables, ks
describes the: red figures on the g green background &s
'w_nl:; t on.grey. The second table ich revarses the
Sam:s colours, is deserdibed as gr 22n ﬂrn grey. He shows
& fTurther confusionflof red with brown, and green with
fewn and mole, Neming ths wools gives lik: results;
orangs is mistaksn for yellow; purple for Llue; violet
for pink; pink and green for grey. A colour is oftsn
described as a blue-grey, a green-grey, & red-grey
end the term 'Tlesh-colour! as often utilisad,

2
s

he

f‘
o
a
Q
H
a
l._l
o
-
(:“1 g'l
o
o M|
m
- 0D

3

5 Rayleigh equation is; 200 red =+ l;iO green = 3b6ysil=
T 3

w

The coloured shadows agre rightly discrimin-



ated, altkougls the yellow is descriled
| Tings conbrast & pink is not recognl
| and the yallo named. ceni
|grey resyecgl? No afiter
fromred orggree: 'tinulus,

The RNagzl Gard Test ke finde

he had to tracz esch ring round with a
a¥king & decision, In uclecﬁin; cards b

chooses No, 12, wkich RNagel states is alu

ete avidsnecs of enlour-blindness; the brown sj

this card he mistalkea Tor f‘fﬂd. This sems card 1s

ecved latir as containing green spots only,.

milar mistakes in selecting grey only and red onl;

-

In the eslour eguati“ﬂs ne ean ortain & '
|setisfactory match with red nnt greens equalling grey
"“Cﬁﬁu the gadition-ef the hilunes dise, @A similsr
unation cen P obiteined far Lluﬁ and vellow, This
|lm$t T sguation- perfect to B, - appesars dscidedly
pink-.and green Lo the normal eys, H2 matehed Ttlue-

green with gray bub not green with yallow. This can
be explained if the green Torms a neutral hand and is
seen 88 grsey, and not as yellow, The subject cannot
get rid of tkm hrown tint in the yellow, Violet is
matched with Tlue, but red cannot be equated with
green,; nor Jmuh vellow and black.

Iin the Bdridge-Green Lantern red ofien appears:
as brown;; yellow is someftimes green,ys
grsan, sometines red, sometimes browuns
&s blue, Although 51g*dl green itszlf
yet when modified by nsutral 4 or neuir
as grey., Purs green + Nb is seen as grey brown, and
pure green alone appeaers a light brown, Yellow alone
nay be galled g 11&,t brown; Tut a douvhle disc of
v~llowbrﬂﬂr~f the colour Lo red, Aperturs 3 changes
the colours Red A, Red B; yellow, pure green, Signal
green, blue, wiolet; to red, orange, brown, green,
dark grey, red-blue, red. ' .
Yellow and plus gre clesrly recognised; red
: : g5 0 he recntﬁlsfd_ i s

ting . case to notes, kowever,
that 1&15 blue is at times ssen as & grey, and that
i than once describksd as & dark gray.
T er:s 1g a possibility of a siortening of the spe ctrum
violet end, probaply similar t2 the shortening

wg =
’...J
]
-
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o
5
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i
o
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W
R
e
=
o
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SUBJECT F:¥4,
This subject cannnt rsad
in Stilling's Te althoughk ke o
figﬂlre here and ka; . This wowld T Ve -
yellow Tlinﬂ as well as rﬂé—ﬂr.un'lllﬂo, whicL he
|

>
.—!—-
tm C
.

e :rtainly is not He appears to be red-gree
with sli; sht %1011“1¢nu a: the spectrum at the
and there is & suggestion of & weakensd sensi
in the green and hblue-green regions, ;

Witk the MHolmgren wools, he shows confusion
from the beginning, The vivid i-r--- en he mateches with
. .I )

greeng, ysllows and drals; the

red with & wvivid
r’\_/




| 5 | Rk

(t"\r red skein, and a very dark graen. T‘m. brown proved -,
difficult to mateh; with the mausnt a put pinks,
violets ' and pgreys, 'I.'l"a, 1 dlu:m ynd pale|

