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Anthropological Expedition to the 
Torres Straits. 

During the years 1888—89 Dr Haddon spent some eight months in Torres Straits 
investigating the marine zoology of that district; and having become interested in the 
natives he devoted his spare time to recording many of their present and past customs 
and beliefs. Several years ago Dr Haddon proposed to publish a Memoir on the 
Ethnography of the Islands of Torres Straits, but on going over his material he found 
it was too deficient to make a satisfactory monograph. He then determined to go 
out again to Torres Straits to collect fresh data, with a view to making, with the 
aid of colleagues, as complete a study of the people as possible. Having secured the 
services of Dr W. H. R. Rivers, Dr C. S. Myers, Messrs W. McDougall, S. H. Ray, 0. G. 
Seligmann and the late A. Wilkin, Dr Haddon and his party sailed early in March 1898, 
and nearly seven months were spent in Torres Straits. Out of this period Dr Haddon 
and Messrs Ray, Seligmann and Wilkin spent nearly three months in British New 
Guinea studying the natives, so that compar' rns might be made with the Torres 
Straits Islanders. 

The Reports, which are in process of publication, will contain not only the results 
of the Cambridge Expedition of 1899 but they will incorporate the information gained 
during Dr Haddon's first expedition, together with all available information gathered 
by other travellers or residents. The series of Reports will thus form a Monograph 
of a small group of primitive people who are at the present time undergoing rapid 
modification. Additional light will be thrown on the ethnography of Torres Straits 
by means of comparative studies in the neighbouring portions of New Guinea and 
Australia. The Reports will form a series of five or six volumes, each of which will 
contain several memoirs on related subjects. Each memoir will be issued,, as soon as 
it is ready, and can be purchased as issued. 

The series will probably consist of the following volumes: 

VOL. I. Physical Anthropology. 

VOL. II. Physiology and Psychology. 

VOL. III. Linguistics. 

VOL. IV. Technology. 

VOL. V. Sociology and Religion in the Western Islands. 

VOL. VI. Sociology and Religion in the Eastern Islands. 

Summary of the main results of the Expedition. 

The price of each part vrill vary according to its size and the number of the 
illustrations. The price of separate parts will be net, but to subscribers to the whole 
set a reduction will be made of one-third of the pubhshed price. I t is estimated 
that the subscription price to the complete set will be about five pounds. 
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11. HEARING. 

BY CHARLES S. MYERS. 

MY experimental work on the natives of the Torres Straits was limited to the 
Murray Islanders'. As regards Hearing, it comprised an investigation of (i) their auditory 
acuity, (ii) their upper tone-limit, and (iii) the smallest tone-difierence which they could 
appreciate. The pursuits and habits of the people were not such as would be expected 
to develop any one of these Acuities in a high degree. The children attended school 
daily, the adults tilled the ground or left the island to dive for pearl-shell. Hence they 
were not engaged in occupations requiring exceedingly acute hearing; they were not par
ticularly accustomed to hear very high tones; nor were they in the least prtictised in 
detecting minute differences of pitch. The musical ability and taste of the islanders, 
which will later receive separate treatment, are referred to in this volume only so far as 
they may be supposed to have influenced the faculty under examination. 

I. PATHOLOGICAL CONDITION OF THE EARS. 

I have here grouped together the pathological affections of the middle and inner ear, 
which were found to modify the acuity of hearing. 

During a stay of over four months in Murray Island only one case of otorrhoea came 
under our treatment. Seeing how intractable purulent discharges fi:om the middle ear 
are apt to become in the young, one may, I think, reasonably infer that for the past 
several years the disease had not been common in the island. Usually the adults were 
somewhat reticent in speaking of bygone ear-trouble. Altogether I heard only of four 
natives who had formerly had otorrhcea. 

I cannot remember any islander in whom the presence of adenoid growths in the 
throat might have been suspected. 

The island was free from all exanthematous epidemics during our visit. Many years 
ago there had been outbreaks of measles, which may partly account for the very defective 
hearing observed among several adult islanders. 

But a more important cause of partial deafness lay in their practice of diving after 
pearl-shell. Until the recent legislation enacted by the Queensland Government, natives 

1 Tbronghout it had the advantage of Dr Rivera' ready assistance and enoouragement. 
H. Vol. II. Pt. n. 19 
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were induced to dive, without dress or helmet, into such deep water that deaths were of 
frequent occurrence. At the time of our visit, the hospital at Thursday Island contained 
several cases of paralysis, which had arisen from diving in excessively deep water. 

The effect of deep diving upon many islanders was to cause a noticeable amount of 
immediate haemorrhage from one or both ears. " Ear he burst; red stuff come out," was 
a common reply to my enquiry as to what happened when first they dived. A sub
sequent purulent discharge occurred in two islanders, Zarob (L. E.) and Jimmy Dei (R. E.'). 
Bleeding from the mouth or nose only or from both was noticed by Komaberi, Zarob, 
Jimmy Dei and Oroto, from the ears only by Madsa and Groggy, from the ears and from 
the mouth or nose or from all three by Dubwai, Canoe, Wanu, and Smoke. The following 
islanders did not observe any haemorrhage after diving—Wasalgi, Poi, Babelu, Billy Kuris, 
Alo, Tibi, Billy Gasu. 

Politzer", quoting the observations of Brigade-Surgeon Chimani, states that in thirty-
four of thirty-eight cases of ruptured tympanic membrane produced by boxes on the ear 
" perfect recovery without any functional disturbance resulted: in four cases no complete 
cure was effected The bleeding was in no case so considerable as to be perceived 
by the patient." On the other hand, of the six cases of Chimani, in which the membrane 
had been ruptured owing to falls upon the head, "the bleeding was in three cases so 
considerable that the patients had their attention drawn to the injury of the ear by the 
blood flowing from it. In two cases, in spite of the perforation being healed, a consider
able hardness of hearing, and in one case a labyrinthine affection, remained." 

I examined with the aural speculum several of the islanders whose ears had been 
injured by sea-diving. In no case had the diving been recent, and in no case could I 
with certainty detect a rupture of or a cicatrix in the tympanic membrane. Such alter
ations in texture and transparency of the membrane as I met with will be noted in 
Table XIX. beside the estimations of auditory acuity. 

My observations thus confirm Politzer's statement* that the membrana tympani usually 
regains its normal appearance within a few weeks after rupture. But they seem in direct 
contradiction to his view that " in most cases disturbances of hearing caused by traumatic 
ruptures disappear completely." There can be no doubt that in the majority of the 
islanders diving had caused a considerable amount of deafness. It may be that the 
sudden rise of pressure within the tympanic cavity produced an effect internally upon 
the labyrinth as well as externally upon the tympanic membrane; unfortunately I have 
no evidence indicative of labyrinthine lesion or disease in these cases. Of eighteen men 
who to my knowledge had dived, the hearing in nine was defective in one ear, in two 
in both ears, not only in regard to general acuity, but also in regard to the upper 
limit of pitch. 

' I use L. E., B. E. and B. E. throughout for the left, right and both ears. 
" Politzer's Diseases of the Ear (Eng. trans.), London, 1894, pp. 249, 250. 
» aid. p. 246. 
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2. A U D I T O R Y ACUITY. 

It is scarcely necessary to point out that the stories, which travellers relate about 
the remarkable capacity possessed by primitive people for distinguishing feint sounds amid 
familiar surroundings, cannot be accepted as evidence of an unusually acute hearing. 
Little or nothing concerning auditory acuity can be safely inferred from such a description 
as that of L&szl6 Magyar*, who, travelling among the Kimbunda tribes of South Africa, 
noted that " they are able to distinguish very accurately sounds which are heard from 
a great distance, and at once recognize their nature and direction"; nor from such an 
observation as P. Paulitschke's*, who found the Somali hunters to have a very deUcate 
sense of hearing, the slightest noise awakening their attention, its direction being recog
nized with certainty. 

Reports of this kind might be cited again and again^ They merely show how the 
savage will take an interest in, and make an inference from a sound, which may be 
meaningless to, and perhaps neglected by the European ear. We need but imagine such 
aa individual transported to the streets of a busy city, to obtain a complete reversal of 
the phenomena, the primitive man heedlessly passing various noises which would be full 
of significance to his more civilized companion. 

Nor, indeed, are travellers unanimous in crediting savages with an unusually keen 
sense of hearing. Sir G. S. Robertson*, for instance, states—"as the result of very many 
observations of an unscientific kind, I could never discover that the K ^ r s displayed any 
superiority to other races in . . . . certainty of hearing." Francis Galton" also remarks— 
" my own experience, so far as it goes, of Hottentots, Damaras, and some other wild races, 
went to show that their sense-discrimination was not superior to that of white men . . ." 
Oeorg Schweinfurth* similarly feiled to find any marked superiority of hearing-power 
among the many tribes of Central Africa which he has visited ̂  

I t is exceedingly rare to meet with opinions that have been formed after subjecting 
the ear to a definite test which could be repeated on other ears. I know only of the 
experiments of two travellers. N. W. Giltschenko" observes that "the distance at which 
an Osset he^rs the tick of a watch is not greater than with other people. In the open, 
on the other hand, both on the plain and on the hills, the Osset perceives definite 

• ReistH in Sud-Afnka in den Jahren 1849—18S7 (dentsohe Uebersetz.), Pest a. Leipzig, 1860, S. 343. 
< Ethnogntphie Nordost-afirikat, Berlin, 1896, Bd. n. S. 8. 
' Cf. the remarks of Carl Lumboltz, BnU. de la Soc. d'Anth. dt Paris, Tome xi. 3°>* SMe, 1888, p. 650, 

of O. L. Bink, ibid. p. 388, and of Oodel, ibid. Tome m. 4°» Sir. 1893, p. 161. Also of. From my Verandah 
in Sew Guinea, H. H. Bomillj, C.H.G., London, 1889, p. 55; In the Forbidden Land, H. Savage Landor, 
London, 1898, Vol. i. p. 25. 

* The Kdjirs of the Hindu Kuth, London, 1896, p. 174. 
" Inquiriei into Hmnan Faculty and its Development, London, 1883, p. 32. 
* In a private letter kindly sent me by Dr Sohweinfurth. 
' The experiences of my friend Mr Stanley Gardiner, vho has kindly communicated them to me, are not 

without interest in this connexion. An American clock hung from the roof of his bungalow in the Maldive 
Islands. The natives, who had never seen the like before, would approach to a distance of two yards from 
the clock before they took notice of its ticks. Then they spent some time before they could rightly localize 
the sound. On the shore he found he could frequently pass behind a native, without attracting the attention 
of the latter, who might have been expected invariably to diBtinguish between the Englishman's booted tread 
and that of the bare foot on the sand. 

* Biolog. Centralbl. Bd. Ii. 1891, 8. 304—318. 

19—2 
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sounds, understands spoken words, etc., at a quite extraordinary distance." M. Hyades* 
in his study of the Fuegians says that their " hearing has the same acuity and range 
as that of the majority of Europeans (experiments with the watch, tuning-fork, etc.)," 
but gives no details of the facts upon which he bases this opinion. 

METHODS OF TESTING AUDITORY ACUITY. 

Auditory stimuli are divisible into three classes, viz., simple tones, compound tones 
and noises. Although little is known as to the psychical relation of these three kinds of 
stimuli to one another, it is certain that in cases where the sensibility to one kind is 
noticeably diminished, the sensibility to one or both of the other kinds may be scarcely 
impaired. Hence it is essential that the class of sound which has been used to test the 
auditory acuity of any race or individual should be clearly stated. 

In estimating the acuity of a sense-organ, it is naturally desirable that the experi
mental conditions should be reduced to the simplest possible. A noise, obviously, is far 
too complex and unsafe a stimulus. Nor is the voice more suitable, as it varies greatly 
in distinctness, volume and quality, not only for different individuals, but also for the 
same individual, however careful he be, at different times. Moreover, some words are 
audible at a greater distance than others, according to the relative number, arrangement 
and nature of the contained vowels and consonants. 

The watch has been the most usual instrument for testing auditory acuity. But, 
in the first place, the results obtained by one observer are incomparable with those ob
tained by others, owing to the different degrees of loudness of the ticks of different 
watches. And secondly, it is highly desirable that the sounds chosen should be under 
greater control than are the ticks of a watch. The data, obtained by gradually removing 
a ticking watch from the ear until it can no longer be heard, are in every respect as 
fallacious as those which would result, were the test-tjrpes, commonly used in the esti
mation of visual acuity, to be slowly withdrawn from the observer, until he could no 
longer recognize a letter of given size^ 

My first experiments among the Murray Islanders were carried on with an ordinary 
watcL But I quickly recognized the difiiculty felt by the natives in accurately fixing 
the point where, as the watch was removed from the ear, its ticks could no longer be 
heard. This drawback disappears with the use of a stop-watch, or of an entirely different 
instrument, in the manner presently to be described. 

I had the lenses removed from an ordinary telescope and the tube fitted to stand 
vertically on a suitable support. The top of the tube was provided with a funnel-shaped 
aperture, which would just admit of the iutroduction of a small pith-ball. Near the base 
within the tube was placed an obliquely inclined disc of felt, on to which the pith-ball 
fell, there rebounding to escape by a window cut in the side of the tube, and falling 
noiselessly on a piece of velvet. The velocity of the fall of the ball, and hence the 
intensity of the sound produced by its impact against the felt-disc, could be varied at 
will by altering the height of the telescopic tube. 

' Mission Scientifique du Cap Horn, Tome vn., Paris, 1891, p. 209. 
2 The same objection holds good for the method of allowing a tuning-fork to 'ring off" until the subject 

no longer bears it. 
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The objections which attend the use of a watch are likewise remedied in Politzer's 
HSrmesser. I t consists essentially of a hollow horizontally-fixed steel cylinder, 28 mm. 
in length, 4*5 mm. in thickness, emitting the tone c, when struck by a small percussion-
hammer, which is allowed to fall on it from a small and constant height. 

The acuity of hearing, probably more than that of most other senses, varies con
siderably firom hour to hour and fix>m day to day, according to the physiological condition 
of the observer. For this reason it seems hardly worth while here to follow the example 
of those otologists who attempt to express auditory' acuity in the form of a fi-action, 
whereof the denominator denotes the distance at which the sound should be heard by 
an ear of average hearing-power, the numerator giving the distance at which it is actually 
heard by the ear under examination. 

A far greater disturbing influence, however, consists in the distraction resulting from 
various adventitious noises. Through the lack of a suitable room in Murray Island, I 
was forced to conduct my experiments in the open air. Here the constant rustle of the 
palm-leaves and the beating of the surf on the sea-shore compelled me to lay aside my 
telescopic apparatus and Politzer's Hormesser in favour of a stop-watch. 

I used a Ruime's clock, which could be made to tick five times a second, and could 
be easily stopped or set going at will. The loudness of the ticks was found to be much 
diminished, and to vary noticeably when the clock had ' run down.' The clock was hence 
always fully wound up before being used for testing. The disturbing noises, to which I 
have just alluded, varied so obviously from day to day, that it was impossible to compare 
the results obtained from islanders on one day with those obtained frvm others on the 
next. The estimations of auditory acuity must have proved meaningless unless I had 
tested some fixed person or persons simultaneously with the natives. Dr Rivers kindly 
came to my assistance. Eather he or I was tested along with the islanders; one of us 
holding the clock, the other standing with his back to the subject under investigation, 
at the same distance from the clock, and indicating by gesture whether he heard the 
ticks. The clock was started after irregular periods of silence and was allowed to sound 
for about three seconds. The threshold was determined, partly by the number of in
correct answers when at a given distance the subject failed to detect the ticks, and 
partly by the number of illusions when at that distance he imagined that he heard 
ticks during periods of actual silence. In this way I was able roughly to estimate 
the relative auditory acuity of thirty-five islanders, compared with that of Dr Rivers 
or myself, towards the same stimulus under the same conditions of distraction. 

I t was not to be expected that the natives would evince as much interest in de
terminations of their auditory acuity as they took in many others of our psychological 
experiments. Some of the islanders were no doubt conscious of their partial deafiiess, 
and, feeling that they were not doing well, did not give their utmost attention to the 
experiment. In these few instances greater attention would have produced better results. 
On the whole, however, we were confident that the people were doing their best, and that 
the appended Tables, XIX. and XX., give a very fair measure of their power of hearing. 

The figfures, ranged in the two columns under B. E. and L. E., express the distance 
in metres at which the threshold is reached for hearing the given stimulus. They were 
obtained after the following method, which I adopted as the most reliable after the trial 
of various others. 
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Date 

Aug. 2 
Aug. 3 

July 19 

Aug. 3 

JiUy 19 

Aug. 3 

Aug. 1 
July 17 

Aug. 3 

July 17 

July 15 

Aug. 3 

Aug. 2 

July 20 

Aug. 1 

May 27 

July 15 
July 20 

July 19 

)» 

Aug. 2 

Aug. 1 

Aug. 2 

Aug. 1 

July 20 

Name 

Jimmy Dauar. 
Dela 

Aki 

)» 
Tom (Maboali) 

)» )) 
Marau 
William (Tat).., 
Sailor 
Tom(Tanii) ... 

Sagigi 

PoiL(Pasi) 
James 
Apori 

Maima 
Gigai ... 
Seba ... 
Nei 
Maletta 

Sidoi ... 
Mary ... 

Charlie (Pasi). 
Ber6 
Tepem 

Josiah 

Zarob 

Gaiiul 

Jimmy Bice 
.Babelu 

Boa . 

Charlie Boro 

Komaberi ... 

Tibi. 

Alo . 

Kriba . 

Canoe . 

Enoka. 

TABLE XIX. 

Mui-ray Island Boys, tested by Runne's Clock. 

Standard-observer Age 

10 
10 

10^ 

)» 
H 

)) 
11 
11* 
l l | 
l l | 

Hi 
13 
13 
14 

B. E. 

3-00 
2-50 

2-75 

0-50 

2-75 

300 

3-50 
0-75 
4-00 
2-75 

1-50 

4-50 
2-00 
3-00 

L. E. 

4-00 
2-75 

2-75 

1-50 

3-00 

2-50 

4-50 
0-75 
4-00 
3-00 

1-25 

6-00 
2-00 
300 

worse than C. S. M. 
same as C. S. M. 
iC. S. M. L.E. = 5-00m. 
,W. H.R. E. L.E. = l-75m. 
much wor.se than C. S. M. 
(C. S. M. L.B. = 5-00m. 
fW.H.R.R. L.E. = l-75m. 
(R. E. slightly worse than/ /-i a iif 
(L. E. same as ^ ».>. o. . 
same as C. S. M. 
C. S. M. L.B.=.e-00m. 
worse than C. S. M. 
not quite equal to C. S. M. 
[R. E. slightly worse than) ri o î r 
JL. E. same as J 

C. S. M. L.E.=6-O0m. 

M\wray Island Girls, tested by Runne's Clock. 

> W. H. R. R. L. E.=2-25 m. 

I W. H. B.E. B.E. = l-00m. 

W. H. R. R. B. E.=0-75 m. 
not quite equal to C. S. M. 

11 
11* 
12 
13 
13* 

14 
14 

2-00 
1-75 
2-00 
300 
I'OO 

1-50 
2-75 

2-25 
2-00 
3-00 

? 
3'00 

1-50 
? 

Murray Island Men, tested by Runne's Clock. 

{ 

16 
17 
18 

18 

20 

30 

30-35 
30-35 

35-40 

35 

50 

45-50 

50 

50 

1-50 
5 00 
4-25 

005 

6-50 
2-25 

0-75 

1-00 

1-75 

0-85 

4O0 

50 I 200 
I 

65-60 I-00 

1-50 
2-00 
4-25 

2-75 

3-30 
2-75 

0-80 

1-00 

2'00 

2-20 

rc. S. M. 
.W. H. E. E. 

B. E.=5-00 m. 

B. E.=0-60 m. 

W. H. E. R. 
fC. S. M. 

L. B. = 2-25 m. 
B. E.=5-00m. 

[W. H. E. E. B. E.=0-60 m. 

,C. S. M. 
W. H. E. E. 

L. E. = 5-00 m. 
H.E. = l-75m. 

2O0 

1-00 (C. S. M. 
IW.H.R.R. 

B. E. = 5-00 m. 
B. E.=0-60m. 

Remarks 

nothing abnormal 
noticed otoscopioally. 
otorrhoea formerly. 

Eas never dived. 

dived aet. 14. White 
discharge followed, 

has dived, I .E . opaque 
tympanic membrane. 
Hormesser 1 m. 

has dived: no discharge. 

has dived 6-10 fa
thoms: blood from 
nose and mouth, 

has dived 1-2 fa
thoms : no discharge, 
has dived 7-8 fa
thoms : no discharge. 
Watch, R. B. 18 ins., 
L. E. 9 inches, 

has dived. Opaque 
tympanic membranes, 
has dived: blood from 

nose and ears. 

http://wor.se
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The distance from the subject to the Runne's clock (or Hormesser) was marked 
along the ground or floor in half-metres. One ear of the individual was stopped with 
cotton-wool, the other being directed towards the source of sound. The subject indicated, 
preferably by a movement of the hand, when he heard the stimulus employed. The 
instrument was first held at a distance well within his limit, and was then withdrawn 
from that point, at first metre by metre, later half-metre by half-metre, until the limit 
of hearing was passed. The instrunient was then brought nearer until the sound became 
once more audible. At every point in the neighbourhood of the threshold five trials of 
the sound were made. Where more than one out of five successively given sounds were 
naissed, the threshold must be considered as having been reached or passed. 

I t will almost invariably be found that the sound can be heard one or two (or even 
more) half-metres further when the watch is being withdrawn from the subject, than when 
the watch is made to approach towards him. The distance midway between the poiot 
where the audible sound just becomes inaudible, and the point where the inaudible sound 
just becomes audible to the subject, may be taken as indicating the acuity of his hearing. 

In the column headed ' standard observer' will be found the estimations simultaneously 
determined for one or other of three members of the expedition, Dr Rivers (W. H, R. R.), 
Mr Seligmann (C. G. S.), or myself (C. S. M.). 

ESTIMATIONS OF AUDITORY ACUITY IN MABUIAG. 

Dr Rivers found sufficient quiet in this island, which I did not visit, to enable him 
to make several observations with the Hormesser. They were conducted at 'night in the 
old disused church near the sea-shore. At first the noise of the surf and trees was very 

TABLE XX. 

Date 

Sept 23 

» 
It 

Sept. 28 

Sept. 30 

» 
If 

Oct. 2 

Mabuiag . 

Name 

Gigib 

Tom 

Peter 

Monday ... 
Alia 
WiUiam(of 
Murray 1.) 

Age 

30-36 
17 
20 

20-25 

30-35 

36 
30-35 

20 
35 
35 
20 
20 

20-25 

Men tested by Hormesser (by W. H. R. 

B. E. 

1-50 
8-00 
2-50 
4-00 

5-00-1-

7-00-t-
6-00 
200 
8-00 
0-75 
1-60 
6-00-(-

0-75 

L. E. 

7-00 
8-00 
1-50 
3-50 

4-00-1-

1300-H 
3-00-1-
6-00 
5-00 
2-00 
0-50 
3-00-1-

0-75 

Standard-observer 

C. G. S. B.E. = 9m. 
C. G. S. B. E. - 1 0 m. 
much worse than C. Q. S. . 

c-G-s-£^:i^S:i 
C. G. S. B.B. = I6-(-m. 

1 
Vmuch woj-se than C. G. S. 

J 
1 W.H.E.R B.B.=2*m. 

- C. G. S. B.B. = 18-Hm.... 

Rivers). 

Remarks 

. 

• weather rather windy. 

/ more windy and variable: 
• hence probably the differ

ence in the two ears. 
^ 

1 no wind: almost com-
f plete silence. 

J 
1 
I no wind. 
( 

disturbing, but later the wind dropped so that he "was able to make very satisfactory 
observations in almost complete silence." When kindly communicating to me the results 
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of his experiments for publication beside my own, he reminded me of a fact which I had 
also noticed, that with Runne's clock the natives had illusory sensations of stimuh during 
actual silence far more frequently than when tested with the Hormesser. There can be 
no doubt that under suitable conditions, the latter is by far the preferable instrument. 
But a stop-watch should never be omitted as a last resource, the ordinary watch bemg, 
as I have explained, almost useless for determining auditory acuity. 

Dr Rivers also sends me the following note. " On one evening I made a few ob
servations to compare the results with Politzer's Hormesser and Runne's clock. I t was 
far more difficult to obtain definite results with the latter, but it was clear that its sound 
could only be heard at a much smaller distance than that of the HOrmesser; thus on 
the evening on which Mr Seligmann heard the sound of the Hormesser at 7 metres, he 
only heard Runne's clock at 2 metres eight times in ten, and failed to hear it altogether 
at 3 metres." 

CONCLUSIONS. 

Of twelve Murray Island boys only five could hear as far or nearly as far as I could, 
the remaining seven being clearly inferior in auditory acuity. Of five Murray Island 
adults with whom I compared myself, all save one had remarkably low auditory acuity. 
The hearing of three Murray Island girls was about the same as that of Dr Rivers, while 
the hearing of three others was distinctly better. Dr Rivers, however, was certainly 
suffering from partial deafaess when these estimations were made. 

Not one of the ten young Mabuiag adults with whom Mr Seligmann later compared 
himself, could hear as far as he could. Two others could not hear as far as Dr Rivers, 
whose auditory acuity even by this time had not much improved. 

The question arises, Can the above three standards of acuity of hearing be accepted 
as typical of Europeans generally ? If we attempted to reply by testing ourselves among 
a series of Englishmen at the present time', our answers would be necessarily based 
on the supposition that our auditory acuity in the Torres Straits and -in England was 
the same. In Murray Island certainly our general health was more or less 'below par.' 
Dr Rivers, as I have just said, knows that he had temporarily subnormal hearing, and 
I have reason to believe that my own hearing was slightly affected in Murray Island. 

In the case of the Torres Straits children the hearing was not very different in the 
two ears. A great number of adults, on the other hand, proved to be distinctly deafer 
in one ear than in the other. The remarkably low acuity of the general adult hearing 
must hence be attributed to pathological conditions. Yet, as the children show a similar, 
although less marked, deficiency, one is forced to conclude that the general auditory 
acuity of the islanders in the Torres Straits is inferior to that of Europeans. 

> Since our return, Mr Seligmann and I have been tested along with a few English adults. The results 
are probably numerous enough to indicate that our hearing, although not phenomenally acute, is slightly better 
than that of the average person. 
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3. THE UPPER LIMIT OF HEARING. 

The Galton-whistle which I used was made by Hawksley of Oxford Street, London. 
The patterns of foreign makers differ considerably from Galton's original design. Its bore 
was 1 millimetre in diameter. Its length could be varied by sliding in or out the solid 
rod which closely fitted the tube of the whistle. The exposed end of this movable rod 
was fitted with a milled head, beneath which rested a graduated ivory scale giving the 
corresponding length of the whistle in millimetres at any position of the milled head. 
My own hearing is sufficiently acute to hear the notes produced by the whistle-tube when 
only 2-25 mm. in length. I therefore asked Mr Hawksley to make me a similar instru
ment, but of a still smaller bore, for use in the Torres Straits. The instrument was 
made, but as no audible note could be produced from it I had to confine myself to the 
use of the wider and more usual whistle. I attached a small india-rubber bulb to its 
mouth-piece, and after a little practice could so compress it as to give successive blasts 
of sufficiently unvarying force. 

The amount of force with which the whistle is blown determines not only the in
tensity, but also the pitch of the tone emitted. I have elsewhere^ published a series of 
experiments made by me with the Hawksley pattern of Galton-whistle, expressly^ in order 
to determine the changes in pitch produced by changes in the force of the air-blast em
ployed. With long pipe-lengths a rise of air-pressure does not necessarily produce a tone 
of higher pitch; on the contrary a lower tone is under certain conditions emitted. Thus 
a pipe-length of five millimetres produces a tone of 12,784 vibrations per second, when 
an air-pressure equal to thirty-two millimetres of water is used; a tone of 9,464 vibr. 
per sec when the air-pressure is raised to fifty millimetres.; and a tone of 13,704 vibr. 
per sec. when it reaches four hundred millimetres. As a general rule, however, a greater 
wind-blast of course produces a higher pitched note. 

