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Prediction Formulae for the Auricular”
Height and the Cranial Capacity
of the Chinese Skull

By Y. Yen and‘K.’l‘. Hon

1. 1T mrodu‘a“.ory.

2. Brie! :otes on the material.

3 Notes on the :nethodsof me asuri ¢ the characters concerned.

4. Notes on the regressjon equations,

5 Tables for the : mneasurements {orming t‘1° basis of the formulae.
Tables for the predxmon formulae. .

o

Introd ctory: In cephzlowetry most of the difficuity encountered
‘is to tak- the two Iunda_mental meegurements, t.i.. the auricular height,
esjeciully on the living, and the craniul capucity on the de essed cranium.
It is bec.iuse not only the error of persona! oheervation and instru nents  is
great but the me hods are a'so likely to give a dreat divergence of differen-
ces in the experieace of various autho:s. So various formulae have ‘been
devised by physical anthrodologists to calculute the euricular height (1)
and cranial capacity (2 & 8). -

Justav Fisher provides five tables which facil tate the calsulation of |
aurientar height or hend heignt {rom two measurements The measurem-

.1 Jjustav Fisher: Jena, 1032: Awerioan Anthropologist, Vol. 36,
1934

<2) . lLee dnd Pearsna: ‘;0(1 the RBCO.:ISTluCﬂUﬂ of the Cap.city of the
Skullfro.n Exterasl Measurements,” Plhilosophica! Transaction,
Loadon, Vol. GX(‘VI Lp. 225-264.

8 T.Wingate Todd : -]1.the natical Calculation of Cramal Ca'mp- .y,
"Amer. Jour Phys, Anthrop,, Val. VL. 2, pp. 138-191.
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ents are tragion to tragion and bregma to tragion., The for: ula from which
height is reckoned,

J<t—b) = (3

Lee and Pearsua wer: the first to introdu-e the intraand iater racial
formulae for the estimated capatities of various races. The constants they

t-—l ?

used are the product of three principal diam:tral or arcual measurements
(4.

With regard to the auricular helgnt the formvia \/ (t— bl - 't""b

s

since it co .tain bregma. which is almost impossibie to iind ae urately on the
living. as stated by Professor A E. Hooton, is rather used with restriction
in cephalometry.

No similar attemnt to estimate the capacity of tue Chines~ skull had
peen made titl receatiy Dr T L. Wed. who has been inaking s ch a study
will soon pubiish his resu:ts The otijject of the present study is to provide
the adequate formulae bised o1 a loug series of skull availuble and on
sothe characters which can be used o  the living for auricular neight. and
giii.uitsneously for the cranial capacity. These furmulae are expected fo be
correct with certain limitaiinns Te., 1¢ samne roce, the same region and the
same period, when it is used t, deal with the po uiatio 1 coacerned,

Brief notes on the materiol : The present material treat d consists
of 1226 ma'e a~d 274 female Chinese crania collected by the D -partment of
Anaio.ny. College of Medicine .nd Dantistry, W.C. U U.. A few of them
were collected in the dissectiug rooum. the ma]onty of themm were from the
old graves destroyed in a city plannii project. Tuese specimens are pre-
sumably the Chinese who probable were the natives of the province of
Szechwan during the recent generation. The Juvenile aud pathbloglcal
specimens are ali excluded. So tue present material represeats approxima-
tely the normal modern adult Cbinese or Szechwanese,

(4) The same coustants will be used to construct the prediction  formulae
for the cranial capacity iri'the second paper dealing with the same
problem. ' '

-— D e



- Notes on th: m:thods of measuring the characters concerned,

1) Maximun lenith (ML): the greatest dlameter of the skull measured
from the glabelta with the spreading compass. one branch of the Iatter -
bzing fixed at the glatella while with the other the.greatest length is
sought. p

- (2) “aximum breadth (MB) : the dreatest hasizontal breadth of the eranial
vault measured with the. Flower s craniafmeer,

(3) Auricular height - A : the vertical height of the cranigl vault above
“the interporiel plane taken with a craniost  (5) which was devised
by T. Wiagate Todd and his method is ‘ste®¥ " Jlowed. (The skull
being oriented on the craniostate in the Fraakiort Plane, the. measuro-
menc was taken with care )

(4} Houzontal ciscumference (HC): the greatest cranial cltcmnierenca
measured in o.e horizontal plane with a steel tape Dpissing in front just

above the supraorbital ridges and behind over the’ most pfominent
part o} the occiput.