5 skaing 1 confusion.. With the pale blue
e lués and pinks- wsek éxtendéd “ﬂ‘&fﬁqm{muw
T red as ’ |
In colour naming he makes many mistakes. :
Red is c"unfu_s»“(l with fawn and msle, drab and brown, ?
and very often with blue, Green is often taken for
or 'i;i-.;«.. Whut is v2ry characteristic of thi
5 ject, "T"f'v-:'r, is his vague, indefinite phkrase-
in describing cﬂ ours, which we nm,,t in the
'F cal -’mr——“ayUL tests, . "Some red init, "red and some .
thing else™ etec.. A grey skein of wosl he deserib &8
"red and something else, per }h,.l,--zi brown,’
| The Nagel Card Test he finds diff iecult and
he ghows gresat c"mfn‘u-‘m of green w_1r red. botarin
} : selecting the proper cards in Section A and in nawing
whe cards in S-‘“C‘ti-‘;‘:'z B In ghe cal-"!urec; shadow test,
the red shadow is seen correctly, bhut the green is J
described as red, A similar resuli appearsin Lire rings
l’ cantrast. The after-imsge of yellow is described as
blue or red, that of red as white, and that of green
as plue,
g In colour mixing he rrqu;r s tlre third disc

| of blue in matching the complementary c-‘)luurs, red and
§ green, but his. fimal eque 'i“m shows a marked deviation
] bl J;, l,l*.:.- normal, He matchss red and Llue-brq-;, with
;Te green with yelilow, O.Lc.,ngﬁ with yellow, and violeg
5 L __: rlue,
! The Bdridge-Grsen Lantern was a severs test
o

|

C

o

him; and he took longsr to test than any of the

er subjects, He finds the red especially trying.
A is thought to he yellow, and Red B a yellowish
.= Very often signal green 18- confused with red
when coxbinsd with neutral 5, it hecomes invisiblel
przzn is seemias vsllow, but nsutral H placed
o) i‘?‘,, changeg it to red. Neutral 4 and nsutral 5)
u-’)n..r. :reci.d;sh, ars 8sen as green by the ‘subject., Purplt
and N,4,which givefa Bl red, he can hardly see.,
The reduction of the EL_[,F‘:I'tLI’“ to 3 cause® the colours %
3 to appeer & spots of light ,Pexc%t those of blue and r
violet which he recognises as blues

v o' O
H ©

G

u

> 1

_jﬁ L‘n C; QJLY =

This cese shows a L;ra.—..r,.:er defect than that
of ‘A or B.r It was discoversed by chance in the playing|
of a game in which eolours had 10 be distinguished;

{ but the subject was quits unsware of any atnormality

in his colour vision,

SULJECT G:An : _
G. was unaware of his defect until tested
ia.o accordingly was 1loathR to admit its pr\“-“nce. He

(<

is a diffieult subject to test, for he tries as iuch
a8 possinhle €9 enver kig failings. His sl,ﬁctrun; is !
i of norial lsngth, (there may be & slight sho*r‘t-mi'qf;

o

t ths red end) with & neutral band extending over the
green and blue-green | NS

He fails c»?u;;k etely to read Tables I and 2

of Stilling's Test, but reads 3 without difficulty.
In naming the enlour of the dots and the wools, he




Green &ppear as mances of Yellow, blue end Violet as

makes the stales of & red-green colour-

wonls, ke selects

e B R 1
1§L.'|J 1Llstant—

e

L8, il TS

vivid red, '
He can give

ions

e SR

appears o
2 and pink
teche & larges varieth g of differ-

are me
ent hues,

Trhe following colour-mixings sre successful:-
reen with grey; red with r‘“r; 10let witlh b lue
is nmatehed with green, both discs dilute
wo colours clearly visible to a i
third disc 1s reguired in -\3(;;&-.. ting red & n o with

grey, nor bluve and yellow with grey. Gresn can not
be watched with yellow which ney be explained 1y the
presenca of a neutral hand th
In the Nagel : is abile to find
only two cards containi reddish spots, can find none
with red or grey only, but selects I4 cards containing
een: alone, onliy one of which 18 correci. In Section
of ' the sane test, he commils many errors,

=

In the coloured shadows red =nd rcreen are

Invisihle, but the yell:) I eppears green, The green
in the rings contrast ig seen as d,grey, the red as
blue, Red and green st.m-.uli only result in grey after:
1Llsges, -