The force of air employed by compression of the rubber-bulb attached to a Galton-
whistle is not easily calculable. In the above-mentioned experiments, in which various 
wind-pressures were employed, air was driven through the whistle before the force of 
tap-water, which could accurately be controlled at will. There are reasons for believing 
that compression of the rubber-bulb generates a momenteu-y pressure of at least 400 mm. 
of water. But before and after this maximum pressure is reached the whistle is respond
ing to lower air-pressures. Consequently, the pitch of the whistle-tone at any given 
length varies in height while it is being blown, and, "in order to estimate the pitch of 
the highest audible tone, either the wind-pressure must be taken into accoimt at the 
moment both of the physiological and of the physical determination, or the lowest 
obtainable tone emitted by the whistle with a given pipe-length (at relatively low wind-
pressures) must be assumed to be the tone actually heard by the subject at that pipe-
length'." Near his upper limit of hearing everyone hears a tone just when air is being 
admitted to the whistle, and often just after it has been shut off. These are moments 
when the pressure is low and tones of lower vibration-fi:«quency are emitted. The 

» Joum. of Physiol. Vol. xxvni. 1902, pp. 417 ft. - Ibid. 

H. Vol. II. Pt. II. 20 
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inability to hear a tone during the middle-period of blowing the whistle is no doubt 
also largely due to the masking effects of the noise of the blast. 

The Galton-whistle was originally graduated by its inventor according to the formula 

n = J . , where n is the vibration-frequency, v the velocity of sound in air, I the whistle 

pipe-length. I t has, however, been proved beyond doubt that this theoretical formula will 
not hold in practice even for such a minute bore of tube as that with which English 
Galton-whistles are made. I find the following to be the vibration-frequency (v) of the 
tones emitted by wind-pressures (p) from pipe-length (I) of the Hawksley pattern of 
Galton-whistle. The determinations were objectively made by the methods of sensitive 
flames and of Kundt's tubes. 

I 
5 mm. 

» 
4 mm. 

) i 

3 mm. 
) j 

n 

2-5 mm. 
)) 

2-25 mm. 
»» 

2-125 mm. 
2 mm. 

1-75 mm. 

32 mm. water 
50 „ 

400 „ 
40 „ 
70 „ 
92 „ 
40 „ 

130 „ 
( (blown with rubber-ball) 

58 mm. water ... 
800 „ 

68 „ 
800 „ 

72 „ 
68 „ 
? (blown very powerfully with rubber-ball) 

84 mm. water 
136 „ „ 

f (blown very powerfully with rubber-ball) 

12,784 vibrations 

9,464 

13,704 

15,159 

9,360 

11,896 

18,419 

19,033 

24,812 

19,466 

22,540 

20,639 

22,840 

23,466 

25,190 

27,629 

25,955 

28,082 

30,050 

« 
1 } 

» 
1) 

» 
» 
» 
» 
» j 

)) 
)) 
» 
» 
»» 
»» 
} } 

) } 

» 

per second 

} ) 

)) 
)) 
)» 
» 
it 

» 
») 
») 
)) 
> j 

)> 
» 
» 

• - )) 

)» 
J) 

» 
The results of my experiments with the Galton-whistle in the Torres Straits and 

elsewhere.are expressed in pipe-lengths, not in vibration-frequencies. Their value rests 
on the supposition that after considerable practice with the instrument I am able again 
and again to produce the same force of blast. I have no doubt as to the general 
reliability of the figures given. Time after time I have tested my own limit, and that of 
various friends, and have obtained results sufficiently consistent to warrant confidence in 
the supposition. 

PROCEDURE. 

My first aim was to make the subject appreciate the difference between the tone 
of the whistle-note and the noise of the wind-puff which unfortunately is almost always 
audible with It. A whistle-note was called komsla^, a noise of wind is wag in the 
Mmam language. I began thus. Pulling out the solid tube -so as to use the greater 



UPPER LIMIT OF HEARING. 151 

part of the whistle-tube, I blew a clear, weak, relatively low-pitched note. " That komelag," 
I explained, "no wag." I blew the same note with a stronger blast. "Tha t komelag 
and small-fellow wag," I said, as the note was now accompanied by a perceptible noise 
of wind. Then sliding the inner rod 'well home,' I produced a loud noise of wind with
out a whistle-tone, and exclaimed, " That no komelag, that plenty wag." Of the fifty-one 
islanders, whose upper limit of hearing I investigated, only one (Smoke) could not in this 
way be made to understand the difference between komelag and wag; and he failed, I 
have little doubt, fiwm lack rather of interest than of intelligence. 

When I had fully assured myself that this difference had become quite clear to the 
subject, I began the determination of the upper limit of his hearing. His two ears were 
separately investigated. He sat at a distance of one metre from the whistle, which was 
held directly opposite to his external auditory meatus. The ear which was not being 
tested was plugged with cotton-wool; I caimot hope thereby to have altogether excluded 
binaural hearing, but the procedure was sufficiently effectual to indicate in many adults 
a difference of sensibility to high tones between the two ears. Five or six determinations 
for each ear were made in the following way. Starting from above the threshold, I gradually 
shortened the whistle-length and determined the point where the just audible whistle-
note was lost in the noise of the wind-puff. Then, starting from below the threshold, 
I gradually lengthened the whistle, and determined the point where a sound of the highest 
audible pitch jus t emerged from the noise of the wind-puff. 

The following is a record of a single experiment. The signs -«— and —»-, indicate 
that the figures following them (expressing the whistle-length in millimetres) were arrived 
at by shortening and lengthening the whistle, respectively. 

May 27, a.m. Madsa, aet. 18. (He dived a few years ago: "first time red stuff come out of both 
ears: now he all right." Auditory acuity normal, as tested by watch.) 

B. E. -^ 2-75, ^ 2-50, -^ 2-75, — 2-50, -*• 250, -«- 250) 
L. E. -^ 2-50, ^ 2-50, *- 2-50, -^ 2-50, -— 300, - * 2-50/ *^' 

I t is interesting to compare the above data with others obtained from him at a later 
sitting. There can be no doubt that the upper limit of hearing, like auditory acuity, 
varies slightly from day to day in the same individual. The limit of improvement by 
practice is, in my opinion, very quickly reached at the first sitting. 

1-93. 

E X P E R I M E N T A L D A T . \ ' . 

The following table gives the results obtained from investigations among the boys 
and girls of Murray Island and of Aberdeenshire in the .manner just described. In no 
case were the two series of data given by each ear sensibly different; therefore only the 
average limit for the two ears combined need be here recorded. 

1 The data and hence their interpretation will be found to be somewhat different from those published 
by me earlier in a brief abstract {Archives of Otology, Vol. xxxi. 1902, pp. 284 S.). These differences are mainly 
due to the fact that I have here 'ruled out' more rigidly the results obtained from partially deaf individuals. 

20—2 

June 6, p.m. Madsa (v. supra). 

H. E. •*- 3-00, ^ 2-62, 
L. E. -«- 3-00, -«- 3-35, 

->- 2-62, 
— 300, 

— 2-62, 
-^ 3-25, 

-«- 2-75, 
— 300, 

- • 3 - 0 0 
— 3-00 
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TABLE XXI. 

C3iildien Sum- ' , Whistle-length in miUimetTes, prodnring highest ' ^Y M. V 
^''"""*" ber I ^^ andiUe tone ' ' 

In Mmiay Island... 2 

15 

5-9 2-06, 2-40 , 2-23 — 

, „ , . I 2-00, 2-00, 212, 2-33, 2-16, 2 33, 2-06, 2-06, 1-90, > | ^^ . , 
'""'" I 2-00, 2-00, 1-90, 1-90, 219, 2-05 i - ^' »^" j 

j In Aberdeenshire... 4 | 5-9 , 1-80, 1-90, 2-08, 210 

IS , , . , . ' S-IS, 215, 1-92, 1-75, 1-80, 1-90, 1-85, 1-87, 2-20, ) 
*""" •( 2-17, 2-21, 2-02, 2-00, 1-64, 2-00, 1-95, 1-90, l - « ) 1-99 0-15 

From these data it appears that there is only a small difference in the limit at the 
highest audible tone between the children of Murray Island and of Abodeendiire, and 
that this small difference is in favour of the latter. 

Comparison is more difficult between the male adults of the two races. Most of the 
Mniray Islanders had in times past dived for pearl-shell and beche-de-mer; a few of them 
had dived more recently, probably in shallower water (see page 142). I have thoD|^t it 
best to divide into seven classes Uie adult islanders examined. Class A comprises men 
who had not noticed any ill effects in the ear from diving. Those in whom diving had 
caused a haemorrhagic or purulent discharge from one ear are grouped in Class B, a 
discharge from both ears in Class C, haemorrhage from the month and noee onlv in Class 
D. I have placed in Class E those whose hearing in one or both ears was defective from 
some other cause. The men who had never dived are in Class F. Those abont whom 
I have no information are in Class G. Where the upper limit of hearing differs in the 
two ears, the resxdts given by each ear are recorded, the results for the right preceding 
those fi)r the left ear. 

I t is commonly stated that in affections of the middle ear the appreciati<» of high 
tones is unchanged. T. J. Harris\ after testing over 1,600 cases with the Hartmann-series 
of tuning-forks, agreed with PoUtaer- that while in diseases of the middle ear the upper 
limit of hearing is as a rule scarcely altered, in diseases of the inner ear the upper limit 
is more affected than the lower limit of hearing. With greater caution H. A. Alderton* 
had previously ocmcluded that the upper limit was disturbed to a greater degree in 
internal than in middle ear-disease, and that in combined disease of the middle and in
ternal ear the most maiked changes occurred in that limit Berold*, on the other hand, 
has urged the extreme view that high tones are conducted to the internal ear indepen
dently of the ossicles of the middle ear. so slightly impaired did he find the audibility 
of such tones in cases of destruction or of anchylosis of the ossicles. As I have aheady 
said, I made no attempt to diagnose affections of the internal from those of the middle 

» AreUte* of OMsyy, VoL nvi . 1897, pp. 1—85. 
» Arch. / . OhraMk. Bd. vi. 1871, S. 43. 
» Arehite* of Ototegy, VoL n v . 1896, n>. 43 ff. 
* refer i fmbioaeUe PrUfiag d. memseU. GtkSnry., Wieab^dai, 1897, S. 121. 
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ear among the divers of Murray Island. It is possible, as I have suggested, that the 
great and sudden changes of air-pressure in the middle ear arising from deep diving may 
in certain cases have affected the labyrinth as well as the tympanic membrane. 

TABLE XXII. 

A«e 

16-19 

1 
1 

20-29 

i 

1 

i 

30-39 i 

1 

Murray Island 

Name 

Charlie (Pasi). 

Bera 

Class 

G 

F 

E 

i 
Zarob B 

Tapau 

Dubwai 

Poi 

Komaberi, jun. 

Jimmy Wailu. 

Gauul 

Babelu 

Mabo 

Oroto 

Jimmy Rice... 

(4 

C 

A 

G 

G 

B 

E 

B 

D 

F 

D 

G 

Whistle-
length 

2-25 

2-05 

3-22, 2-75 

2-75 

3-50, ? 

2-00 

2-86 

4-00, 3-08 

3-50 

2-87 

3-80,3-18 

4-09, 3-52 

3-65,6-07 

3-25, 2-94 

3-10 

3-51 

2-60 

Aberdeen
shire 

Whistle-
length 

1 

2-27 

2-27 

2-11 

2-90 

2-86 

2-60,3-00 

2-35 

2-42 

Age 

30-39 

40-49 ; 

50-59 

i 

over60 

Murray Island 

Name 

Billy Kuris ... 

Gi 

Pasi 

Smoke 

Jimmy Dei ... 

Tibi 

Azd 

Kriba 

Alo 

Komaberi 

Wali 

Class 

A 

B 

E 

G 

A 

B 

B 

A 

A 

C 

C 

A 

D 

C 

E 

G 

G 

Whistle-
length 

2-84 

6-23, 5-40 

4-44,5-50 

2-73 

3-31 

i 

4-80, 3-52 

3-62, 2-96 

4-25 

7-12, ? 

5-25 

3-94, 5-75 

3-13 

4-39 

4-00, 6-00 

5-87 

616 

Aberdeeu-
sbire 

Whistle-
length 

— 

2-82 

7-00, 3-25 

2-38 

3-28 

4-22,5-27 

3-44 

406 

4-12, 5-27 

4-00, 3-47 

If the Murray Island and Aberdeenshire adults be compared, irrespectively of any 
aural lesion or disease produced by diving or other causes, the following results are 
obtained. (Two men. Groggy and Kriba, have been omitted.) 
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TABLE XXIII. 

Age 

16-19 

20-29 

30-39 

40-49 

over 50 

Murray Island 

2-25 

3-00 

3-17 

3-53 

4-68 

Aberdeenshire 

— 

2-22 

2-63 

3-19 

3-77 

I 

The following table gives the average whistle-length in millimetres, at which the 
highest tone could just be heard by those adults of Murray Island and Scotland who, so 
far as I could judge, had normal hearing in one or both ears. 

TABLE XXIV. 

Age 

16-19 

20-29 

30-39 

40-49 

over 50 

Murray Island 

2-15 

2-58 

2-84 

3-00 

3-86 

Aberdeenshire 

— 

2-22 

2-63 

2-93 

3-77 

CONCLUSIONS. 

The results given by the Murray Islanders are very nearly identical with those given by 
the people of Aberdeenshire (Tables XXI. and XXIV.). Possibly the small existing differences 
in favour of the latter would have been absent, had it been possible to take observations 
on a greater number of subjects. The children of both communities hear a higher tone 
than the adults, the upper limit of hearing becoming gradually lower with increase of 
years'̂ . 

1 Cf. Zwaardemaker, Arch. f. Ohrenhlk. Bd. xxxii. 1891, S. 53 ff.; Ztsch. f. Psych. Bd. vii. 1894, 8. 11 ff. 

.;v 
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4. THE SMALLEST PERCEPTIBLE TONE-DIFFERENCE. 

The determination of the least perceptible difference of pitch among a primitive 
people has not hitherto been attempted. Recent experiments in this direction upon 
Europeans have been usually confined to select classes of observers, and have had some 
other end in view than the mere determination of least perceptible differences. In most 
cases they have been performed upon trained observers', to investigate tone-memory, to 
discover the smallest appreciable deviation from untempered intervals, to find out how 
far the Weber-Fechner law holds good for judgments of tone-differences in various regions 
of the tone-range, or the like. Occasionally they have been performed less precisely 
with the pianoforte upon exceedingly unmusical people', their aim then being to determine 
what proportion of errors such observers would make for relatively gross differences of 
pitch. The only investigations, so far as I know, which resemble my own in having 
been conducted on an entirely unselected group of subjects, are such as were made by 
J. Allen Gilbert' upon school-children. Unfortunately our respective methods of tone-
production and general procedure are so different that a comparison of our results is 
altogether impossible'. 

The influence of experience and of musical abiUty upon the smallest perceptible 
tone-difference is, of course, enormous. W. Preyer", for instance, remarked that even with 
little practice a difference of eight vibrations per second became appreciable between 
tones of the once-accented octave (c' = 256 vibr. per sec), produced by his metal tongues; 
while he found that a highly practised observer could detect a difference of about 
0-3 vibr. per sec, a limit which Luft" and his colleague, v. Tchisch, using tuning-forks, 
later reduced to 0-232 and 0229 vibr. per sec. for the same tone-region. 

I was compelled to devote a considerable part of my time in Murray Island to 
seeking a suitable method of experiment, as I found that the procedure adopted by 
earlier workers either was described by them in insufficient detail or was too complex 
or too unreliable, for me straightway to begin work with my tuning-forks on the Torres 
Straits islanders. Neither the method of right and wrong cases nor the method of the 
just perceptible difference as used in experimental psychology proved to be in and by 

• Cf. H. K. Wolfe, in Wundt's Philosophische Studien, Leipzig, Bd. m. 1887, S. 534 fl.; E. Lnft, ibid. 
Bd. IV. 1888, S. 511 fi.; L Schisehm&nnow, ibid. Bd. v. 1889, S. 558 S.; C. Lorenz, ibid. Bd. vi. 1890, S. 26 ff.; 
M. Meyer, Ztsch. f. Psych. Bd. xvi. 1898, S. 352 ff.; Angel and Harwood, Amer. Joum. of Psych., Vol. xi. 
1899, pp. 67 ff., Vol. xn. 1900, pp. 58 ff.; etc. 

' Cf. C. Stnmpf, Tonpsychologie, Leipzig, 1883, Bd. i. S. 313 ff. 
' Studies from the Yale Psych. Laboratory, Vol. ii. 1891, pp. 40 ff. A comparison of the results obtained by 

the use of gradually changing (continuous) and of interrupted (discrete) pitoh-difl̂ renoes has been attempted 
by L. W. Stem, ZUeh. f. Psych. Bd. xxi. 1899, S. 371 ff. 

' Other methods, all more or less unsatisfactory, are described by Percy Hughes, Psych. Rev. Vol. ix. 1902, 
pp. 603—609. 

• Physiolog. Abhandlungen, Veber d. Gremen d. Tonwahmehmung, Jena, 1876, 8. 26—S7, where a bibliography 
of the earlier work will be found. 

' Loc. cit. S. 532. Joachim and another violinist could even appreciate an interval of " about the ŷ îth 
part of a semitone" in the same tone-region, according to - G. Engel, Aesthetik d. Tonkunst, Berlin, 1884, 
8. 294—295. 
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itself free from objection. Finally I adopted a modified form of the latter, a method 
which is to a certain extent a combination of both methods, which works sufficiently 
simply and reliably for me to recommend it to futui-e workers in this field. I have 
described it in detail below. 

In order to obtain comparative data, I found it necessary to repeat with the same 
tuning-forks and with the same procedure a similar series of experiments upon an 
unselected group of Europeans. For this purpose I visited a small village of Aberdeen
shire, where in the course of several weeks I examined the hearing of twelve Scots 
children and twenty-one adults. 

The general education of the Murray Island children was not very different from 
that of British school-children. They had been taught European airs in class-time, and 
sang them with remarkably correct intonation. Consequently the results obtained in my 
experiments on the children of Murray Island and of Aberdeenshire allow of very close 
comparison. The adults, however, stand on a different footing. The island school-children 
were more used to singing European than Papuan airs; the adult islanders, on the 
other hand, confined themselves almost entirely to the latter, their knowledge of European 
music being generally limited to church-hymns. Many of the Aberdeenshire adults 
examined belonged to a highly educated class. Six of them played a musical instrument, 
and of these three had had the valuable previous experience of tuning the violin, and 
one the violoncello. The musical, unmusical, and doubtfully musical subjects are grouped 
separately; but I ought to add that at most only one or two could be termed ' highly 
musical.' Several of the Murray Islanders examined passed as composers of various native 
songs. The drum was the only instrument by which their songs were ever accompanied. 

PROCEDURE. 

I used two forks of the same pitch, c' = 256 vibrations per second. An arm of one 
of the fctfks (called hereafter the variable fork) carried a sliding metal bar which could 
be firmly clamped at any desired position. The arm of this fork being graduated to 
scale, its pitch could be made to vary at will by definitely great or small amounts from 
that of the other or fixed fork. 

After my return to England, I estimated the vibration-number of the tones of the 
variable fork by directly counting the beats produced by sounding it with a fork of 
known and nearly equal pitch \ The fixed fork was assumed to give a tone of exactly 
256 vibr. per sec. The beat-counting was done on several cool summer days. Repeating 
it in warmer weather, I obtained results which were not sensibly different. I have therefore 
assumed that any alterations in pitch, due to changes in temperature during these 
determinations and during the experiments described later, affected the fixed and variable 
forks equally and hence produced no appreciable change in the size of their interval. 
In order to estimate the larger intervals, a third fork of intermediate pitch, the relation 

1 My thanks are due to Mr J. F. Cameron, of Gonville and Caius College, for help from the mathematical 
side and to Mr G. T. Bennett, of Emmanuel College, from whose considerable experience in beat-counting 
I obtained much assistance. 
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of which to the fixed fork had been previously determined, was introduced and sounded 
with the variable fork. Finally the largest intervals were determined by weighting the 
third fork with wax. 

220 

226 

23t 

236 

241 

246 

251 

256 

I I I 1 I I I • I I / 
I 

I 
I 

; 
. . ,— 

2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17 16 

FIG. II. 

From a mathematical study of these results (Fig. 11), there can be no doubt that 
they are to a sufficient approximation correct. At the lowest and at the two highest 
of the eighteen positions of the clamp, the vibration-frequencies were theoretically 
calculated from the form of the curve obtained by determining the vibration-fi-equencies 
at the sixteen remaining positions. Estimated in this way, the pitch of the various 
tones, which were presented to the individual under investigation, is here given: fractions 
of vibration-numbers are disregarded, except in the case of tones differing by less than 
five vibrations per second from the pitch of the fixed fork. 

25600 (= fixed fork), 255-86, 25567, 25520, 254-75, 25400, 25301. 252-00, 
250, 249, 247, 244, 242, 240, 237, 234, 231, 227, 220. 

In my preliminary experiments on the Murray Islanders I mounted the forks on 
resonance-chambers and played them with a violin-bow. I found however that fer better 
results were obtained by dispensing with the resonance-chambers and striking instead 
of bowing the forks. For it was important to produce sounds which were time after 
time of approximately constant intensity, so that inequalities in loudness might not 
mislead the subject's judgment of a difference of pitch'. A little practice enabled me 

> Cf. Stumpf, Tonpsychologie, Bd. i. 8. 237. 

H. Vol. II. Pt. II. 21 
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to overcome this difficulty satisfactorily. Moreover, I took care invariably to listen myself 
to the forks before applying them to his ear, rejecting sounds which for any reason 
appeared undesirable. The experiments were conducted in a small secluded room, tolerably 
free from external noise. The subject always sat with his back towards me. In one or 
two suspicious cases his eyes were kept closed; but it is quite certain that the islanders 
invariably disregarded the movements of my hands, depending for their judgment solely 
on the nature of the sounds which were presented to them. Sometimes the fixed, some
times the variable fork was sounded first; the influence of the order of presentation 
of the forks will be discussed later. The forks were allowed to sound only with very 
moderate intensity, whereby the possible influence of accompanying overtones was reduced 
to a minimum. The two forks were successively held about 15 centimetres from the ear, 
each sounding there for about two seconds. The interval between the withdrawal of the 
first and the presentation of the second fork was likewise about two seconds, during 
which the second fork was being thrown into vibration'. The subject was asked, 
immediately after the second sound had been withdrawn, which of the two he considered 
the higher, and occasionally (see next page) whether he thought they were of the same 
pitch. His answers were given thus:—" first one high," or " second one high," or " both 
all same," according as a judgment of difference or of identity had been formed. Save 
in a few early experiments and in one or two suspicious cases alluded to hereafter, the 
same sound was never given twice consecutively; there was always therefore a difference 
(i.e. a musical interval), and when the subject returned the answer "both all same," he 
failed to detect it. 

After numerous trials of various methods, I found that the experiments were best 
conducted in the following manner. Having assured myself that the subject thoroughly 
understood what was required of him, I began by presenting an interval so large that 
he could not fail to appreciate it. Next, I rapidly and roughly arrived at an interval 
which was too small for his correct appreciation. I worked then gradually towards the 
discrimination-threshold from a point at a little distance above it. Having, reached and 
passed below the threshold, I gradually increased the interval between the forks again, 
until once more I arrived at the point of just perceptible difference. At each position 
of the clamp I applied the two forks at least five times (unless the pitch-difference in 
question was clearly well above or below the threshold), and I was not satisfied that 
the subject had correctly appreciated the interval unless he gave at least four of five 
successive answers correctly at the corresponding position of the clamp. To determine 
the effect of practice, many of the adults and nearly all of the children were examined 
during the following six weeks on two or three (in two cases on four) different occasions. 
Here the method of procedure was usually modified. I began the experiment by 
presenting an mterval distinctly smaller than that which the previous experiments had 
shown to be (for him) the least perceptible. From that point I gradually increased the 
mterval until I had passed above the threshold. Once again I diminished the interval 
until 1 had finally determined a new threshold. 

> Angel and Haiwood {loc. cit. fp. 67 ff.) found that there was little or no falling off in accuracy of 
judgment with increase of time-intervals within certain limits. - accuracy of 



THE SMALLEST PERCEPTIBLE TONE-DIFFERENCE. 1 5 9 

Twenty-three male adults apd twelve boys were investigated in Murray Island. 
With two exceptions, I had no difficulty in making them reahze the distinction between 
a high and a low tone. It was as a rule sufficient to produce several times on the 
forks two quickly following sounds more than a tone apart. A few subjects, mostly 
adults, were very slow in comprehending even this difference; but with them in the 
end I succeeded, by repeatedly singing a very high and a very low note, asking them 
which was the higher. There can be no doubt that in these experiments their judgment 
of pitch-differences was being exercised for the first time. The two adults, who after 
repeated attempts proved useless for my experiments, were Smoke, and Harry, the elder 
Maraus. The latter, possibly from lack of will, seemed quite unable to understand what 
was required of him. The former could generally appreciate a difference of pitch in 
sounds not less than three tones apart, but was even then uncertain in the lower tone-
regions; he resembles many "pitch-deaf" people in Europe. 

Each sitting lasted from twenty to thirty minutes. It was broken off earlier whenever 
signs of fatigue were manifested; these could readily be detected. Considering how 
monotonous and wearisome the islanders must have found the work of judging between so 
many successive pairs of sounds, they bestowed upon it a remarkable degree of attention. 
Of all • our physiological and psychological experiments, this estimation of the least 
perceptible pitch-difference was certainly the most distasteftil to them. I endeavoured 
in many cases to increase their interest towards the close of the sitting, by telling them 
if their judgments were right or wrong after I had, without so doing, arrived at an 
approximate determination of the threshold. I have carefully noted in the tables the 
cases in which the threshold was changed by this procedure. 

Judgments of identity ("both all same") were treated as wrong judgments. They 
were not often given, owing doubtless to the form which my question took. I always 
asked, " Which one you think high ?" save when the subject was clearly hesitating. Then 
I encouraged him with the remark, "Perhaps you think him all same?" It is, however, 
possible that the answers "first one high," when the second fork was really the higher, 
and vice versa, were occasionally due to accidental inequalities of tone-intensity. Yet 
such inequalities must have affected right and wrong judgments equally often. 

I cannot confirm the experience of Preyer^ Wolfe' and others who, employing the 
vibrations of metal tongues, could observe indefinable differences between two nearly 
unisonant tones, while they were still unable to judge which of the two was the higher 
or the lower. I find myself here in agreement with Max Meyer', and, although disbelieving 
in his d priori argument, am inclined to attribute the phenomenon, as he has done, to 
difference of quality (i.e. to the presence of unequal numbers and intensities of overtones) 
in the tones produced. Konig* and others held that tuning-forks can produce sounds 
absolutely free from overtones. Later work', however, makes it more than doubtful if 
any source of sound can be devised that does not simultaneously generate at least the 
first overtone. During the many thousand occasions on which I listened to the above 
tuning-forks, I have repeatedly but always unsuccessfully endeavoured to detect a difference 

' loc. cit. S. 34 " loc. cit. S. 542. 
' loc. dt. 8. 359—360. * Annalen d. Physik und Ghemie, Bd. OLVII. 1876, 8. 177. 
5 Cf. Stumpf, ibid. N. F. Bd. LVII. 1896, S. 660. 