(5) Cranial capacity (C) : this was measured with sesd and, the method of
_Macdonell (6) was strictly followed. (One standard skull of which the
average water capacity is 1250 cm’, was used all the time in com-
_ parisoa and checking the individual result.)
Notes on the r-gression e uations,

. The method used for prediction is that of regtession formulae, The
regreasien coefficients figuring in such forinulae are based on prede-
termine¢d measures of the degrees of correlation existing between 19 -
respective known and unknown characte:s,

The characters selected here for constructing the formulae fcr-guricu-
lar height are the maximum height, maximum b:eadth, and horizontal
ciscumference, ‘and for the cranial capacity are the maximum height,
maxémum bréadth, duricular hejght, and horizontal circemference.. The
reason is chiefly on a:count of. their refationship close to the auricular\beight
and the capacity resp:ctively and vice versa,

The means, standard deviation, ‘and correlation coeffecients of the
characters under consideration, upon which the resuiting formulae are
‘based, are given in tables 1 —4:

The aimple'regreséion formulae for anriculae for auricular . height for
‘'both sexes are listed in tables.5 and 5. and for cranial capacity in tables 7
and §, and the multiple. regression formulae for auricular height are listed

“in tables 9, and 10, and fot cranial capacity in tables 11, and 12,

\8) A.J, Physical Anthropology, Vol. VI. 1923, pp. 46-149.
'(8) Biom.trike, Vol, IlI, 1940, pp. 191-244.



T BLE 3. -
Meusuremants formyigthe Basss of the farmulee ‘for‘au\ri:ula'r\hei _ht .'mal'e_\.

- " Measurements ' No. - Mean Standasd  Corrclation ,Coefficierts
, deviztion '

.

: 'ML- MB - AH . HC
Maximum'leagth 1203 130 93 6.33 1 0.135 ' 0.401 0.82
- {ML) -in mm. 4 ' o - '

Maximuwn breadth

(MB) in mm. 12)1 137.65 5.44 .36 1 0.41l 0507
Auricular height '
(AH) in mm. 123 1i5.64 “4.¢2  0.404 0.411 1 0.485

“ngizontal circom- ' )
fereace (HC) inmu 12)7 515,95 16.11% 0.842 " 0.507 0,485 1+

TABLE 2,
Measurements forming thebases of the fofgz\iiae for auricular height
| (female!, |
‘Measuremnents No, . Mean  Standard, = Correlation Cuoefficients

it o o a0

Lo _ —
 ,deviation- ML MB - AH! HC
Maximum lesgth ,

(ML) in min, 271 175,37 5.94 - 1 0636 0.515 . 0.77
‘Maximum breadth ' ’

(MByin mm. 273 134.00 ~ 2.76 0.636 - 1 0,475 0.43
Auricular beight . . o C

(A4 in mim. o7y 112.51 418 0513 0.475 1 0.68
Horigontal tircum. ' ‘ ’
 fetence (HC) inmm, 270 497.55. 14.04 0.770 0.433 Q431 1

— 4 —



TABLE' 3.