The Eclrid.ga—-(}r&'-:n ILzntern reveals his defect
itk preat glciia, for the wmodifying glasses arse
13 5

roublesons t0o hil, Red A and Red B can bhe distinguish
d, but with a neutral glass in iront, they I 3
every time, The first four neutral glasses ar: )
5 reds, but Neutral b is a. green., If in doubt as L9
& colour, green is the name preferred. Yellow is &
difficult conlour for him and is usually confused with
red, particularly when & x‘,u precedes :L . The grournd

gless 1is ,ul;,cmll trying far G; &2nd it 1s notice-
able that when such a 1'.;0dify‘ing; glass :i.s used, he
spends a very long time coming to a2 decision. 1t seeug

t o crhange the colour co -L,}_':-‘t:al:;;({-:-.ﬂté causes an erraon-
gous answer to he madel

G seems to he able sometimes Lo d
rec¢ &nd green, tut neither 1is a clear sensa
him, and they are both liable to be canfus
another or with some other colour,

SULBJECT H, :m
This & lini*‘in;;
a8; ,-: his only 6 those of
Red &and green invisikle &3
circumstances can ths recognised, The spectrun
shows & shorteni 1 end, with &« neun ,I‘;,l
band enbracing s Plue-green. Fr

cunilative evidence end, of the spec

appears toshe eubl 0ff BT ‘e J4341u . Fr e tha
colour-mixings it is Red, Orange, Yellow el




magnees of Blue. His
red is; ce”ed hlae!

() -
4

- 0

c X
CG_, anc _,J_\’-”rd,-_j_‘[‘)_{", '.qu
as of a uniform grey.

bat suggests a «
] i‘req*mwt answer giveny; and ore
ange too is employed on many occasions.
: ¢goloured chadows reveal a total lack :
I red and green Sr,‘t"lsaulﬁr’la,'.'.-'T'_‘lC.r'Ech confirmned in the |Arpatt
ings S -
1

tesgt and in the after-ingges, In all
green gre replaced by grey

: the Bradley PhL,.x T«
s fect in aekade 1s "H;J.C"u:'-_‘_.""?. This
istic of a shortened spectrum,
This subject has two Lrothers who have nmono-
1 : hromatic vision,

“t a definite de-

5
reers t0o Te charscter-

m \,)

ﬁ% SULJECT I ft-

' This suhject is noteworthy for his remerk-

aply uniform nomenclature, end for the variety of
colours which: he confuses,

In the Stilling's Tebles, I &nd 2 can be
deciphered but with extreme difficulty. Table & can
not he read at all. This indicates a skortened speciruy,
The colours of this table whichk are crimson on black
. and mole are seen a8 d.grey on shades of grey. Crim-
Lé/ son and red, as a=st0 e expected, are frequently
mistaken for blacic or d.grey.

In naming the wools, reddish=green is & term
ade use of on numerous nccasions. He 1is qeld o) cwmw
'..-ir,}'-, & 8ingle ceolaur name, but uses such

ro0lden hrown', and 'erimson lake!; the o

CT

t'l brow s, the latter to derik green, Tkhese terms

i} used with evident satisfaction., A threefold descrip-

1 +ion is not unusual, and grey or derk violet may be
termed as 'pinkishe~-gr ek, o brownish,! In matnching

the Holmgren wools he i‘c m }":, the brown skein was
the vivid red ane g lVJL m him egain in mistsXe. The
sonfusions ke wmikes with ths wanls ars munerous, and
heging in thz highly suturated skeins,. Viwvid green
is metehed with greens, pinks, and browns; Vivid red
with Beng, browns and blues, The other skeins
revedl & like confusion,

. (Tt is difficult to get colours equated on
the colour wheel, for his nomencleture is so miglead-
ing., In equating red and green with greyg a -third
dise is required, but the final equatli a'm contains only
68° red as compared with the normal 113°, and conbains
a correspondingly larbe sector of green. Gresn and
red diluted are both matched with grey, 197 ° sk o‘F
green compared with 185% of red, so that it is [i}os:s:i'i:-l

ol
i

T

b2}



fhe red end of the spectrum is considerably erILuned5

o mateh green directly with red., His sqguations are
ShaTH “imilar to those of H,, except that red can not
uated with yellow a'ﬂ’ld hlack, Green is matched