21—2 
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of quality between the tones produced by them. I have also vainly asked my musical 
subjects (none of whom, however, was probably as 'highly musical' as I am), if they 
could detect any such difference. There can, of course, be no doubt that, ceteris paribus, 
a clamped and an undamped fork of identical pitch do not produce the same overtones 
with equal intensity. But, as I took care to sound the forks only with moderate loudness, 
I cannot believe that this was a disturbing factor. Even in the case of the Aberdeenshire 
adult P., during his third sitting, I could still further lower the clamp' so as to produce 
a no longer appreciable tone-difference; whereas, if his judgments had depended on 
differences of quality instead of on differences of pitch between the tones, he would still 
have been able to make a constant distinction between the forks. 

I t is surprising how distinct is the demarcation of the threshold by the use of 
the above-described method. Three examples, taken almost at random irom. my note-book, 
will show with what clearness the point of just perceptible difference is usually indicated. 

R indicates a right answer, w a wrong answer, s a judgment of identity. The vibration-
number of the fixed fork was 256, as already mentioned; that of the variable is given, each 
time it was changed, hi, Ih indicate the order of application of the forks, according as the 
higher preceded or followed the lower fork. The letter A shows the point where I began 
to tell the subject if his judgments were right or wrong. 

Jimmy Dauar. June 30th', a.m. First sitting. Least perceptible diflFerence, 14 vibr. per sec. 

237, A?R, A^R, ZAE, UiK, Ih^; 247, Ihvr, hi Vf, Ihvr, hi yf, Utvf; 
240, Ihw, MR, W R, hi R, OIR; 242, his, Ih R, MR, MR, Ih Mf; 
244, Ihw, Mw, MR, MR, hlw; . A, 244, Ihw, hlw, MR, M W; 

242, M w, Ih R, hi R, Ih R, Ih R, IHR; 244, Ih R, hi w, M w, Ih w. 

Capsize. July 17th, a.m. First sitting. Least perceptible difference, 14 vibr. per sec. 

234, MR, MR, Ih R, Ih R, MR; 247, M w, Ih R, Ui a, M w, Ihs; 
237, MR, IhR, IhR, MR, IhR; 240, IhR, MR, Ih R, Ih R, Ih'k; 
242, IhR, MR, MW, MR, MW; IhR, IhR, M w, IhR, MR; 244, M w, 
Ih R, hi w, Ih w, Mw; Ik w, hi w, Ui w, MR, MW; A, Ih R, hi w, Ih w, 
IhR, IhR; 242, hlw, MR, M W, Ihw, IhR; 240, MR, IhR, IhR, 
Ih B, M R. 

CharUe (Pasi). May 31st, p.m. Second sitting. Least perceptible difference, 4 vibr. per sec. 
253-01, Ihs, IhR, IhR, Ihw, Ihw; 252-00, Ihs, M w, M R, Ih R, Ih R, 
IhR, hlw; 250, MR, IhR, IhR, MR, IhR; 252-00, IhR, IhR, MR 
Ih R, Ihs; 253-01, IhR, Ms, hi w, Ih s, M s. ' 

The data furnished by these experiments in Murray Island and in Scotland are 
presented m a concise form m the four following tables. The columns L, L L' L' etc 
give the vibration-frequency of that tone, produced by the variable fork, which 'could 
jus t be adjudged correctly lower than the fixed tone (c' = 256 vibr. per sec) produced 

' The zero-point for the clamp was situated a short distance above the point of origin of the arms of the fork. 
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TABLE XXVII. Murray Island Adults. 
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Name Age 

Charlie (Pasi)... 16 

Ber6 , 17 

I 
Madaa 

Tapau ; 

Dubwai 

Meiti 

DickTui 

Jimmy Rice ... 

Mabo 

Charlie Boro ... 

Oroto 

Billy Gasu 

! 

Pasi 

Capsize I 

Smoke 

Tibi 

Alo 

Kriba 

Komaberi 

18 

20-25 

20-25 

26-30 

30-35 

30-35 

30-35 

30-35 

35-40 

35-40 

40-^5 

40-45 

40-45 

45-50 

46-60 

45-50 

50-55 

50-55 

Azd I 55-60 

Ulai \ 65-60 

i 
Harry [Mamus], over 60 

234 

247 

240 

237 

242 

249 

240 

244 
247 A 

240 

237 

237 

237 

242 

240 

? 

240 

240 

240 

242 

240 

240 
2 4 2 A 

•Ni 

7—11 
17 

12—16 
16 

16—20 
~ 6 0 ~ ^ 

6—10 
37 ^ 

44^-48 
48 

27—31 
38 

29—33 
54 

45—49 
- 5 3 - ^ 

17-21 

11—15 
35 ^! 

11—15 
41 ' 

12—16 

26—30 
- 5 5 - ^ 

14—18 

51—55 
- 6 4 - ^ 

21—25 
"^51^^ 

18—22 
- 4 3 - ^ 

21—25 
~ 5 0 ~ ^ 

16—20 
30 ^ 

34—38 
~ 5 8 ~ ' 

i . 

252 

244 
2 4 7 A 

253-01 

247 

249 

242 

224 

240 

242 

J^, 

8—12 
28 

51—55 
- 6 0 - ^ 

30—34 
42 ^ 

9—33 
61 

31—35 

36—40 
- 6 4 - ^ 

28—32 

16—20 
30 

31—35 
- 5 9 - ^ 

254-75 

249 

247 
2 5 0 A 

^ 8 

60—55 

6—10 

60—64 
- 6 4 - ^ 

Remarks 

First sitting in
complete. 

Felt 'sleepy' at end 
of third sitting. 

Very slow at learn
ing what was re
quired. 

Tired at end of 
third sitting. 

Slow at learning 
what was required. 

Possibly a little 
tired before second 
sitting. 

Learnt unusually 
quickly. 

See p. 169. 

Slow at learning 
what was required. 

See p. 159. 
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TABLE XXVIII. Aberdeenshire Adults. 

I 

«a 

s 

Identification-
letter, Sex 
and Age 

' A. ? 16 

B. ? 24 

C. ? 25 

D. (J 30 

E. <J 33 

F. J 35 

G. (? 35 

H. ^ 37 

J. ^ 43 

K. ^ 43 

L. <J 43 

M. (J 45 

N. $ 35 

0 . S 45 

P. <? 50 

Q- ? 27 

E. (J 28 

S. ^ 33 

T. (J 33 

V. ^ 34 

W.S 47 

i i ' 

244 

237 

253-01 

252 

249 

249 
2 5 0 A 

237 

237 
2 4 0 A 

240 

240 

253-01 
254-75 A 

254 

250 
253-01 A 

249 

254 

254 

252 

252 

249 

254 
254-75 A 

250 
2 6 2 A 

^ i ' 

16—20 
45 ^ 

21—25 
45 ^ 

21—25 
33 ^ 

50—54 
61 ^ 

18—22 
30 ^ 

31—35 
41 ^ 

26—30 
35 

26—30 
35 ^ 

21—25 
43 

16—20 
29 ^ 

56—60 
68 ^ 

36—40 
55 ^ 

25—29 
33 ^ 

38—42 
45 

21—25 
49 ^ 

41—45 
50 ^ 

42—46 
67 

36—40 
45 ^ 

11—15 
38 ^ 

26—30 
37 ^ 

36—40. 
A 

45 

L,' 

... 

... 

... 

... 

... 

237 

250 

252 

265-67 

250 
2 5 2 A 

... 

N,' 

... 

... 

16—20 
34 ^ 

... 

t 

16—20 
.30 ^ 

1 6 - 2 0 
- 3 5 - - ^ 

19—23 
63 

• •. 

19—23 

... 

... 

w 

... 

... 

244 
2 4 9 A 

... 

... 

... 

... 

256-20 
255-86 A 

• ** 

263-01 

... 

... 

iV,' 

... 

... 

52—57 
61 

... 

... 

49—53 
- 57 ^ 

t • • 

16—20 
30 ^ 

1 
1 Remarks 

What was required had 
to be re-explained at 
each sitting. 
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by the higher fork. The columns N^, N^, N^', N^', etc., contain fractions, the denominator 
of which expresses the number of times the two forks were presented at the sitting, 
the numerator showing where in the series the five judgments of the least perceptible 
tone-difierence occurred. L and N apply to the Murray Islanders, L', N' to the 
Aberdeenshire folk. X„ i , ' , N,', etc. show whether it is the first, second, third, etc. 
sitting of the subject. Where the letter A occurs in the N or N' columns, it -implies 
that towards the close of that sitting the subject has been each time told whether his 
judgment is right or wrong. Where the letter A occurs in the L or L' columns, it follows 
a figure which gives the alteration in threshold occasioned by this procedure. The figure 
in the same square immediately above, unaccompanied by the letter A, shows the threshold 
determined at that sitting before the procedure of confirming or correcting the judgments 
was begun. Where A occurs in the If columns, and not in the L columns, it signifies 

249 gg 'TQ 
that the threshold was not altered. Thus L,' =;—- A, N,' = A, means that an 

252 75 
Aberdeenshire subject at his first sitting was presented with the two forks on seventy-five 
occasions, that he was able to appreciate a difference of (256 — 249 =) seven vibrations 
per second, that after being told that his judgments were right or wrong, he could detect 
a still smaller difierence of (256 — 252 =) four vibrations per second, and that the (at least 
four) correct judgments of the latter pitch-difiierence were given between the sixty-sixth 
and seventieth presentation of the pairs of forks. 

THE ORDER OF PRESENTATION OF THE TONES. 

Here, as in nearly all our experimental work among the Murray Islanders, it was 
impossible to obtain introspective information of any value. But an objective examination 
of the five thousand judgments of tone-diffierences, which I obtained in the Torres Straits 
and in Scotland, undoubtedly shows that by some (whom I will call Class I) a greater 
number of correct answers was given when the fixed fork was presented first, by others 
(Class II) a greater number of correct answers was given when the variable fork was 
presented first, while many subjects (Class III) appeared wholly uninfluenced by the 
order in which the forks were sounded. 

I find that of thirty-one Murray Island adults and children, twelve belonged to 
Class I, seven to Class II, and twelve to Class III. In Scotland the proportions were 
very similar. Of thirty-four, fourteen belonged to Class I, six to Class II, and fourteen 
to Class III. 

I give two examples of Class I and of Class II fi-om Aberdeenshire and Murray 
Island. As before, R indicates a right, w a wrong answer, s a judgment of equality. 
The fixed fork vibrated 256 times per second. The frequency of the variable fork is 
given each time it was changed. The letters hi, Ih, indicate the order of presentation 
of the forks, the higher preceding or following the deeper fork. 

H. VoL n. Pt. IL 22 
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CLASS I. 

Aberdeenshire. 

S. 253-01, IhB, MR, Ih a, Ma; 252, Iha, IhR, MR, IhR, Iha; 250, IhR, 
Ihs, MR, MR, IhR, IhR, IhR; 252, Iha, Iha, MR, MR, MR, MR, 

Ihs; IhR, M R, M R, MR, IhR; 253-01, Ih R, hi R, hi a, hi R, Ih a. 

Murray Island. 

Abau. 240, Ihw, IhR, Jd a, IhR, MR; 237, Ihw, MR, Iha, IhR, MR; 
234, IhR, MR, IhR, IhR, MR; 237, Ihw, MR, MR, IhR, IhR; 
240, Ih w, M R, Ih w, M R, IhR; 240, Ih w, Ih w, M B, Ih w, M w. 

CLASS I I . 

Aberdeenshire. 

P. 255-86, Iha, Ma, Mw; 255-67, Ihw, hlw; 255-20, IhR, MR, MR, 
Ih a, IhR; 254-75, Ih R, Ih R, M a, M w, Mw; 25400, Ih R, hi R, hi R, 
MR, IhR; 254-75, MR, Ma, IhR, IhR, hlal; 255-20, IhR, MR, 
Ma, IhR, MR; 255-67, IhR, hlw, MR, Ih R, MRI; Ma, IhR, Ihw, 
MR, hlw; hlw, IhR, MR, M w, Ih R, Mw; 255-86, Ih R, M R, M W, 
Ih R, Ih B, IhR; 255-9 11, Ih a, hi w, Ih E, Ih w. 

Murray Island. 

Jimmy Rice, jun. 

244, Ih w, Ihw; 242, Ih w, M w, hi w, Ih R, Ih R, Ih R, Ih R, hlw; 
240, IhR, Mw, MR; 237, IhR, IhR, MR, MR, IhR, MR; 242, IhR, 
hi w, M w; 240, M w, hi R, M R, Ih R, Ih R; 242, Ih B, M B, M R, 

Ih w, M w, hi w. 

I t will be seen that of the answers given by the two subjects in Xilasa I, 87 % 
and 83 7o '^^^^ correct when the fixed fork was presented first, while only 50 "/o in each 
were correct when the variable fork was presented first; and that of the answers given 
by the two subjects in Class I I , 81 7o ^^d 75 7c were correct when the variable fork was 
presented first, while only 43 °/„ and 47 7o '"^^re correct when the fixed fork was presented 
first. 

The influence of the order of presentation of the two forks is seldom noticeable 
at the first sitting. I t does not usually appear until the subject has had some practice 
in determining small difierences of pitch. Possibly I have somewhat over-estimated 
the number of persons whose judgments were found to be affected by the order of 
presentation. But before deciding on each case, I went carefully through the results of 
every sitting, and ruled out several apparent instances, which were really due to an 
accidentally preponderating number of one particular order of presentation in the 
neighbourhood of the smallest perceptible tone-difference. 

To what these differences of behaviour are due, whether some subjects form an 
absolute pitch-impression, whether others retain or recall an auditory image of the first 
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tone for comparison beside the second tone or whether their judgment is based on 
differences of more or less sub-conscious adaptation, I cannot as yet decide. In Scotland 
one of my adult subjects, M, informed me that the discrimination appeared easier if 
the fixed fork were sounded first: he returned nearly 67 7o correct answers under these 
conditions, but only 25 7o when the variable fork was sounded first. He thought that 
practice had enabled him to recognize the fixed fork as soon as he heard it, and that 
it was easier to judge between this and the variable fork, if the recognition of the 
former had preceded the hearing of the latter. However, when I sounded one of the 
forks singly and asked him if he could say whether it was the fixed or the variable 
fork, he seldom returned a correct answer. On the other hand, the Aberdeenshire 
adult P, whose answers I have recorded above, thought it far easier to detect a pitch-
difference if the variable fork were sounded first; two others were unable to discover 
that their decisions were in any way influenced by the order of presentation of the forks. 

Unfortunately the two forks which I used were so arranged, that the fixed fork 
gave always the higher, the variable fork always the lower tone. It would be interesting 
to observe the effect of reversing these conditions; indeed it would be imperative to 
do so, before one could attempt to interpret the significance of the infiuence of order on 
the judgments of comparison of two nearly identical tones. It may be, as SchischmAnnow' 
has suggested, that a rise of pitch can be recognized more easily than a fall. It may 
be that this is complicated by the factor that more correct judgments are given 
when the variable follows the standard than vice versa, or again wide individual 
differences of type may exist, as Martin and Miiller" have observed in their experiments 
upon the comparison of weights. But a further discussion of the meaning of these 
results is impossible until a more extended series of experiments has been made. 
All I would here point out is that the Murray Islanders and the Aberdeenshire 
people show no apparent differences in the way they are affected by the order of 
presentation of the tuning-forks. 

CONCLUSIONS. 

Two important considerations must not be forgotten, in concluding firam Tables 
XXV XXVIII that the adults, and to a less extent the children, of Aberdeenshire 
surpass the people of Murray Island in their power of distinguishing two tones of 
nearly identical pitch. 

In the first place, as I have before pointed out, the results given by the children 
of the two districts are more comparable with one another than are those given by 
the adults. 

Secondly, owing to their greater inattention and for other reasons, a smaller 
number of experiments was made on certain islanders, especially upon the children, 
at their first sitting than on the Aberdeenshire folk. 

I t becomes difficult, therefore, fi-om the above data to deduce a numerical measure 
» loc. cit. a. 698. However, L. W. Stem {Ztich. f. Psych. Bd. xxi. 1899, S. 376) on inadequate grounds 

oonolndes that a fall of pitch is more easUy recognized than a rise, so long as the pitoh-ohange is discontinuous. 
' Zur Analyse der Unterschiedsempfindlichkeit, Leipzig, 1899, § 6, S. 29 fi. 
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of relative pitch-discriminability in the primitive and civilized races. Some idea, how
ever, of the existing differences may be gained, if we dismiss from consideration (i) the 
results given by those subjects, on whom the number of observations made at their 
first sitting did not exceed thirty, and (ii) the improved results, gained by telling 
the subject if his judgments were right or wrong. After these eliminations, we find 
that the average difference of vibration-frequency (=A) just distinguished by the adults 
of Murray Island and of Aberdeenshire at their first sitting is 15*4 and 7-6 vibrations 
per second respectively, and that the average difference just distinguished by the 
children of Murray Island and of Aberdeenshire at their second sitting is 12-6 and 
4-7 vibrations per second respectively,—i.e., in each case a difference of nearly 8 vibra
tions per second between the Papuan and the Aberdeenshire peoples for the tone 

c. Accordingly the absolute discriminative sensibility ( = -r) of the Murray Island 

adults and children is 0-065 and 008, that of the Aberdeenshire adults and children 
is 013 and 021. 

It is noteworthy that, excepting Smoke and Harry, all the 68 subjects readily 
distinguished an interval less than a tone. Of the six, who in each community failed 
with an interval just exceeding a semitone, three had only one sitting, two showed 
subsequent improvement, and one remained stationary. 

As would perhaps be expected, the improving effect of practice is greater among 
the adults of Murray Island than among those of Aberdeenshire. The weak discrimi
native sensibility of the former is probably due to their lack of familiarity with 
European musical notes, precise intervals and instruments. But they show themselves 
capable of becoming quickly adapted to their new experiences ̂  On the other hand, 
the effect of practice among the island children is rather less evident and less con
tinuous than in Aberdeenshire. 

The influence of the order of the presented tones hardly needs reconsideration here. 
Both in Murray Island and in Aberdeenshire preference was more often shown for 
hearing the fixed fork before the variable than for the reverse sequence." The subject 
requires fuller investigation before it can be discussed further. 

Finally, the general results of these experiments are not without interest from 
the standpoint of comparative music. For if it be supposed that smaller intervals are 
employed by primitive than by civilized communities—if, for instance, third- and 
quarter-tone music be at all widely spread among savage peoples—we should expect 
them to show evidence of extremely high sensibility to minute differences of pitch. 
That this is not the case, so far as the Murray Islanders are concerned, is shown 
by the experiments described in this section. Nor could it be expected, since the 
intonation of native songs by the older men was often so variable and so inaccurate, 
that the intended intervals were only evident when several islanders sang them' 
together". 

' It is noteworthy that both Preyer {loc. cit. S. 37) and Wolfe {loc. cit. S. 569) found that the improving 
effect of practice in discriminating minute intervals did not simultaneously faciUtate the discrimination-power for 
larger iutervals. 

' A description of their music will follow in volume iv. 



III. SMELL. 

BY CHARLES S. MYERS. 

1. OLFACTORY ACUITY AND DISCRIMINATION OF 
ODOUR-STRENGTHS. 

I T is certain that most travellers have been struck with the acute sense of smell 
possessed by the barbaric hunters with whom they may have associated. Paulitschke*, 
for example, reports of the Somalis that their keenness of smell "equals that of the 
best sporting dogs. With dilated nostrils they scent the game..." And many instances 
of like observations could be quoted. Some affect to attribute the cause of this ol&ctory 
hyperacuity to the wideness and flatness of the nostrib in the lower races. A different 
explanation is offered by Althaus*, "Doubtless the olfactory nerve is as highly useful 
to man in his natural condition as to beasts, and the peculiar pigment, which surrounds 
the endings of this nerve and appears to assist in an easier resorption of odorous substances, 
is even now better developed in the coloured and savage races than in the Caucasian, 
among whom the nerve itself appears attenuated." Ribot accepts the prevailing view: 
"in the human species savage races have a characteristic fineness of smell in which 
they approach the animal world*." 

On the other hand, Hyades* declares that among the Fuegians the sense of smell 
is little developed. Lombroso and Carrara", the only observers that have hitherto at
tempted to estimate the acuity of smell in a primitive people, write of the Sudanese 
Dinkas,—"Contrary to what is believed to hold among savages, their smell was obtuse; 
nearly all failed to recognize an odour until the fourth solution (1 : 2000) of the essence 
of cloves had been reached, while three of them could not recognize any odour in the 
entire series; but," as they rightly remark, "imperfections of language may be partly 
reeponsible for such difficulties." Although, of course, it is possible that considerable 
differences in olfiictoiy acuity exist among the primitive races of mankind, there are, 

> Ethnograpkie Nordost-afrikas, Berlin, 1896, Bd. n. S. 3, 3. 
' Arch. f. PsyeMatrie, Bd. zn. 1882, 8. 134. 
> VHtridite Ptyehologique, Paris, 1883, p. 44. 
< Uistion Scientifique du Cap Horn, Tome vn. Paris, 1891, p. 307. 
• CcmtribuU) alV Antmpologia dei Dinka. Bttr. dagU Atti della Soe. Rom. di if ntrap., VoL rv. Fasa ii. 1897, 

p. 19. 
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as we shall later see, other i«asons which will satis&ctorily account for this diversity 
of opinion on the subject. 

The experimental data, of which this section is the outcome, were obtained almost 
exclusively in Murray Island. The mode of life of the islanders, and their lack of 
animal food, made it a priori improbable that use would have developed their sense 
of smell to any high degree, a prediction which is borne out in the following experiments. 

EXPERIMENTAL METHODS. 

So little work has been done in ol&ctometiy generally, and its inherent difficulties 
are so great, that mv investigations among the Morray Islaiiders were pnmanly directed 
rather to the discovery of suitable methods for future experiments than towards an 
estimation of the acuity of their smell-power. 

I had hoped to be able to use Zwaaidemaker'a oI&ctometer>. This instrument 
consists essentially of a glass tube bent at lig^t angles near one end which is inserted 
into the nostriL Onr the longer horizontal part of the glass tube slides an equally 
long, closely fitting, hollow cylinder of odormis material, which can be adjusted so that 
any length of the cylinder projects beyond the further end of the glass tube. Whoi 
tbe cylinder is pushed ' home' upon the tube, the subject breathes in odonrleas air 
(a wooden screen preventing the odour of the cylindo- from directly reaching the noee). 
When the cylinder is pulled out, a certain amount of odoriferous air readies tiie 
nostrils, tihe strength of the odour depending on the length of cylinder exposed. Die 
cylinder may be of a certain caoutchouc or gutta-percha oompositicHi which has nearly 
uniform odour-sti«ngth: or it luay be made of pure kaolin-porcelain, which before tise 
requires to be steeped in any desiiv^ fluid of known concentration. With this instrument 
Zwaardemaker and other workers have made important contributions to the physi<d<^y 
of smelL It is, however, \&j unsuitable for work of the kind upon which I was 
engaged, where the attenti<Hi of the subjects immediately flaggei^ as soon as thev 
disliked or lost interest in the experiment to which they were submitted, and where 
dieir visits to us. as has been already pointed out in the introductory chapter to this 
volume, were so irr^ular. The Murray Islanders entertained a great objection to 
inserting the glass tube of the olfiu!tometer within their nostrils. The odour of the 
caoatchoac and gutta-percha cylinders was fiur too stnng to determine tlieir olfitctoiy 
acuity. The pwcelain tubes demanded the frequent preparation of dilute odorous 
solutiwis. The glass tubes required careful cleaning after each experimmC Altogether 
it was impofisiMe to use the <d&ctomeier in Murray Island, and recourse was necessarv 
to sicume otho- fivm of ej^eriment which could be more qoickly made readv and be 
nKsre easily used even at the sscrifioe of greater accuracy. 

After this it need haidly be pcnntod out that the diluti<m of known volumes of 
odurous gases or Tâ poms with air, ;is practised by Valentin*, Passy*, and others, wer^ 

» H. Z v u i i i m l i i . Die rkgiiehtie da Germekt. Le^ing, 1895. S. S5 ff. 
» Onnrfras der PiaifihjiL, Btvufvv^ IsA^ S. 515. 
» irjmafe ptfthiUjitue, P»ris, IsSfi, p, 37S. 



SMELL. 171 

methods likewise impracticable under the conditions in which we were working. The 
one method of sufficient simplicity and promise that remained lay in the preparation 
of variously diluted solutions of a given odorous substance, by smelling which the 
olfactory acuity could be roughly measured. In such forms of experiment, it is true, 
one cannot hope to maintain a constant odour-strength in the solutions employed. A 
certain loss is inevitable whenever the vessels are unstoppered for the subjects to smell 
them. One cannot guarantee that the solutions shall have precisely the same strength 
as had those of former series, when they have to be prepared afi-esh. For then-
preparation involves a variable (and important although infinitesimal) amount of adhesion 
of the more concentrated solutions to the walls of the vessels in which the latter are 
diluted. In such forms of experiment, too, it is impossible to arrange that the several 
subjects who are to smell the solutions shall regulate their breathing in exactly the 
same way so as to be equally affected by the odoiu:. Moreover, as will be shown later 
(pp. 178, 179), the passage of the individual fi-om smelling one odorous solution to smelling 
another solution weaker or stronger than the former involves difficulties which are not 
to be overlooked. Finally we are wholly uncertain of the relation between the con
centration and the odour-strength of solutions of odoriferous substances. I t would be 
altogether wrong to suppose that the intensity of the olfactory stimulus is directly 
proportional to the strength of the solution employed. As yet we are without objective 
test of the strength of a given volume of odour-laden air. We only judge of its 
strenglih subjectively by the sensation which it produces, and in smell, perhaps more 
markedly than in most of the senses, increase in strength of stimulus produces a change 
not only in intensity but also in quality of sensation'. A colour-stimulus if sufficiently 
intense appears white. Such changes in quality were observed by me in the valerianic 
acid experiments described below, and very probably by one of the Australians (p. 184) 
to whom a weaker and a stronger solution of camphor suggested two different odours 
with which he was familiar. 

In my first experiments with odorous solutions (Series A and B), I made use 
of valerianic acid, a substance which had been previously employed in olfactometrical 
experiments. Owing, however, to the extreme lack of permanence of the odour, the 
results proved to be very unreliable unless solutions were fi:eshly prepared for every 
few sets of observations. Finally, my choice rested on Japanese camphor (Series C, D, E), 
a comparatively stable smell, which was quite familiar to the islanders, many of them 
having in their possession camphor-wood chests*. 

My initial difficulties in finding an odourless water were best met by the use of 
rain-water. The distilled water, which I had brought out from England, and the 
water from the wells of the island proved as useless as might be expected. Owing 
to its rubber fittings I could never distil a water free of smell from a metal con
denser which I had brought with me. Even rain-water soon acquired some smell in 
Murray Island. As it was not always possible to get sufficiently fresh rain-water, some 

1 Cf. J. Passy, C. R. de la Soc. de Biol. 9^ S6r. Tome iv. 1892, p. 854. 
2 Camphor has since been likewise recommended by Toulouse {C. R. de la Soc. de Biol., ll*"" S£r. Tome i. 

1899, p. 379 et passim), who uses aqueous solutions of known strengths. He believes that his solutions (the 
weakest being 1 : 10,000,000,000,000) can be kept for weeks without sensibly losing strength. This is not my 
experience. My solutions were freshly prepared every two or three days. 
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allowance must be made for the greater difficulties under which the Murray Islanders 
worked. 