Meaame.pents forming the bases f the formulae for cranial capacity (male)
Measurements No. Mezan Standard Correlation Coefficients
deviation -

cc ML MB AH HC

Cranial capapity

(CC)inem®, 1221 1413.08 121.51 = 1 0.593 0,549 0.558 0.737
Maximum length ]

{ML) iamm. 1203 180.93 6.33) 0 533 1 0.136 0,404 0.842
Maximum breadth '

(MB) inmm, 1204 137 65 5.440 0.549 0.136 1 0.411 0,507
Auricular height

(AH) inmm. 1208 115.64 4,420 0.558 0.404 0.411° 1 0.485
Horizontal circum- .
erence(HC) in mm. 1277 515.96- 16,110 0.787 0,842 0.507 0.485 1

[}

TABLFE .4

Maagurements forming the bases of the formulae for cranisl capacity (lemale)
Measurements No. Mezan Standard Correlation Coefficients
deviation

cc’ ML MB AH HC

Cranial capacity

{CC) tncm® 224 1233.93 102,20 1 0.801 0,515 0.698 0, 727
Maximum length | _

(MB) in mem. 271 175.37  5.940 0.601 1 0.626 0.515 0.770
Maximum breadth v

(MB) in mm. 273 184.00 2.760 0,515 0.€36 1 .0.475 0.433
Auricular height

(AH) in mm. 271 112.51 4.18 0.698 0.513 0.475 1 0.434
Horizontal circum- ‘
ference 'HC)inmm 270 49 .55 14.04 0.727 0 770 0.428 C.434 1

—_— 5



TABLE 5.
‘Simpte Regression fofmulaé 10r auricular height (male) (7)

Prediction of From known Formulae
mecsurements

of

(1) Auticular height iMaximuay langth AU=0.609 ML+ 9 777 (+4.005V%

(2) Auricukar height Maximum breadth AH=0.506 MB+45.789 (+2.612Va

¢8) Auricular height  Horizoatsl circum- -~ AH=1.768 HC—796.577 (+£6 0421/7
ference

TA3LE 6.
Simple regression formulae for auricular height (female)

Prediction of From known For:aulae
measureents
of

(4)- Auricular height Maximuxn lengh AH =0,363 ML+ 48.851 (+2.416v'n

(6) Auricular height Maximum breadth AH =0,921 MB+4 82.896 (=1 .639{/ 1

{6) Auricular height Horizonta} circum- AH=1 768 HC —796.577 (29.508/¢
ference

(7 The formulae for anricu],jn' height, if used on the living, should be corrected i
some respects, and this shall be given in the second paper dealing with this problem.

—_ 6 —



TABLE 7.

Simple regression formulae for cranial capaeity | male).

Prediction of

(7) Cranisl capacity
(8) Crania? capacity
(9) Cranial capacity
(10) Cranial capacity

From known Formulee .
measurements
of

Maximum length C-=0.021 +1409.33  (£3.420¢/n)
Maximu g breadth C=0.025+1409.69  (2:30.714/7)
Awricular height C=0.020+1410.73 (£ 2.477V'F)
Horizontal cir- C=0.098+1362.67  (7.345%'1)
cumierence

TABLE 8.

Simple regression formulae for cranial capacity (female).

Prediction of

(11) Cranigl capacity
(12) Cranial capacity
(13) Cranial capacity
(14) Cranial cavacity

From known Formulae
measurements

of

Maxinum length C=0.¢33ML+1223.93 (-3.1091'n?
Maximto breadth C=0,016MB+1281.77 (+1.263¢/7)
Auricular height C=0.020AH+12:1,71 (4-2.418v7}
Horizontal cir-  C=0.058HC+1234.67. (6,042 1)
cumierence



, BABLT 9,
~ Multiple regression formulae for auricular beight (malr)
Predictionof
auricular height
From known -
{ mecsurements of :/ : , /-
(15) Maximun length AH=0.232 ML+0 314 MB + 25 173 (£2.823Vn)
and
Maximuui breadth : J -
(16) Maxiwum lengch  AH =0.009 ML+0.121 HC 4 51.5)7 (3,098 n/
and
Horizontal cir-
cumierence
(17) Maximum treadth AH=0.196 MB 0,102 HC+ $5.181 (£2.:43V'n)
and
Horizontal cir-

cumierence

. TABLE 10.