211low and orange, and violet with Blue,

It ssens ,\x.uwnn that this cases is a red-
green colour-plind, with shortened spectrum at th: red
énd and probably gt the violet end (for results tend
to point to that conclusion) and & neutral hend in the

b

blue-greens, His cnlour sensations ssem 3 | that of
yellow and blue,
SUBJECT J ﬂA |
t will have bheen gathered from the tests
that this S‘Lﬂ:‘j.:ICE} is complet=2ly blind t9 red and green|

In th= centre hs has & large neutral band embracing
‘.';h ,.,,_l'Lr)' r-;-_----_ 287S ; é;r' ans a ’](.L {, 11)6"{ rEens = -t-,.? 0

O'err se nsuh.’mq which he do rperience (5]
part of iL: "~ and rha

11 \
e =l A e

=nt tests, it appes rs tha
ty to these two ¢olours .
001 our the yellow can net hz discrin inated,
na she fﬁr.ae,da'-,r whiceh appears vivid to the experimentayr
;Lb merely ealled grey, In other words, the ysllow
must be kighly saturgted pefore it is distingu ished,
A disc of vjllow wgs rotated on & colour '-.-'-.-'}1‘,\.1 and
when diluted with a little white it was matched with
a -r;r-'j by 'l;}'_"; subject, 258° yellow + 10’““ white = 92°
black « ;',:_380 '\;]?-i*i:-::. The yellow was distinctly seen in
the J.Jrla‘t equation; but seened TH naks no impression
on the sub ci,

T}':-’: la;-g--e numbar of eoalour skeins, all
seleected as of ths sans hue, is remarkal ls; and each
iz 5 8kein ds given, most of ths wools are matched
7L it. In neming the dots in Stilling's Tabhles,
he ean perceive no colour, but monotonsusly reinteins

are gll 'shades of gErey .! 1In naming the wools to¢
anie result is appsrenv. Weihave: alr ady dsscerib-
}:j-s };—E eolour equations under experiment No, 4,
ended examples of his colour matehes, In the I;
Lzmﬁarn tm.i: his answers were unfailingly 'grey!', and
it was a ].“v-:l.l."f sometimes to hesar the nswe 'blus', or
even'black, Out of the 76 conbinations shown, 50 of
these were adscr.ﬂmo_ a8 grey, 6 as black, 2 as white,
while on siX occasions nothing was experiesnced, giving
a grand total of 64 colourlsss sensations,

In the Nagel Card Test, all sixteen cards
in Section A, ars seen as grey, while tha cards in
Section B. merely representef different shades of
grey and black,

In th Lraaley,(bc.jv, a grave defect in shade
is apparent, eVlC,-:Tlul_'_-,-'q, typical of & shortaned spectrum]

‘"‘(J‘L?Cr-d

4);

and there seews t0 be an &Ccompaﬂyin;'; -shortening of the
violet end as well. This rmight he described as a. casse
of colour-blindness just preceding total, in which t)‘
yellow and blue regions have become restricted to
narrow patches in the spectrum.

The subject's maternal grandmother had great
difficulty with colours, and his uncle on the same sidg
can aistinguish highly saturated colourse only, having

m;;u./

L Poppery
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& great difficulty with pale colours, I U1 i
gistzr's vision, and found it t0 be perfectly normal.
e The subject discoversd 8 defect while in the army, ;
- et he failed ta distingnis]

& . S.O.S. signals while |
ons: on patrol,

r Le. AN, ANORATOUS ';;_ﬁLCHROI_ATF
‘ An anomslous trie “f) oni te was tes
1,;111 ng's Tables. Was 3

1 F)J ;J
Har G 'I

in "..}'t- tables

e A
e

SiS IakXEe .8 confusions i !
suitable matech From ths Raylsigl tLon
£ found: £0 be roc“l. & 1101'.;:1.?‘._»11*_9 which was
verified in J'ilL.“EZC}‘?-.’JS%I‘Gd and green with gresy.
- Ale. | KRAYIRICH RQUATION:-
( — 208 red + 152°grecn, =
Compare with208 red 4+ 50 green + b3 blue =
It is a strange coincidence that the sectionb
X of red in botk eguations are J.o.-?'-”.r.uJ.Ca-;l.
In thz coloured shadows hoth red and grean
ere cidentified, but fn the r L*l,_ contrast tha green
i as eglled grey and the red i,”'.k,lv.,