I used to keep a saturated solution of camphor in rain-water within a closely 
stoppered, wide-mouthed quart bottle. Several small pieces of camphor-block were 
always floating on the surface of the liquid, which was shaken fi:om time to time. 
When a little of the solution was run off and filtered for use, more water and camphor 
were put into the bottle. By this means I maintained a stock solution, which, when 
filtered, had a sufficiently constant (i.e. its maximum) strength of smell. The proof of 
its uniformity is best illustrated by the fact that both in Murray Island and in Scotland 
I experimented on the same individuals on two or three occasions with solutions pre
pared at different times, and I found the results to be surprisingly constant. The 
method, of course, makes no pretence to extreme accuracy, no allowance, for instance, 
for changes of external temperature, and like disturbing factors. 

It might be thought desirable to have substituted an alcoholic camphor solution 
of known strength in place of the above-mentioned aqueous solution. But it seemed 
likely that such a stock-solution would vary from time to time in smell-strength, partly 
owing to alcoholic evaporation while the stock-solution was standing on the shelf, partly 
owing to the escape of odoriferous particles whenever the bottle was unstoppered for 
purposes of decantation. Moreover, an aqueous solution of an odorous substance is 
always preferable to its alcoholic solution. 

Detailed methods of experiment are given in the next section. The cylindrical glass 
tubes which I used were such as are familiar to collectors of natural history specimens, 
having a capacity of one ounce, measuring 7-5 cms. in height and 2-5 cms. in diameter. 
The tubes of the various series were identified by number-labels adherent to their bases. 
They were quite indistinguishable from one another to the subject who was under 
investigation. 

So far as possible, those islanders were selected who had not very recently been 
smoking and were not suffering fi-om colds. 

In every series and at nearly every sitting, control-experiments were made on one 
or more members of the expedition. 

Beside the experimental data, obtained fi-om Murray Island, in Series D and E, 
I have grouped the results of investigations made by me later, under conditions as 
precisely similar as possible, upon an equal number of adults and children in Scotland. 

EXPERIMENTAL DATA. 

SERIES A. 14 boys of Murray Island. 

20 minims of a freshly made mixture of 5 minims of valerianic acid in 15 ounces 
of water were diluted with water to 4 ounces. Of this diluted solution, half a dram 
was transferred to tube Vt, 1 dram to tube DJ, 2 drams to tube v^, 4 drams to tube' v^. 
Tubes Vi, «j, and v, were further diluted with water so as to contain 4 drams of 
solution. Four tubes, w*, w^, w^, w^, each contained 4 drams of well-water. 

The tubes were presented in the following order:—Wt, Vtt i»„ v,, »,, w^, Vi, Wj. 
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The boys were asked if they smelled water or something else in each tube. The water 
was not quite tree fi-om smell. Consequently, in some instances (enclosed in brackets 
in the table below) it was impossible to decide whether or not the valerianic acid 
had been really detected. 

TABLE XXIX. 

Name 

Apori 

Pol (Pasi) 

James 

Jimmy Bice .. 

Biskak 

Abau 

Loko 

Jimmy Dauar., 

Charlie Ako .. 

Tom (Maboali) 

Johnson 

Babelu 

Depoma , 

George (Pasi).., 

Age 

14 

13 

13 

m 
11 

11 

9 

10 

Hi 

m 
12 

10 

10 

11 

" 4 

E 

B 

E 

E 

E 

E 

E 

W 

W 

W 

(E) 

(W) 

W 

W 

"a 

E 

E 

E 

E 

R 

(R) 

B 

E 

(R) 

(R) 

(B) 

(W) 

W 

W 

n 

E 

B 

E 

B 

B 

E 

B 

B 

E 

E 

E 

B 

E 

(B) 

" i 

B 

B 

E 

E 

E 

E 

E 

E 

R 

E 

B 

E 

E 

E 

On a subsequent occasion three of the above boys were again tested, and along 
with them an adult islander and a European (J . B.). 

TABLE XXX. 

Name 

Qeorge (Pasi)... 

Pol (Pasi) 

Jimmy Dauar.. 

J. B 

Age 

II 

13 

10 

45-50 

40 

" 4 

W 

B 

"W 

(W) 

W 

"s 

(E) 

B 

E 

(W) 

E 

"a 

E 

E 

E 

E 

B 

" i 

B 

B 

B 

E 

E 

H. Vol. n . Pt. IL 2a 
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SERIES B . 

Four tubes containing valerianic acid solution and four containing water were pre
pared as in series A. They were presented in the reverse order, the stronger before 
the weaker solutions. The resulting judgments, however, were not sufficiently numerous 
to indicate more than an approximate equality in the results given by the island adults 
and children. 

SERIES C. 9 men and 8 children of Murray Island. 

The experiments described in this and the following series gave far greater promise 
of definite results than the preceding. 

They were conducted with four cylindrical glass tubes of which two were filled 
with camphor solution and two with rain-water. The four tubes were placed in a row, 
each a foot's distance apart from its neighbour. About thirty seconds before the subject 
was asked to smell the tubes, a solution of camphor was put before him, so that he 
might afterwards recognize its odour. He was told that of the four tubes one or 
perhaps more than one tube had a camphor-Uke odour and that the others contained 
merely water. Four times the order of the tubes presented' was changed, while the 
subject's back was turned. In this way, each individual smelled the series of four 
tubes five times. About five seconds were allowed to elapse between the presentation 
of successive tubes, in order to prevent the onset of fatigue. The tubes were placed 
on a table, before which the subject sat. He was allowed to smell them in the way 
which seemed best to him, but was told not to touch them with his hands. 

In series C, two of the four tubes contained 4 drams of water, the third contained 
30 minims, the fourth 15 minims of the filtered saturated aqueous solution of camphor. 
The experiments were not repeated in Scotland. 

SERIES D . 16 men of Murray Island, 16 men of Aberdeenshire. Table XXXI. 

Four tubes as in series C, the first two containing 4 drams of rain-water, the 
third and fourth respectively containing 7^ and 3f minims of the stock- camphor solution' 
in 4 drams of water. 

SERIES E . 6 men and 12 children of Murray Island, 6 men and women, 12 children 
of Aberdeenshire. Table XXXII. 

Six tubes were used, a, fi, y, S, e and f, containing camphor solutions of the 
following strengths. Tube a contained 4 drams, y8 2 drams, y 1 dram, S 30 minims, 
e 15 minims, f 7^ minims of the filtered saturated aqueous solution. The last five tubes 
were diluted to 4 drams with water*. 

Tubes a and ^ were first presented, and the subject. was asked to indicate the 
stronger-smelling solution. The subject then turned his back for a moment, while the 

> These aolations were prepared by filtering fifteen minims of the stock solation into four drams of water. 
The mixture was weU stirred. Two drams were then removed to a glass tube containing two drams of water! 
The remaining two drams were then diluted with an equal quantity of water. After stirring, two drams of 
this latter mixture were removed to the fourth glass tube containing two drams of water. 

• It seems that a simiUr series of solutions had been already used by Nichols and BaUey {Nature 
Vol. xxxT. 1686-7, p. 74), but the details of their results have not been pubUshed. ' 
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tube, which he had judged to contain the weaker solution, was presented along with 
tube 7. Next he considered the relative strengths of these two solutions; the weaker 
was then given with S, the adjudged weaker of these with e, and the adjudged 
weaker of these with f. Whenever the subject had any hesitation in forming an 

TABLE XXXI. 

Adult Murray Islanders 

Name 

Joe Brown... 

Alo 

Babelu 

Dick Tui, , 

Pal 

Pol 

Age 

55-«0 

65-60 

56-60 

50 

46 

40^5 

40 

36 

30-36 

30 

25 

26 

25 

25 

20-25 

19 

Average of 16 Adult Islanders 

Number of right answers 

Stronger 
solution 

S 

5 

6 

4 

4 

5 

5 

6 

4 

4 

6 

6 

5 

5 

4 

6 

4-7 

Weaker 
solution 

6 

5 

3 

2 

3 

3 

4 

3 

4 

3 

6 

5 

3 

2 

3 

1 

3-4 

Aberdeenshire Adults 

Age 

53 

40 

40 

40 

35 

35 

34 

33 

27 

25 

25 

25 

23 

20 

20 

18 

Av. of 16 Aberdeen
shire Adults ... 

Nnmber of right answers 

Stronger 
solution 

5-

5 

4 

5 

6 

5 

5 

5 

6 

5 

5 

5 

5 

1 

5 

5 

4-7 

Weaker 
solution 

4 

4 

2 

1 

6 

5 

4 

5 

4 

5 

4 

6 

1 

0 

4 

4 

3-6 

opinion, he was allowed to pass two or three times to and fi-o firom one to the other 
of each pair of the presented solutions. Where the final decision was obviously un
certain, the same pair was presented three times and the balance of the three judgments 
was taken. The interval between the withdrawal of one pair of tubes and the presenta
tion of the next pair was about ten seconds. 

In this way five different pairs were presented to each subject. The right or 
wrong answers given (judgments of equality being grouped with wrong judgments), 

23—2 



176 ANTHROPOLOGICAL EXPEDITION TO TORRES STRAITS. 

are shown in the five consecutive columns of the following table. If a wrong answer 
be entered in one column, the individual has a far greater chance of answering rightly 
in the next. For if 8 were wrongly adjudged weaker than e, 8 would be given next 
accompanied by .̂ 

TABLE XXXII. 

Murray Island. Aberdeenshire. 

Name 

Ulai 

Kriba 

Jimmy Dei... 

Charlie Boro 

Marv •ii i 
Jimmy Bioe 

Tom (Tanu) 

Qeorge (Pasi) 

Abau 

Harry 

Jimmy Dauar 

Age 

55-60 

50 

45-50 

40-^5 

35 

30 

14 

13J 

13 

13 

12i 

1 4 

H i 

11 

11 

10 

10 

\r..r»i^. /Adults... 
JN umber 

of wrong • 

answers: 

Boys 

Girls 

Total 

I. 

E 

W 

B 

E 

B 

E 

W 

B 

E 

E 

B 

E 

E 

E 

R 

E 

E 

E 

I 

0 

1 

2 

n. 

W 

E 

E 

R 

W 

E 

E 

E 

E 

E 

E 

E 

B 

E 

E 

W 

B 

B 

2 

1 

0 

3 

HI. 

E 

E 

E 

R 

R 

E 

W 

W 

R 

R 

E 

B 

E 

B 

E 

B 

B 

B 

0 

0 

2 

2 

IV. 

E 

B 

W 

E 

E 

W 

E 

E 

E 

W 

E 

W 

B 

W 

E 

B 

R 

E 

. 2 

3 

0 

5 

V. 

B 

E 

E 

E 

R 

B 

W 

R 

R 

E 

R 

R 

E 

B 

E 

E 

E 

E 

0 

0 

I 

1 

Letter, Sex 
and Age 

A. ^ 46 

B. (J 34 

C. ^ 25 

D. 9 20 

E. ? 19 

F. 9 18 

G. ^ 14i 

H. <J I 2 | 

L 9 12 

K. 9 12 

L. 9 11} 

M. 9 11} 

N. 9 10} 

0. <J lOi 

P. 9 10 

Q. 9 10 

B 3 9i 

S. <J 8} 

I. 

B 

B 

B 

E 

B 

E 

E 

B 

E 

E 

B 

E 

W 

B 

E 

"W 

E 

E 

0 

0 

2 

2 

II. 

E 

W 

E 

B 

E 

E 

W 

E 

B 

R 

E 

R 

E 

E 

E 

B 

E 

E 

1 

1 

0 

2 

m. 

E 

E 

B 

E 

E 

E 

W 

R 

E 

W 

E 
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CONCLUSIONS. 

For two reasons the interpretation of these data is exceedingly difficult. In the 
first place, no series contains a sufficient number of examined individuals. For, although 
at different times I obtained about sixty sets of observations, for the most part fiwm 
different islanders, these sets are distributed over the five series in no two of which 
are the experimental conditions the same. Secondly, in spite of these firequent modifi
cations of experiment, I reached the close of my stay in Murray Island, as it will be 
seen, without having made use of a wholly satisfiictory method. 

There are, however, few experiments of which it can be said that they teach 
nothing. In the preceding and in the following pages I have pointed out the drawbacks 
and imperfections of each method of investigation. I t remains to present the few 
general conclusions, which can be legitimately drawn concerning the comparative acuity 
of smell among Murray Islanders and among Europeans. 

The disadvantages attending the use of valerianic acid in series A and B have 
been already alluded to (p. 171). The solutions of these two series were made up with 
well-water, rain being very infi«quent in Murray Island at this time. The well-water 
had a smell which was no doubt very femiliar to the island childreiL With a few 
exceptions they quickly recognized the smell of the valerianic acid solutions. With t;, 
before them, they would often say that it had a smell like ««, identifying also », with 
v, or », with Wa. Series A was devised to determine the approximate threshold at which 
the dilute acid could be detected trom water. The table shows considerable individual 
variations in smell-acuity, nearly half the boys failing with the weakest solution, a much 
smaller proportion with the next stronger solution, while all succeeded with the two 
strongest solutions. Of the three boys on whom this series of experiments was repeated, 
two gave the same and the third gave somewhat improved results. Series B was 
planned with a view to determining the differences brought about, when decreasing 
instead of increasing strengths of the valerianic acid solutions were succeesively presented; 
but owing to the evident superiority of camphor solutions, I passed on to the later 
series before sufficient data had been collected. I t appeared to me impossible to repeat 
experiments in Europe which would be &irly comparable with these two series, because at 
this period of our stay in Murray Island there was no sufficiently odourless water at hand. 

Series C showed similar individual variations. Of nine adult islanders two had 
distinctly subnormal acuity, four were worse than, three were equal to two members 
of the expedition (W. H. R. R. and A. C. H.), whose acuity was investigated at the same 
time. Of eight island children, one had distinctly subnormal acuity, five were worse 
than, two were better than, the same two Europeans. The children gave results perhaps 
slightly better than those of the adult islanders. Neither children nor adults showed 
so high a degree of anosmia as a third member of the expedition. 

At first sight the general averages of the results in series D appear to be not 
very different in Murray Island and in Scotland. But I must emphasize once again 
the difficulty I had of procuring a sufficiently odourless water in the Torres Straits, 
even where as in series C and D rain-water was used. In Murray Island everything 
seemed to have a smell. I am convinced that the test in series C and D consequently 
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fell more heavily there than in Aberdeenshire. This is confirmed by some investigations 
on a member of the expedition (W. H. R. R.), who in Murray Island gave an average 
of 4-5 and 3-5 right answers respectively for the stronger and weaker solutions of series 
D, but in Aberdeenshire gave all ten answers invariably correct on three different 
occasions. If now, using this observer as our standard, we compare the 16 Murray 
Islanders in series D with him, we find that the olfactory acuity of three is decidedly 
defective, of seven is slightly worse than, and of six is better than his. Comparing 
the 16 Aberdeenshire adults in the same series with the same standard observer, we 
find that the olfectory acuity of four is decidedly defective, of seven is slightly worse 
than, and of five is equal to or better than his'. 

As has been mentioned, the order of the four tubes in series C and D was 
changed for each of the five sets of judgments. I t happened almost invariably that 
in one set the weaker of the two solutions of camphor followed immediately upon the 
stronger. In series D this occurred 14 times to Murray Island adults and 20 times 
to Aberdeenshire adults. On 8 of these occasions both peoples failed to detect the 
weaker solution, a possible indication that the Murray Islanders found greater difficulty 
than the Aberdeenshire adults in perceiving a faint after a strong smell. 

In series E an attempt was made to test the discrimination of odour-strengths 
in Murray Island and in Scotland. At first sight it would appear that, if the intensity 
of stimuli varied with the concentration of the solutions, each individual should have 
been as successful finally with the tubes e and f as he had been at the beginning 
with the tubes a and /8. For, however much the olfactory organs were fatigued by 
the time the last two tubes were reached, the difference of sensation by which the 
two solutions are discriminated should remain approximately constant. In point of fact 
more complex influences are at work. I t has been already pointed out that we have 
no proof that intensity of stimulus and concentration of solution are proportional to 
one another. Moreover, owing to the subject's subnormal acuity, natural or induced by 
fatigue during the experiment, the odour of the two weakest solutions may fall below 
the threshold; finally his attention and judgment may have become worse, or practice 
may have made his answers more reliable than they were at the beginning. 

An inspection of the table in series E shows that three or more wrong answers 
were returned only by one Murray Island child, Mary, and by two Aberdeenshire 
children, G. and N. The Murray Island children made fewer erroneous judgments than 
the Aberdeenshire children. On the other hand, the Aberdeenshire adults were more 
successful than the Murray Island adults. Unfortunately, the series is too small and 
the differences in odour-strength are too great for the data to bear further inter
pretation. But so far as they go, the results show no very remarkable differences in 
the behaviour of the two communities to the same experiment. 

In Aberdeenshire I tried a few experiments on the same individuals on various 
occasions, using in one series' 15 and 7^ minims, in another 7^ and 3f minima (diluted 
as usual to 4 drams with water) and in both series two other tubes of plain water. 

' It is of course possible that the larger number of wrong answers given by this observer in the Torres 
Straits resulted partly from impaired health, but I have no doubt that it was chiefly due to the lack of 
odourless water above mentioned. 
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The results showed that the 7^ minims-solution was identified far more fi-equently, if 
presented in company with the weaker, than when accompanied by the stronger solution. 
This dependence of the successful detection of an odoriferous solution upon the relative 
intensity of odoriferous solutions presented in the same series with it was also indicated 
in Murray Island. Its importance in olfactometric experiments can scarcely be overrated. 
For this reason the majority of the determinations made by Mr Seligmann in Mabuiag 
are incomparable with my own, as he generally used three instead of two different 
strengths of camphor-solution in one and the same series. He did, however, investigate 
six individuals of Mabuiag and Badu according to the method of series D, and he 
obtained an average of 4'8 and 42 right answers for the stronger and weaker solutions 
respectively. So far as they go, these results are better than those given by the 
Murray Island and Aberdeenshire people. He also obtained 5 and 4, 4 and 1, 5 and 1, 
5 and 4 right answers fix>m four Australians of the Seven Rivers district, Queensland, 
using the same method. 

We may on the whole conclude, I think, that the average olfactory acuity is 
slightly higher in Murray Island and in the Torres Straits generally than in Aberdeen
shire, a smaller proportion of the islanders having obtuse and a greater number having 
hyperacute smell-power. The average acuity of the children of both communities seems 
sUghtly higher than that of the adults. 

But I would not lay too much stress in this section upon results, so far as 
comparative olfactory acuity is concerned. I have rather tried to show the drawbacks 
of each of the methods I took up, and to indicate the errors which future workers 
in this field may avoid. The sense of smell is the most difficult of all the senses to 
investigate, and I returned irom the Torres Straits, as I went to them, without having 
a wholly satisfiictory method at my command. But my several attempts to find one 
point in the same direction. I have no doubt that I should have obtained far more 
definite results had I introduced the various strengths of camphor solution (as Dr Rivers 
has since done with success elsewhere) singly, instead of two together, into every set 
of the four tubes employed in series C and D. The time taken up in the investi
gation of the islanders would have been much prolonged and the difficulty of finding 
them sufficiently at my disposal would have been somewhat greater. But, compared 
with previous methods, this procedure bids fair to yield the best results in olfacto
metrical experiments on primitive peoples. 
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2. MEMORY AND DISCRIMINATION OF ODOURS. 

In a paper, which was published during the year of our expedition, upon the 
people of the Mekeo district, British New Guinea, the following observation appears*, 
"As the islands of the Torres Straits are also in the vicinity of New Guinea, I may 
say that the natives of these islands, like the Australian Kanakas', have an exquisitely 
delicate sense of smell. Because of this faculty, it seems that they make excellent 
policemen or detectives....To track a man down, some object belonging to him, preferably 
his garment, is procured if possible. They smell at it and then start off in pursuit 
of the individual, whom they will readily recognize among several others because of 
his odour." During our stay in the Torres Straits none of us heard of this practice. 
Possibly it existed in the larger islands, but in Murray Island, at least, in which most 
of the following investigations were made, serious crime was exceedingly rare, the usual 
business of the court-house consisting of disputes about land and of charges of trivial 
assault. 

I asked Pasi, the younger Mamus [chief] of Murray Island, if he could distinguish 
islanders fi:om one another in the dark by the smell of their person. He said that he 
could not. I questioned also some other natives and obtained the same reply. Several 
men told me of their own accord, " White man got one kind smell, Murray Island man 
another kind," and once I heard added, " Mainland (Australian) woman got another kind." 

Feats, like those already alluded to in Father Guis' paper, were long ago recorded 
of the maroon negroes of the Antilles', who are said to distinguish their own tracks 
from those of a Frenchman by their odour, also of the South American Indians*, who, 
it is claimed, pursue their enemies by the same means. The American Indians, however, 
"possess an infinite number of divers drugs with which they cover themselves....These 
ointments, remaining for some time on the skin, become rancid....This odour is some
times so penetrating that it leaves a train and a trail wherever a man thus besmeared 
has recently passed. Seeing that by the sole means of smell Americans can rediscover 
the path taken by their fellow-countrymen through the forests, the Spaniards have 
attributed this professed cleverness (sagacitd pr^tendue) to a fineness of sense; but 
I am finally convinced that Europeans would soon acquire this power of discrimination 
if they lived long among savage people, and that there is nothing strange in the 
matter at all'." 

The Murray Islanders as a rule used no such perfumes except on occasions of 
native dancing, when they anointed themselves with coconut oil freely. Now and 
again cheap European perfumes were introduced from Thursday Island. The peculiar, 

' Le R. P. Gnis, "Les Canaques," Les MissioTts Catholiques, Lyon, 1898, Tome xxx. p. 178. 
' The word Canaques is very loosely used by this writer. 
» Le Cat, Trait€ des Sens, Rouen, 1740, p. 256. 
« Von Reck, Reise der Salzbwrg, Bd. i. S. 862, reference in Haller's Elementa Physiologiae Corporis Humani, 

Lausanne, 1763, Vol. v. p. 179. 
» De P***, Recherches philosophiques sur les AmSricains, Berlin, 1777, Tome i/-p. 171. 
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but not unpleasant, odours of the Murray Islanders, although occasionally the result of 
dirty garments, appeared to me very like (and were possibly due to) the odour of 
coconut oil, as a rule. Father Guis' remarks that the smell of an abundantly sweating 
New Guinea native is in no wise different fi-om that of a French regiment after a five 
or six hours' march. V. d. Horck" failed to find any special skin-odour among the 
Lapps. According to Hyades', the Fuegians cannot recognize by their smell either 
Europeans or natives of an opposite sex to themselves. There can be little doubt, however, 
that most coloured people, especially when unclean, emit a skin-odour which is sufficiently 
distinct fi:om that of Europeans to be generally recognizable*. 

This faculty of discriminating between and of remembering closely similar odours 
appears to be well developed among several non-European peoples. Our Malay boy in 
Sarawak was one day seen smelling the clean linen returned by our washerman, sorting 
it out according to the skin-odour of the wearer; and I am told that Chinese servants 
do the same. According to Sir Edwin Arnold', the most refined classes of Japan amuse 
themselves by competing in a game, wherein they have to identify certain scents 
emitted from a series of small packets which are burnt in succession. Perhaps ten 
such packets will be burnt; but three different scents are first presented to the company, 
and it is explained that these scents are equally distributed among the ten packets, 
so that three of the packets will emit one scent, three another, and three a third, 
while one of the ten packets will have an unknown odour, which must be identified. 

To what extremes practice can develop in ourselves the association of odours with 
strange ideas is well shown in some interesting experiments made a few years ago by 
Francis Galton*. " I taught myself to associate two whiffs of peppermint with one whiff 
of camphor, three of peppermint with one of carbolic acid, and so on. Next I practised 
at small sums in addition; at first with the scents themselves, and afterwards altogether 
with the imagination of them....In this way...I convinced myself of the possibility of 
doing sums in simple addition with considerable speed and accuracy by means of 
imaginary scents." 

Probably the mode of life led by primitive peoples and their general mental status 
combine to make them more aware of and attentive to the majority of external stimuli 
than we ourselves are. The intimacy of their acquaintance with the common, and 
especially the more useful, objects of their surroundings is often little short of marvellous. 
And, inter alia, their memory for odours and their power of discriminating between 
them become developed to a very high degree. The refinement of such faculties, to 
which attention has been already drawn, must in many instances be really responsible 
for the apparently exceptional olfactory acuity with which primitive folk have often been 
credited. A faint odour may be simultaneously perceptible to the civilized and to the 
uncivilized individual. To the latter I t will be fiiU of meaning and so will at once 
engage his attention; for the opposite reason it is apt to escape the notice of the 

' loc. cit. 
« Yerhdl. d. Berlin. Gesell. / . Anth., Ztschr. f. Ethn., 1876, Bd. vni. S. 54. » loc. cit., p. 210. 
* Cf. L6on Moncelon, BuU. de la Soc. d'Anth. de ParU, Sir. 3, Tome ix., 1886, p. 348; Mgr. le Roy, 

Les Missions Catltoliques, Lyon, 1897, Tome xxix. p. 90. 
» East and West, London, 1896, pp. 365—373. 
« Psychol. Review, Vol. i. 1894, pp. 61, 62. 

H. Vol. II. Pt. II. 24 
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former. A boat carrying a European is being paddled down a river of Sarawak by 
an Iban (Sea-Dayak) crew. Suddenly the natives stop and exclaim, " We can smell the 
durian fruit." But the European has ignored the odour until it is pointed out to him; 
even then he is doubtful if so faint a smell is really that of the durian. As the 
boat approaches the river-bank, the odour waxes until no doubt rests in the mind of 
any one who has ever smelled the fruit that it is growing in the immediate neigh
bourhood. Such an example (which actually occurred) affords proof not so much of 
the high olfactory acuity of primitive people, but rather of the manner in which their 
faintest olfactory sensations are fraught with meaning and are at once seized and acted 
upon. 

ODOUR-VOCABULARY. 

The number of words which we use to denote varieties of olfactory sensations is 
strikingly small, and is an expression of the scant value and utility of these varieties. 
It might be suspected that primitive peoples would have a better developed odour-
vocabulary. The Maories, for instance, appear to have eight different synonyms for the 
phrase ' to smell unpleasantly^' There are, of course, obvious difficulties in arriving at 
the meaning of native words which have no exact counterpart in European languages. 
The only opportunities which I had for studying the subject were in the course of 
certain experiments described below upon Murray Islanders, wherein various substances, 
chiefly scents of European manufacture, were presented to the islanders. Never once did 
an islander give a generic name: with one doubtful exception the odours were always 
likened to some special familiar odour. It is true that as the replies were partly 
expressed in English, one caimot be certain that generic odour-names do not abound 
in the Murray Island language. But had they been in common use, I should now and 
again surely have heard them''. 

COMPARISONS OF SCENTS AND OTHER SUBSTANCES. 

Observations on the Murray Islanders. 

In these experiments various scents and odorous substances, much diluted or mixed 
with water, were successively presented. Twelve men and one woman (named Sisi) were 
separately examined in Murray Island. After smelling each and before proceeding to 
the next, each islander recorded his opinion as to the nature of the odour, and expressed 
his like or dislike of it. In a few instances they attempted to range the solutions 
in order of preference. The series of scents was supplied to the expedition in solid 
form by Messrs Piesse and Lubin of New Bond Street, London. About six of them 
were presented in disregarded order to each individual. A sufficient time elapsed between 
the presentation of successive bottles to prevent serious disturbance from odour-contrast 
and the like. 

I t was obvious that all the islanders took a very great interest in the proceeding, 
' Bishop William Williams, A Dictionary of the New Zealand Language^ Auckland, 1892. 
' Mr Ray, however, tells me that semelag and gemelag {sem=aa unknown tree, gem=bodj, lag = amea or 

taste) are respectively used for 'stink' and 'perfume.' 
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giving their answers with the utmost care and deliberation. With one doubtful exception 
they replied to my question, "What smell you call that?" by describing it in terms 
of some odour with which they were familiar. In many instances a satisfactory com
parison naturally presented considerable difficulty. The individual would often run through 
various more or less likely odours aloud or in an undertone, until finally he fixed on one 
which seemed most closely to resemble that of the bottle before him. In many cases 
I have been unable to identify the plant or tree in the replies given below. In others 
I could obtain no answer save that it was a good smell or a bad smell.. 