Multiple regression forxu:ae for auricular 'height {{emale).
Prediection of '
curicular height
From kmown
measurements of :
(18) Maximum length  AH =0.252 ML+0.372 M 3+ 13.510 (%2.6987/)
and )
Maxinum breadth
(19) Maxi.anm leagty AH =),031 ML+4-0.009 HC +102,743 (£2.604474)
and
Horizontal cir-
cumierence
(20) Maximum breadth AH=0.524 M3+ 0.099 HC = 8.1F0 ( 2 785Vr)
aud ' '
Horizontal cir-
cumference



TABLF 11
Multiple regression for nulae for cranial capacity (male)
Prediction of ‘
craniol capacity
From known

measurements of:

(21) Msximun leagth C =10,021 ML+11.63) MB—2000,850 (% 80.006/v/n)
and
Maximum breadth
(22, Maximum length C= 8.374 ML+10.592 AH ~1327.010 (& 79.984/vn) -
and
auricular height

(23) Maximum breadth C= 8.626 MB+10,566 AH--1042.354 (== 82.443/+/n)
and
auricular height
(24) Maximum length C= 1,670 ML+ 6.263 HC -2120,425 (101.783/vn)

and
Horizontal circum-
ference

(25) Maximumbreadth C= 5.396 MB+ 44595 HC ~1700.495 (& 94.080/4/2)

and
Horizontal crcum-
ference

(28) Auricular height C= 7.307 AH4}- 4,606 HC—~1808.55¢4 (x 93.421/vn }

and
Horizontal circum-
ference



TABLE 12,
Muitiple regression formulae for cranial capacity (feniale”

Predicton of
eranial capacitl
From known
measurements of:

(27) Maximum length C= 4.7)8 ML410 131 MB—1778.2 9 /& (6.362 +'n )

and
Maximum breadth

. (28) Maximumlength C= 9,063 ML+13.817 AH -1859.960 (& 73.654/vn)

and
auricular height

(28) Maximum breadth C= 9.512 MB 15,938 AH-1678.235 (£ 82.524/v/n)

and
auricular height

(30, Auricular height C 212.233 AH+ 5.031 HC -2.19.625 (£ 74.243/va)

.and Horizontal
circumference

(31) Maximunieixsth C =1 897 ML + 5 044 HC —1558.493 (& 82.345/v"a )

and Horizontal
circumierence

(32) Maximum breadth C= 9.750 MB { 4 814 HC—2131 319 (+ 81.535/1°35

and Horizeontal
circumference
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VERBAL DIRECTIVE PREFIXES IN THE JYARUNG

LANGUAGE AND THEIR CH'IANG
EQUIVALENTS
By Wen Yu

Somne ten years ago, Stuart N. Wolfenden, the late Englis'i student,
in his stimulating work, Outline of Tibeto-Burman Linguistic Morp-
hology\), maintained a theory that the Proto-Tibetan posiessad a directive
iafix in its verbil mechanism. It indicates that the so called superadded
consonants 7-. - and &- and possibly the so-called prefixes d- and g- served
directive functions in their oriztinal for.ns. But this is merely a hypothesis.
N> evidaacz can d:finite.y prove it. 8o the questijn is still open to {urther
discussion. l

Now, the writer degires to point out a really directive element from our
kindred languags. This will not be an iafix but u prefix. Also this will
not be in Proto Tibetan but in its younger cousin the Jyarung, Moreover,
this will not show to, into, towards, in, on, z:pon‘ and against as
Wolfenden imagined!2 but up and down, arnd forwerd and dackward
from the speaker’s standpoint,

Jyarung, a most curious languade in the Sino-Tibetan family, is very
little known to us. Since the days of B. H, Hodgsoa!® and Tercien de
Lacoujerie') we have made but li}tle projress concerning it yet, although a
lengthy essay dealing with the K'am-{o dialect has recently been reported

(1, Published by the Royal Asiatic Society, Price Publication Fund Vol.
X1, London, 1928. | ‘

(2) Op, cit, p. 38. ‘

(8) “Trites of Northern Tibet and Sifan”, J. A. 8. B, Vol XXII, 1853,
also in his book On the Languages, Litcrature and Religion of
Nepai and Tivet, pt. II, 1874, Owing to the rarjty of these publica-
tions, the writer got some information from Terrien’s work only,

(4) The Languages of China lefore the Chinese, §130-135.