e L

n describins his own case

quits cl;: 1475 c—:‘-"'_c-'. the diagno
well bhe 9t of ]‘V\[;]'_)
dich :cr}mJ_c vigion‘iis ifs rs
cal character, congistin ]
hk(ﬂt.?wﬁ’ﬁ) c-_‘)l-}u g, with pgradations nue. nce 1‘;5_?1'1‘-1—9&.1'--'
' = d_J.spnsed." Append=d belowlis the circular
—Halmholbie, perfzcted by Donders in 18814%¢
iChTomic :;,ec*brv_mi:’f“J.n thi
rg are Bhown with thelr maxi
i &

f_r

X
: Opposite, and from these two p¢ L8 ey il

'izi W f’%& fied, in one direction hy darkening only he other fdetal Pt
Sfedes i | y darkening combined with dilution, till he top

d ’t“:ﬂ/ and hot Jnt.om, k.]:-e galours meet, and hecome in Bhe
/ neutral ints, And these two nsutral .Lalm,s, also

, c’l.u-..a_,-eu.m_cc]%- npposite each other, correspond to the

other pair of complementary calours, the purple-red e

ctions of the Royal Snci

| i (1) Transa

b dBdink, Vol, 371 -
' '?&) )Sé-g‘Z
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A second subject was tested- since the above wasg
written- who seems also well classed among the anomalous
trichromates, Her sensation of colour is considerably
weakaned, and it is worthy of note that her father and
brothers suffer from colour-blininess,

The defect of thig subject firgt cams to light
in an experiment involving colour wmixing., The diffic-
ulties in obtaining a match were very noticealle, and a
long time wasg spent in the adjustment of the discs.
Finally, the match given as perfect was not valid for
the normal eye, A further investigation with stilling's
Tables revealed- not coloured blindness, but colourad
weaknegss, The tegt with Holmgren's Wools did not indicate
any serious defect- although many omissions of skeins
occurred~- nor did the tegt with the Bradley Papers reveal
much colour anomaly, In the latter test, however, one
fact attracted congsiderabvle attention, It was obvious
that almost immediately on seeing the colours the eyes
of the gsubject became extremely fatigued_, The colours
seemed to have a dazzling effect, and a rest pause had to
be instituted after every choice of colour made_, This
fatigue was very marked, and the subject confessed that
after the colour mixing experiment in class the previous
week, her eyes had been very painful,

In the cnlour-mi ng experimentg tried as part of
the investigation, comparable with/the colour blinds
tested, the following equations ware obtained:-

127°® (Green + 233° Vhite= 56° I.lack + 3049 White,
138° Red + 2220 VWhite= 83° Black + é&7° White,
360° Violet =135° Blue + 225° DBlack,

From these results, it is evident. that there is a
slight weakness to both green and red, for in the first
two equationg, where both these colours are matched
with greys, they were not- to the normal eye- totally
eliminated by the admixture of white, but, though pale,
were clearly visible, The matching of violet with blue
was rather a surprise to the experimenter, who had not
judged the colour defect serious =nough to give this
particular colour =quation,

With the Bdridge-Green Jantern test, one or two
mistakes were made, It is worthy of note that thig test
apparently caused 1little or no fatigue, -The yellow
disc ( which approximates to orange) was dlleCHTt to
degeribe, and at last wag recognised as a 'pure colour
between rréy and white!, This disc was always identified
when it appeared, but no more definits name could be
ageribad to ity when two j&llﬂfﬂ wer2 shown, however,
th@ name given ve.s vo11n;1ah brown, Weutral 1, which
t+inge, could not bes distinguished,

tht wa.s descrlhpd as yellow was Neutral 4, which resembles |

red more than yellow,
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Chﬂfof*ea EI_Z

FCLEve ealour,

for grey;

chnnection, With
appropriated and is

e 'A idiogsynecrasy
b .

i ye ish-brown, F's 1-¢olour, I's use of
Yed lake! and °* hrown' may also submitied
a.s striking exaiples.
3 .LC]ﬁara.ct-:::rf' atics of the Colour-Blind
o 2 i A ffets
1, They 1 the W&ﬂ/
This was rn |