The islanders examined were (i) Komaberi, (ii) Komaberi jun., (iii) Barsa, (iv) Jimmy 
Wailu, (v) Smoke, (vi) Jimmy Dei, (vii) Damper, (viii) Billy Kuris, (ix) Wasalgi, 
(x) Kriba, (xi) Pasi, (xii) Charlie, (xiii) Sisi. In the following paragraphs the answers 
are grouped together according to the scent presented, and each is preceded by a figure, 
so that by reference to the above list the individual who returned it may be at once 
identified. 

Camphor, (iv) Pain-killer = " medicine belong headache'." (iv) " China-box'̂ ." 
(v) Urine, (vii, viii) Pas\ (x) Water in which a tree has rotted, (xi) Arzer. 

Valerianic Acid, (i) Dead snake, (v) Saret = " banana kept long time." (vii) " Coco
nut stink" (=bad coconut), (viii) Biri (from New Guinea), (x) Obar finiit*. (xi) Ag&r 
kup (Ager is an aroid with acrid juice). 

Thyme, (ii) Paiwa'. (iv) "Close up (= very like) china-box"." (vi) "Belong big 
tree. New Guinea, yellow flower." (? = fi:angipaimi.) 

Sandal, (i, iii, vii, viii, ix) Sandal-wood (usually pronounced sanot). (iv) " Tree belong 
Fly River." (v, viii) Abal (= pandanus) fruit, (v) Kira-kira (? = gir-gir, nieaning pleasant), 
waiwi finiit (=Mangifera indica L.), sarik pas (=Andropogon Nardus L.). (x) Paiwa\ 

Benzaldehyde. (vii) Tibi pas (= Ocimum canum, Sims), (xi) Obag-obag. 
Jasmine, (i) Mar, a New Guinea plant, (xi) Abal. (xii) " Scents'." 
Violet, (ii, v) Mam-mam-mam-pas. (iv) Chemist's shop, (i) Kusibager (=a zingi-

beraceous plant, ? sp.). (ii) " Make him scents" (= material for scents). 
Verbena, (ix) Kira-kira (? = gir-gir, meaning pleasant), (xii) Sarik pas (= Andro-

pogon Nardus L.). 
Heliotrope, (v) Lever pas (= Ocimum basilicum L.). (vii, xi) Kozo. (viii) Kusi

bager (=a zingiberaceous plant), (x) Crushed mosquito. 
Vanilla, (ix) Kail finiit. 
Musk, (xiii) Kaba su^ (= banana juice). 
Asafoetida. (ii, iii) Bad coconut milk, (iv) The smell of a man's sores, (v) " Old 

coconut kept long time." (vii) Dead snake, (viii, x) Bad young coconut, (ix) "Fruit 
in Erub (Damley Island) belong you fellow" (= onion). 

' A popular patent medicine in the Torres Straits which is said to smell of camphor. 
2 The chests imported by the Chinese into Thursday Island are made of camphor-wood. 
» Some kind of Ocimum is probably here meant. Jukes {Narrative of the Surveying Voyage of H.M.S. Fly, 

London, 1847, Vol. ii. p. 288), however, translates Pas as peppermint-tree. 
* I cannot identify this tree but can testify to the aptness of the comparison. 
6 ' Paiwa' was applied to the Chili plant of Murray Island, but also (and here) to the Sandal-wood tree 

growing in the Fly River of New Guinea. 
« Occasionally the Murray Islanders bought bottles of perfumes at Thursday Island. 

24—2 



1 8 4 ANTHROPOLOGICAL EXPEDITION TO TORRES STRAITS. 

Caproic Acid, (vi) Putrid king fish. 
Civet, (i) Putrid pigeon'. (v, xii) Fajces. (vii) Dead man, dead pigeon, 

(vui, xi) Arger (= Callicarpa, ? longifolia). (ix, xi) Infant's fseces. (xii) Kuper-sor (= shell 
of whelk). 

Observations on the Western Islanders, Torres Straits. 

Fourteen men of Purim, Badu and Mabuiag (two of whom had South-Sea fathers) 
and one from Boigu, an island south of New Guinea, were examined in a similar but 
less extensive manner by Mr C. G. Seligmann in Mabuiag. The figures indicate the 
number of individuals who gave identical replies. 

Camphor. (2) pain-killer, (1) grass in swamp, (1) "medicine belong white man." 
(1) faecal smell. Not recognized by 8 men. 

Ocimum sanctum (Tokar). Recognized by 6 men, not recognized by 1 man. 
Iiinimentum terebinthae aceticum. (2) ants. (1) vriba (? = honey). 
Phenol. (1) " stuff Chinamen smoke" (? = burning opium). Not recognized by 

2 men. 

Observations on Australians. 

Mr Seligmann also obtained for me answers fi:om several men of the Seven Rivers 
district, Queensland. Even making allowance for their scant knowledge of English, he 
thought that they took far less interest in the experiment, and showed much less 
intelligence than the Mabuiag islanders. 

Camphor. (3) pain-killer, (2) swampy smell, (2) fruit (name unknown), (1) "scent 
belong oil," (1) urine, (1) horse's urine. 

Iiinimentum terebinthae aceticum. (2) ants. 
Ammonia. (1) urine, (2) woman's urine. 

General Results. 
• t 

In Murray Island, the examination of the thirteen individuals was spread over a 
period of four or five weeks. Here, at least, there can be no doubt that the individuals, 
who had already been examined, spoke freely meanwhile to those who had not about 
the various scents which they had smelled. Nevertheless, in spite of the preconceived 
opinions which may have thus been formed, those who were examined later showed 
just as much independence of judgment as those who had been examined before them. 
Indeed in these, as in many other of our experiments, the decisions of the islanders 
were remarkably unbiassed by suggestions from outside, and by any leading questions 
that might be asked at the experiment. For example, Billy Kuris, after some hesita
tion, compared heliotrope to kusibager. I hinted to Pasi, who was examined next, that 
perhaps he thought heliotrope smelled like kusibager. No, he replied, it smells more 
like kozo. Komaberi, who came after Pasi, denied that either kusibager or kozo smelled 
like heliotrope. Considering how easily our judgments of odours are modifiable by sug
gestion, this behaviour is certainly noteworthy. 

The Murray Islanders gave their replies with surprising readiness and assurance. 
My impression was that the old associations and new thoughts which the above odours 

1 All birds and insects were called 'pigeon' by the Murray Islanders. 
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awakened were more numerous and more vivid and were more rapidly evoked than 
they would have been in the case of Europeans tested under similar circumstances. If 
this be so, it is yet another expression of the high degree to which the sensory side 
of mental life is elaborated among primitive peoples (cf. pp. 44, 45, 181). 

Attention may be specially drawn to the apt comparison of the acetic turpentine 
liniment with ants, of ammonia with urine, of civet with faeces, of asafoetida with 
the onion, and of musk with banana juice. The comparison of sandal-wood with Andro-
pogon Nardus is of special interest, since the latter jdelds citronella oil, from which 
is obtained the aldehyde, citronellon (CioHigO). According to Zwaardemaker' the odour 
of citronellon closely resembles that of citral (CMHMO) contained in citron oil, and 
obtained as an oxidation-product of geraniol. The odour of sandal-wood is also allied 
to that of citral. Hence in this author's classification of odours ̂  the fourth sub-class 
of the second or aromatic class is made up of two groups, (i) geraniol, and (ii) citral, 
the latter of which includes citronellon and sandal-wood. 

The comparison of an ocimum with camphor and of Ocimum basilicum with helio
trope appears to be equally appropriate, for the plant is said to have a strong aromatic 
flavour, like that of cloves, and to yield a yellowish green volatile oil, which on being 
kept solidifies into a crystalline camphor, isomeric with turpentine camphor'. 

The fruit of Mangifera indica, compared by one observer to sandal-wood, is said to 
exude, just before ripening, a resinous substance with the odour and consistence of 
turpentined Sandal-wood and turpentine, according to Zwaardemaker, belong to different 
sub-classes of the same class of odours. 

Phenol is placed by him in the second sub-class of the sixth or empyreumatic 
class. Its odour was hence aptly compared with that of burning matter. 

Camphor was likened to decaying vegetation both by a Murray and a Mabuiag 
Islander, and by the Australians. By a Murray Islander and Australian it was also 
compared to urine. 

The only odours, which the Murray Islanders styled "bad smells" (adiid lag-lag), 
were those of asafoetida, valerianic acid and civet. The smell of these substances generally 
produced grimaces and often expectoration. Civet was undoubtedly the most repulsive 
of all. We had other evidence during our visit of the intense disgust of the Murray 
Islanders for faecal odours. However, valerianic acid was liked by Barsa and Smoke, 
while asafoetida was not much disliked by Billy Kuris, was at first pronounced a "good 
smell" («fe6e lag-lag) by Sisi and Dick Tui, and was persistently liked by Wasalgi 
and Smoke. Clearly, violet, musk and thyme were the favourite odours. Jimmy Dei 
begged for a present of some musk. Violet was preferred more fii-equently than any 
other substance, but there appeared to be no odour in Murray Island comparable with it. 

Among the Mabuiag and neighbouring Islanders and among the Australians, the 
odour of camphor and of the acetic liniment of turpentine was much more generally 
liked than disliked. 

So far, then, as these experiments go, they show that the people of the Torres Straits 
have much the same liking and disliking for various odours as obtains among ourselves. 

' Die Physiologic des Geruchs, S. 219. " Ibid. S. 234. 
» George Watt, A Dictionary of the Economic Products of India, Calcutta, 1889—96, Vol. v. pp. 441, 442. 
* Ibid. VoL V. p. 153. I am indebted to Mr R. H. Yapp of Gonville and Caius College, Cambridge, for 

these two references. 



IV. TASTE. 

BY CHARLES S. MYERS. 

Taste-names in Murray Island. 

SEVEN adults, Ber6, Dauai, Wanu, Lui, Jimmy Dei, Wasalgi, and Jimmy Rice were 
separately examined. I tested them with dilute solutions of sugar, salt, acetic acid, and 
quinine, applying the solutions usually in the order named. The tongue was first dried, and 
was then wiped with a piece of cotton-wool moistened with the solution. The individual 
closed his mouth and reported on the nature of the taste he experienced. 

I asked four islanders to range the solutions in their order of pleasantness. They 
all placed the sweet solution first and the bitter last. Two preferred the salt to the 
acid, one the acid to the salt solution, the fourth could not form a decided opinion. 
The distaste for the bitter solution was most obvious. Generally I used it last, as 
several of the islanders insisted on leaving the room in order to expectorate. 

The following is the Ust of taste-words obtained. 
Sweet. All gave the name debe lag-lag (=good taste'). Lui also suggested au 

geb-geb (=big, i.e. fully, ripe). 
Salt. All gave the name kurab-kurab, save Wanu, who described it as makakalam 

gur (=like sea-water). Jimmy Dei, Dauai and Wasalgi observed that it was "all same 
salt." Jimmy Rice used also the word zirab-zirab. .. 

Acid. Zirab-zirab' was given by Ber6, Jimmy Dei, and by Jimmy Rice, who 
explained that unripe fruit tasted zirah-zirab. Wanu described the solution as sus-sus 
(literally = juicy: sus = a,ny juice, e.g. milk: probably the word is applied here to the 
juice of sour fruit) and as kurab-kurab. Lui gave kebe geb-geb (= little ripe), urweri 
(=hot, «»- = fire) and kap-kap (apparently. = biting,—Jimmy Dei explained that a chili 
tasted kap-kap). Both Wasalgi and Dauai called acid kap-kap. Dauai suggested also 
kurab-kurab. Lui, Wasalgi and Dauai all agreed that the taste was zirab-zirab when 
I suggested the word. 

Bitter. Ber6 likened it to sus-sus (which he explained as the taste of juice obtained 
by squeezing the broken stem of certain plants). Wanu suggested makakalam (=like) 
kurab-kurab. Lui called it kap-kap, and finally kurab-kurab, which was also given by 
Jimmy Dei. Wasalgi called it kegar (1 meaning). 

I t mattered not in what order the four solutions were presented: all five indi
viduals showed great difficulty in making up their minds about a name for the bitter 

' According to Mr Bay, the root-meaning of lag (which is used for smell as well as for taste, cf. footnote, 
p. 182) is 'that which is wanted.' Kaka lag-lag=1 desire or am willing. 

• Mr Ray writes it zurab-iurab. Z in Murray Island was almost sounded as ds. 
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taste. On the other hand, the sweet taste has a most definite taste-name, de6e lag-lag. 
Kurab-kurab appears to be the usual word for salt, zirab-zirab for acid; but the two 
tend to be confused. 

Taste-names in Mabuiag. 

Mr Seligmarm has obtained for me the following taste-words: 
Sweet. Five men called the solution of sugar kapu mital, ka/pu nguki or kapu 

mital nguki (kapu = good, mita = taste, mital = tasty, mitalnga = aomethmg with a taste, 
nguki = waiter). One man called it mina mitalmga (mi?ia = real, 'proper'), another warn 
mitalnga (wam.= honey-comb), a third called it urabau nguki mitainga (urab = coconut). 

Salt. Seven men gave the name adabad or adabad mitalnga (adabad = salt water). 
One man styled it merely kapunga (=good thing). 

Acid. Four names were given, each by different men. Sasa teralnga (\/sasa = to 
pinch, tera = strong taste, teralnga = thing with strong taste). Seberarnga. Walipusi 
(meaning unknown). Pidi mitalnga (? ^id = black-bee)'. 

Bitter. Four men called it il mitalnga or ild mitalnguki (il = hi\e, iM = bile-like). 
Two called it adabad mitalnga (= salt), one teralnga (= thing with strong taste), and 
one katam mitalnga (katam = banana, ? here banana-skin). 

It will be observed that the Mabuiag people show the same peculiarities in their 
taste-vocabulary as in their colour-vocabulary (pp. 63, 64). They tend far more than 
the Murray Islanders to liken a given taste to that of some special substance with which 
they are familiar. The Murray Islanders usually choose a general name, implying ripeness, 
warmth, etc., while the former prefer (often, no doubt, on the spur of the moment) 
to name some particular object, e.g. honey, coconut-milk, or bile. Save for this, the 
two vocabularies are very similar. Sweetness has the best defined taste-word, saltness 
comes next. Acidity appears to have even a less definite name in Mabuiag than 
in Murray Island. 

GENERAL CONCLUSIONS. 

The results of this inquiry led me to study the taste-vocabularies of other peoples, 
a fairly extensive series of which I have by now collected, thanks to the ready help of 
known and unknown firiends abroad. I hope to discuss the subject in detail elsewhere, 
but there are one or two points of immediate interest to which I will refer here. 

The word for 'sweet' both in the eastern and in the western islands of the Torres 
Straits literally means 'tasting good.' It has this meaning in many different countries. 
In Europe the relation of ijSu? to rjBofiai, of suavis to suadeo and the manner of use 
of 'sweet' in early English seem to indicate that the original meaning of these words 
was 'giving a pleasant taste.' It is certain that the allied Sanskrit >^/svad primarily 
signified 'giving a nice or savoury taste,' and only later came to mean 'sweetI' 

' Mr Ray suggests that walipusi should read wati-puxi (toots=bad, puiii=to go down) and that pidi should 
read ipidad (=^bad). 

^ I owe to Mr H. M. Chadwick of Clare College, Cambridge, an interesting suggestion that the Indo-
Germanic svSdxis may have been related to su (=good) and ed (=to eat). 
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One of the Torres Straits Islanders called also salt a 'good' taste. In the Soudan, 
in Upper Guinea, in the South Victoria Nyanza, in Dakota, in the New Hebrides and 
elsewhere there are languages which similarly employ a common word (equivalent, perhaps, 
to ' tasty') for sweet and salt. Salt is so highly valued by primitive people that this 
need cause little surprise. The Baganda, according to the Rev. J. Roscoe, apply the 
words kuwoma and kawa to sweet, salt, acid, and bitter substances, according as they 
like or dislike them. Thus sugar, salted meat, and certain sour fruits which they eat 
with relish, are called kuwoma. Brackish water and quinine are called kawa. In Sanskrit, 
Persian and Arabic, the same word is used not only for the taste of salt, but also to 
denote lustre, grace or beauty. Coming still nearer home we have in Lithuanian 
saldus, in old Slavonic sladuku, in Russian sladkij, all of which mean 'sweet.' 

The word for saltness is usually derived fi-om the sea or from whatever be the 
source of the salt obtained. I do not know the derivation of the Murray Island word 
kurab. The Mabuiag adabad is probably derived from sea-water. In Murray Island 
there was some confusion between salt and sour or acid; both in Mabuiag and Murray 
Island there was confusion between bitter and salt. This is doubtless due to the fact 
that certain common tactile sensations may accompany each of these three tastes, varying 
from mere astringency to acridity and actual pain'. The same confusion of taste-words 
appears even in Europe. Thus, the peasants of Marchfeld, according to Mach'', call 
salt 'sour,' "because the expression salty is not familiar to them." So, too, in Lithuania 
suras (= Anglo-Saxon sur, sour) means ' salt.' 

The absence of a distinctive word for bitter appears to be very common. The 
Dinkas of the Soudan firequently described the bitter solution used in Lombroso and 
Carrara's experiments as 'salty'*. The same want of differentiation is to be met with 
in Maori arid in one of the dialects in the Solomon Islands. Indeed ' bitter' in England, 
like TTtKpo? in ancient Greece, was formerly used to denote 'biting,' pungent, sharp, 
saline, as well as truly bitter tastes. We still speak of the bitter brine and the 
Bitter Lakes. I am confident that many Europeans have a very indefinite notion of 
what bitterness really is. Several Aberdeenshire adults whom I tested had precisely 
the same difficulty as the Murray Islanders in giving a name tO the taste of the 
bitter solution.. Two of them could only describe it as a variety of acid taste. In 
colour-nomenclature the word 'grey' is often used in an equally loose fashion. I t is, 
however, remarkable that there should often be no distinctive word for bitterness, the 
sensation of which is now regarded wth such unanimity by physiologists as sui generis, 
differing from other taste-sensations as widely as the sensation of blue differs fi-om 
that of red. A similar state of things has been already met with in the colour-
vocabularies of primitive folk (page 53 ff.), where of two fundamentally different sensa
tions, red and blue, each of which is keenly appreciated, one receives, the other usually 
lacks a definite name. 

' OehrwaU, Skandinav. Arch. f. Physiol, 1894, Bd. u. S. 9; Kiesow, Beitr. zur physiolog. Psychologic des 
Geschmackssinnes, Leipzig, 1894, S. 8. 

" Contributions to the Analysis of the Sensations (Eng. Trans.), Chicago, 1897, p. 42, footnote. 
' Contributo all' Antropologia dei Dinka, Ettr. dagli Atti della Soc. Rom. di Antrop. Vol. iv. Ease. ii. 1897, 

p. 19. 



V. CUTANEOUS SENSATIONS. 

BY W . M C D O U G A L L . 

1. THE DELICACY OF TACTILE DISCRIMINATION'. 

IN devising the most suitable method for the investigation of the delicacy of 
discrimination of two points of the skin simultaneously touched, I was led by the 
following considerations. 

(1) The method should leave as little as possible to the subject, i.e. it should 
demand one or other of two simple replies only, and the accuracy of its results should 
be as far as possible independent of the impartiality and straightforwardness of the 
subject. 

(2) The procedure should be, as far as practicable, without knowledge on the 
part of the subject. 

(3) It should not attempt extreme accuracy, but should arrive as rapidly as possible 
at a rough measure of the threshold of discrimination; for the process possessed little 
intrinsic attraction for the subjects and they soon wearied of it. 

(4) It should be calculated to keep the attention and interest of the subject as 
nearly as possible at a maximum. 

(5) It was desirable to operate on skin-areas that are not liable to special education 
of tactile discrimination through employments; for it was a principal object of our 
work to discover, if possible, racial characteristics; and, since it has been shewn that 
tactile discrimination of the finger-tips is much improved by practice, especially such 
as results from certain employments', any racial differences in this respect would be 
liable to be obscured by differences in habits of life in the case of the skin of the 
hands and fingers. 

> My work as described in the following pages was carried out under the general direction of Or Rivers, 
and I take this opportunity to express my hearty thanks to him for sympathetic stimulus and constant 
helpfulness. 

• A Stem, Zur ethnographiechen Untersuchung des TasUinnes der Milnchener StadfbevMkerung, Miinchen, 
1895. 

H. Vol. n . Pt. U. 25 
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PROCEDURE. 

With these considerations in view I adopted after some preliminary trials the 
following procedure. I used a small pair of carpenter's dividers with blunt metal points, 
the intervals between the points being measured on a millimetre scale. These two 
points were applied to the skin simultaneously with light pressure lasting about one 
second. The subject was told to keep his eyes shut, and the area of skin operated 
on was fiirther guarded fi:om his view; it was necessary also to guard against hints 
that might be given by friendly by-standers, for the subjects tended naturally, and 
were encouraged, to submit to the process in the spirit of competition. He was 
told to say 'one' or 'two,' according as he judged that one or both points touched 
his skin. Everyone who has made this sort of experiment is aware that there is a 
certain narrow range of interval, in which the two points give a sensation that is 
different from the sensation of one point and yet is not the sensation of two points. 
The threshold that I sought was therefore, not that distance at which two points can 
be distinctly felt, but a slightly lower one, that distance at which they yield a sensation 
perceptibly different fi-om that yielded by a single point. 

One point was applied in every experiment about as frequently as the two points, 
for I found that in the absence of this precaution most subjects quickly began to 
answer 'two' at every application or at least in an undue proportion of cases. I t is 
usually considered sufficient in the case of educated subjects to introduce only occasional 
' Vexir-Versuche' in experiments of this kind, but my own experience leads me to 
believe that even the best trained subjects are liable to be biassed in favour of the 
more frequently repeated stimulus, and in the case of these savage subjects there could 
be no doubt about it. 

I always began a series of observations with the two points at such a distance 
apart as was considerably greater than the threshold distance, and the interval was 
diminished by successive steps, the diminution at each step being 25 7,, or 30°/„ of 
the interval of the preceding step. At each step of this descending series the application 
of the points was repeated until five answers to the double point were obtained. If 
there was no error in these five answers I proceeded to the next step; if there was 
an error I went on to five more double touches, and if then there were two errors 
in the ten cases, this distance of the two points was accepted as the measure of the 
threshold of discrimination. That is, I chose arbitrarily two wrong answers in ten 
{or 20 7o of wrong and 80 7o of right answers) as indicating the threshold of discrimi
nation. The interval between the two points thus determined would of course be ratber 
larger than that representing the theoretical threshold, but for comparative purposes 
this is no drawback. If in the series of ten double touches only one wrong answer 
was given I went on to the next step and usually found then a large proportion 
of wrong answers. The mean between the distances of the last two steps was then 
accepted as representing the threshold. The answers to the single touches were recorded, 
but the errors among them were used only as a rough guide and as confirmation of 
the conclusion drawn from the answers to the double touches. In almost every case 
there occurred several wrong answers to the single touch at the stage immediately 
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preceding that at which wrong answers to the double touches first appeared. The 
record was kept in this form. 

Distance between 2 points... 

Single touches 

Double touches 

30 mm. 

— = — 

= — = 

20 mm. 

= = 

— = — 

15 mm. 

— = 

10 mm. 

- X = X - = 

- = x - = -

7 mm. 

= : = : X — X 

^ X — ^ X ^ 

The simple stroke denotes a right answer, the cross a wrong answer. The order 
of succession is from above downwards in each vertical colunm. In order to keep the 
interest and attention of the subject as keen as possible, I found it necessary to tell 
him after each answer whether he was right or wrong, for in default of this precaution 
many of the subjects soon contented themselves with random answers. 

I t will be seen that this procedure is a combination of the method of minimal 
changes with the method of right and wrong answers. I t is I think the best that 
can be devised for the purpose of obtaining a general view of the delicacy of tactile 
discrimination in a group or class of people. 

In the earlier cases I investigated by this method the tactile discrimination of 
the skin of the forearm, of the nape of the neck, of the palmar surface of the terminal 
phalanx of the thumb, and of the inner surface of the pulp of the second toe. But 
I soon found that the length of the procedure caused too great a strain on the patience 
of my subjects. I found too that it was imdesirable to extend the observations on 
any subject over two or more sittings, because in any sitting subsequent to the first 
the interest of the subject was so far diminished as to make the results unreliable. 
I therefore confined my observations to the skin of the forearm and the nape of the 
neck. On the foregrm the points were applied to the middle third of the anterior 
surface about its middle line. The line joining the two points was always parallel to 
the long axis of the forearm. On the nape of the neck the points were applied across 
the middle line about midway between the vertebra prominens and the roots of the hair. 

RESXTLTS. 

The average thresholds for Murray Island men and boys (ages 10—14) determined 
in this way were as follows': 

Forearm. 
Average of 50 men = 19-8 mm. (median = 20 mm., extremes 40 mm. and 2 mm.). 

25 boys = 14 mm. (median = 15 mm., extremes 25 mm. and 2 mm.). 
Nape of neck. 

Average of 21 men = 11-6 mm. (median = 10 mm., extremes 25 mm. and 2 mm.). 
18 boys = 9-8 mm. (median = 10 mm., extremes 20 mm. and 2 mm.)". 

' The values for individual Murray Islanders determined in this and in the foUowing investigations are 

appended in tabular form, see pp. 203, 204, 
» With the instrument used it was not possible satisfactorily to apply the two points at an interval less 

than 2 mm., and in a very few cases the threshold was possibly less than 2 mm. 
A 9 A 
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In order to have exactly comparable measurements in the case of Englishmen I 
made a similar series of determinations of this threshold by the same method on a 
number of Englishmen, mostly of the working classes', and found on the same area 
of the right forearm. 

Average of 23 men = 44-6 mm. (median = 40 mm., extremes 90 mm. and 10 mm.), 

and on the nape of the neck. 

Average of 19 men = 208 mm. (median = 20 mm., extremes 35 mm. and 10 mm.). 

Weber' gives 40'6 mm. as the average threshold of tactile discrimination on the 
forearms of European men and 64-1 mm. on the back of the neck. Landois' gives 
45"1 mm. for the forearm and 64-1 mm. for the back of the neck of the adult European, 
and 33-8 mm. and 36'1 mm. as the thresholds on the same skin areas of European boys 
of twelve years of age. I have discovered only one other record of observatioiis of 
this kind on a number of individuals of the coloured races*, on negro children namely, 
but unfortunately there are given no such details of the method employed and of the 
skin areas tested as would make these available for comparison with my results. 

CONCLUSIONS. 

These figures indicate that in the skin areas tested the Murray Islanders have a 
threshold of tactile discrimination of which the value, in terms of distance of two 
points touched, is just about one-half that of Englishmen, or we may say in other 
words, that their power of tactile discrimination is about double that of Englishmen. 
And since the values of the thresholds found for four different skin areas in 12 persons 
and in two different areas in 58 persons are in a fairly constant proportion to one 
another, we may assume that this result is true for all or most parts of the skin. 
I t is noteworthy that, while among 23 Englishmen only three gave thresholds for the 
skin of the forearm of less than 30 mm. (namely 25, 15, and 10 mm. respectively), 
among 50 Murray men 7 gave thresholds of less than 10 mm. (namely -MI 2 cases 7 mm., 
in 2 cases 4 mm., in 1 case 3 mm., and in 2 cases 2 mm.). I t is perhaps well to add 
that the two Murray men who gave the extraordinarily low threshold of 2 mm. on the 
forearm, were tested with especial care and neither of them returned a single vn-ong 
answer in a series of 10 touches with two points at distance 2 mm. and with corre
sponding number of single touches, so that in both cases the threshold was really 
less than 2 mm. Two boys who gave the same low threshold of 2 mm. on the forearm 
were also tested with especial care. 