— 11 e



by Wolfenden, ) of which the particular plxenomgxxon in quisticn hes rot
been considered at all.

There are four prefixes t2,'n8, ko and ¢ 2 used before the verb root in
the Paslok diasect(®) of the Jyarung language, which have a dehmte in-
fluence on the meanipg of the simple verb, thus-; ' ’

ta imoplies motion upward. h
na impttes motion ‘ddwnwinrd,
ko  implies motion 10rward,
da  impiies motion backward.

So we can easily imd the coatlict if certain verbs ‘and certain prehxes are
joined. tome limitations therefore naturaily obtain, e g.

(1) Some verbs can only be preceded by a cértain prefix, such as
' (a) k‘as'? ‘to-be angry’, 7538 ‘to Le anxious’ , mpar ‘o en veloge’. nga
sum ‘to awake’ and 1150 ‘to use” with these the only prehx used is to;
(b) lat ‘to write’, jo ‘to hang ', 720k ‘to tread’, sn.m ts<ou .'to dye’ and
Tiep “to roll, to fall’ with these the oniy pretix used is na; and (C) 1MaS
“to forget’ and ciat ‘to close’ are oaly used with d2 as prefix,

(2, Although it is true that soe verbs can be controiled by two or
more prefixes, conflict still occurs sometimes as in shii ‘to die’: this can
be prefixed with %o or da, but the ko must be excepted. Besides, skie ‘to

(5) “Notes on the ] yarung Dialedt of Eastern Tibet', TP. Vol, XXXII,
' 1936.

(6) For this name, see writer's previous article “The Personal Endings
of the Verb in the Jyarung Language as Spoken at Paslok™, SS. Vol.
I, no. 4, 1940.

(7) Although the Jyarung verbs seem to have infinitive prefixes as the
writer described in previous article, their exact functions -are still
obscure. So we would rather omit them here.

_ 12 -



cook’, rji ‘1o lough’ are limited to ko or 14, while wec niet ‘to burn’,
rkuak ‘to enbrace , zii ‘to tell’ are limited to ko or ta,

8) Evea if a verb can be preceded by all the prefixes cited above,

_ its maenlug when preceded by a certain prefix, may stit be readily in-

fyuenced, thus: J1 10 g0, wmle ngo ta jihg means ‘I went upward’, ngo

nu jing meaus ‘I weat downwsrd’, ngo ko fing meuns ‘1 went forward’ and
ugo do jiny means ‘I went backward ',

(4) 1f averb possesses a wide meaning, it may diverge towards
differcut woids, as ):épresehted in vther languages, following the difierent
prefixes used. Fuc iustance pte will mean ‘to weave''®) when it is pre-
ceded with ko or ‘1o tead’ with na ; cie will mean ‘1o take’ with ta or ‘to
receive’ with do and ragte will mean ‘to lead to’ with k0 or ‘t0 borro;v

irowm’ ‘with ue,

Simiiar varieties are to ve fougd in the neighooring language the
Chlaug (8). Siuce it is Bhown tnat the Cu'iang possessed mauy dlalects,
tuo writer will coaliue i3 LLIUSIr4tious (o 80.0€ Ol the.n, Yirst, lo tase the
‘Li-piag ( #¥) diaect, which Delongs 1o (ae Group 1 aad case-diaiects in

tie writer's classification'?’, thus: -

te implies wotion upward,

hhen  implies motion downward,

she implies motion outward (aiso forward),
ji implies motion inward (also backward),

We can alsb easily find the natural connections between the verbs them-

 gelves and their prefixes, as in the {ollowing examples.

—

(8) Although the prefixed verbs always repressnt the past tense, for the
facility of explanation, we still interpiet them as infinitives here,

(9)  See another article of the writer ‘A Tentative Classification of the
Ch’iang Language in Nurthwestern Szechwan’’, SS. Vol. I, 1941,