2. Thev show guicker Ffatigue to conlours 210 [/

(,)/Ilv, thorl’énmg of the Violel end of Hee spectrum may have a dlfpgfenf-qpfuahén—f)f
i~ Moy be cavged by The second nevkral band erfendine a= FPar as and hhe the Wiolel
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WAk i plmertall resul ey that o nions Blin A
One outstanding result which does support the Hering
. theory is that the position of the neutral bands of the
¥ colour-blind corresponds. with the fundamental colours
adopted iy the theory, The one neutral band lies in
the blue-gresen which is the green of the Hering theory;
the other lies in the complementary of that green, in
the purples, which is the red employed by Hering- a red
;ﬁ beyond the red end of the gpectrum, Thege facts lend
strong support to the theory in the fundsmental colours
chosen, for if the substanceg for these two elementary
colours are absent, then the colour sense must be defic-
ient in red and green, leaving as clear sensations the

= other two fundamental colours, blue and yellow,
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it may Te advisable to give an account of the per-

centage of colour-blind from some authenticated source,
fnr comparison, and for practical pur.oses, The per-
centage given by different investigators hag varied
~11L,ht1y, but one fact stands out clearly- the frequency
with which this defect occurs in men, and the limited
nunb er of casasg which havs heen reported among women,

A 78 intarsgtinzg Table ig given in an article by
Thomson and Weiland (1) which shows the prevalence of
the defect among wmales of different nationalities, and
the few cases which have been reported among women,

fie.1es  €olour pers femmles @olour pers
Eramined Blind cent Exami nad Blind centy

Holmgren, 32,1656 1,019 3,16
Jeffries, 19,183 802 4,12 14, 764 11X (D078
Cormittee of the 14,846 617 4,16 489 2 0.4

Ophthalmological
&“nciety of
England

Fontenzy in 4,000 1565 3.8

Denmark,

Dr. Adesle Fie1d 600 19 3,16 ° 600 1 1017
in Chingg

In two 1’200 41 5.4

Japanege

regiments

Total A 11,994 2, 653 3,69 15, 8563 14 0.088

The percentage of colour blinds in the msle population
is about 3.5 while in the female population it ig only
0.088, This list can be qupp1ementpd from Jeffries (2)
who devotes an entirs chapter to this quegtion, wesding qm*mo
result after result of percentages from extensive exawin-
ationg carried out by different investigators, Bdridge-
Green objects tn these results because they are wmeinly
based on examination with the Holmgren Wool test, His
results, however, tally with the above perc“ntaﬂu, for
he 2l1s0 gives the percentage of colour-blinds as 3.5,
which he considers near enoufh Tfor prnctlcal purposes,

(&

(1) TNorris and Oliver> ¢ystem of Diseases of the Hye.

(2) Colour Blindness} its Dangers and its Detection,




A word or two msy be mentioned hers of the way in
waich colournglnaness is inherited, Usually it is
transmitted from grandfather to grandson, whilst the
mother of the son remains free from the defect, Dr, Pliny
Earle in 1845 (1) reported the colour-blindness of four
generations of his own family., In the fourth generation,
lrom 3 marrla res, there were 32 male descendants, eight-

en of whom 8%% colour-blind, Of the 29 females, onlf 2
were colour=p 11na. In the thlrd generation no colour
anomaly is reported, showing how cnlour-hlindness msy
pass nvar onz ganeration but reappear in the succeeding
one, the cassg of the two colour-blinds in the fifth
generation neither parents nor grandparents showed the
defect, showing hers an interval of two generations,

Horner's Taw (based on the tracing of casgs of trans-
irigsgion of the defect by Professor Horner of Zurich)
seams to have been ganera 11y substantiated- at lsast
his observations have v een verified by different observers,
His general conclusions are -

(a) That colour-blind fathers have normsl =-cyed sons,

L]

8 olour-i1lind sons have normsl-eyed fathers,
(p) That colou 1i have normesl-eye ther

(¢) Thet gsons of daughters whoge father was colour-blind
are mogt likely to e the same, although not without
exception: or colour-blindness is transmittsd from

(grandfather to grandchild,

The hereditery nature of colour-blindness is unques-
tioned; usually each colour-blind can t211 of a brother

or some Other relative who guffsers from a siiiilar defect to
his own,

(1) American Journsl of the American Sciences,
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