1 Among the Englishmen were five of the educated class, and these gave a rather higher average threshold 
than the rest, who were all of the lower class. The latter were all inmates of the Cheadle convalescent home, 
and since I chose for my experiments only those who had as nearly as possible regained their normal health 
and had been surgical patients they may be regarded as fairly representative of the uneducated class of 
Englishmen. I am much indebted to Dr Compton, who was resident medical officer of the home at the time 
my observations were made and who most courteously and willingly gave me every kind of assistance that 
was necessary, 

2 Wagner's Handwdrterbmh. Braunschweig, Bd. iii. S. 540. 
3 Landois and Stirling. Textbook of Physiology, 4th Ed., p. 1020. 
* A. MacDonald, Joum. Amer. Med. Assoc, Chicago, 1899. 
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It should be noted that the skin of these islanders is of very fine glossy texture 
save in the case of those afflicted with Tinea imbricata, a kind of ringworm that is 
very common in the islands. 

The conclusion that this delicacy of tactile discrimination constitutes a racial 
characteristic receives some support from the results of similar measurements made upon 
the same skin area of the right forearms of 10 Sea-Dayaks or Ibans of Sarawak'. In 
them the average threshold of tactile discrimination was 35 mm. and the individual 
thresholds ranged firom 20 mm. to 50 mm. Although the number of these cases is so 
small, the difference between these Dayaks and the Murray Islanders in this respect 
is too marked to be due to chance, for even if we take the 10 Murray men of highest 
threshold, their average is yet lower than that of the 10 Dayaks. These few cases 
will therefore suffice to allay any suspicion that the difference between the Murray 
men and Englishmen might be due to the more habitual covering of the skin among 
the latter. 

2. LOCALIZATION OF POINT OF SKIN TOUCHED. 

In 20 individuals I investigated the power of localization of a point on the skin 
lightly and momentarily touched. The subject sat holding in his right hand a light 
pointed rod about the size of a lead pencil, and while his right hand rested on his 
right knee and his eyes were closed I lightly touched with a similar bluntly pointed 
rod the skin of the front of his left forearm resting with palmar surface upwards on 
his left knee. The subject was instructed to open his eyes after feeling the touch 
and to put his pointer as nearly as possible upon the point of skin touched. The 
two points were marked down on a rough sketch of the forearm and joined by a line. 
This was repeated thirty times, in some cases oftener. In this way I obtained a chart 
of the errors of localization on the forearm of each subject. The results present no 
points of especial interest and do not readily lend themselves to tabular statement. 
There was in nearly all cases a very marked tendency for the errors to fall into groups 
of similar direction of error. But these groups and the directions of errors were very 
varied and I fail to discover any common tendency in the different cases, save that 
in all the errors were preponderantly in the direction of the long axis of the arm, 
either upward or downward, and in most the accuracy was greatest in the region just 
above the wrist. There was no certainly recognizable correlation between the accuracy 
of tactile localization and the delicacy of tactile discrimination, such as I had expected 
to find. 

' Owing to the difficulties of the language and a variety of other adverse circumstances it was found 
impossible to make any large series of measurements of this kind on the natives of Sarawak, where, after 
leaving Torres Straits, several members of our expedition visited Dr Hose, the Resident of the Baram district 
of Sarawak. I therefore include in this report the few results of this kind obtained. 
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3. TEMPERATURE SPOTS. 

I t was a matter of the greatest difficulty to secure an accurate chart of temperature 
spots in the skin, because any marks that I could make on the skin without injury 
to it were apt to be washed away by fi-equent sea-bathing before the individual could 
be secured again for another working-over of the same skin-area. I managed to map 
out satisfactorily the cold spots in four individuals over an area of four square centi
metres. Their distribution and their mode of response presented no peculiar features, 
and the spots seemed entirely similar in every way to those of English subjects. 

4. SENSIBILITY TO PAIN. 

In view of the oft-repeated statement that savages in general are less susceptible 
to pain than white men, it seemed a matter of some interest to obtain a measure of 
the threshold of sensibility to pain. I used for the purpose the instrument devised by 
Prof. Cattell, and known as the algometer. I t consists of an ebonite rod 9 mm. in dia
meter, with smooth, somewhat flattened, hemispherical head, which slides within a large 
ebonite rod against the resistance of a spiral spring. The larger rod is grasped by the 
operator, and the end of the smaller rod applied perpendicularly to the skin and a 
steadily increasing pressure made until the subject cries "Stop." A brass pin, projecting 
from the smaller rod, pushes an index up a scale which is attached to the larger rod 
and graduated in kilograms. The degree of pressure exerted can then be read fi-om the 
index after removing the instrument from the skin. I instructed my subjects to cry 
"Stop" at the moment that they began to feel any pain, but I found that in nearly 
all cases it was possible to detect the moment of onset of pain by observing the slight 
flinching which it commonly causes in the expectant subject. The onset is a perfectly 
sharp and definite change in the sensation. 

In choosing areas for application of the algometer it seemed desirable to avoid those 
in which trunks and branches of nerves traverse the tissues underlying the skin, as the 
presence of these might irregularly affect the results. I t was also clearly necessary to 
avoid repeating the pressure upon one spot, because a single application of the algometer 
suffices to lower the threshold for pain at the spot, probably through the marked hyperaemia 
of the tissues which it induces. I therefore made a single application to the nail of 
either thumb, of either forefinger, and of either great-toe, and to the skin of the small 
hollow just above the patella of either knee (the leg being at right angles to the 
thigh), and two applications to the forehead on adjoining spots in the middle line just 
above the glabella and two to the sternum in the middle Une. It soon appeared that 
there was a fairly close correspondence between the degrees of sensitivity of these 
different areas in each individual, and the application was therefore confined in the later 
cases to the nails of the thumbs and forefingers and to the forehead. The figures found • 
for either of the symmetrical areas and for the two applications to the forehead were 
in nearly all cases approximately equal, and this equality afforded a guarantee of the 
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accuracy of the procedure. When the two figures were unequal their mean was taken to 
represent the value of the threshold. 

The average of the results in terms of kilograms of pressure are: 

for 47 Murray men, 

thumb-nails 6-7 kilo, (median 6"2) 
forefinger-nail 5-5 kilo, (median 5'5) 

forehead, (23 cases) 62 kilo, (median 5*5); 

for 18 Murray boys (ages 10 to 14 years), 

thumb-nails 3*8 kilo, 
forefinger-nails 3*3 kilo. 

I put here for comparison with these figures the corresponding figures found by 
exactly similar procedure in the same English subjects as were mentioned in the pre
ceding section on sesthesimetry. 

Average of thresholds of 23 Englishmen, 

thumb-nails 3*8 kilo, 
forefinger-nails 3*6 kilo, 

forehead 3*8 kilo.; 

and of 5 English boys (ages 13—14), 

thumb-nails 2*9 kilo, 
forefinger-nails 2*4 kilo. 

I add the average of similar measurements on five Dayaks, 

thumb-nail 4*5 kilo, 
forefinger-nail 3*9 kilo. 

I t is interesting to note that in this respect the Dayaks stand between the Murray 
Islanders and the Englishmen, and nearer to the latter, just as they do in respect of the 
delicacy of tactile discrimination. 

Comparing Murray men with Englishmen, we see that, while their average threshold 
of tactile discrimination is only about half as high, their average threshold for skin-pain 
(produced by pressure) is nearly double that of the Englishmen; or expressing the 
difference in otiier words and more loosely, we may say of these Murray men that their 
sense of touch is twice as delicate as that of Englishmen, while their susceptibility to 
pain is hardly half as great. 
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BY W . M C D O U G A L L . 

1. THE DISCRIMINATION OF SMALL DIFFERENCES OF WEIGHT. 

To determine the threshold for discrimination of weights it was again necessary to 
devise a method which, proceeding as completely as possible vrithout knowledge on the 
part of the subject, should lead as rapidly as possible to a rough estimate of the 
value of the threshold. After some trials I adopted a procedure, closely resembling that 
followed in the determination of the threshold of tactile discrimination, and constituting 
a combination of the method of minimal changes vrith that of right and wrong cases. 
The weights used were eleven cylindrical tins, each 7 cms. in diameter and 11 cms. in 
height. They were nearly filled with dry sand, and then by adding shot they were 
graduated to form a series of weights ranging from 800 grams to 900 grams by steps of 
10 grams. The subject sat comfortably in a chair, and the weights were placed on a box 
at his right side at such a height and distance that they were a little in fix)nt of his 
right hand when the right arm was allowed to hang at its natural angle of rest. The 
tins were presented in pairs, side by side, upon the box, and the subject was told to lift 
both in turn to a height of about 6 inches, and to say which was the heavier He was 
allowed to lift the two tins in either order, either heaAder or lighter first, because when 
he was made to lift them always in the same order he soon discovered the fact and his 
judgment was then biassed, or at least an undesirable complication of his mental process 
was introduced. Any constant errors due to disposition in time and place were thus not 
eliminated, as that seemed impossible without making a longer series of experiments 
than the subject's limited stock of patience and interest would permit. A few trials 
shewed that it was impossible to make a subject give more than about thirty judgments 
without disturbance of the results through fatigue and loss of interest. 

If the subject could express no judgment of the relative weights after once lifting 
both tins he was asked to lift them both once more. Pairs of such a difference as was 
easily discriminated were first presented several times, generally pairs differing by 60 grams. 
Then pairs of less and less difference successively. At each step in this series of 
diminishing difference, pairs of weights of the same difference were presented until 
three right answers had been returned vrithout error. Here again it was necessary to 
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choose some proportion of right to wrong answers as indicating the threshold of dis
crimination. But it would have been unwise to fix this proportion rigidly. To choose 
that difference which evokes a series of right answers with no error would be to make 
too high an estimate of the threshold in many cases, to choose that difference which 
evokes as many wrong as right answers would be to estimate it too low. 

I therefore, after some experience, worked according to this arbitrary scale. A difference 
evoking five right and one wrong answer was held to be a difference above the 
threshold, i.e. greater than the least perceptible difference, and I proceeded to present 
pairs of weights of one degree less difference. Five right and two wrong answers were 
held to indicate the threshold, and if the proportion of wrong answers was larger than 
this, this difference was held to be below the threshold, and the mean of this difference 
and that of the preceding step was chosen to represent the value of the threshold. 
The cases in which the subject judged the weights to be equal or gave the answer 
' uncertain' or ' don't know' were very few, and were reckoned as wrong answers. The 
answer generally took the form 'This one heavy,' the subject pointing to one of the 
two tins. The number of right and wrong answers at any one step was of course too 
few to give a reliable indication, but in conjunction with the answers at the preceding 
steps they admit, I think, of a rough but reliable estimation of the least perceptible 
difference. Some guidance as to the reliability of the result was obtained by carefiiUy 
watching the behaviour of the subject. Thus, if at any time he was obviously careless, 
or if his attention was for the moment distracted in any degree, the result of that 
observation was recorded but was not allowed full weight, and the series was prolonged. 

I transcribe the record of one subject to illustrate the mode of procedure. 
poo - 840 r 

difference = 60 grms. J 860 - 800 r 

(880-820 r 

1890-840 r 
difference = 50 grms. j 870 - 820 r 

1880-830 r 

difference = 40 grms. -< 

860-820 r 
880-840 r 
840-800 X 
890-850 r 
880-840 r 

\ 900-860 r 

/830-800»-
870-840 X 

900-870 r 
difference = 30 grms. < gg^ _ gg^ ̂  

830-800 r 
880-850 r 

H. Vol. IL Pt. n. 26 
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/870-850 X 

850-830 r 

830-810 r 

difference = 20 grms. / 820 - 800 x 

860 - 840 r 

880-860 r 

900 - 880 r 

difference = 10 grms. •< 

880-890 X 

880-870 r 

850-860 r 

850-840 X 

830-820 r 

870 - 860 X 

In this case 20 grms. was taken as the measure of the least perceptible difference. 
Of 19 boys and 45 men the average least perceptible difference was almost exactly 

the same in the two groups. I therefore put them together and give the average 
least perceptible difference of 64 Murray Islanders, namely 27-2 grms. (median 25 grms., 
extremes 10 and 55 grms.). If then we take 850 grms. as the mean value of the 
weights compared, the average least perceptible difference equals 3*2 7o of the total 
weight. 

For comparison with this result I give the corresponding average least perceptible 
difference of 30 Englishmen, namely 33-3 grms. (median 35 grms., extremes 10 and 
50 grms.) which is 3'9 7o of the total weight. The power of discrimination of small 
differences of weight appears therefore to be rather more delicate in the Murray Islanders 
than in Englishmen, and this may seem a somewhat surprising result in face of the 
fact that the Murray men were asked to make a judgment of a. kind with which 
they are totally unfamiliar, so much so that they lack any word to express the abstract 
idea of weight. In spite of this they all seemed to grasp very readily the nature 
of the task that was set them and, with few exceptions, to make the comparisons 
attentively and with confident judgment. 

2. THE DEGREE OF THE 'SIZE-WEIGHT ILLUSION.' 

To obtain ah estimate of the degree of the ' size-weight illusion' producible in these 
people I took a set of cylindrical tins 7 cms. in diameter and 11 cms. in height. These 
were partially filled with sand to form a series of weights ranging from 32 ozs. down
wards by steps of 2 ozs. A larger cylindrical t in 10 cms. in diameter and 16 cms. in 
height was partially filled with sand until its weight equalled 32 ozs. The large tin 
of 32 ozs. and the small t in of the same weight were then presented to the subject 
as in the preceding series of experiments on weight discrimination. The subject ' was 
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instructed to grasp either tin in turn so that the cylindrical surface rested against the 
palm of his Hand, and to raise it about six inches, and then to say which was the 
heavier. Every subject pointed to the smaller tin as the heavier without hesitation. 
The large tin and the small tin of 30 ozs. were then presented in similar fashion; 
and so the large tin was presented successively with each of the smaller tins in the 
descending order of weight of the latter, until the subject ceased to call the smaller 
one the heavier, i.e. either judged them to be equal or the smaller to be lighter, or 
was undecided. When the subject pronounced the smaller tin to be equal to the larger 
or was undecided, the difference of weight between the large tin and that smaller one 
was taken as measure of the extent of the illusion produced in him. When the subject 
pronounced one small tin to be heavier than the large tin and the small tin next 
in descending order to be lighter, the mean of the weights of these two small tins 
was subtracted from that of the large tin and the difference was taken as the measure 
of the extent of illusion. The subject was not made aware of his error or of the 
tendency to overestimate the smaller tin, and was at once put through a series of 
tests entirely similar to the last, save that he was required to lift the tins in all cases 
by means of a loop of string passed over the palmar surface of the joint of the 
forefinger between the second and third phalanges. A second measure of the degree 
of illusion was thus obtained under conditions which allowed the subject to appreciate 
the difference of size of the tins through the eye only, whereas in the previous series 
he was made aware of the difference of size both through the kinsesthetic and the 
visual senses. The results of the two series corresponded closely in nearly all cases, 
but in just half the cases the illusion was rather greater when the size was appreciated 
both by sight and by grasp than when by sight alone, which tendency appears clearly 
in the average of the results of 36 Murray men:— 

The larger tin of 32 ozs. was judged on the average of these 36 cases to be equal 
in weight to a smaller tin of 23-5 ozs., when lifted by grasping, and to be equal to 
a tin of 24-4 ozs. when both were lifted by string only. 

The measure of the illusion in the former case is then 8-5 ozs. (median 8 ozs., 
extremes 15 ozs. and 1 oz.) which equals 26-5 7,, of the weight of the larger tin, and 
in the latter case 7-6 ozs. (median 7 ozs., extremes 15 ozs. and 1 oz.) which equals 23-7 7o 
of weight of the larger tin. 

21 Murray boys tested in the same way shewed an average illusion of 27 7o and 
23-1 °/„ in lifting by grasp and by string respectively. 

I t was of some interest to compare the behaviour of women in this respect with 
that of the men and I therefore managed to test 13 Murray women and girls in this 
way and found the average degree of illusion to be 32-2 7o and 28 7o by the two 
methods respectively. 

Of 20 English men tested under similar conditions by the grasp-method alone 
the average illusion was 15 7„. The illusion • affected the judgment of weight of the 
Murray men almost twice the amount that it affected that of the English men, and 
the Murray women shewed themselves still more markedly subject to it. 

I made this series of observations on the degree of the 'size-weight illusion' in 
the belief that the degree of the illusion produced might be regarded as in some 

26—2 
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sense a measure of the degree to which the individuals tested are subject to the 
influence of suggestion. But, since becoming familiar with the MuUer-Schumarm theory' 
of the process of discrimination of differences of weight, I have realised that the size-
weight illusion effect is more complex than I had supposed. If we accept, as we must, 
this theory, we have to believe that, in comparing, by successively lifting, two objects, 
that appear of equal size and weight to the eye, equally strong impulses are given 
to the muscles concerned in the two efforts, without deliberate adjustment but by 
a reflex or automatic process; and that when we perceive by any means inequality 
in the mechanical effects' produced in the two objects, we infer inequality of their 
weights, that object being judged the lighter in which the greatest mechanical effects 
are produced. When, then, one of two equal weights appears the larger to the eye 
and to the grasp, it determines, without the subject being conscious of the fact, 
a stronger motor impulse to the muscles concerned; and the mechanical effects produced 
upon the larger object are therefore greater and the subject judges it to be the 
lighter weight. We must assume then that with a given difference in size of the 
two objects a certain degree of illusion as to their relative weights is normal, and 
the greater degree of the weight-illusion might be held to imply merely a larger 
estimate of the difference in size of the two objects. But I think we must believe 
that there is at work also a suggestibility- of a more complex kind corresponding to 
the general suggestibility of the subject, for without this assumption it seems impossible 
to account for the marked differences in the degree of illusion in the three classes 
of subjects, English men, Murray men, and Murray women; for the Murray men, 
although they exhibit a greater nicety in the discrimination of small differences of 
weight, are yet subject to the size-weight illusion to a very much greater degree than 
the English men. 

' G. E. Miiller u. Fr. Schumann, " Ueber die psychologischen Grundlagen der Vergleichung gehobener 
Gewiehte." PfiOger's Arch. Bd. xtv. 1889. 

2 Differences of rate or height of movement, or of the duration of the period of latency before actual 
movement follows the beginning of the effort, seem to be the principal differences o^the mechanical effects 
on which the judgment of difference of weight is commonly based. 



VII. VARIATIONS OF BLOOD-PRESSURE. 
BY W . M C D O U G A L L . 

I EXAMINED in a number of natives the state of the arterial blood-pressure during 
rest and during physical and mental exertion and in a few cases during a slightly 
painful sensory stimulation. My leading idea was to discover, if possible, some correlation 
between the activity of mental processes and the response of the blood-pressure. For, 
since the effective working of the brain is so intimately dependent on a rapid circula
tion of the blood through it, and since that circulation is so largely determined by 
the state of the arterial pressure throughout the body, the power of mental activity 
to raise the general blood-pressure must be of great importance in promoting the vigour 
and effectiveness of mental processes. And it may be that this power is an element 
of fundamental importance in determining the superiority of the higher races. It has 
been frequently asserted that the inferiority of the black races is due to the cessation 
of the growth of the brain at an earlier age than in the white races, and it may 
be that this is in part, or wholly, due to a less active response of the blood-pressure 
to mental activity. I may say at once that I did not succeed in discovering any 
evidence to this effect. Nevertheless it may be worth while to make a brief report 
of my observations. 

I used the Hill-Barnard sphygmometer, applying the pressure-band to the left 
upper-arm of the men and to the left thigh of the boys. The principle of the in
strument is as follows:—A rubber bag is placed round the limb and lightly compressed 
by a broad leather band buckled over it. A rubber tube leads fix)m the bag to a 
manometer, and when air is pumped into the system the pressure within it is indicated 
by a needle travelling over the face of the dial of the manometer. When the air-
pressure within the system is approximately equal to the blood-pressure within the 
main artery of the limb the needle oscillates with each pulse-beat, and the oscillations 
are largest when the pressures in the two systems are equal. It is not easy to make 
an exact determination at any given moment and it is therefore necessary to repeat 
the readings as often as possible under any given set of conditions and to take the 
mean of them. 

The subject sat at a table with his left arm resting on the table and his right 
arm free to execute any given task. After adjusting the instrument I engaged the 
subject in conversation for some minutes in order to ~ allow any exciting effect of the 
application of the band to his arm to subside. A series of some five to ten readings 
was then taken of the blood-pressure during rest. The subject was then told to squeeze 
with his right hand a dynamometer up to a point equal to about 50 7o of his maximal 
squeeze, previously determined, and to maintain the squeeze until told to let go. The 
reading was taken between 15 and 20 seconds after the beginning of the squeeze, and 
this was repeated as often as seemed necessary to obtain a satisfactory mean record, 
generally four or five times. Then, while the subject rested, another series of about five 
readings was taken, during which time the blood-pressure returned to normal. He was 
then made to do some mental work. For this purpose various expedients were tried, 
but I found that the most satisfectory was to set the subject to find his way into 
the centre of a maze drawn on a card, by tracing the open paths with a pencil in 
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his right hand. Most of the subjects became very keen on accomplishing this feat and 
continued to apply themselves steadily to it for a period which often exceeded ten 
minutes or a quarter of an hour. While this was in progress a series of readings of 
the blood-pressure was made at intervals of one minute, or rather oftener, and was 
continued for some minutes after the subject desisted from his attempts. In some 
cases the algometer was then applied to the hypothenar eminence with sufficient pressure 
to be slightly painful, and readings were taken as nearly as possible 15 seconds after 
the beginning of each application of the algometer. During the squeeze and during 
the application of the algometer the blood-pressure begins at once, and continues, to 
rise markedly while they are continued. The mean of the records, taken as nearly 
as possible 15 seconds after the beginning of the squeeze or the pressure, was therefore 
taken to represent the rise pf blood-pressure due to physical exertion and painful 
impression respectively. During mental work the blood-pressure rose only slowly and 
usually did not reach its highest point until after from 5 to 10 minutes of work. But 
as the work was not continued in all cases for so many minutes, the mean of readings 
taken after the first 2 minutes of work was taken to represent the rise due to mental work. 

In 26 Murray men I found in this way an average rise of blood-pressure in the 
brachial artery equal to 16-5 mm. of mercury during muscular work, 6-6 mm. of mercury 
during mental work (24 cases), 11 mm. of mercury during slightly painful stimulation 
(14 cases). In 11 Murray boys the corresponding averages were 23 mm. and 11 mm. 
of rise of blood-pressure in the femoral artery during muscular and mental work re
spectively'. In 16 English men the corresponding averages were 25 mm. and 13 mm. 
of rise of blood-pressure during muscular and mental work respectively*. 

I would attach no certain significance to this difference between the English men 
and Murray men in this respect. The difference is too small, the numbers of individuals 
too few and the difficulty of the observations too great to allow us to regard the 
figures as more than a suggestion of a possible difference as regards this very important 
physiological reaction in the two classes. 

In view of possible correlations that may be drawn between the various functions 
of individuals I append in tabular form the names of the Murray men and boys, 
with the figure found for each individual by the procedures described above under the 
headings touch and weight discrimination, sensitivity to pain, size-weight illusion and 
blood-pressure. 

In the 1st and 2nd columns of the table the figures indicate the threshold of 
discrimination of two points touched on the skin in terms of the number of milli
metres separating the two points. In the 3rd, 4th and 5th columns the figures indicate 
the values of the threshold for pain in terms of kilograms of pressure exerted through 
the algometer. In the 6th column the figures denote the least perceptible difference 
of weight in grams between weights of approximately 850 grms. In the 7th and 8th 
columns the figures denote the number of ounces that the larger weight of 32 ozs. was 
underestimated in comparison of it with weights of smaller volume. In the 9th, 10th 
and 11th columns the figures denote the mean blood-pressure and the mean rise of 
blood-pressure in terms of millimetres of mercury in the brachial artery of the men 
and the femoral artery of the boys. 

' In the brachial artery of the Murray men the average blood-prcsaure during rest was equal to 98 mm. 
of mercury (extremes 85 mm. and 122 mm.); in the femoral artery of the boys it was equal to 138 mm. 
(extremes 120 mm. and 16S mm.). 

•Similar observations made on 14 Sea-Dayak men of Sarawak gave an average blood-pressure in the 
brachial artery during rest equal to 102 mm. and an average rise during muscular and mental work of 17 mm. 
and 7 mm. respectively. 
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ADULTS 

Alo 

Babelu 

Beni 

Berd 

Billy Gasu 

Billy Kuris 

Boa 

Broga [Fly River] 

Charlie (Pasi) 

Debe Wali.. 
Pfllî  

Dick Tui 

Kadub 

Kailu 

Kaumi [New Guinea].. 

Kriba 

Meiti 

Esthesiometer 

i 
o 
fa 

35 

25 

25 

15 

7 

30 

25 

15 

30 

15 

15 

25 

20 

16 

4 

15 

16 

7 

15 

30 

4 

30 

25 

20 

10 

20 

10 

30 

40 

15 

15 

25 

30 

3 

25 

30 

. 2 

8 

7 

12 

20 

3 

20 

17 

3 

6 

10 

4 

20 

20 

7 

5 

10 

25 

15 

Algometer 

•s 
V 

Ji 
S 
o 
fa 

8-5 

8 

6 

3 
6-5 

5 

2-2 

1 7-5 

' 5-5 

°3 
a 
S 
B 

5-5 

5 

6-6 

15 

11 

5-5 

4-6 

4 

5 

10 

7 

7-6 

10-8 

4 

3-5 

5-5 

5 

5-4 

5 

11 

4 

6-5 
1 
1 ... 1 5-2 

9-4 

3 

12-5 

5-5 

3-2 

5-5 

3-9 
1 

6 

6 

5 

10 

4 

9 

4-2 

6-5 

6 

4-5 

8-4 

3 

6-2 

3-8 

"3 a 
i. 
a 
fa 

4-6 

5 

5-5 

12 

6 

4-7 

3-9 

5-5 

3-5 

7 

6-6 

t 

9-8 

3-8 

1-7 

3-7 

4-3 

4-5 

4 

7-5 

4-5 

6 

4-5 

4-5 

"•.") 
4 

6 

4-2 

3 

6 

4-6 

7 

3 

5-6 

3 

Weight 

15 

15 

15 

50 

20 

35 

35 

20 

20 

35 

15 

20 

15 

60 

15 

36 

20 

35 

25 

40 

30 

35 

25 

20 

... 
35 
45 

40 

20 

25 

15 

25 

10 

40 

Illusion 

Orasp 

11 

5 

1 

12 

9 

12 

11 

11 

7 

7 

9 

8 

9 

6 

7 

4 

7 

6 

13 

9 

5 

7 

7 

5 

7 

10 

13 

8 

String 

10 

5 

3 

11 

7 

8 

9 

7 

5 

7 

9 

8 

7 

8 

15 

6 

5 

6 

7 

7 

5 

7 

5 

1 

5 

10 

7 

7 

Blood-pressure 

.Hi 

107 

85 

104 

100 

98 

98 

85 

80 

100 

87 

98 

102 

95 

85 

97 

100 

99 

76 

102 

S o 

14 

12 

29 

9 

11 

11 

25 

5 

20 

10 

9 

20 

1 

25 

7 

14 

18 

22 

12 

•a 
o 

3 
"a 
1 
2 

20 

3 

6 

10 

6 

7 

3 

2 

18 

6 

... , 
4 

... j 

9 

4 

6 
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ADULTS 

Modi 
Oroto 

Pol .... 
Sambo.. 
Sisa 
Smoke.. 
Tapau., 
Tepem.. 
Tibi 
Ulai 
Wanu .. 

Zarob 

BOYS 
Abau 
Apore 
Biskak 
Babelu 
Captain 
Charlie Ako ... 
Dda 
Depoma 
Dick (Toik) ... 
Gteorge (Pasi)... 
Gterman 
Jacob (Gabi)... 
Jacob (Sambo) 
James 
Jimmy Dauar 
Jimmy Rice ... 
Johnson 
Harry 
Loko 
Manowar 
Marau 
Nanai 
Pol (Pasi) 
Sagigi 

Sailor 
Sam 
Tom (Maboali). 
Tom (Tanu) .... 
WiUiam (Tat) . 

.£sthesiometer 

£ 

40 

16 

20 

20 

15 

16 

2 

15 

30 

10 

25 

7 

20 

2 

10 

6 

12 

15 

7 

20 

15 

15 

25 

20 

20 

10 

15 

10 

20 

8 

15 

15 

15 

25 

10 

12 

10 

5 

18 

15 

3 

10 

10 

10 

4 

12 

7 

13 

3 

7 

20 

Algometer 

4-6 

4-5 

11-5 

4 

13 

3-6 

1-2 

4-4 

•1 
a 
.a 

.4 

8 

5 

5-6 

6-6 

4-2 

7-6 

9-2 

5 

6-5 

8 

12-5 

7 

3 

3-5 

3-2 

3-8 

3-7 

4-8 

2-4 

6 

3 

3 

4-5 

3-1 

4 

4-4 

3-2 

a 
fa 

6-5 

4 

4-7 

5 

4-8 

6-6 

6-2 

6 

4 

6 

9-5 

5-5 

3 

4-5 

2 

2-8 

3 

4 

2-2 

4-8 

2-5 

3 

4-5 

2-8 

4 

3 

3 1 

Weight 

.S " 

. 1 

30 

30 

10 

35 

35 

16 

10 

25 

40 

20 

30 

25 

65 

35 

30 

30 

35 

35 

20 

40 

15 

10 

40 

46 

15 

15 

20 

30 

25 

30 

15 

niusion 

Grasp String 

9 

9 

7 

15 

9 

13 

11 

7 

8 

6 

9 

7 

13 

11 

7 

11 

8 

7 

11 

9 

9 

7 

9 

13 

7 

9 

7 

7 

16 

8 

12 

11 

9 

5 

6 

9 

5 

15 

6 

5 

9 

7 

7 

9 

7 

9 

5 

6 

13 

7 

10 

7 

Blood-pressure 

100 

122 

98 

103 

95 

95 

97 

86 

122 

165 

136 

123 

162 

140 

115 

120 

120 

126 

I-

124 

26 

16 

17 

34 

25 

12 

25 

20 

20 

27 

16 

20 

20 

26 

30 

42 

30 

3 
S 
a 

20 

6 

2 

12 

10 

14 

20 

10 

10 

3 

14 

15 



VIII. EEACTION-TIMES. 

BY CHARLES S. MYERS. 

THREE varieties of reaction-time were investigated in Murray Island; for brevity's 
sake they will be termed 'auditory,' 'visual,' and 'choice-visual' reaction-times, and the 
men examined will be termed the 'reagents.' The auditory and the visual were so-called 
simple reaction-times, measuring the rapidity with which the reagent responded to one 
gfiven noise or to one given visual stimulus. The choice-visual were compound reaction-
times, where one or other of two known colour-stimuli was presented and an appropriate 
movement had to be made according to the colour which appeared. Fifty-three Murray 
Islanders were examined'. The same set of apparatus was afterwards used in Sarawak 
and still later in England, in each case on twenty-six individuals. The reaction-times 
of five members of the expedition were determined in Murray Island and of two Elnglish-
men in Sarawak. 

APPARATUS. 

The noise-stimulus of the auditory reactions was produced by the impact of a steel 
hammer against a steel foot, the former being drawn to the latter against the resistance 
of a spiral spring by means of an electro-magnet and thereby completing a second 
electric circuit, which was broken when the reagent lifted his finger ft-om a Morse 
key. In order that it might sound with as nearly uniform intensity as possible throughout 
the experiments, the hammer was placed at a constant distance, above and behind the 
reagent, and the current to the electro-magnet was supplied firom a minimal number 
of dry cells. The varying strength of the spiral spring, however, made it impossible 
to secure really absolute uniformity in the force of the impact. 

The apparatus, which released the stimulus for the visual and choice-visual reactions, 
consisted of a large vertical screen, placed in the open air at a distance of about 
35 metres fi-om the subject and provided with a rectangular window, 20 x 5 centimetres. 
By electro-magnetic means a black board carrying a card, which was white in the case of 
the simple reaction, was held up firom behind the top of the screen. In this position 
the white sur&ce was just hidden fi:om view and the window appeared to the reagent 
as black as the rest of the screen. When the board was released, it fell through 
a certain distance, so that the window was now occupied by a white surface. The 
reagent lifted his finger from a Morse key as soon as the white card became visible. 
For the choice-visual reactions, the same falling board was used, now carrying a card 

1 This nnmber includes the two women and three girls, whose reaction-times are given in Table XXXIV, 

but who are nowhere further considered in this article. 
97 
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which was covered on one surface with blue, and on the other with red paper. A second 
Morse key was introduced, working in a circuit alternative to that of the first. One 
key was depressed by a finger of the reagent's right hand, the other by a finger of 
his left. He was told to raise his right hand if red appeared in the window and to 
raise his left hand if blue appeared there. The window was temporarily covered by 
a piece of cloth, while the board was being replaced in a position ready to fall. 

I t was considered so improbable that the reaction-times of a primitive people 
like the Murray Islanders could be profitably investigated, that only the simplest 
and least costly registering apparatus was included in the psychological outfit of the 
expedition. Thus, in default of a chronoscope, the reaction-times were recorded by 
means of a simple time-marker and a Deprez' signal upon the smoked surface of a 
hand-rotated drum, the fi-ame of which carried a knock-down key. The Deprez' signal 
was cormected with an electrically driven tuning-fork which vibrated fifty times a 
second. During rotation of the drum the knock-down key led to the production of 
the appropriate sensory stimulus by breaking a pre-existing current. For the auditory 
reactions a simple apparatus, devised for us by Captain E. T. Dixon, was introduced, 
whereby the breaking of the current by the knock-down key served to complete 
another current which acted on the haibmer. The time-marker registered (1) the 
impact of the hammer, or the release of the board fi-om behind the screen, and 
(2) the reaction of the subject. In the case of the screen the moment when the 
board was released did not coincide with the moment when the white card appeared 
in the window. I found that the average time (latent period) taken for the board 
to fall completely, so that the whole of the window was occupied by the white card, 
was 108"; that the average time (nine trials) for the board to fall, so that half the 
area of the window was occupied by the white card, was 85" (m.v. = 3); and that 
for the lower edge of the card just to appear at the top of the window an average 
time (eight trials) of 41" (m.v. = 4) was necessary'. I have therefore always deducted 
60" fi-om the actual results, assuming that the card was visible to the reagent before, 
having completed its fall, it had occupied the whole of the window. 

EXPERIMENTAL METHODS. 

The room in which the Murray Island reagent sat was separated by a small 
room firom that containing the recording apparatus. In practically every set of auditory 
reactions an observer stood beside him, in order to watch if he were reacting pro
perly and if he gave premature or erroneous reactions. In the visual and choice-
reactions this observer stood in the open air behind the screen, in order to replace 
the card after every fall. From this position he could notice how the individual reacted 
in the simple visual reactions, and whether or not he reacted appropriately in the 
choice-visual reactions*. In the latter experiments, one had of course to be on 
one's guard that the subject was not trying to make out if the card was being 
reversed during replacement. Three individuals, whose behaviour in this respect was 
suspicious, were re-examined under conditions which made it absolutely impossible for 

1 All measurements in this section are expressed in a, i.e., thousandths of a second. 
3 I am much indebted to Dr Bivers for his unfailing help in this direction. 
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them to detect the movements of the assistant at the screen, but the results of the 
second series were in every way consistent with their previous reactions. There can, 
indeed, be no doubt that in these, as in our other experiments, the islanders, as a 
rule, made no attempt to go beyond what they were told to do. They settled down 
at once to record their reaction-times in a straightforward manner. 

I found no difficulty in explaining to the Murray Islanders the general bearing 
of reaction-time experiments. I pointed out that individuals must vary in the time 
taken to shoot at a suddenly appearing object after they had first observed it, and 
they seemed clearly to understand that I was somehow able to find out whether they 
yreie likely to be good or bad marksmen by studying the rapidity of their reactions. 
At the close of the experiment they would view the tracings with evident interest, 
and ask whether they had been quick or slow, occasionally enquiring how they compared 
with some other Murray Islander. There is, therefore, every reason to believe that the 
reagents, as a whole, were doing their best to produce their quickest reactions. Perhaps 
the least interest was shown by those who through slightly defective vision or hearing 
imagined that they would prove bad subjects for the experiment. But their results were 
apparently as reliable as those of the others. 

Each individual was allowed to react in the way which seemed best to him. 
There was no attempt to turn his attention in the direction either of the stimulus 
or of the movement. The only care taken was that he did not press So heavily on 
the Morse key as thereby to retard his reaction-time materially. The key was placed 
on a low table before which the reagent sat. One finger, usually the index finger 
of the right hand, was placed comfortably on the key. A warning "Now!" fi-om the 
room containing the registering apparatus prepared the subject for the reaction. After 
an interval, varying as nearly as possible between one and two seconds, the drum was 
rotated and the reaction-time recorded. The observer, who watched the movements of the 
reagent, was careful to notify anythiug abnormal in the reaction: this he communicated' 
to me, who had charge of the registering apparatus. After every choice-reaction the 
observer, who now stood beside the screen, cried out, "right, blue," "-wrong, red," thus 
naming the colour exposed and informing me whether the subject had reacted with 
the appropriate hand. 

Every individual was allowed a few preliminary trial-reactions, the number of which 
depended on the speed with which he settled down to his task of giving a succession 
of seemingly reliable reactions. On an average, perhaps, six such reactions were given 
in each series. Even in the difficult choice-visual series they rarely, if ever, exceeded 
ten. All subsequent reactions, premature, normal and prolonged, were recorded, so far 
as was possible. Unfortunately, however, with such imperfect, clumsy apparatus as I 
had to work with, occasional breaks in the records were inevitable. Sometimes the 
markers had not been accurately brought to bear on the travelling surface, sometimes 
the tuning-fork was not vibrating as it should, or owing to inadequate magnetization 
the screen fell before the warning had been given. These and other mishaps made 
it impossible always to secure a really accurate, uninterrupted record of reactions. But 
throughout, the reactions that were not registered are so few that the omission can 
make no appreciable difierence in the results. 

27—2 
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The rapidity with which the reactions followed on one another at any one sitting 
varied with the kind of reaction. The auditory reactions could be repeated most 
quickly, about eight per minute. The visual reactions recurred rather more slowly, as 
the fallen card had each time to be carefully replaced. The interval between successive 
choice-visual reactions was so long (averaging nearly half a minute) that possibly the 
reagent formed some opinion meanwhile as to which of the two colours would next 
appear in the window. 

These and other defects, however, operated to an equal extent in Sarawak and 
in England among the individuals there examined, with whom the Murray Islanders 
are to be compared. 

Each sitting usually lasted between twenty and thirty minutes. Two kinds of 
reaction (the auditory and visual or the visual and choice-visual) were generally tried 
at one sitting. An interval of a few minutes was allowed, during which the necessary 
alterations in apparatus were made, and the reagent could rest himself before beginning 
a new kind of reaction. Most subjects made their first start with the auditory re
actions. In the case of a few islanders experiments were limited to this mode of 
reaction. But in by far the majority the visual reaction-time was also determined, 
and this series of experiments followed on the auditory time-experiments. Some days 
or weeks later a second sitting was obtained, at which the choice-visual method was 
usually employed, followed often by a few simple visual reaction-times. Two or three 
series of auditory or visual reaction-times were obtained on diffierent days fi-om a few 
islanders. But only the first series of reaction-times are taken into account in the 
following pages, save where the influence of practice and fatigue is being considered. 

ARRANGEMENT OF THE DATA. 

' The task of presenting the experimental results of reaction-times concisely and at 
the same time satisfactorily is indeed a difficult one. Nearly every worker at the 
subject has elaborated his own method, so that his data, while cdinparable inter se, 
are incomparable with those obtained by other workers. 

The chief difficulty lies in the fact that, when observations are made on im
perfectly trained individuals, they are sure to contain a few values which in one or 
other direction difier very widely from the mean. Such values, if very low, may be 
premature reactions, or they may be false reactions where the individual reacts to a 
stimulus which he has mistaken for the proper stimulus. The very high values are 
usually due to lapses of attention; but, in my Torres Straits experiments, at least, 
they arose occasionally from undetected premature reactions, after which the individual 
had so little time to readjust his finger before the proper stimulus was presented 
that his reaction to the latter was delayed. 

It is needless to point out that these well-known aberrant values afiPect the 
mean reaction-time very considerably. We may escape easily enough fi-om the difficulty 
of dealing with them, if we accept the view that sporadic experiments, made 
upon this or that person, who is devoid of experimental training and unlearned in 
methodical introspection, are valueless. But one of the aims of this section is to 
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prove that such experiments are very far from being unprofitable. We note that 
some workers', by bringing the reagent's introspective observations into relation with 
his time-records, have attempted to solve the difficulty in this way. But introspection 
is all but impossible in the case of a primitive people. Others, after having taken 
the average, have excluded that value which deviated most fi-om that average and, 
after taking a fi-esh average, have in similar fashion ruled out the next most aberrant 
value, the process being repeated several times^. Most workers, however, pass over 
their method of treating the aberrant reactions of the insufficiently practised in silence. 

There are two reasons, at least, which make it difficult or inadvisable to separate 
aberrant reactions irom the rest. In the first place, it is impossible to fix any but 
the widest limits, applicable to all individuals, of which it can be said that only those 
reactions are to be accepted as true which fall within them. Secondly, the elimination 
of aberrant reactions is (or, at least, always has been) tantamount to their neglect. Now 
these fluctuations are one of the most interesting features of reaction-times. A priori, 
it is highly improbable that the average minimal (gwtm-automatic) reaction-time, 
if only the reagent be adequately practised, differs widely in different communities. On 
the other hand, in a comparative psychological study of peoples or of individuals, the 
extent and meaning of the variations fi:om the average are obviously well worth an 
attempted investigation. 

Accordingly in Table XXXIV. no recorded reaction-time has been omitted, the 
aberrant reactions being invariably included with the rest. But some idea of their 
fi-equency may be gained by an inspection of the columns headed .4671. The unduly 
shortened reactions are denoted by the letter a, the unduly prolonged by fi; the figure 
following o or )9 gives the number of such reactions. I have already alluded to the 
impossibility of having fixed values for a and /3, unless the value of a be so low, and 
that of /8 be so high, that they are likely to suit the needs of practically every indi
vidual. I have therefore arbitrarily fixed the limits of a and fi respectively at 70" and 300" 
for auditory, at 120" and 350" for visual, and at 250" and 850" for choice-visual reactions. 
In many individuals, of course, an auditory reaction-time of 90" may really be premature, 
or a visual reaction-time of 280" may be unduly prolonged. Nevertheless the number 
of a and ;8 reactions will afford a fair guide to the fi:equency of aberrant reactions. 

In the same tables two sets of figures will be found for every reaction. In the 
auditory and visual reactions the first set contains the average oi the first ten reaction-
times, the second set contains the m£dian of all the reaction-times obtained at one 
sitting*. The figures in the column next to that marked median indicate the number 
of such reactions from which the median was obtained. 

It seemed worth while to record the average of the first ten observations because 
several previous workers have adopted this procedure. Nevertheless, it must be remem
bered that such an average reaction-time is in reality a very poor indication of the true 

» Cf. S. Exner, Arch. f. d. ges. Physiol. 1873, Bd. vn. S. 644 ff.; G. Martius, Phil. Stud., Leipzig, 
1891, Bd. VI. S. 199; G. Dwelshauvers, ibid. S. 222. 

^ J. WK. Cattell, Phil. Stud. 1886, Bd. m. S. 317, 318; L. Witmer {Proc. Amer. Psychol. Ass., 1893, 
p. 7) adopts a similar plan. 

• In a few cases, where less than ten reactions were obtained at one sitting, the average of the total is 
substituted for that of the first ten. 



-aqv 

JO 

UBipSfJ 

oa. : ai 

o 
6 o o 

© 9 
CD l O 

o 
6 

CO 

o 
6 

o 
6 

=> <? 

-nqv 

-0 

•A 

OTJO 

•A 

m 

-AV 

: "o : : 
. 1 — 1 

00 

• to • -

lO 

- t 

: : : : : 

: : : CD : 

. ,-.( 
<M 

' . ' . ' . a . 
. ^ 

o 
I ! ; f—« I 
• • • Ol -

-* 

: <f 
: <N 

o 
. t ~ 

1—1 

<? 
: lO 
• CD 

•o 

o 
l - H 

>o 
t ~ 
•o 

sq 
(M 
t -
lO 

: ^ 

. 
* 
. ©— 

I c— 

• I - t • 
• (M . . 

O 
. 00 • • 

f-H - -

o 
: i) : : • Tf • . 

• a 

: : : : 
: : o : 

- '"' 
o 

. . o . • • CO • 

o 
: : o : 

• M 
CD 

: 00 

r~ 
. • * 

- so 

CO 

: i> • i-< 

•* 

: f-* 

00 
. t -
- • * 

ta 
', At 
• m 

• * 

• i - i 
. 1—1 

.>o 
. (O . 
- -fl" -

>o 

: (h : 
•S3 • 

: -̂

•o 

• 6 - TC 

IC 
: n 
• i n 

•a 

: 0 ) 
. »-H 

t -
• 00 
- lO 

<? 
: CO 
• OS 

T | l 

•o 
f-* 

•a 

•* t -

>o 
CO 
r.* 
lO 

83U3g 

X 
X 
X 

S 
m 
•< 

H 

•nqv 

-b -A •va. 

JO 

uvipeU 

•nqv 

01 }o -AY 

89U3g 

<a. oa. : 95. 

•a 
r ^ l O i p 
0 3 o q e q 
. -1 e o l-H 

to l O 

>o o <N O (N 
f - lb i o i> 
I—' I - * l-H 0 5 - H 

OS l o : CD l-H c o *o GO to t ^ eo 

o o 
>0 lO 
to eo 
OI <M 

o 
OS 
l - H 

o 
: 6 
- CD <N 

lO 

•a 
IH 

O 

<M 

o o o 

•=8 S 8 
(N (M eo 

o 
: l b 
- oo 

1 - 1 

o 

§ 
(N 

o 

i - l 

eo 

P 
lO 
on 
•o 

o 
•o 
Oi 
1—1 

o 9 
l O o 
a> CO 
1-1 e o 

p p >p ip 
r- O ^- ^-
r-< ( N <M 0 0 
Sq ( N ( M ( N 

9 
o 
•o 
eo 

<p <z> o o 1 ^ 
Q O O Q l O 
CD CD • * « O 
oq (M (M eo oq 

i - l I-H . i O 
»o »o CD ^ 0 0 

•* CO 
O) 

o 
l - H 

h-
(N 

eo 
r^ 
t -

lO 
o 
on 
04 

00 
on 
OI 

9 
• * 

o 
OI 

a> o o 
• * i ib 
• * r H O I 

P K> 00 
•Tji t - r -

i-H eo eo 
>b n 
eo t~ 

TT o« o) oq 
.ll <e n ab 
O I O ) - H • * 

CD p o p p 
A i d q 0 0 0 0 1-1 
l o o q l-H CD l o 

g r- o 
lO 00 

O l oq o< 

o r~ lo 
O 0 0 r H 
oq OI eo 

o p p o "O 
A «5 o oq t -
CO r H r H CD OS 
r H o q e o "O r H 

"P lO p p 
T f « 1 * T i l 
r - CO oq 0 0 
oq oq oq oq 

p O >p M >o 
<z> l b Ti< TT ^ -
0 0 U3 e o - H r H 
oq oq oq eo oq 

r^ of rJ- - - r̂ - oq eo" e o ' r H . i " . - r o q " • o « e < ' ' ^ o f o q r H oq i-< 

a 

-nqv 

-b -A -ra 

JO 

us ipa} ; 

-nqv 

01 JO -AV 

sausg 

^ 

a 
S5 

e> ** ^ 
• ir .? • a? " ^ o- o <j£ o o o a 

l a lA l£S 
t o t - t - i ^ »o o o 

•o 6 

I S 

t - ip ip p 
^- oq ib O 
1-1 oq eo oq 

i p i p i p U3 i p i p l O 

oq oq r - ^- oq oq r -
t o r H r H o q > 0 r H 

r- O 
« 6 
eo oq 

p p p i p p 9 9 i p 9 p i p 
o p o o q p t o t b l o q o t b o q - _ _ - _ _ _ _ _ _ . . , . _ . . ^ - _ , _ . -
o o t - ; i o © - c o e o • • ^ e o r H c o • r H o i e o t o o i O r - - r H • o s O ' ^ o q 
O q e O " ^ r H r H r H r H r~* wt ,-. r-* r H i - H i - H O q O q r H r H r H ^1^ ,-, ,.., 

P P p p p P P 
p to p ip ip O 

o 
tb 

O p ip 
r- to to ^-

: (a. 9i o o o : oa ^ 

o oq CD eo o oq CO . oq to eo CD to O CO CD to QC 
w Tji oq w AH dq oq 
t- oq oq eo 00 rH rH 
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mean^ In the first place, its value is very considerahly influenced hy even a single 
aberrant reaction. Secondly, while the limiting value of a shortened reaction is zero, 
that of a prolonged reaction is infinity. Hence the fluctuations on one side of the 
average are liable to be very much g^reater than on its other side*. The median, on 
the other hand (that value which stands midway when the data are arranged in order 
of magnitude), is considerably less affected by these factors. Aberrant reactions affect 
its value only to the same extent as do normal reactions. Consequently the median, 
especially when derived from a fairly large series, may be held to indicate a truer mean 
than the average. 

Following the auditory and visual reaction-averages and medians, are two pairs of 
columns respectively marked m. v. and m. v. q. The columns of mean variations (m. v.) 
express the average deviation of the ten reaction-times from their average. The columns 
of mean variations of quartiles (m. v. q.) give the figures obtained by finding the 
median of each half of the series when arranged in order of magnitude of data, and 
by then taking half the sum of the difference of each of these two medians (quartiles) 
fi-om the median of the entire series. 

The visual choice-reactions have been arranged somewhat differently. The columns 
headed median and of give respectively the median of, and the total number in the 
series. Few series were without one, two, or even more erroneous reactions in which 
the individual reacted with both hands or with the wrong hand. Their number will 
be discussed later. The column headed av. of 10 gives the average of those ten con
secutive right reactions in the series which a^:«ed best with the median. As a rule, 
there was hardly any choice as to which group of ten should be selected. Where a 
choice was possible the result usually varied little, fi-om whatever group the average 
was taken'. 

The columns headed v. c. contain a quantity which has so far received no name 
in psychological statistics. The variation-coejficient* expresses the ratio between the mean 

variation and the average. It is obtained by the formula v. c. = -^—'- . Its im
portance lies in the fact that the mean-variation depends not merely on the fluctuations 
of individual data fi-om their average, but also on the actual magnitude of that average, 
varying directly with its value. Thus if a reagent, whose average reaction-time to an 
auditory stimulus is 120°', shew a mean variation of lO", and if, reacting to a visual 
stimulus his average reaction-time be 180'' and his mean variation be IS", he is reacting 
vnth an equal degree of constancy in each case, although the absolute values of the 
mean variation are not the same. 

The Arabic and Roman numerals in the columns headed series are easily explained by 
an example. For instance, 3ii implies that the reactions in question were performed at 
the reagent's third sitting, and that at that sitting they had been preceded by some 
other kind of reaction (viz., by 3 i). 

^ I have used the word ' mean' throughout this section in the sense of the ideal average. 
' Cf. E. Erapelin, Veber d. Beeinflussung einfacher psycHscher VorgSnge durch einige Arzneimittel, Jena, 

1892, S. 23. 
' In two instances it was impossible to obtain more than nine consecutive correct reactions. Th^ averages 

appear in Table XXXIV, but are preceded by the figure ("'. 
' The term has been already employed by Professor Earl Pearson in a sense only slightly different firom 

that in which it is used here. 
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INTERPRETATION OF RESULTS. 

1. Simple reactions, (i) Age and reaction-time. 

The following table shows that the children and older adults of Murray Island 
reacted more slowly than the young adults. The columns headed Av. of med. give the 
average of the figures in the 'median' columns of Table XXXIV, those headed M.V. 
show the mean variation of those figures fi:om their average. 

TABLE XXXV.> 

Age 

—15 

16—35 

36— 

Auditory reactions 

No. of reagents 

11 

17 

19 

Av. of med. 

176-1 

135-7 

176-2 

M.V. 

28-3 

20-8 

67-8 

Visual reactions 

No. of reagents 

4 

11 

14 

Av. of med. 

262-5 

2438 

260-3 

M.V. 

12-5 

27-8 

64-8 

This lengthening of the reaction-time in childhood and in old age has been already 
observed among Europeans'. The above table, however, shows that, while the degree 
of prolongation is approximately the same, the size of the mean variation within the 
two classes is very (Hfiferent, being enormously greater among the older men than among 

TABLE X X X V I . 

Age 

—15 

16—35 

36— 

• 

a-
reactions 

1 

9 

27 

Auditory reactions 

/s-
reactions 

1 

0 

40 

o-H/S 

2 

9 

67 

reagents 

11 

17 

19 

reactions 

143 

270 

405 

Visual reactions 

a-
reaotions 

1 

1 

3 

reactions 

2 

8 

15 

o-H|S 

3 

9 

18 

reagents 

4 

11 

14 

reactions 

60 

178 

208 

the children. This can only signify that the same factors are not at work, or at least 
are not equally active, in each case to produce the same result. 

The one factor, which might be expected to contribute most to the delay of the 
average reaction and to the increase of its irregularity among the older men, was their 
greater difficulty of self-accommodation to the experiment. They were more clumsy, 

> In this and subsequent tables only the first series of each individual's reaction-times are considered. 
« Cf. Gabriele Buccola, La legge del tempo nei fenomeni del pemiero, Milano, 1883, p. 152. 

H. Vol. II. Pt. n . 
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less easily adaptable than the younger men or children. They had received no school-
training and may (rarely) have been a trifle suspicious of our experiments. Some of 
them, e.g. Papi, persisted in reacting slowly in spite of every apparent endeavour on 
their part to improve. Others, e.g. Sisa and Dauai, gave an abundance of premature 
(a) and prolonged (fi) reaction-times. Indeed, how far more frequent the a- and ^-
reactions are among the older than among the younger male islanders is well shown 
in Table XXXVI. 

An inspection of the column of variation-coefficients in Table XXXIV. shows that in 
many cases the length of the older islanders' reaction-times is not due to one or two 
'accidentally' delayed reactions. The variation-coefficients of Azb, Dauai, Lui, Capsize 
and Papi, for instance, are as low as could be expected. In other words, we may say 
that it was 'natural' for these older men to react slowly, all their reaction-times being 
long, often indeed passing into the region of /9-reactions. There are, however, a few 
older men, e.g. Sisa and Magi, whose irregularity of reaction was extremely pronounced, 
owing to which the average variation-coefficient is unduly high among this section of 
the Murray Islanders. 

The value of the average variation-coefficient of the auditory reactions among the 
children, younger and older adults is 13-4, 14-6 and 22-8, and of the visual reactions 
is 140, 11-3 and 150 respectively. (The value 140, however, is based on the coefficients 
of only four children.) Thus, the older men, both individually and as a class, react less 
consistently than the younger; but the difference is far better marked in the auditory 
than in the visual reactions. The children react quite as consistently as the younger 
adults in the auditory reactions, indeed giving a smaller proportion of aberrant reactions. 

(ii) Comparison with the records of English and of Sarawak reagents. 

We may now consider the Murray Island reactions along with those which I obtained 
by means of the same apparatus in Sarawak and still later in England. The Sarawak 
and Murray Island data are comparable in every respect, the individuals of each com
munity being of all ages and the data being dealt with in the ^aine fashion. The 
Englishmen's figures are less comparable. The majority of them (85 "/o) were either 
University students, a very few of whom had done two or three reactions before, or 
they were young laboratory assistants; the remainder were University graduates of 
various ages, most of whom had never tried a reaction experiment. 

Comparing the young Murray Islanders with the young Englishmen and Sarawak 
natives, we obtain the following result: 

TABLE XXXVII. 

Country 

Murray I. 

England... 

Sarawak... 

Age 

16—35 

»» 

»» 

Auditory reactions 

No. of reagents 

17 

24 

18 

Av. of med. 

135-7 

141-6 

120-7 

M. V. 

20-8 

19-5 

10-5 

Visual reactions 

No. of reagents 

11 

21 

9 

Av. of med. 

243-8 

222-3 

208-0 

M. V. 

27-8 

21-2 

8-7 
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Thus the average auditory reaction of the young Murray Island adult is not 
appreciably different fi:om that of the Englishman, but his visual reaction appears to 
be distinctly longer. The Sarawak native reacts more quickly both" to auditory and to 
visual stimuli than the Englishman. 

The question, however, arises whether these are real differences in rapidity of 
reaction, or whether they are the accidental results of 'random sampling,' due, in other 
words, to the examination of an insufficiently large number of individuals. Between the 
Sarawak and the English and between the Sarawak and the Murray Island reagents, 
the differences are unquestionably too great to be accidental. The difference in visual 
reaction-time between the Murray Islanders and the Englishmen, however, is not quite 
three times the probable error of the differences'. Its significance is consequently a little 
doubtfiil, but I am strongly inclined to believe that the difference is real. 

This conclusion, however, is dependent on an arbitrary selection of one of many 
possible ways of arriving at the mean reaction-time from the data which are under 
consideration. I t might be thought that the results would differ, if, instead of the 
average of the ' median,' either the median of the ' median' columns had been chosen, 
or the median of the 'average of ten' columns. It might also be deemed desirable to 
consider separately the individuals whose series contained no a- or /8-reactions, so that 
those who gave irregular reaction-times should no longer weigh upon the general mean. 
I have made such calculations for all the adult males examined in Murray Island, 
England and Sarawak. 

TABLE XXXVIII. 

Median of av. of 10 
„ „ „ (series con
taining a and j3 omitted)... 

„ „ „ (series con
taining a and /3 omitted)... 

„ „ „ (series con
taining a and j3 omitted)... 

Auditory 

Murray I. 
(36) 

134-2 

140-5 

136-2 

142-5 

156-9 

146-0 

England 
(29) 

141-0 

144-2 

135-0 

145-0 

140-8 

145-6 

Sarawak 
(18) 

116-7 

121-5 

120-0 

125-0 

120-7 

126-5 

Visual 

Murray I. 
(25) 

225-0 

224-0 

227-5 

220-0 

253-1 

235-0 

England 
(25) 

220-5 

219-7 

215-0 

214-2 

218-8 

211-7 

Sarawak' 
(11) 

218-5 

219-0 

215-0 

215-0 

215-2 

217-7 

Choice-visual 

Murray I. 
(15) 

500-5 

4930 

490-0 

450-0 

501-3 

466-7 

England 
(18) 

427-1 

427-1 

400-0 

405-0 

411-0 

417-2 

These figures, it must be remembered, relate both to the older and to the younger 
men of the three communities. They are hence generally rather higher than those of the 
preceding table, but the proportion of elderly people examined in England and Sarawak 

1 Obtained from the expression 0-6745 A / ( ^ ^ + ^ 1 ^ ) ' "^^^^ '"-"• *"** "*•'*•' ^^^ *** " ^ ^ variations, 

n and n' the number of reagents, in the two series. 
28—2 
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was much smaller than that in Murray Island. Moreover, a Murray Islander of thirty-five 
years of age or upwards is really about ten years older in appearance and vitality than 
an Englishman of corresponding age. Nevertheless, with a single exception, the same 
differences in reactions may be here recognized as before. The auditory reaction-time 
is shortest in Sarawak, and is approximately the same among the Murray Islanders and 
the English. The visual reaction-time is sensibly longer among the Murray Islanders 
than among the Sarawak or English reagents. The visual reaction-time of the Sarawak 
natives, however, is almost identical with that of the English. 

2. Choice-visual reactions. 

The mean values of these reactions, as obtained by various procedures, have been 
set forth in the preceding table. They are longer by about 60" among the fifteen adult 
Murray Islanders than among the eighteen English. Probably 15" of this time must 
be attributed to the same causes which produced the more delayed simple visual reaction 
in the case of the former. But it was clear that the Murray Islanders found relatively 
greater difficulty than did the English in reacting in the prescribed manner according 
to the colour presented. Of 345 reactions in Murray Island 45 were wrongly performed. 
Among the English in 329 reactions only 26 were wrongly performed; here, too, the 
mean variation of the reagent was less. I t must be remembered, however, that most 
of the English reagents were a well-educated class. There can be little doubt that the 
Murray Islander would have compared far more favourably with the English villager in 
choice reaction-time. The number of a- and /8-reactions in Murray Island was eleven, 
in England three; in Murray Island they were all a-reactions, in England ten of them 
were ;3-reactions. 

The mean variation (M.V.) of the individual medians irom the average of the 
medians is almost the same in the Murray Island and in the English adults, viz. 603 
and 604 respectively. When those medians which contain a- or /8-reactions are ruled 
out, the respective mean variations become 58-9 and 61'3. 

The three Murray Island children examined gave an average choice-visual reaction 
which is about 30" slower than that of the adults. Their simple visual reaction-time, 
however, exceeds that of the adults by the same amount. 

3. Practice and Fatigue. 

About thirty successive auditory reactions were obtained at one sitting in the case 
of nine Murray Island adults. I attempted to find the effects of fatigue or practice 
by taking the average and mean variation of the first, middle and last ten reaction-times. 
The results, however, were complicated by premature reactions in the case of four 
islanders. Wasalgi gave a premature reaction in each set of ten; Kaniu, Alo and 
MaboaU increased their number of, or began to give, premature reactions in their later 
records; Debe Wali, on the other hand, was able finally to react ten consecutive times 
without giving a premature reaction. The results of the remaining four, whose long series 
of reactions were without a single aberrant reaction, are given in Table XXXIX. 
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The improving effects of practice are well shown in the case of Wanu and Baton. 
Ber5, on the contrary, and perhaps Jimmy Dei, seem to have been fatigued as the 
sitting became protracted. These differences in behaviour may be interesting when the 
islanders are later studied irora the standpoint of individual peculiarities. 

The length of the auditory reaction was not obviously affected by the sequence in 
which the two simple reaction-times were investigated. On the other hand, as might 

TABLE XXXIX. 

Name 

Jimmy Dei... 

Berd 

First ten 

Average 

129-0 

182-0 

146-0 

121-0 

m. V. 

22-0 

29-2 

22-4 

7-2 

Middle ten 

Average 

153-5 

161-0 

144-5 

125-5 

m. V. 

27-2 

16-4 

18-6 

9-7 

Last ten 

Average 

139-5 

146-1 

127-0 

129-5 

m. V. 

25-4 

20-2 

12-4 

11-6 

be expected, a very considerable lengthening of the visual reaction-times occurred, if 
they had been immediately preceded by a series of choice-visual reactions. Of eleven 
Murray Islanders the average in eight and the mean variation in ten were greater when 
the visual followed choice-visual reactions, than when they preceded them or were preceded 
by auditory reactions'. 

4. Tlte Mental Attitude and Degree of Reliability of the Reagents. 

It is now generally admitted that the reaction-time of most practised individuals 
is longer by about 100", when the attention is directed to the sensory stimulus, than 
when it is directed towards the reaction-movement; also that in the former or 'sensorial' 
mode of reaction premature or false reactions are rare or absent and the mean variation 
is large, while in the latter or 'muscular' mode of reaction the opposite is the case; 
and that in these respects the natural or 'central' reaction-time, where the attention 
is left undirected, stands intermediate between the two extreme forms. For auditory 
reactions the usually accepted sensorial reaction-time lies between 225" and 240", the 
muscular between 120" and 130" and the central between 140" and 180", their mean-
variations lying respectively between 20" and 30", between 8" and 12", and between 
12" and 20". The subject having been first carefully investigated by L. Lange^ these 
phenomena are sometimes collectively known as 'Lange's law.' 

' The order of 3. Allen Gilbert's investigations on the choice and simple reaction-times of children {Studies 
from the Yale Psych. Lab., New Haven, 1894, Vol. ii. pp. 40 ff.) will therefore easily account for the relatively 
large mean variations obtained by him in the simple reaction-experiments. 

" PMl. Stud., Leipzig, 1888, Bd. iv. S. 479 ff. But Titchener {Experimental Psychology, New York, 1901, 
Vol. I. Pt. 2, p. 214 footnote) points out that Lange had been anticipated by Orohansky, Neurol. Cbl., 1887, 
Bd. VI. S. 265 tt. 
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It seemed worth while to attempt to arrange the auditory reaction-times of the 
Murray Islanders and of the other two communities under these three heads according 
to their average value. I t will be noted that the mean variation of the above groups 
never exceeds 14'/„ of the average. Hence in the ensuing table onJy those reagents 
will be considered whose variation-coefficient is not greater than 14. Reagents whose ten 
reactions include one or more a- or j8-reactions are excluded. The mean-variation 
is given in brackets. As several of the average reaction-times fall below 120" (the 
accepted ' muscular' reaction), the lower limit of the central reaction has been propor
tionally increased to 130"; in the other direction it has been also extended to 195" for 
the adults and to 210" for the children. 

TABLE XL. 

Average 
reaction-times 

104"—129' 

)» 

J) 

130"-195' 

130<r_2l0'r 

130»—195" 

196"— 

Group 

Murray Island adults 

„ „ boys... 

English adults 

Murray Island adults 

„ „ boys... 

Murray I., Sarawak 
and English adults 

Names of reagents 

Pasi (12-5), Charlie Boro (11-2), Mabo (4-5), Ber6 (7-2). 

James (4-7). 

Ed. (7-5), a . (10-4), R. (10-2). 

D. (11-4), J. (8-5), Js. (7-6), Am. (11-2), T. Tg. (10-0), Ng. (8-4). 

Mamus (7-0), Groggy (8-7), Babelu (12-6), Dick Tui (14-5), 
Madsa (134), Deboro (12-5), Dick (Dauai) (11-4). 

Apori (19-0), Jimmy Eice (4-7), Tom (Maboali) (14-6), Charlie 
Ako(21-5). 

T. (8-5), Wn. (6-0), Ls. (15-6), Ma. (17-0), Wm. (17-5), Ry. (19-2), 
Jn. (10-8), Gp. (14-0), Jo. (20-8). 

T. M. (12-5), Jh. (17-9), JL (8-9). 

None. 

All the above are what would be commonly regarded as 'reliable' reaction-times; 
in other words, all the mean-variations here are very low and the reagents gave no 
abnormally quick or delayed reactions. They have been obtained, be it observed, firom 
primitive peoples, who had never before been made the subjects of experiment, and 
fi:om Englishmen who with one exception had had little or no previous experience of 
such procedure. The averages are derived fi-om the first ten recorded auditory reactions. 
Of 36 Murray Island adults examined, several of whom appeared to be quite old men, 
12 (33"3Vo) appear in the above table; of 11 boys, 5 (45"45Yo) appear there. Of 29 
English adults examined, none of whom was really old, 12 (41''/o) appear. Of 24 English
men examined between 16 and 35 years old, 8 (SS'S'/o) appear. Of 17 Murray Islanders 
similarly aged, 9 (53''/o) appear, and of 18 Sarawak adults 9 (50°/o)- The number of 
consistently reacting Murray Islanders and Sarawak natives is consequently not less, 
than that observed among the English. A study of the \dsual reactions leads to similar 
conclusions, 9 of 11 Murray Island, and 20 of 21 English young adults appearing in 
a corresponding table. 

file:///dsual
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It will be noted that in the above table of auditory reactions there is not a single 
reaction-time average which approaches the accepted 'sensorial' value. The nearest of 
any is that of Capsize (av. = 2455, m.v. = 31-6); but as his ten reactions include one 
of 360" (i.e. a /3-reaction), his name is excluded fi-om the table. 

I t would be tempting to infer that such rapid reactions, attended with such small 
mean-variations as those of Mabo, Ber6 and others, are indications that the reagents 
had fixed their attention on the movement to be made rather than on the sound 
which they expected. And perhaps such a conclusion is justifiable in the case of 
extremely rapid reactions. But it is quite possible that there exist wide individual 
deviations from 'Lange's law,' especially among the imperfectly practised. Otherwise the 
discrepancies obtained by Cattell', Floumoy', van Biervliet', Dessoir*, Baldwin', Angell 
and Moore', Hill and Watanabe' and others, can hardly be accounted for. Probably some 
individuals are naturally pre-disposed to react more quickly and regularly when their 
attention is directed to the sensory rather than to the muscular side of the reaction, 
although one can hardly doubt that after adequate practice the most rapid reactions 
must be of the muscular type, in which, moreover, the state of the attention must be 
such as to lead more easily to the occurrence of premature and false reactions. 

The very small number of premature, false or prolonged reactions in the visual, as 
compared with the auditory reactions (cf. Table XXXVI.) makes it therefore probable that 
the visual-reactions approximated more generally and nearly to the sensory type than 
was the case in the auditory reactions. The fact that the latter usually preceded the 
former is insufficient to explain the difference in firequency of aberrant reactions. More
over the visual reaction-times, obtained even from Englishmen by the apparatus already 
described, are longer by about 40" than the muscular reaction-times usually given. It 
is possible that the constant 60" which I deducted for the latent period of fall of 
the board (see p. 206) was not sufficiently large. But I think there can be little doubt 
that when the sensory stimulus takes the form it had in my experiments, viz., of 
a distant falling board, black in colour and carrying a white card, more attention must 
then be given to it and less to the reaction-movement, than when, as in the shortest 
visual reactions, the stimulus is a mere flash of light. Indeed the reaction becomes 
more nearly a recognition- or discrimination-reaction than a mere simple reaction, and 
as a fact the values obtained by means of this visual screen (Table XXXVIII.) are closely 
identical with those obtained in so-called discrimination reaction-time', where the stimulus 
has to be recognized before a reaction is made. 

1 Phil. Stud., Leipzig, 1893, Bd. vni. S. 403—406. 
" Arch, des Sci. phys. et nat., Geneva, 1892, 3°" S6r. Tome xxvu. pp. 575—577; ibid. Tome xxviu. pp. 319—331. 
» Phil. Stud., 1894, Bd. x. S. 160 fi. * Arch. f. Anat. u. Physiol. [PhysioL Abth.] 1892, S. 311. 
» Psychol. Rev., 1895, Vol. n. p. 259 ff. • Ibid. 1896, Vol. in. p. 245 ff. 
' Amer. Joum. Psych., 1894, Vol. vi. pp. 242—246. 
« W. Wundt, GrundzUge d. physiolog. Psychologic, Leipzig, 1893, Bd. ii. S. 369; G. Buccola, op. cit. p. 274. 
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GENERAL CONCLUSIONS. 

It appears, then, that the auditory reaction-times of the young Murray Island adult 
and of the young English townsman are almost identical, and that the visual and 
choice-visual reaction-times of the former are respectively 20" and 60" longer than those 
of the latter. This lengthening of the visual and choice-visual reaction-times among 
the Murray Islanders is probably due to similar causes. The visual reactions were 
really nearer recognition- than simple-reactions. Owing to the nature of the visual 
stimulus and the mode of its release, these reactions were clearly more difficult to 
execute than the simple auditory reactions. Their large average and the few aberrant 
values also go to indicate that in the visual reactions the attention was more firmly fixed 
on the expected stimulus than on the prescribed movement. In the visual, then, as in 
the choice-visual reactions, the attendant psychical conditions were more complex than 
in the auditory reactions, and in both the former reactions the Murray Islanders proved 
to be slower than the English. On the other hand, the young Sarawak adults reacted 
more quickly than the ElngUsh or the Murray Islanders, the difference in rapidity 
between them and the English being about 20". 

The number of Murray Islanders, who gave fairly consistent reaction-times, was not 
appreciably different from that of the English or of- the Sarawak natives. The results 
of every islander who was examined were capable of being satisfactorily recorded, with 
the exception of Canoe and Kaniu, who after prolonged trials could not be induced 
to react correctly in the choice-visual experiments. It is difficult to decide how far 
these failures were due to lack of ability or to lack of interest. My impression was 
that Canoe was not doing his best and that Kaniu was considerably less intelligent 
than most of the islanders. * 

The young Murray Island adults reacted more quickly than the children. They 
reacted not only more quickly but more regularly than the older men. Indeed, whether 
considered as a class or individually, the older islanders reacted far less consistently 
than the younger. These differences did not appear among the English, where a pro
portionally smaller number of men over thirty-five years of age was examined, none 
of whom was really old, while in Murray Island the data include those of some 
unquestionably aged people. 

The small number of abnormally long or short reaction-times occurring among the 
children is worthy of notice. Their reactions were as reliable as those of the younger 
adults. 

An interesting point, elicited by the carrying out of reaction-times in Murray Island, 
was the well-marked variety of temperament among the reagents. A dull steady-going 
islander, having plodded through a series of reactions with moderate speed but with 
satisfactory regularity, would be followed by a highly strung excitable individual, who 
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was obviously always straining his attention to the utmost and reacted perhaps quickly, 
but so often prematurely or erroneously that little confidence could be placed in the 
average of his reaction-times. Between these extreme types there was every gradation. 

Other conclusions of a less general nature need not be repeated here. 

Comparison with the Results of other Workers. 

Before proceeding further, it is worth while considering what is implied when it is 
said that one people reacts more quickly than another. We must assume that in neither 
is practice complete. We simply mean, that in a given time one people has adapted 
itself more readily than another so as to perform a prescribed reaction more rajridly. 
I t by no means follows that the reactions of the perfectly practised individuals in each 
community are of materially different speed. However improbable, it is conceivable that 
the duration of identical psychical phenomena may differ in different races. But the 
reactions derived from imperfectly practised primitive folk caimot provide evidence in 
proof or disproof of this view. The proportion of slow or irregular reagents (most of 
whom will react satisfactorily after adequate practice) must vary from community to 
community. So too will vary the general mental attitude towards the experiment, some 
individuals naturally turning their attention always in the direction of the stimulus or 
of the movement', some attending now to one, now to the other, others reacting almost 
automatically, only dimly conscious of the nexus between sensation and muscular action. 
In this sense, reaction-times may be said to vary inter-racially. 

The earliest suggestion with which I have met, that the reaction-time is dependent 
on the race or country of the reagent, was made in 1879 by A. Herzen'. His un
published experiments led him to believe that Italians react more slowly than Germans. 
More recently Th. Floumoy' has considered the type of reaction to depend on "anthro
pological or ethnographical characters." He holds 'Lange's law' to be proven for most 
Germans and Russians, and to be reversed in the case of the South European nations 
(French, Servians, Roumanians and Greeks). 

The reaction-times of some Japanese conjurors were investigated by Herzen more 
than twenty years ago. I have been unable to find a record of his experiments. He 
concluded* that the Japanese react more slowly than Europeans. 

In 1895 a paper, entitled " Reaction-time with reference to Race," was published 
by R. Meade Bache", in which, after giving the results of visual, auditory and tactual 
reaction-investigations made by L. Witmer upon a few American Indians, Negroes 
and Caucasians, he concludes that the reaction-time is shortest in the lowest and is longest 

1 Alechsieff, for instance {PhU. Stud., 1900, Bd. xvi. S. 18), states that the sensorial reaction is impossible 
to some, especially to those who are predisposed to the muscular reaction. Hill and Watanabe {loc. dt.) 
observe that " some never reach the quickness of the muscular reaction, some, while reacting constantly do 
not conform to the Lange type." 

' Archiv. per Antropol. e la Etnolog., 1879, Vol. n . p. 91, footnote. 
' Observations sur quelgues types de riaetion simple, Geneva, 1896. Bef. in Ztsch. f. Psych., 1897, 

Bd. xni. S. 3S9. 
« Cf. Biolog. Cbl, 1881-2, Bd. i. S. 730. 
' Psychol. Rev., 1895, Vol. n. p. 475. A preliminary note appeared in Proc. Amer. Philosoph. Soc, 1895, 

Vol. XXXIV. p. 337. 
H. V o L n . p t . n . 29 
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in the most advanced races. This opinion is based on the examination of 12 Caucasians, 
11 Indians, and 11 Afiicans who had "a larger intermixture of white blood in their 
veins than have the Indians on the corresponding list." The average of ten observations 
and their mean variation are given for each individual. The author, however, does not 
specify that the ten reaction-times taken were consecutive. It appears to me likely 
that the ten quickest or most regular of many reactions were chosen, seeing that the 
variation-coefficients, if calculated in the case of three individuals, fall to 2-6, 2-7, 2-8,— 
values which are very considerably lower than those obtained by me and others from 
untrained and even from trained reagents. Among the Indians, moreover, is included 
a yguth whose average auditory reaction-time is only 70". Although his mean-variation 
is said to be only 6'2, one cannot help wondering what limits, if any, were set irom 
which premature and false reactions were eliminated. Finally, the inequality in age of 
the individuals within each series makes comparison between the three races very difficult. 
The Caucasians include four boys below the age of 16 of whom two react more 
slowly than any of the rest. The Africans include none below the age of 16. If the 
boys be neglected, the average reaction-times of the Caucasians are almost equal to those 
of the Africans. The Indians, however, remain with reaction-times by some 15" quicker 
than those of the other two races. 

The rapid reactions of the Sarawak natives, as compared with those of the English, 
have been noticed in these pages already. It is interesting to find that the American 
Indians, who are near akin, appear to be similarly characterized. 

The same, too, has been noted quite recently of the Javanese ' Malays,' who are 
yet more closely allied to the people of Sarawak. G. Grijns' has recently investigated 
the reaction to electric cutaneous stimuli among some nineteen Javanese students and 
many Europeans. He concludes that the native reaction-time is decidedly quicker than 
that of Europeans who have lived for some time in Java, and is (though less markedly) 
quicker than Europeans who live in Europe. 

Lastly, there are a few tactual reaction-times, published in 1901 _by L. Lapicque', 
which were made upon eighteen Andamanese, and seven convalescent Hindu criminals, and 
were compared with those of twenty-eight Europeans. Owing, apparently, to the individual 
variations among the latter, according as he worked with British officials of the Andaman 
Islands, with Parisian labourers, students or paupers, the writer concludes that the 
problem which he set himself, viz., "the determination of the influence of race upon 
reaction-time, is...illusory." Like so many others, he gives a very imperfect account of 
his method, but, as far as his few observations go, the reaction-times of the Andamanese, 
and especially of the Hindus, are distinctly longer than the seventeen European officials, 
students and labourers, and are slightly longer than the eleven paupers. 

In every case one would have preferred a greater body of evidence, and an assurance 
that the differences are more than chance differences due to insufficient experiments; 
but it is interesting to note that, while the people of Java, Borneo and North America 
react more quickly, the African (cross-bred), the Hindu (criminal), the Andamanese and 
the Papuan appear to react with the same speed as, or more slowly than, the Caucasian. 

' Arch. f. Anat. u. Pln/siol. [Physiol. Abth.], 1902, S. 1—10. 
' C. R. de I'Aead. des Sciences, 1901, Tome cxxxn. pp. 1509—1511. 
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The early experiments on the Japanese by Herzen, which, if ever published in detail, 
I have been unable to find, are the only observations I know of which as yet nega
tive this conclusion; we should expect them to fall into the first instead of into the 
second of the above-mentioned groups. 

Such racial differences in reaction-times, if Eictually established by fiuliher research, 
may turn out to be merely the expression of racial differences in temperament. For it 
is easily conceivable that a highly strung, nervous people carmot develop the dis
position, or assume the attitude, that is favourable to the most rapid and regular 
reactions with such readiness as can a relatively unemotional people. Moreover, it is 
at least suggestive that what little evidence we have tends to show that the more 
excitable Italian and Papuan react less rapidly than the more phlegmatic Teuton and 
Malay. If, however, we bear in mind how wide are the elementary psychical differences, 
which in all likelihood underlie seemingly similar temperaments, the unwisdom of 
venturing on such a general statement is at once obvious. 





Zoological Results 
based on material from New Britain, New Guinea, Loyalty Islands and elsewhere 
collected during the years 1895, 1896 and 1897, by Arthur Willey, D.Sc Loud., Hon. 
MA. Cantab., Lecturer on Biology in Guy's Hospital, London. Published in six parts. 
Demy 4to., with Plates, Parts I.—III. 12/6 each. Parts IV. and V. 21/- each. Part VI. 12/6.' 

Fauna Hawaiiensis or the 
Zoology of the Sandwich (Hawaiian) Isles: 

being results of the Explorations instituted by the Joint Committee appointed by 
the Royal Society of London for Promoting Natural Knowledge and the British 
Association for the Advancement of Science and carried on with the assistance of 
those Bodies and of the Trustees of the Bernice Pauahi Bishop Museum at Honolulu. 
Edited by David Sharp, M.B., M.A, F.R.S., Secretary of the Committee. 

Now ready. Vol. I. Part L 16/-, H. 30/-, III . 12/- each net. 
Vol. II. Part I. 8/-, IL 13/-, III. 30/-, IV. 28/-, V. 28/- each net. 
Vol. III . Part I. 14/-, Pai^lril. 14/- each net. 

0-
The Fauna and Geography of the 

Maldive and Laccadive Archipelagoes. 
THE SYNDICS OF THE CAMBRIDGE UNIVERSITY PRESS have undertaken the publica

tion of an important work on the Fauna and Geography of the Maldive and Laccadive 
Archipelagoes. This work comprises the results of. the first scientific expedition that 
haa visited the Maldives and Laccadives. The expedition, consisting of Mr J. Stanley 
Gardiner, Mr L. A. Borradaile, Selwyn College, and Mr C. Forster Cooper, Trinity 
College, passed eleven months in the two groups, during which an attempt was made 
to survey the area as thoroughly as possible. The chief object of the expedition was 
to investigate the interdependence of the physical and biological factors in the formation 
of atolls and reefe. To this end upwards of 300 dredgings were takea, a large number 
of soundings were run, and every group of organisms was carefully oUeotied. 

The work will be published in eight parts of which four have appeared. 

Biometrika. 
A journal for the statistical study of biological problems. Edited in consultation with 
Francis Galton by W. F. R. Weldon, Karl Pearson, and 0. B. Davenport. 

I t is intended that Biometrika shall serve as a means not only of collecting under 
one title biological data of a kind not systematically collected or published in any 
other periodical, but also of spreading a knowledge of such statistical theory as may 
be requisite for their scientific treatment. 

Biometrika will include (a) memoirs on variation, inheritance, and selection in 
Animals and Plants, based upon the examination of statistically large numbers of 
specimens (this will of course include statistical investigations in anthropometry); 
(6) those developments of statistical theory which are applicable to biological problems; 
(c) numerical tables and graphical solutions tending to reduce the labour of statistical 
arithmetic; (d) abstracts of memoirs, dealing with these subjects, which are published 
elsewhere; and (e) notes on current biometric work and unsolved problems. It is 
proposed to include memoirs written in English, German, French, or Italian. 

Prospectuses of the above publications can be obtained on application to Messrs 
C. J. Clay & Sons, Cambridge Warehouse, Ave Maria Lane, London, E C , and 

L50, Wellington Street, Glasgow. 
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